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Three field experlllents (Experiment. 1, 2, and 3) were 

conducted during thr.e different see sons (August - Novwmber 

1979, Dece.ber 1979 - i"Iarch 1980, and Aprll - July 1980) at 

Co1mbCtore, Indla, to explOl'e the feasIbility of re111n& 

soybean (Glycine !2!) .s an intercrop within a stand of 4-5 

yerrr old c:lUlllPS at ' _olld' bamboo (Denclrocelamus strictu! 

lIlees) planted at a spac1lij]; 01 4 x 4 Ill. The intl>r'crop va. 

raised under irrie,ation. A aole crop 01 soybean WFl, raiaed 

in an adjacent iield, :Cor comparison. beside. a camparleon 

of the performance of the soybean undEr these two environaent. 

(i.e., 'within tha baaboo stand' and 'in the open fIeld'). the 

In!'lutllo, of two vliOlU" level. (low, and hIgh) of the baraboo 

cl~pa, .8 well .a three leyels of F application (0, 100 and 

200 kt. PZO,tba) ...n tb. pnotonaance of th. Boybean we Btudled. 

Alao, tbe &rowtb (:cr_ q • .3 1/4 year. to about 6 YO") aad 



cula yield (at about 6 year. after plant1ni) perf~ce of 

the bamboo cll.llllp8 (baa. crop) ",ere also studied ",ith refereno. 

to tb~ tvo Vibour level. and the three P levels. Additionally, 

the fluctuations in the light intensIty, microclimate And soU 

aoiature a. ",ell a. veed infestation "'ere studied under both 

the environaenta. 

1n soybean, attributes like plant helgbt, number of 

branChes, nuIIlber o:t leaflets, total l£&! area/plant, lilIan leaf 

area/banet, rpotl shoot ratio, number of pods, DMF, nu.ber 

of grains/plant, 10O-~in weight and grain yield/plant vel'. 

slgnUl.Clintly In.fluenced by the environment. 'Ih .. plants 

6TOWIns w1thin the ~boo stand were taller, thinner, had 1 ••• 

branches, sborter taproots, recorded lower root I shoot ratiO, 

les8 _"bEr of flowers and lower PiiP. However. the patterns 

diffEred between the tirst expEriment (Expt.1) on the one 

baDci anci the two subsequent exper1lllenta (:r.xpt •• 2 !lna 3) on 

the other. ~h11e initially (Lxpt.1) the plants growing within 

the bamboo stand bed .ore number of l_al1_t., larger leaflet., 

and tbua .ore l ... t area, more pod., and recorded a 111gher 

b1011iiaB, lIIore DUlDber of graina/plant, heaVier graina, and 

y1elde" more brain/plant (44,. 1lOt", a1gn1tiCllnt), aa COIIIpared 

to the plant. &rOWini in the open f1eld, tb_ pattern reversed 

in the subaeq~nt experi •• nts in favour of the open tiel', 

all ttle bulboo canopy progre .. ively closed up lind the root 

8yat .. of tbe baaboo expanded. lihUe in th. first exp.r1llent 

the interc:rop soybean out yielded the sole crop by 2..,. (not 



a1&n1!1cant), .ub.equently the sol. crop &rB~n yield. were 

60'TSt and 773'16 WIder J!;xptli. 2 and .., respectively. Partial 

shade (Lxpt.1) thus exerted a beneficial influence on the 

performance of the soybean, while deeper shade seriously 

curtailed its yield.. The influence of the other two factor., 

viz., tt,. Yigour of the balliboo clump and P application "'ere 

of lesser importance • 

.• 8 regards tile baSI crop ot 'bamboo. neither the vigour 

of 1.l,e clump nor f application exerted any 8ignific~,nt influence 

em the he1 .. -,ht of culza 0.23 Il ayerage). basal dia .. ter ot 

culm (16.10 mm at :; 1/4 years alU:: 26.96 IIDI at 5 3/4 years aie), 

num~r of primer, uranches, and weiiht of culm. However, the 

numbsr of culms/clump was signiflc~ntly more in the 'high' 

vic;our clUlllps 1.55')( lIIore at 5 3/4 years of a~,e). The number of 

llvinL culms/clump increased pr0t.rEssively over time, from 

2.;;;75 at .., 1/4 years age to 24.417 at 5 3/4 years age. The 

total nW1ber of culms/clump bEhaved similarly Inc increased 

tram 4.667 to 27.458 culms. At the end (>f 6 years an average 

(xt 1;;.208 useble eulJ;,s/clump 01 3.16 .. l£l1(;th and 14.6 lIIlII m1d­

culm diameter, or 8.255 culm./lla ~It're harvested. The fresh 

w1/ii,bt of a CI.UJn beir-.a 0.9::;0 kit culm y1eld by wdght is 

thus 7.677 tODDes/ba at the end of 6 years after planting. 

Ambient libht intensity. microc:lim~tl!l. 8011 moisture 

and intenaity of weed infestat10n differed between the two 

environments. within the bamboo st1'!nd, the ligbt intensity 



was 60-7"., air temperature was cooler, the relaU". hIaldit, 

hiGher, and the soU lIoi.ture higher. and w •• d 1nfestation 

leas, as CQm.parH to the open field. 

Comparing the .conomics 01 cultivation of sole crops 

of soybean over a period of 6 years, and a crop of bamboo 

intercropped with loyoean oVlr the same period of 6 years. an 

extre profit 01 Rs.10.7?J6/bA 1& reali.soble oVl!r a period of 

6 years (i ••• , Rs.1.7S9/ba!yearJ. The costl benefit ratios 

over 0 years work out to 3.97 tor the bamboo + soybean syste. 

as compared to }.SO for the 801e crop soybean. 

Summing up, the study demonstrated that the reising of 

an intercrop of soybean within a stand of D.ndrooalamu. 

;;'trictus Dainboo during the .first 6 years i. technically 

ieasible and economically viable, which practice mey there-

1~re be popularised for wider adoption by tarmer.. through 

wider spacing 01 the bamboo clumps and judicious manipulation 

c1 the oaDlDoo canopy. it appears that the period of inter­

croppinb could be extended further. 
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The bamboos are plants of enoz,aOLlS iIIportance to tbe 

rural people in Hveral. regions of tile world, but ftowllere i. 

tlleir uaefl.llnes ... great a. in SOI.ltb &Dd SOLltbeast Asia. It 

1& indeed diUiclllt to illaaine Wbat people in Ada would do 

withcNt bamboo (Le .. ard, 1980). Bambooa are Llsed for boua. 

conatntCtiOft, acaffoldioa, ladders, _ts, baskets, f.ftc1ng, 

COfttainen, tool handle., pipe., toy., auaical 1Dstrument., 

cooking pots, fl.ln'litl.ll'e, handicraft. etc. It i. el.o uaed •• 

fLlel, tood (i.e., bamboo •• eds and tender sPrOLlt.) and a. fodder 

for animals. It is an iaportant raw material in tbe paper 

makiJlt! industry. Several author. (D.ogun, 1931., Mc Clure, 1966., 

Subba Rao, 1966) bave furnished exhal.lSti.e lists of the divene 

l.l8e. ot bamboos. Several species of bamboos are widely culti­

vat.d in many countries, mainly 1ft SOLlthea.t Ada. 

India is endowed with a large ftuaber of bambOO specie., 

&Del perhap. the world' a larse.t re.erves of bamboos exi.t in 

thi. COl.lntry. Of a total of nearly 1000 known .pecie. (exclud­

ing tbe barbaoaoua baabuaoid gra •• e.), abOl.lt 100 have already 

been recorded in Iftdia, BIld at pre.ent tile total mabel' of kAown 

taxa. both W1l.d &Dd cultivat.d, in Inoia i. abOLlt 11}. A OOD •• S­

vaU" •• t1Jaat. 1& that tb. for •• t ena UDd.r baabooa in IDdia 

(inolUd1n& plantation.) i. 905'7 .Ul1Oft bectares, or abOut 12 •• 



of the total fGNat area of the country. Tbe eatiaated armual 

output of bamboo. (atr-dried) is 3.23 million tolUles, ane-f¥th 

of tbe country'. total wood productian, wIlicb i8 utilized tor 

conYentional aa well •• lU,bly .ophisticated purpose.. More 

than halt ot the prodllct1on (abollt 2 million tOlll1ea) 18 cons_.d 

by the paper and rayon industries alone. Bamboos, therefore, 

constitute one of the most important renewable n?tural resources 

of India (Varmah and Bahadur. 19SO). 

In Tamil Neau. the aggregate gro.s area of fore.t. in 

which bamboo. and reed. occur haa been cCRIlj?uted a. 6,229 aquare 

k.llOllletres (Aalam. 1971). The demand ot bamboo for pulpwood 

purpose in T8a.t.l Nedu. baa been estimated 'Y"riouall. as 50,000 

tonneslyear by Bhoja She tty (1973) and a. 60,000 tonne./year by 

.balakathireaan (1973). Since no statistics are available on the 

exact area unoer bamboos in thia state, 1 t lIay ba e.saWlled to be 

about 3 lakh hectares, based on the abo.,. delland f1e;ure of 50,000 

tlyear ot air-dried bamboo culms, average moisture content ot ~ 

and average yield 01 1 t/ba of green culms. and alao a telling 

cycle ot , years. 

In Taa1l Nadu, the two common bamboo species of India, viZ., 

p!pdroca18lllwa strictl.\f < 'sol1d' or 'male' bamboo) and BambuI! 

a£W!Ciinace .. (the 'tborny' or 'bollow' bemboo) d0lll1l18t., oceurr­

ina both dtbin the " .. ned torest. under the control. of 'tbe 

GoverJaellt, IlJld OUtB1de, an taralands. Both spec1es are cul t1-

YllSed by tal'ller •• a farm crop., particularly in tbe d1.tricrt. of 

T.ban.18'¥UJ", SOIltb AZ'OOt .tc. Such culUYIIUon i8 rather extensive, 
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even 'thOIiIgh no atatUti .. are available aa ragel'da area and 

production. .Between tbe two apede., while §a!buA !lI"Wldina!!! 

18 adapt.d only to m01.t a1 tuati ODe, j)'lJdroca1amua atric1ua 18 

very hal'dy and thus widespr.ed in its cultivation. 

Farm.rs take to the cultivation of bamboos, more particularl), 

D.ndrocal. .. u •• Viety, bccau.e of certain needs, delll8Jld. and 

advantage.. bamboo. tJrOw very feat, yi.ld ... 11 timber almoat 

contimloualy over a fairly long period, require le8at attention, 

perform well under rainted conditiona, meet aeveral of the needa 

of the farmer (fencing, temporary structures, met., basketa, pipea, 

container. etc.), and fetch high price. in the local retail market 

(bein& in t,Test d8lllS.nd tor construction purpoaes and for the 

handicraft inou.try) and thus readily saleable. 

In recent tim •• attention baa beEn focua.ed an encoura&1ni 

the cultivation of tree. outside the re.erved fore.ts. Thi. 

fi11p baa st .... d from aeveral re?sona - to counteract defore­

station, to aaeliorate the climate. to aU6ment wood supply. and 

to provide e. variety of other benefit. to sochty. Such activi­

tie. have been called b.r different expressions with different 

shades of weanino. such as 'soc1al forestry'. 'c~,~un1ty fore.try'. 

'lIlulU-purpoa. of forestry', 'al1"'Pllrpose forestry', 'rural 

fore.try', 'integrated village forestry', 'multiple-product 

~ore.tr.r'. '..all-.~l. tore.try', 'agroton.try' •. '.11Yagr1-

cul tuI'e', 'silvipa.ture'. 'foreat i'anaing', 'tree ta~', 

'tree CI'O}lS tarain&', '.ulti-t1er cI'OPJ,iDg'. -multi-storeyed 

cropp1n&'. 'thr.e diaenlll10nal aar1cultura', .tc. Whatever be 
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the name, tbe "aio objectiYe of these .ot1Title. 1. tbe lrowtac 

of trees O\\talde • typical foreat eDTironment. chleny 1n tbe 

&&rlculturaJ. ecoaY8t .. (i ••• , I'IlI'Ill anas), and to • 11ll1t" 

extent 1n urban .1 tWltlO118. 

Of great lIlportal1Oe among these activities 1. tbe recent 

development of the concept of 'agro-forestry'. • Agro-fore.try' 

has been defined !l8 a sustainable lane! management systUi wlllcb 

increa ... the overall yield of land. comb1ne. the production 

of crops (including tree cropa) and toreat plants and e.n1tDala. 

a1tDul taneou.ly or eeQuentially. on the sallie un1 t of land aDd 

ap~11e8 a.nagement pract1ce. that are co~patlble w1th culturel 

practice. of tbe people. E.sentially lagro-forestry' ia a colleo­

tiy. DIllie tor land WI. ayet ... in which woody perenniala are 

delibErately grown on the saae piece or land sa agr1cultural 

crops and/or animals. either 1n some fol'll ot spa't1al arrangea.nt 

. or in .e"u.ence. In agro-torestry systems, tbe woody com; anent 

interacts ecologically and economically with the crop and/or 

animal cOlli..I-'onenta. Such interactions will take lD"ny' different 

toras, botb positive and negative and they need not rea8in stable 

over t1lle (Singh. 1983). 

The 0~ect1vea of airo-forestry eystems are (1) dlveralned 

and/or aore sustainable production at • higber level from tbe 

a_llable reao...-ces UDder tbe pre_lllng ecological, teClblloloiioal 

aDd aocio-ecOAOIIIic coodi tiOJl8; (11) enhancement of laad producti­

vity 1n lIIlr&iAal landa, (111) eOOAomically superior laDd ae OIl 



fel'Ul. BOU. of ...u. fa ... era. aDd (iv) Pl'oouction of the ._1. 
n.ttda of the fa .... r •• 'Viz., fOod, tuel, fodder, build1ng ut.r1al._ 

etc. Tbe I0Il'&' for attainm.nt ot one or .or. of the.e obj.cU".. 

brina. wood)" perennial OJ'Op. into the picture ot conv.ntloaal 

tarmLa& practice. wedded to purely annual or .e.sonal cropa. 

A8ro-.1orestry systems, therefore, offer the best aol.ution tor 

iJaprovill6 tb. agricultural econOllY ot a countl'7 11ke OUJ'II, wbere 

the maJorlty are aqall taraera. 

"bile many tree specie. of great economic iaportance aug"st 

them.elve. tor inclusion in aay projected aero-torestry syst ... 

bamboo. whic~ are peraanial woody planta eyen though tbey are not 

trees 1n the .trict botanical aenae, are the best Clboice Wl<ler 

Indian conoltion.. The iaportanc. of bamboo. in Indien .conoroy. 

a. well a. it. entrenched position 8. 8 traditional farm croP. 

haye already been brOU&ht out in detail .s to need no reiteration. 

In aodition, bamboos are superior to true tr •• crop. in .everal 

way. as point.d out by Ueda (1960) aDd as modifi.d where nece ... ry, 

a. shown belowl-

emert.OIl of a tne woodlot wi ttl a ballboo .taed 

feature ll!!! ~ .. boOf 

1. Gro ... "th A sl~le individual 

thickens annually. 

Produce •• evera1 culm. 

annually. each ODe of 

which thiCkan8 wi thiD 

.eyera1 montha aftlr 

__ ""Inee tl"Olll gJ'OWId. 
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featun lmVoo' 
2. Yol..e of anmaal rotaJ. iIlcreaenta of Total "ol..e of &DD&Ull. 

iJ'OWtl:l (per ba) the ain,le 1nd1"ldlilll new culms are ""0 
.3 - 30 ell.a/ba. cu.a/ba. 

,. Propagation Artificial or natural Mainly by a.exu.l 

,. Yearly growth 

percentage 

6. bligbt (irIan) 

of Single log 

7. Yield 

Long (over s.veral de- Short (within a few 

cade.) ancl only onCI, years) and thereafter 

terminally. at re,war intlrral. 

over a long span ot 

t1ll •• 

2 - , " 10 - "'" 

Heavy (over 300 k&). Light (below 60 kg). 

HarvEsted atter accu- Prodllct1"1ty 1s high.r 

aulation of annual 

iIlcrementa. 

it culms are barV .. tect 

annually by cuttilll 

(the 8/liOUDt of y1eld 

1. equivalent to the 

annual 1ncrwment) 

The interapace. between tree crops,. ,eMraUy are left 

vaca.Jrt, and ill tbe ca .. of ballboos, which are relatinly wide 

spaced, tb. iIlt.rapaee. betw •• n the baa'boo cl.p. repreaent 

•• UHtaRt1aJ. l8JId area. ODe war of utU1:d.q this otberw1ae 

loat apao.. 1. to raJ... iIlterorop. iD betwell the baUoc cl_p'. 
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However, the sped .. dlosen for the 1Iltenrop IIlWlt be relatively 

.nort-stature. as not to interfere with or beiog interfered .." 

the 'bam'boo canopy. Anra1al crops l'IJUIWer this reqllirtllllent. FIU'theJ', 

the annual crop spec1 .. chosen must be such, that, whUe it 1. 

capable of thrivin8 within the baaboo stand, its.lf doe. not 

atfect tbe srowth ot the base crop of bamboo. 

Wbether azmual crop apeeie a can e'Yer be grown eeonom1eally 

undEr woody perenniaJ.a, itself is by and la.rge an unsetUed 

question. tibile it 18 eo_only thol.lt;bt that no herbaceoWl 

annual crop can sUCCEssfully thrive and yield unuEr trees, 

bEcause ot the so-ealled root-effect and shade-etfect, there 

are also exalllples for thE Ihixed crorpiJli; of trees and annual 

crops, as tr.-dit1onally practi.ed b)' farmera, in several part. 

o! the world. particularly in the drier parts (for example, 

Seshadri ~ ~., 1977). Re6Rrding bamboos the.selves, conflict­

ing opinions have been 'Yoie.d. Wbile Siva Prasad (1980) stated 
I 

tnat intercropping of any dryland vegetable, pulae or coarse 

grain crop with bamboo 1& poeaible upto 3-4 years, Nathan (1980) 

contested this and atated that nothin&. Dot even the common 

thorDJ weed Propp1a j¥litl0ra will thrive under the shade of 

bamboos. 

The re.son for thea. apperenUy cOllfl1ct1ng 'Yi.". could 

poaa1'blJ be traGed to tbl choice of the crop species and/or 

varieties that are c_bined as well as to the methods and levd. 

~ tbe1r __ ,-.nt. It stands to reason that, ,iven the r1&)lt 

coaWAaUOIl of the tree crop and the annual. crop, and the correct 



.e'thod. of .lUU:lc ... nt. iJIItercroj:'p1ng armual crop. bet .... n th. 

crop •• lllcludin& bamboos, .ust be an econOlllJ.cally viable pro­

po.1tlon. The lacuna exist. only in :finding out aueb aucce •• !Ul 

comb1nationa and ideal .ethods of management suited to both 

crops. No aerious reaearch work has been done On this iJIItereat-

1ng line of work, offer1n& t..en .. promise. for substantially 

booat1n& a&r-iCul tUl'lll production of both food and wood. 1D aay 

part of tbe world, up till now. Tbe res.on for this paucity of 

intormation appears to be the dominance of the entrenched notioD 

that tree. and annual crope are mutually incompatible, and the 

inaUl:feraele, thOUbn surmountable difficulties in the researcb 

lllethodol0ti.ie. themselves (for instance, tbe long-drawn out 

nature of such research, •• they are lXIWld to be). 

Among the possible contenders for being cho.en a. a 

suitable intercrop bet_en baaboo clumpe. pul.e crop. su,.eat 

th .... lvea fore.ost. The reasons for this are four - (1) the,.. 

are report. that legume. generally tolerate ahade better, (1i) 

there i. an urgent need for augmenting pul.e. production In 

Tamil Madu State. (111) they asture withiD relatively short 

period •• and (lv) le&umes are known for iaprOYing the .oil 

fertility. a naed wbich ari ••• particularly when grow1n& a 

gramiMceoua crop llke baabOo. Aaong the pulae crop.. aoybean 

appear. to be the beat becauae ~ its h1gb nutrient. conteat -

4'.~ protein and 19."" 011. The 011 18 u.dul bOth for edible 

ana iDduatr1al purpos ••• 



Tm-oup COllIIIIon ObHl'Y8tlon 1 t 18 known that !Dd1 vidual. 

.... boo clwap. in a stllDd differ in the vigour of their growth. 

Suoh diftennM. manif •• t chie.tly in the IWIIb.r 01 culm. pre •• nt 

in the cltap at !lDY point in U.... When even the very que.tion 

of the poaaible sucCe.. or failure of reisina annUlll intercropa 

with1n baalloo atand. r ... ina unanswered. it would be auper.tlllou. 

to point out the paucity Q1in!ormat10.11 0.11 the po •• ible eftect. 

of ."ch vigour dilferenc.. in tbe blaboo on tbe growth of 8ny 

a •• ociated annual inteZ"CZ"Qp. 

Another aapect that ne.da re.earch .tt.n11_ 1a the influen_ 

of added pl_t nutrient. on the intercrop. growing between tnt ••• 

Since, the .o-called root-.ffect is ba.ically a phenomenon of 

agsres.ive root competition on the part 01 the .uperior caapeti­

tor (i •••• th. tree.) for plant nutri.nt. and .011 aoi.ture, it 

_, be ex~,ected that when plant nutrient. are .llppl1ed .0 a. to 

m.at the need. of both the crop. - viz., the ba •• crop of tree., 

and the annual intercrop, the annual intercrop m".t not ahow any 

advera. art.ct be~ sutfered by it. provided loll m01sture is 

adequate. the plant nutrient 80 applied could be one or more. 

dependine, 0.11 crop preference.. Since it 18 fairly well .. tabliabed 

that le.umea in general ".pOM to phosphorus application bettar 

than to e1ther potaaa1um or nitroe,en, and more part1cularly 

nitrogea. 1t woul.d appear that 1t i. worthwhile to atlldy the 

aael.1oratill& 1nflll8nce of pboaphorua appliCl8tion on soybean in 

_ interc:roppin& a1tuation. 



lA aa, atuciy 011 intercropp1ng annual crop. withJ.a tft. 

atlUlda, the atwly o:l the 11£ht cl.L.at. becOIl.a iJIp.raUft, ainCl. 

the ao-c:all.d aaad •• ft.ct ia in .... nee a redu.ction of the 

_bient l1&ht by the canopy ot the tall &rowing crop. SJJa11arly, 

a tree atend invariably developa a dcrocllllate ot ita 0WIl alId 

thu.a II1II)' infl .... nee an aa.ociated annual intercrop, positively 

or neaatively. Finally, tb. Boil moisture and weed 1n:ieatatioD 

are moat likely to be influ.enced by the abade-ettect ot tbe tree •• 

While all the.e .apect. bear directly 011 any attempt to rei._ 

annual crop •• a iDt_rcrop. b.tween tr.e., precioWl little intorae­

t1011 i. available OA th .. , even Wb1c:b, 18 lyins ecattered 1D 

.tu.di •• not .peci:lically a1lled towarde such intercropp1Dj. 

Hence, with the objective of investigeting the feaaibilitJ 

of raising soybean as an Intercrop w1thin a atend ot relat1 .. ly 

young (4-5 year. old) clump. of li'ndrocal8lllua ,tr1ctua, the 

pre.ent work va. undertaken. The detail.d obj.ctive. of the 

pre.ent investigat10n area 

1. Study the growth and yield performance ot soy beaD 

rai •• d as an 1nt.rcl'Op 'dthin a stand ot young (4-5 

year old) clUilpl of P'gdFOel-ua .trigtu.a be.boo, aa 

cClIIIpared to a .01. crop o:l .oybean; 

2. lAv •• tJ.&at1n& the in111l.AC., 11 any, exerted by di.fterenee. 

1D the vigour ot indivldual buboo clumps _ the per­

for.anoe ot the assoclated lOybeaA plants; 

,. study the patteI'D of reapoaae of aoy'beaD to appliH 

pboapbatlc fert1l1&.r at dlffereDt levela, and UDder 
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both the environa.nt., viz., 'within th. beaboo .tand' 

(i •••• the intercrop). aDd 'in the open field' (i.e., the 

.01. crop) J 

4. Study the rate 0.1 groyth of YOW1G clUllip. of D'9droca1amUl 

.>rictu. over a period ot nearly 1 '/4 yeara. from -as 

, 1/4 year., and al.o a ••••• the yield of usable oul.IIa 

at :Urst fell.1n6, carried out at the .nd of the 6th ,ear, 

5. study the growth of the cll.lllp. and yield of clllll ••• 

influenced Dy the vigour of the cluap; 

6. Study the patt.rn of reaponse 0:£ the bamboo clump. to the 

phosphatic fertilizer add.d to the a •• ociat.d intercrop 

of .oybean; 

7. Eluciciate the pattern of chall6e. in the light intenSity 

and 1 ts influence on the per!o%'lll8nc! of soybean, both w1 thiD 

and outside the bamboo stand; 

8. Study the pattern of change. in the microcl.ilIIate. preva1l.1a& 

wi thin the 'baIIboo stand a. wll a. in th. op.n neld and 

atteapt to correlate these with the performance of the 

.oybaan crop; 

9. Study the pattern of change. in soll Jloi.tlU"! over t1ae, 

under both the environment •• 

10. Study patterna of .. ed .1n1'!8tatlon in the two envil'Olllllent.J 

aDd 

11. C_pan the ecGllOlllic. of the qro-tore.try .yst .. of 

'ballboo + .oJ'ba.an with the .Ol! crop of .oybean, 8.Jld 

.ud OD it, foJ'lllllats NCOBSndati0D8 for adop1:1on bf 

11U'11U'1a • 
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CHAPTER 2 

REVI£1i Of LITERA1'URE 

UDl1.lte 111 conventional ,tudiu, very little publ1ahect 

information bearing directly on the topic of the present 

invest1&ation i8 available. Thi, i, understandable ,ince the 

present work is 01 a pioneering nature, seld(ll touched 111 

depth by earlier workers. However, a lot ot in!ormat10D on 

CQDQect.d aspect, 1s available which have a bear1ng on the 

au.b.;)ect of study. The available information 18 reviewed 

UDder the followi~ beacli.nga. 

1. BallI boo, 

2. lntercropping, 

3. MicroeJ.1mate and water Ill., 
4. Light rel.aUons in 8oybean, and 

5. Infl.uence of phoaphoru, on 8Oybean. 
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2.1. BAMBOO 

Baa'boo. are &lant woOdy type of gra.... which de .. lop 

into clumps, by bablt. Two components can be diatina.u1.bed, 

viz., (i) an underarouna rhizome syste. and (i1) an aer1al sboot 

system _de up of 1nd1 vidual shoots called culm_. Culms are 

tl'a.nsfonned te:rainal extena10na of I'bizClIIIe_ and tbey depand 

on Ule rhizome_ for 'their f,rowth, vigour and IJPIlcing. 

filere are 1,250 spsciea of 'bamboos distributed over 41 

genera, in the world (Subba Rao, 1966). Of tbese, 113 .peci._ 

occur in India and 80111e 40 of the.e are cul thated • l.iendrocaluu 

.tr1etua Nee_, cOlll1llonly called the 'male baal;)oo' or 'solid ba.boo' 

is cult1vated throu&bout India in the plains and foot bills 

(Var.ah and ~abadur, 1980). It i. one of the two most important 

_peC1u of 1'&111.11 Nadu, the otber being f,8Il'buaa arupd1nacea (the 

'hollow bamboo'). It occurs not only 1n foreats but also in 

cultivated fielda, bei~ treated 88 a fara crop, particularly 

in the TbIUlja'Y\lJ' d1atrict 011'_11 Nadu where it 1. extenaively 

cultivated b.r farmer. on raised portions surrounded b,y rice 

field.. AnctiJ8Ppan and Wilson (196,) bave fura1ahed an account 

of bamboo cultivation in Tban;)avur district. It i. cultivated 

~ taraera, to B les.er extent, in the other districts also. 

No preCia •• tatistics are available • 

.5iace .. boos are CClIIIparati"ely l.s. fulliar as faJ'll 

GrOPe, • llrisf acaowst ot prnc!ro!!l.... .tr1crt", 1& furnished 

below. 



2.1.1. A general de.crlption of ptperooalaaY' ,trict", 

Deogun (19'7), sahJ. (19/4') !lIld other. have turn1abed 

detailed descriptions 01 tb. morphology aDd biology of thia 

bamboo. It i. a medium-si&ed, denaely tufted bamboo generally 

decid~ous, pos •••• inb strong, thick-walled or solid culm., 

varyin" mucil iD size according to the locality. A chap 18 

composed 01 several C~8 which may ~row to lengths ot 5-12 m 

aOO diameter ot 25-125 IIlIIl wi ttl a number of inhrnodu whoae 

length verh. from 25 - 35 em (lJeogun, 19'7). Below the grouDd. 

the culaB are interconnected b¥ a network of rhizomes provided 

with bw:ia and many fibrous root •• 

The seeds when huaked resemble wheat. When gera1nation 

takes place tne plumule rapidly develops into a thiD wiry stem. 

A tufted !orm cOtllllencea to shov it.el! at an earl.)! IItage. Thia 

comes about by tile proouction of an under&round rhizome 'bearing 

successive poin~.d buds from which develop branch rhizomes, 

which curve first downwards and then upwarda as aerial shoots, 

ao that, successive sboots 'be.ioes be1ne: larger than the preced­

ing onES, ari.e trom rhizome. deeper in the ground. (Troup, 1921). 

The rhi&ome is woody, arched s~htly and upturned witb a 

narrow 'neck' at the prox1lllal and where it 18 attached to the 

.other culll and 'bear! a culll at the distal end (Konda., 1980). 

Tbe rhizome. have tv J Jt1ad. o:f bud. - _eroWl, .-all lui. 

which sin riae to roota, aOO one or t_. rather fiat 'J'b1&om. 

bud.' or 'culII-bud.' ('.y.,') which ,;ive ri •• to cl&l.lIhter rhUom ••• 

The rh1zca •• _1na cOIIIpsrativ.ly abort and thick (pachYllorphic) 



111 taL. SpeciE., ,1ft rl .. to J"';ther closely spaced cu1u wiota 

e".ntu.lly le.d. to cQD&e.tiOl1 in the cllDp. ClUllip GODI.at1_ 

•• • •• n 111 thi. 8Pec1aa 18 an 1aportant a.pect •• 1 t ukea it 

difficult to bane.t the crop ('working of the clUlllp'). Tb1a 

a8Pec:t bas bean exten.ively reported "POD by neogun (19)7), 

defined afresb by Cbakravarti (1949) and experimentally studied 

by Kadambi and Rant (1949) aDd Gupta (1964). Rao (19'/5) atated 

that clUJllPI of this .peciu look very wch congut.d 'by the 

fourtb y.ar of e.tablishment and a cleaning i ..... nt1.1. 

The da\l&bter rhizome. from th. mother rhizome. start de".lop­

ing aDd aa lIIucce •• iv. rhizomes are added to the clUlllp there i. a 

progre •• iv. 1nc:re •• e in the .ize of individual rh1zome. and 

a corresponding increa.e 1n the .ize of the .ub.equent culm. 

tUl they attain normal .1ze. Thereafter there i. no inorea .. 

in the .ize of the auG.equent culm. and 1 t .t.bUtze.. The 

size of an individual culm 1. thus proportionate to the I'bizOllle 

1'1'011 Whlch it emerge. (Kondas, 1950). Thi. i. the clump forma­

t10n .tabe and it may take, for this specie., 12 ye.rs to reacb 

a co.mercially exploitable .tabe under nat~ral conditiona or 

6 years in the ca.e of artificial plantationa (Deogun. 19'7). 

Rao (1975) e.timated this, to be 8 years for plantations, and 

that, lrom the f11'th year OIlwards exp14itabl. size oulm. beoOlll. 

available. Thi. species is hence eaid to be a 'cluap-foraing' 

or • .yapodial' type of ballboo. 

Tbe rootstock thus consi.t. of • deft ...... of abort and 

tb1c1t J'h1,z_ •• provided with cluster. 01 ...u !'Ootl..... ,. 

1'00t ayst .. 1. ...,.~ic1al and dOll. not penetrate more tban 



0.1 - 0.9 .. tre below .round le •• l. Ow1na to tbe euperfloial 

root .y.te., obaDi.. ill .011 .oiature ha.,. a .. rk., effect OIl 

ttle ~rowth of tile culm. (Deoprl 19'7). Rao (1975) report .. 

that it was ob.erYed tbat the rbiza .. srow repidly ill the 

direction of 100 ... 011. 
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Aa regard. the trowth and de.elopment ot the culm, three 

phase. are rec06nisable, l!!., (1) culm elongation. which, Oft 

Marin6 cOIIIpletion. tri."ger. (2) brllncll e .. rgence. and tiMll, 

0) leaf appearance. The t.nder culm e .. rge. from the ground a. 

a conical stl'l.lcture, ~ em high (called K0III81i ill Taail) 

and completely covered by sheath •• no internode being .1sible. 

Initially. the growth i. alow. Tile ~ 1 •• uacertible to 

fungal attack with serioue cvDBequence. On yleld of culms. 

After tills, the growth is rapid and culm elongation take. plac. 

iD apurt., by the elon&atlon ot indiVidual internod •• (there i. 

no terminal bud ln a culm), .Dei after reaching a peak, which i. 

maintained for a few days, the growth rat. tall. oft. 

The growth rat. in ba.boos in general. 1. rea~rkable In 

that, it 1s the h1t;hut aaong all plant.. MaxiaWII dally (24 

hour.) 6rowth rat.. tor other .pecie. of bamboo. have reach.d 

valu •• as hi&.h a. 91.3 em for pmWaa arundinacta in Kew Garden, 

LniJ.and (1855) and 68.0 - for f'bxllo.t!sbY8 !.2.!!6!! o'ba.rYe" 'by 

Sb1bata, K. at the Kolab1lUwara Sotanic Garden, Tokyo (1898). 

recently, .. en valuu .. b1p aa 119 _ for ,hxllo.t!!bl • .I4!&l!! 
(1955) and 121 GIl for PhYllostach18 reticulata (1956) ba.,. been 

reported (U.n. 1960). The browth rete tor pendl'OO8lAllus .tricte 
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thougb not •• biah •• th.... 18 .t111 markabla. An av.ra,. 

daily growth I"IIt. of 9.12 CII (Nal"lla1lllh1y., 1919) and .1n1 •• 

and max1111U11 ... 1", .. 01 daily growth "t .. of 6.' _ and 27.2 _ 

(TOIIar. 1963), 18.4 CIII and 26.9 em lUlder Coiabatore cond1 Uou 

(Sbanmllganathan .!! !l.. 1980) have baan " ,'ort e" • Ued. (1960), 

report.d th~t the maximum dally £rowth for ~ •• tr1ctu., ln Indla 

1s 30 CIII. 

The main perlod of growth of culm. 1. g.nerally from 2 or 

3110nth. (Daogun, 1937). brandl. (1899) lIentlon8 this to be .v.n 

le •• than a .onth. Kadambi (1949) reporte" that the rete of 

growth for baabo08 (in ganeral) starts wlth a IIlnlllua, cont1n", •• 

to 1ncre',ae till about the end of the :;Ed week of emergence. 

l'Iulna at a Mgh lavel till the end of the 8tb week. and slowa 

dOlfll gr, dually, and 1alls to about halt of the ori£inal rat. by 

th. 10th we.k and come. to a CI08+Y the and of the 12th we.k. 

After culm el0llc:i.ation i8 cOlllrlete, it pa.s •• lnto the 

next pM.e, vlz •• prOduction of .ide branche.. Branch •• develop 

only after p-owth ln hel&ht 18 complete (Va!'llllh and Babadur, 

1980). During the la.t pbase. leav •• appear and the culm becoma. 

tully leafy in about 5-6 montha. Th.n .1liciflcation take. plac. 

and the cula hardens. Durina the tollow1n& I"IIlny .. a80n. (1 •••• 

next year) vegetatlve activlty restarta with the commencea.nt 

of the dev.lopaent of daught.r rhizom •• (KOIld.a, 1980). The 

dev.lapmeat of lsteral branch.a tak •• place durine the a •• ODd 



... aOll except Vhea dUal. to tbe teraJ.Ml portlon of tile oulII 

deflect. the arowtb lato bnDGb fOl'lllltiOl'l (D.CCIlll, 1937). 
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K.daabl (1~9) report.d tbst la ••• the aula. are cut befoN 

th.ir ald. branoha. ba.,. been fOl'lHd, 1 ••• , before the .. oODd 

arowtns .eaeon i. CQ8~l.t.d, tb •• 1d. branob •• whiob ... rae are 

8'tJ'Oll&er, much thicker and iJ'01II aore or le .. erectly upward 

(apogeotro~lc) ana not borl&OI'Itally lik. noraal .id. branche •• 

11 the culm is cut at the end of the .. cond uow1n& .... on after 

the aid. brancb .. ba.,. ba.n fully formed, tbla, lon,; branobl.eta 

e .. rg. on the cula on both .1de. 01 the insertlon in th. urper 

whorl(.) 01 b.ra.aob(.a) fOl'll1n& more or 1 •••• eluater. Wh.n. 

cula more than 2.,..ar old 1a cut, it doe. not 11.0 ..... 11, cJ • .,.lop 

any more branehe. 'but drie. up &:radually. The .1d. branche. of 

It. strictu. do not cae.,.lop into pointed thorny .truetur .... 10 

the ca.. of Baab. !lJ'U!ldlnaeH, and hence is referred to •• 

I unarmed bamboo' alao. _Q. a'tr1c:tM' 1& d.cldI1Oua •• bedding ita 

leave. ciur1n& ~r, acldine. protu., quantitle. of litter to 

the .011 (4.83 t/_ la 8 aonth., .. reported by Seth.!! S .• 
1963). An latere.t1n& ou.nation about the differential 

bebavlour 1n folia,e development between plantatioD - rai •• d 

!to .trl£t". cluap. a.nd tho .. arowina IIIlturally in the fore.t 

ha. been reporte" by Rao (197'). It we .. en that the branchef 

and 10118,. borne on DeW culm. 111 a plantation are beavier •• 

.. pared to ... tural clap.. Con .. qlHntl:v, peripberal culaf 

bend down and alaOlit tOUCh the g ... Wld. 
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d.velops, coaaisting of a aubterraneaa network ot rbiza.e. 

~ in all d1rectioaa along with a _tt1~ of roota, atapport­

ing e variable numPer of aer1ally borne culm. whose a,e., growtb 

and specings ancl locat1ona in the clUllp V!l.ry. " •• lready 

ment10ned clump format10n 1s complete 1n about 6 years, after 

which culaa gan 'be harv.sted. The clUllp I!.radll8lly spreada !roIII 

tbe CEntre outwarda by the formation of new rhizomea t~ which 

aprin& new culm.. Varmah end hahadur (1980) observ. that Boat 

yOlUlt; culma an in the per1phery ot the clump beeaual of the 

centrifue;al lIlalUler of clump expanaion. l)eo,&II1 (1937) reported 

that in a fully €,rowIl clump, new culm. generally 81'181 trOll 

rhizumea of laat or prev10us year'. culm., or, under favourable 

climatic conditions (rainfall being the most t.portant) they eyen 

ariae .trom rhizomu 01 ~ or 4 year old culms, 'bUt rarely trOll 

.till older culms. It is !!!l.o poss1ble that a rhizome fIIay 

branch and produce 2 or more culms in the sam •• eason. The 

new culm. thua .. enerally spring from thes. rhizomes which carry 

culms in full Viftour. Generally culm. begin to show ait;;na of 

deterioration 1n their 5th year; hence naw culm. cannot Pe 

Ex~.cted to arl .. trOll rhizomes of , yeers or more of age. 

Varmah and _baclur (198O) .umaed up that the ag+t tull maturity 

of the culm for i. atriUy. i. about' Ylars, the 11feof the 

ot.Wa 11 a'beNt 7-8 year. and the ralline!. c:ycle tall. _tween 2 

and 6 years, acld1n£ that. wbU. too ahort a fell1nc cycle br1".. 

about the deterioration of the cllEP. a 10". tellina cyol. _:y 

re.~ t in overorowd1n&; benoe a telling o:ycle of 3-4 years 1. 

,enerally preacrlbe4. 



The cula 01 R. !lr1ctua has a comparatively thicker 

wll. DeOIWl (1937) My. that the bollownu. varie. f'roII a 

p1nbole to ~ .. 111 diaaehr, and th'lt, cOIIIpletely 80lid 

culm. a180 occur. 
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After 8 variable number 01 years, (20-65 year.), depend­

ing on the locality. fiOlwer1n& occurs, leading to .eed1n& 

and ahedd1n& of the .. ed8, with the eventual dryina up of the 

culma and ul t1aate de,'th of the entire clump. Thus, the l1fe 

cycle is completed. 

2.1.2. Ada, tatton G£ f)endrocalamua .trictu. 

This is the hardiest of all Indi~'n bemboo. (Mc Clure, 

1966). In India it occurs up to all. altitude of 3,700 metre. 

111. the H1Iaelaya. (VIUWlh and Bahadur, 1980) within a tempera­

ture raDie of -5.6· C to 46.7·C and a rainfall ranae of 760 .. 

to 5OBO lIIBI per annlB. tbriv1n~ on practically all type. of 

.011s provided there i. adequate drainage (Peogun, 19'7). Tbus, 

it 18 found throU&bout India in deciduous forest.. Three note­

worthy feature. of th1s speci •• are (1) it. high degree of 

droUj,\ht tolerance as compared to the otber bamboos and _ny 

other tree .peciea. (2) ita aensitivity to high atmospheriC 

blBidity. and (,) it. intolerance of water logging. 

It. a'b1l.1ty to withatalld droU4;)rt rell8rkably has been 

well documented (Deogun, 19'7; Me Clure, 1966. Rao, 1975). 

Thi. _k •• it • boon to fal'llers and fore.tera. Atmoapheric 

humidity 1. aaid to be one of the fttel'll1n1aa tactors in the 
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distribution of this apede.. Thus. 1n Ori.... it fi0Ul"1.bea 

well 111 drier tract. f.r away from the influence of the ••• 

(NiChol.on. 1922). It withdraw. from area. where tbe more 

lIobture lov1n& .peci._ of bulboo. viz •• Bub!,! .. srun<!iMua 

growe. 

It i. 1ntolerant to bad drainage (and thus of clay.y _oUa) 

(Kadub1, 1949) and do •• not grow in waterlog,ed or beavy _oU_. 

Hence the reason of it_ occurrence along elope. of hills where 

dra1n.'ge is better. It. pre.ence in the Tbanjavur delta i. 

explained by the fact that It is 81w,'Y. grown In rai.ed bit. of 

land even though .uch plece. 01 land may be surrounded by swamp 

rice crop. 

The characteristic. Of the soil. on which~ •• tricty! 

occurs, under forest situationa, bave been reported by Mooney 

(1933) and exten.ively BO by Yad2v (1963). He conclUded the 

BOUS are low 111 total a. well as available pho.phorous. Ueda 

(19{)0) based on hiB 1I1vut1j;ationa on .0Us of llbavaniasgar 

(luil Nadu) growino the other important specie. of the State, 

viz. bUil?uaa aru.ndinacaa, conc:"!4ded .1III11arly. 

~. ,trlctu. ls a light demend1n6 spacl •• and does not 

tolerate heavy overhead abade .s borne out by field studie. 

(CbatW"Vedi. 19281 Kadubi. 1949). 

2.1.3. N.w culla pJ"OductiOll in j2. strict"" 

A. Rat. of Production. 

A study of the rate of new culII procluctiOll (i •••• the 
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number of DEW culm. produced pEr dump ptr grow1ng •• a.on) 

is a very imi-'ortsnt Bl-'('Ct in C<'WLOO investi6ations, becau •• 

it it a lIlE_i.ure "'[ r tE vl "ddition 01 cululs to the clump aDd 

thus 01 tile ultimElte ,\Iidd oj cuI"e: per clumr. 'i'he production 

01 ,.H. culals Vc.ri€E 1rUlll 10c?lit~ to l-x:'lity, [(tween clumps 

1n the same loc(;li ty ane 1rer" ye:"r to ye2.r ln the salle locallty • 

..,eogun (1937) ·'no ,,:-'t:i2:r.Li \ 1,,4S) have listed sEveral 

fectors c:!fect1rlS the r te ..;1 ricW cult: pro'uction (i.e., the 

number 01 ne ... culms j::r"duced ,:;Er clumr J.'eor Ioro'Wln., SIF'Son), 

vlz., (1) sOil, (2) climate, 1.3) size of a elump, (4; ~,ethod of 

1rIorklllf (5) methoQ 01 Est'?bl1shlr:L; the clumrs, (-;) mc'reh of time, 

(7) overheao cover, (u) fire, rtnd (9) ,razing. Unoer ferm 

situatlons only the first six factors, perhaps, are s11.nl11cant 

as the rest are more or less well under control. ,ven among 

these slx factors, the influences of soil and climett are more 

vr less fixed 10r 6ny p rticular 10c91ity. Hence the rem~in1ng 

four f:,etors alone are reviewed 'below. 

(i) Clump size: 

lJ) 'size 01 clump' is meosnt the total number of old (more 

than i-season 1.e., 1-ye~r of age) culms present in the clump. 

The 1nt" uence ot the exl still6 nwn'ber ot culms in a clump (1. e • 

clump size) on the rate ci' production of new cult~s hes been 

invest~at.d by several workers. 

lJeoiun (19'7) bF!8ed on a study of 2,650 clllmps of £:.8trictul 

apre'?d over flv. Stat •• (Orissa, ,·,ac!hya Prade.h, Punjab, Tamil 
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Madu and Uttar Pradeah) reported that the aven,e a_bel' of 

new eulme produeed per clump per year nnt.ed from 1.2 fW' • 

clump 8ize of 10 eiutin,g culm. (Uttar iTeduh) to a. much 

as 13.0 fur clump .ize of 70 eXist1", cu.lm. (Madhya Pracleah). 

Thus, in general there wa. a probreBsive increase in the 

a ... solute number of new culms produced a. the clump size 

increased. nowever, he found that the v?rietionB in new cula 

production between clWllPB 01 the same .ize, to be conaiderable. 

F'or example, a acrutiny of Deogun'. date reveal that, the .,,·r1a­

tiona within the same clump aize, range fro. 176% (for cluap 

size of 10 culmlll) to 35OS( (for clUlip size of 5(J culm.). Deogun·. 

data for Talll11 Naall show th,4t II. clUII" aize of 10 existing cullu 

produces 1.7 nEW Clllm., that of 20 culm. produce. 2.0 new culm., 

etc •• IIpto 50 culm. producillj1 ).0 new culm.. Deogun concluded 

that although bibS.r Clump. (i.e. larger clump size.) produce 

180re llUIIIber of new culm., the ratio betw.en the new "lncl the old 

culm. in big,er cluapll falls of£with incre~.ill& size of clap, 

.0 that two 11818.11 cluap. prOClue. 1801'. new culm. thaD one big 

clump Of a aize eqll81 to that of th£ two 111811 c1U111ps coabint'd. 

baaed on thea. considerations, he concluded that clump. Of 

.ize 20-40 culm. &.bould be tbe ideal from the Mnsge.ent poiat 

of view. 

Kadambi (1949) tel'lle" thia relationship between tbe 

exi.tin& old culm. and new culm. produced aa 'numerical 

relat10nahip of cu.lms in • clump'. Baaed on inveI!!t1gatlona 

in Xarnatall:a. be reported that thJ.. raa&.d fJ'Ofl 1 to 12., DR 
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culJu ~r clump of .ize. 10 to 75 old culm •• respectively, 

depending on rainfall and fell1n& intensity (i •••• barv .. tina;). 

hb dI:Jta aho".ed a curvllinear trend. He concluded that. with 

Incre8.1ng .1ze of the clump. upto a certain upper limit. n.w 

cula production also increase •• 

.Llutta and l'omar (1964) studied B8 clumps in Madhya .f'rad .. b 

and found a linear re18tionship between the two ~riable.. They 

added that the data .ecured from another study (All India Co­

opEratiVe lnve.Ugations on the Manageaaent of 1:Ia.b008) for 

~. strictu! over a period of 12 year., in Madbya Predeab, 

confirmed thi.. The PErcenta~e of new cula production decreased 

sharply from an initially high level for smaller cluaps and the. 

flattened for clump. containing over :50 old culms. They al.o 

observed that the pErcenta~e of new cul. production we. higher 

for smell clumps as compared to the larger ones, which corro­

borates the earlier fIndings of Deogun (1937). They ascribed 

this to the fact thbt a aaall clwap consist. mostly of young 

culm. (1-2 years age) while in a lar~er clump there is com­

paratively a hi~her proportion of more than 2-yeer old CIllms, 

which are not probably very effectiVe in .0 far as new cula 

prOduction i. concerned. It is known that th. Il8jority ot new 

cula. are contributed mainly by rhizom .. developing from 1-

or 2- year old clllm.. They al.o adduced another reason for 

the h1t\her new cu.l: production by amaller clap., by atat1n& 

it .. y be due to the higher clump - periphEry area a. wall 

a • • ore utilizable area per culm. 



ReoenU, Shalllll.lPnatbaD .!l .!l (1980) trOll C01llbaton 

working on 10 clUlllp. ot: 16-,ear. are conclu.ded tbat there 

Is no slt)'11tlcant Influence of the total nUlllbn of old cW.as 

In a clUlllp over the productlon 01: new culIIs. 

Ferhaps the only lIlanaiClllent practi.ed in lorest. ~or 

bamboos 18 the rEe;,ulation of thE intenslty of exploltatlon 
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(i •••• barve.ti~). Theae ~o by the naae of 'felling rule.' 

whicn are 'prescribed' in the .,,'orkiD& flens prep>red for the 

dil!erent .forest divisions. The two principal cOllpon~nt. of 

felling rulES are (1) the felling cycle (i.e., the number of 

years tbat e18Ys. be tlnen two successiv • .fellini-s) ':-nd (2) the 

Iell1nt; Intenslty, u.suclly expressed as a percentage (i •••• 

the numbEr of culms older than 1-year ee;e. that are to be 

felled in a clum~,. Expressed as a pErcentaie of the total _ber 

o:t: old culms ex1stin& 1n the clUlll1;). Besldea the.e. a few other 

restrictions may ~lso be imposed. all 01 which constltute the 

fell1ni rule. for a partlcular locallty. The actu.al prescrlp­

tions vary from locallty to locallty a •• een froa a peruaal 

01 the DWIIEroua I orElit 'W orkins Plana, aDd the several publiahed 

aelentifio papers (this belne, a fertUe area of contribution). 

Vermah and Behad\lr (1900) atate that for !! •• :trln"a baaboO. 

telling cycl.e pnacrlptiOll8 bave rell&ed .fI'08 2-6 year • .,., 

reo ... nd a fallin& cycle of )-l. yeara. The feU1na cycle 

illp11ea tbe reaO'la1 Of aCOllllulated growth over a period of 

year. cornapond1ne; to tbe oyole (Seth, 1978). III DO ..... 



• DeW culm (i ••••• qual to or 1 ••• than 1-year or ag.) 1a 

allowed to be removed. Since Zelling rul ... have not beea 

stQdied in the pre.eat inve.tigation. they are not reviewed 

here ,xceptlq 111 _ Zar a. tbeir eUect on nEW culm prOdQO­

tion is concerned. 
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Venkatarasiyer (1917) based on 8 year. of field work in 

Tamil Nadu reported that the average number of new culm. pro­

duced per year ra~ed from 4-5 per clump for a ~ f.ll1ns 

carried out unl10rmly distributed throughout the clump. tbrOlJ&h 

2-4 per clump under a ~ felling carried out on one side of 

the clump, to 1.5 - 2 per clump in 1~ telling of all old 

culms. ueogun (1937) a180 reported inten.ive felling. to 

adVErsely affect the number of new culm8 ,roduced. in Ori .... 

Kadalllbi (1949) irOE Karnataka reported 8imilarly. Ra/i,bev8n 

(1964) from Andbra Pradesh. Who compared the new cLllm product i-

viti •• of clump. growing in nature. in the fore.t and left 

untreated, with clump. treated (i.e., re~ularly felled on a 

4-ye2r cycle). however. concluded that the treated crop 

produced about double the number of new culm. •• compared to 

the untreated clumps. Hence, it is seen that leavin& a cluap 

to natQre without any culm extraction doe. not t.ply that it 

will produce aore new cul... Varmah and BabadQr (1980) concluded 

that while too .bort a felling cycle will lead to the det~iora­

tiOD of the clap, too 1011& a felling cycle will lead t. 0'1'''''' 
crowdin&. Dutta and Toaaar (1964) reaarlted that with • 10llC~ 

telling cycle the clu.p will increa.. in 8iz. and consequently 

will produce a low percental:\. of new cula •• 
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Clu.p .. nag ... nt iIl"ol".a not only barYut1ng of cul.aa 

but also clean1n~ it. Kadambi (1949) stated that mare clean-

1ne (i.e., cuttill& away of all dry culma) of clumpa Nault. 1n 

an increased production of culms in the years follow1ng th1. 

trtlc'tment, the effect 1 •• t1ng for 2 or , year •• 

(11i) .Method of establl.hlnt. the clump.: 

In an early experiment conducted at the .'orest Research 

Institute, Debra Dun (Uttar rradeah) started in 1927 three 

m~thods 01 e.ta~lishing~ •• trictua, viz. (1) planting of 

'vildling.' (i •••• nFtlU'8J. seedlill&8 obtained from the :fore.t), 

(2) direct .o-1D& of .eed •• and (,) planting of rhizome •• were 

compared. Five years a.:tter e.tabliEhment. the averaie new culm 

production per clump per year wp. '.7 for sowinEs. ~.4 for wild 

.eedli~ transplant. and 6.3 for rhizome planting •• while they 

were 5.0. 7.6 and 7.5, respectively, after six ye~r. (Deogun. 

1937) and the a"ereees after that over a further period of 12 

year. (19}4 - 1940) were 4.1 for saw1n6., 6.6 for wild seedling 

transplant., and S.1 for rhizome plant1~. (Kadubi and Rawat, 190 

It is evident tbat the intJal .uperiority Of rhizOIDe plantings 

ill .0 far a. new cula production van1ahed 8. time pa •• ed ~n4 

" .. overtaken by wlld11ll& transplant. by the sixth year and 

thereafter the •• edl~ transplants maintained their auperior1t,. 

The reaul t. tor the direct seedl1n& treatment oontimaed to be 

poor thrOU&}lout. We lIlay therefore CONU. that transplant1na 

of aeedl1n6. i. the best from the point of new cula product1on. 
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In the above mentioned experiment it was seen thPt the 

Byerae. new culm pl~uct10n per clump per y.~r qwas 2.9 1n 

1934, c.4 in 1937, 6.1 in 1940, '.5 in 1943 and 3.9 in 1946. 

It is clear that triere is a wid • .fluctuation in the above d-'ta. 

Kadambi end Rawat (1949) explained this v riaUon ty atat1J:l& 

that the majority o.f the clump. were 1mmi,ture in the year 1934, 

the seed crop being 7-1.ar old and the wild •• edling tran~l&Dt. 

w.rE about 1O-y.ars of ab., wile on the other hand. the crop 

proouc.d by the rn.i.%Cllle plantiDbs was perh2; ,8 19-20 ye- rll of 

aL'.. rrobabl.y. the aVErai. number of new eulm. produced per 

clump incre'_ •• s 1ni tially ; no aftEr reBehin. a p.ak :Uattena, 

lIl8intain1ng it tor several YEars, and then gradually i"ll. off 

as tbE clump advance. in &j;;e and approaches .flowerift&. 

2.1.3. Time ot production of new culm.: 

In bamboos in 6eneral. the new culm. are not produced 

throughout the y.ar but r-thE:r only duri11g cert--'in ae •• ona. 

which varies according to thE SpeCiES, loc;; lit1ll8 etc. A 

knowle(l~e of the time of the year in which new culaa e.r. 

produced is .... ntisl for schedul1n& cult,,"l operation. and 

appllcatioA of f.rtiliz..rs, in IlUch a way a. not to retard 

naw eula production or 0 .... &. emerging DR cula. and to alii_At 

their prQducUoa. 

It i. COIIIIon lmowled.,e that the new culIuI flf baaboOa 

eMr,e in Incl1a durill& the _nsoon rain aontha. '01" R. ptrlctg. 



Gamble (1890) records thet whJ.le in nortbern lAdi. new cullll8 

EmErae in June or July When the SOl.ltb "est lIIonsoon be.,1na. 
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they appear in Soutb India in S.pte~ber or October witb the 

first DI.lrst of tr •• North E.aat monaoon, as seen in the Nilgiris. 

Accordin& to Deoc;W1 (15'",7) new cul'Ds begin to appear a.fter the 

commencement of the monsoon and continue comi~ 1.lP. generally 

I.lpto the e.ftd of Al.Igl,lst., Ip,te emerging cul.s either do not 

complete their browth. cont1n~ it in the next season and 

it VEry lat. remain as scaly cones withol.lt any :tl.lrther 

development. 

In Karnataka. the till. of new culm emergence 1s from the 

lIIiddle of July to end at }\l.l&l.lst, in the wet zone (Malnad) and 

from July to October in the dry plains, whEre it is irregular 

(Kadelllbi, 1949). Dl.ltta and Tomar (1964) from Madbya Prade.h 

reported that the IllaXJ.mwa IlWIIber 0.1 new culms (7a) are 

produced in the second ;fortniLht of August, Se"son of produc­

tion ot new cl1l.mf: is more irrel£ular in young clumps and in 

nursery bedl where 1 t may be even from ft.ay to october (Iieogun, 

1937) • 

2.1 .4. Total number of culaia per clump in Dendrocal&IIWI strictlY 

The total number of culaa in a bamboo clump is a assure 

of its prOductivity. £v1dently it gradually increa ••• as tbe 

clump .dvance. in -'6. and after resch1n& a particular \181 .... 

lI ... t remain IIOre or l.u constant for ali.,." cluap, in a 

stat. oj dynaaic equllibr1wa. tbe ratea of product1on of new 

oulIIs aDd dnth of old culaaa be1na tlalanced. The total mabel' 
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inclUAla, new cUlaa ,lao (DeogUll. 1937. Rao. 1975). 

Aa already mentioaad cluap foraation in£. alrietu'i. 

cQlllpletad in about 6-8 yeara. after which it can be conl!!1dared 

a. an adult clWllp. Tile total nwab .. r of culm. in an adult elap 

varies within ~id. liaits. Cluapa with a. meny as even 200 

culms have been obaerved in WlWorked forests of Angul (Oriua) 

but the general average is froll 1<>-40 culmS/C1UIIP, oependin& 

on the age of the clUllP, the past wOrk1ne and the locality 

(Leooun. 1937). 

TlJe r::lnge of v'·riation encountered is illu.trated by the 

_vera~e fi~ur •• reported by different workera. aa .hown belowl­

h,tU (1980) 6.2<>-9.88 (Lharwad, K rnatau; controlled experi­

ment - leas than 2-year old clUllps), Kaul (1963) 2.0-9.2 

(Cbambal ravines. Madhya 1'rade,h - eroded soU; young clap. 

of upto 4 years age), Deogun (1937) 1.2 - 13.6 (Debra Dun. 

u.1'. - contro~led exptrllllent. 5-6 year old clumps); SbanJDuga­

nathan.!!!l. (1980) 7-61 (Collllb.tore. Tall1l Nadl.l - ob84!Tv~t1ona 

baud on 10 clwapa of 16 years a~e); toara,1lIh1ya (1919) 14.' -

35.33 (Karnataka, the total i. cla •• ified a, 1-year old. 2.pear 

old. .3 and more _ber of yaar old - and dyillE CullU; a,e of 

clUIIp 110t MOwn; pre.waed to be IIIl tew decade. old); Mion01,. 

(1921) 27 (Aqul, Ori ... - aie no~lulown; pra.Ulled to be • Aew 

decade. olcl); DeO&Wl (1937) 23.2 - :50.2 (Angul. Ori ... - pure 

baaboO unwork.d fore.t; _p of cl .. p. not knOWll. but pre ..... 

to be a few decade.); Uade (1960) 10-,0 (Indl_ - Datl.ll'lll 

t .... 18 I age of cluap not known; pre_ad to 1M a:iew decade.) 
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and Va~h and BabadloU' (1980) (Clump age. not known, but 

prelUlllld to reter to fully grown adult clumps of • few decade •• 

grow1na iD fore.ts) 9.3 (U.P), 27.0 (M.P.). 27.02 (Maharellhtra). 

From the for~&o1n& data lt 18 .een that the total nuaber 

of culms per c:J.UIII., tor c:J.waps of a&e upto 6 year., ranged from 

a. low an avera~e floure of 1.2 to an aVErage flgure of 13.6. 

l' or .tUl older clUllp., 1 t ralliea between 7-61. with value. 

around 20-30 be1lli common; ttl. contlnu neogun' ... t1aate 

01 10-Jt0 .entloned earller. 

In a few studle. culas in a clu.p have been olasalfled 

•• 1-year old and li,ore than 1-year old cul... The data of 

Narasilllh1ya (1919), on further .crutiDy lndlcate that iD a 

c:J.wap of ~ •• trlctlll, 11.87' of the total IlUlIber of culaa sre 

1-year old oulas, 16.~ are 2-year old culJD8. 6,.$. are ,_ or 

1II0re years old 11vlng CIllJIIa and 8.~ are dylng culllls. A s1lll1lar 

scrutiny of the d,ta of Nlcholson (1921) for Angul Dlvialon 

(Orissa) indicates that the proportions are 5.s,., of 1-year old 

CulIIIs, 8.~ of 2-year old culms and 48.'71> of 1II0re than 2-year 

old culIIIs and '37.'" of dead and dry culas. Scrutiny of data 

of Deogun (19'37) for Al1<-ul, Orlssa, which pertain to the data 

for the control plot in a felling lntenslty exper1lllent. show. 

that the ratlos were 6.6 - 8.$. of 1-year old culm. and 91.4 -

9,.41' of onr 1-year old CIll.', at the start of the exper1aent, 

howe"er, iD the., clwap., all dead and dry cllllu were felled 

and excluded froJll the data. 



It lilly be ..... d up frail the above culll analyU. tbBt 

111 a clap, about ~1~ of the total culma are very YOWll 

culaa (1-year old), abo~t 1O-1~ are 2-year old C~II. and the 

reat are .till older c~ ... 

2.1.,. Culm p~ram.t.rl!! of pendrocalaau.p strictua 

The size of 8 culm decide. it. saleability and price. 

Therefore, the averai\i,e size of culm. per clump 1. a ~s.f~ 

index. Three paralleter., viz., (1) heibht (i.e. length) of 

the culm (2) dialleter of the cula lIea.~ed either near the ba.e 

or breast hei~ht (DSH) or .y.-h.i~t, and (,) wei~ht of the cula, 

may be used to characterize the aize of the c~.. B.a1de., the 

averabe number of internodes or length of internode. may al.o 

be considered. The following review of C~II .ize pertains to 

~. strictu •• 

2.1.5. A. Height of Culml CommerCially, longer cul •• fetch a 

hibher price. Hence a stuoy at c1.llll length become. 1aportant. 

Mc Cl~e (1966) stat.s that the cula grows upto a height of 

18.29 m. Deogun (1937) atated that thE maximum height attained 

by thE maturE culm varies a good deal trom locality to locality 

and tib~e. fro. various localities &bowed a variation troll 

4.57 - 16.29 II, (in India) while Dutta and Tomar (1964) reported 

tbe maximum beigbt to vary between 13-1' • in moi.t localities 

and trOll 6-7.' II ill dry and poorer locallti .. , the aYerage 

he1!!,bt beiJl& 9 • (111 Madbya Pradeab), and Aalam (1971) .tated 

tbat avera,e height of a cula varied between 6 - 16 • (111 

Tamil hdu). Wint (1978) .tated that 111 Burma, culaa of 
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~ •• trict~. reach a length ot 6.1 - 15.2 II and in drier 

localities they are often lI~ch • .aller. All the.e figure. 

are baaed chiefly On general observations and obvio~ly 

pertain to .. till'. culm. in ad~ t clump.. Data trom actual 

measure.ent. in st~dles are also available. D.og~ (1937) 

reportl.ng on the exper1llent on clump. rai.ed by three different 

.ethod. in 1927. furnished aversi. heights of culas, after 5 year. 

growth, as 4.02 • tor direct .owing of .eed., 4.:56m tor trans­

planted s.edlings (d.rived trom forest) and 5.09 • tor clump. 

developed by planting rhizomes. Heiiht growths after 6 year. 

were 4.91 • for sowing, 5.61 • for seedling transplants and 

6.10 m for clumps from rhizome planting. It is 8een that the 

averace hEit,ht growths in young cluaps difter according to the 

method of raising the cl~ in one and the .... locality. 

Similarly, in the case of yo~ clumps. the average height. 

of ~m. progressively increases year to year. Th~s, Ka~ {1963} 

reported that the average height of c~las in Chambal ravines 

(Ind1a) was 1.37 II 1n the 1st season after planting the .eedling, 

8.40 • in the 2nd .eason. 13.99 • in the 3IPd sea.on and 15.44 II 

in the 4th .... on. Patll (1980) 8tudying young clump. 1esa than 

2 year old. reported that tbe average heiGht increa.e ••• the 

spacing betwe.n the cluap. widens. 

ShallllU&anathan .!!.!!. (1980) baaed on a study of 29 culms 

from 10 clump. of 16-year age at Coi.batore. reported that th. 

lowest height and maxi.,. height recorded were 5.30 and 7." II 

reapectively. Further. the height difterences betwe.n different 
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ClIIlu w1t.hin t.be .... cluap raDi.d froa 0.10 t.o '1.66.. Tb1a 

wiel. ""r1aU.on, t.hOUgb not. .xpla1ned by the work.ra, 1. 

W1CI.rstand8bl. when w. taka 1nto account the tw1n {'.ct.. of 

• clump baina cOllpoaed oZ cul •• oj d1tferent a,ea, and the 

remarKable browth rat •• of bamboo cul.~. 

Suma1D6 up, 1t 1 •• e.n that the maximum heibht of a 

raatl.&re culm is about 16 • wbile the average height of cula 

1n a very Y0UD6 clum; is about" or 5 a, and that tbe loca11ty 

(rainfal, .ite ~uality etc.), m~thod oj rai.1ng (atlea.t 1n tbe 

early 5t8ges of clump de.elop.ent) and the .ppcing bet.ween the 

clumps influence the height of the culm •• 

2.1.5. B. Diameter ot culm: 

DiAmeter of 8 culm is commercially important as thin culms 

are not saleable. Mc Clure ('1966) state. that the diaaeter of 

a culm rsachu upto 127 L,a (i.e., the maximum). In Thailand 

it is reported to vary between 30-80 am (Chaiyapechnra, 1976), 

while in burma betweEn 51-76 lUI (flint, 1':176). 

In India, the maxiaua diameter (calculat..d from data 

ervreaaed as girth) variea betwe.n 36.' - 121.' am while the 

average diameter (calou!at.d trom girth) range between 28., -

52.6 lUI, a. measur.d at the ,rd internode from the butt. .nd 

of a cut CIoIlIa (Deoaun, 19'7). Veda (1960) reported that ill the 

natural grov •• of :",",18, the CIIollIl d1ameter for R. flr1ct!!l, .a 

_dl.&red at eye he4;bt ranged between 24 .. - 59 1LII with the 
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a"erage lM1II& '9 _. wtlile D"tta and To.ar (1964) Itate4 that 

th. maxim .. d1aa.ter ran&" from 60 • 75 .. in aoist and 

favourable locali ti .. and betwe.n :58 - 5<> ca in 4ry and poorer 

ar.aa, the a"erage di .... t.r being 50 mill, •• ..a.und at br ••• t 

height (i.e., DBH, "iz. at 1.37 • from ground). 

All the above figures obviously reter to mature culma in 

adult clumps. As regards clumps of lUlcnm age, Sbanmuganathan 

~!l. (1980) studying all the culma in 10 clumps of 16-y.ar ag., 

at COimbatore, reported the mean dlaaet.r (th. point along the 

culm at which measured, not being stated, dia.eter calculat.d 

trom data expreased aa girth) ranged between 23.2 - ,1.8 _ and 

that the diiferences were si&n1flcant. 

Data far atill younger clumpa are alao available. Deogun 

(19'7) reporting the reaul ts an experiment atarted in 1927 at 

Dehra Dun to compare three methods ot establiahing clumps, 

stated toot the average diaaet.r of culm at 1.:57 • height fJ'OIII 

tJ,round, were 16.26 mill .tor sov.1ngs, , 9.30 mil lor ... dl1n& 

transplants, and ZZ.B6 mil tor rhiZOile plantings, , years atter 

eatablishaaent and 21.'9 _, 2,.62 .. IlllCl 26.42 _ tor the thre., 

6 years after establ1ahaaent. Ksdallbi and Rawat (1949) report1Dl 

on the same exp€r1ment, 8tstl'd th.ltt the !Han diauter of .... 

~ in 19'7 (i.e., 10 years after establishment of clu.pa) 

was 18.0, _ tor sowinga, 21.34 .. for seedling transplant. 

and 20.'7 _ for clapl rai .. d fram rhizoaes, which b7 19lt6 
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(19 years after eatabli.baent) bad changed for pew culm'. to 

30.2, .. :Cor sow1ll&., ".50 DIm and ".56 _ for .eedling. and 

rhizQM plantings respeotively. These data indicete that there 

is no substantial difference between di:fferent methods of 

raisi~ the clump, even though there is a progressive increa.e 

with pasasge of time, as regards mean culm diameter per clump, 

specially that of new culms. However, the data for the period 

1934 to 1946. when only the years are compared. showed an 

initial increase in culm diameter. from 20.06 .. (in 1934) to 

34.54 DIm (in 1940) after which it tell and reached 32.26 _ (1946) 

Spacing between the clumps appe,,,rs to influence positively 

culm diaweter .s reported by Patll (1980) end Sheikh (1983). 

but weed control treatments do nO~1ntlUenCe the culm diameter 

(PaUl. 1980). The intensity and method of telling cula signi­

ficantly attects the mean diameter of ~ culms (Kadambi And 

Rawat. 1949). 

It may be concluded that the maxillWll diameter of a m,ture 

culm of an adult clump for £. strictu. is about 125 ma, th. 

average diameter .. ing about 35-65 _ for aclul t clumps and 

about 20 DIm for clumps of around 5 years aie. It i. also .e.n 

that while. the methods of raiSing the clump and weed control 

do not inf~uence the culm diameter, moisture of s locality and 

&pacina between cll.8lps exert a positive influence and fell1n& 

intensity and method exert a significant in!.uence. the reault 

depending upon the particular tre?tment. 
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2.1.5. C. Wei&bt Of an indiYidual cula of ~ •• SristUla 

ObYiou8ly tbi8 i8 a factor affecting final yield ~nd tbaa 

the monetary returns. Thi. bas been reported in two WIly. by 

different worker. - (1) as weight of a single culm, in absolute 

units, (2) .s the number ot culm. that go to a unit weight. 

Culm leD&th lind Vieii!,ht relationships for di!terent diameters, 

haYe also bEeo worked out 88 culm l.~th i8 commercially important. 

i~arasin.hlya (1919) .from Kll.rnatRka reported that 300 culms 

to to a (long ton) which works out to 3.39 k& per culm while Eagle. 

(cited by Deogun. 1537) reported 250 culms pEr ton (.4.07 kg per 

culm). vamaston f .C. (cited by Ueogun, 1937) who determined the 

we1&hts 01 4,~ cuJ.BjS, concluded thE>t freshly cut culm. weigb 

6.65 kg ana air dry culm. 4.16 k~, aodint th~t the corresponding 

number of culms p€r (long) ton are 141 and 244. De0i>un (1937) cit 

ing a study chrried out in the thEn l:Jyderabad State, stated that 

170 numter~ of air dry culms go to a (long) ton, which works out 

to 5.98 kg and 3.76 kg rupect1vel~. Kadambl (1949) considered it 

would probably be correct to assume th~t 300 culm. ~o to a 

(lone) ton in the dry zone and 250 in the wet zone, which work. 

out tv 3.39 k6 and 4.07 Kg per culm in the respeetive zone •• 

Ueda (1960) b~.Ed on a study or natural bamboo groves in India, 

concluded that the air dry weight ot a culm i. '.5 ki. Dutta 

and Tomar (1964) atated that the eVErest! Wfl&ht ot an air dry 

cl.llJa in JiadhYB Pracluh was 3.18 kg in one .!orut division 

(Umaria) wb1le 1t was 7.08 .k& in another (Bor1). Recently, 

Rao (1975) trout Andllra Pradesh based on exper1f:llce w1 til artifi­

cially rai.ed plantationa, reported that plantation-crown 

~. ,trictyrtl, at , or aore y.a1'8 01' age, record 2-2., kg weight 



per CUla. whUe CUlIU i'roll netural ioreat. welgh ~ kg. V.~ 

aJll:) Banadur (1980) reported that, in U.P., 400 &"en cUlm. 

{2.5C kg per culm) or 700 dry culm. (1.4311.£ per culm), 1n 

}>&nara.htra, 303 t:,reen culm. (}.3O kg per culm) or 412 dry 

culm. (2.43 k~ per culms) and in ~.P., 310 green culms (3.22 

14\ pfir culm) iO to a tOnne. 

The moisture content of .frest.J.y harvested culm. i. around 

60';1:. and it tak.es "bout ;;.-4 months :for thEm to became aIr dry; 

the moisture content o:f ~ir-dry culm. is around 4.6~ (Outts and 

TOIDar. 19(4). 

~€th (1976) n~s :furnished tables re18ting running lentth. 

witb wei~ht and l12! versa, ior dltl.rent culm dlallet.r c10 ••••• 

:for green and dry bamboos. The r"J1{;' is from 0.595 kg per 

rur.tllJ.ng meter for a di~:Jleter 01 3S IiIIII to 1.092 kg per running 

meter tor a dl"'meter ot· 51 mm. j_'ne ratio dry weight: green 

weight Yariea from 0.62 tor 57 JIIII diameter to 0.65 for 38 _ 

diameter. 

Summing up, It may be stated that the fresh wel~ht of a 

bamboo (!2. strictus) CI.Il. 01 avera",e slze at eXpJGi:table age 

1s about }.O to 3.5 kg and th2t it lose. approximAtely about 

~ of this weight on being air dried. 

2.1.,. D. IPber of internode. per ow.. and intereodal 

lemba in .!.l!n9EO!!laM auio!S!. 

The length 0% the internode al.o i. a para •• t.E of .om. 

COIIDerc1al iaportance aince long intErnode. conduc. for a 



oompa~t1vely .. oother culm and advantage. in the manufactur. 

01 products from it. Internodal leDbth ia evidently dependent 

on the number of internodes tor a &iven lenath of a culm. 

39 

Sahi (1943) reported that in~. strictu •• the rhizOlDe bud 

bas more than 35 internode s. perhaps many lIIore SinCII it i. 

difficult to count the exact number of intllrnOde. near the 

tenn1nal portion where they are compressed. SballllU&anathan 

.!!1!.!. (1900; thoUi.h studied culm paramEters only upto the 32Dd 

internooe. tllllir data be .. " on 26 culms indicate that the _bEr 

ot internodes per culm ranged tro. 28 tor e eul. of 5.95 III 

lellt>th, to 45 tor a culm ot 7.35 • leneth. So. it _y be 

fresuliled tnct in~. strictu. about 35 - 40 internOd .. will 

~enErally be petently visibl •• 

LJutta and i'OIIIar (1964) reported that length of an 
internode .nay vaz:y trom 12.7 - 50.8 em (5" - 20·) but the 

avertlc;e length may be taken 38 30.5 em (12"). The lenath of 

tn. Hrst few basal internodes and the lest f.w (i •••• tera1nal) 

internodes is uaually less thFn the internodes in the .1ddle of 

the cul.. The data of Sha11lllUf.anathan.!!1.!l. (1980) bas.d on 

only 4 culms from 2 clumps of ~. strictu. of 16 year. _a •• aDd 

wh1ch were recorded only upto the 32nd internode, on further 

calculation, .how that the 1.t internode (basal) bas • DIe .. 

le~th of 10.6 _. tl'! III1d-cullll internode. (10th - 14th). 26.6 

em. and th. internOd .. near the tip (30th. 32Dd int.rnode.) -

.. an lenc;th ot 11.' ca. A verage internodal lengtbs, ba.ed OIl 

ta. deta for 28 culm. were 17.0 ca tor the oula of '.9' • 

(28 inter nod •• ) and 16.3 _ for the cula of 7_" III (4, intel'llod"> 



It .. y tb.refore be ooacludH tbat ln ,eneral, 15 - 20 _ 

cOUld be tak.n aa tb. l .... tb of an intel'l1oc1 •• 

2.1.6. Spac1ne; 'between cll.1l'lpa of D.ndrocalallUa ,trictu. 

Tbe nuaber of clumpa per unit area baa a dlrect beerine 

on tinal cula yl.1d.. E~ratlona of atocklng denalty (1 •••• 

IlWIber at clUlipa occurring ln a unlt area) bave been carri.d 

out ln the pa.t by tbe Forest D.partments in different Stat.s, 

to as •• s. prOductiv1tle. and declde on manege.ent st£8teg1e •• 

In natural standa, the nUliber of clumps per unit araa 

~o 

01 land, varl •• a good deal, d.pending on tbe age of cll.1l'lps, 

tbe past working, the locality and the .iz. of the clumps 

(DeOi$un, 1937) whlle aC(lording to Dutta and TOII8r (1964) the 

danaity varies widely even wlthin short dlstances owlng to 

variations in soil. drainage, incldlmee of grazing, intensity 

of exploltation and COIII,osiUon of overwood. Stocking denaity 

as low as 39 cluapa/be and e aaxiJaWII ot 716 ClWlltlS/ha, bas.d 

on syst .. atic line plot .nuaerat10n and otber surveys fro. 

Madbya Prad.sh (Dutte and '1'oaar, 1964) whlch work to av.ra,e 

clump spac1ngs of 16 x 16 • to 3.7 x 3.7 a have been reported. 

Uada (1900) based OIl a study of natural groves of j2. striert!!! 

in India, howeYer, reported stocking densities of, a ainillta 

of 15(l/ha to a aaxiaUli of 400/be with an av.rage of 280 cluaps/ 

hat wllicb on furth.r cal9Ulation work out to average ~oing. 

of 8.2 x 8.2 at ,.0 x ,.0 • and 6.0 x 6.0 a raapecliyely, 

_tween clumps. Va~ and Babedur (1960) reported slockinl 



dena1t1ea of 60.9 clumps/" in MRharasbtra (average apacinl 

of 12.8 x 12.8 m>. 61.1 clump/ba (12.8 x 12.6 • &pac1ng) 1n 

Uttar Pl'adeah. and 121.1 cluaps/be (9.1 x 9.1 • apaclDg) 111 

Madhya Pradesh. Thus. it is aeen that ln nature. the avera,. 

spac1n& varies UBud.ly from about 5 • to 81)out 13 ., either 

way, between clumps, thou&h extre.e. of very clo •• (3.7 • elther 

way) and very wide (16 • e1ther way) spac1ngs may be .et w1th. 

'I'be Q.uestion ariees, which level ot stocking collld " 

consiaered as the optimum~ De06UD (1937) concludes a stock1Qg 

density or 148 - 222 clumps/he (which work out to average 

spac1~B of 8.2 x 8.2 BI to 6.7 x 6.7 Dl between the clumps) 0: 

an average quallty and size could be consid.red a well-stock.d 

'bamboo i'orest. Intere8tingly. the data ot Dutts aDd TOIIIlr (1964) 

show that in Madhya Pradesh, while with a low stock1Qg den81t, 

01 200 Clump8/be in Bal_ghat Division. the mean number ot clllaa/ 

clump was 26, with _ h4her stock1.ng density of 296 clumps/be 

in Bilaspur Divi8ion, the mean number ot cula./clu.p ~s 53. 

1n &000 qual1ty ba.boo area. It appears that w1der spacina 

between clump. J!!I .!! does not tuarantee 1II0r8 culas per C1UllP, 

and obviously other factors like loca11ty cond1t10ns etc. 

operate in decid1ng cullll productivity. 

As reJera. artificially raised plantations, the spac1n&. 

('espact!lllll'nt t ) v:ry from state to State accQrd1n& :to the 

work1n& plan prescriptions. !.)eogun (1937) stat .. thet 3 x :5 • 

or 4.6 x 4.6 • should be adopted. However, 1n moat of ttle 



St?te., the apactftg adopted for plantetion work i. usually , 

or 6 II between the cllllllpa, either way .. in Andbra Fredellb 

(Rao, 19?5). In Taa11 Nadll, a 8J,acing Ql 6.7 x 6.7 II (22' x 22') 

baa al.o been followed (Venkat~kri~hnen. 1972) though, now the 

Ilsu.,l .pacintl, i8 6 Jt 6 III. In JI'.abaraahtra the recommended .pecing 

for £ •• trictu., when raised a. a shelterwood plantation 1a 3.66 x 

3.66. (12' x 12'), (Chaudhar1. 1966). The author of the present 

1I1vesti~ation be. ob.erved the apaC1n& to be a. cloae aa 3 • 

either way, 111 farmer.' field. in Tbanjavur district. 

In concluaion it may be aaid that while in nature the 

spac1nl!, between cllllllp. i. compere.t1vely large, it could be 

successfully reduced a. borne out by the 8UCC ••• of p18ntatlon 

work a.n<l aa aeen 111 farmers' .field8. 

2.1.7. Yield 01 culm. 1n DendrocalallUa 8tr1ctual 

The ecunomic prOduct 01 all .pecies of bamboo. 1. • ••• n­

tially the valuable culms tbey produce which are put to • vari.ty 

01 uses. Cul •• are marketed both by numbers a. well a. ~ 

weibbt lto bulk consumers. like the p~p.r industry). Hence, 

the yield bas be.n expr.ssed both in tenls of tbe nUilber of 

marketable cul •• produced per unit of land area per unit of 

tim. (for e.g., nuaber of culm./ba) as well a. in term. of 

wt:1fi,ht per unit area. (tor • • i" tonnu/hIl) by different 

worker.. Interconver8ion between the two expre.siOns i. poaalble 

using .yera~. weie;ht. of .ingle cul .. , already d.tailed ill 8Jl 



earller .ectlon. However, thes. cOUld onl, be spprox1llatloM 

a. speciflcatlons for marketable cullll. 'I8ry ln dlfferent 

localitiea. 

~3 

Inve8ti~ators have used yet another method of exprea.1na 

the yl8ld, vlz. the number of ex},lolt',ble cula produced per 

cl~p per year. In this C2ae lt i. dlfficult, If not tapoaalble, 

to cOUlt',ute per unit area yleld, unless tbe spacing between 

clump. or stock1n& Gensl ty is known. In the abaence of lntol'lH­

tlon on thiS, approx1IIIationa us1~ .ssUll8d stocking densitie. 

could be misleading since stocking densiti.s vary widely, e.,en 

within the Ball. locallty a. was s.en earlier. Bear1n& thi. in 

mind, reported yields for~. strlctu! are reviewed below. 

Deogun (1937) reported that the a.,erag. annual production 

(i.e., tbe total number ot cula. harvested in a given telling 

cycle divided by the number of year. for that cycle) of green 

culllls waa 65Q/ha in Ori ... and 556/ha ln the then Hyderabad 

State. Us1J:lg the cullll welE,ht data lurniabed by Deogun tor 

the.e, 10calitle8, v1%., 6.65 kg/gre.n culm (O.malton, F.C.'. 
data tor Angul ln Orina) the yield by weight, works out to 

4.45 tonnee/ba, and tor Hyderabad, .t 5.98 kg/green cula, work. 

out to an yi.ld level of 3.}2 tonnes/he. 

On a wel&ht bali., yield. fl'Oll natural .tand. he.,e beeli 

reported. Seth (1l:i78) ob.erved that natural baaboo (aU IDCl1aza 

.pec1es, but predomnantly R •• tr1ctu, pre ..... bly) f .... st. 

invariably g1.,e low yield. per WI1t ana. for uaapl.e ill 

MadbJa Prad • .a, it hes been e.t.t..ated that about ~ of the 



bamboo foreata woul.d &ive 0.62 t fha/year, another 11" of 

the area 1.25 t/ha/year and the rema1nin& ~ ot the araa 2.' 

to '.0 t/ha/year. The UUlBIlte ot Varmah and Bahadur (1980) 

tor natural atand. vf ~. atrictu, waa ea low IU 0.173 t/ha/".ar 

1n Uttar Pradesh, 0.616 t/ba/yeer 1n the dry and 1.235 t/ha/yeer 

in the 1I01st area. of Y"",dbya Pradesh, 0.568 t/ha./year 1n N.It&Dllre 

and 1.952 t/ha/year 1n Maharasbtre. The estlllate of \\atanabe 

(1972) tor natural groves of Jl. str1ctua 1n India, how."er, 

appeare to be on thE nith s1de, 1t be1nt, 2.6 -3.' tonnes/ba/fellr. 

In contr~st, the yiElds reported lor art1ficially ra1 •• d. 

plant:-,Uone 01 it. str1ctwa are hit,hlr. Thus, Chaudha.r1 (1960) 

obSErves that wh11e normally~. strittua y1elds 0.754 to 1.256 

t/ha/year, a well-raised plantat10n 1s capable of giY1ng an 

a"era~e y1eld of '.705 t/ha/year of utilizable culm., of course 

dependillb on the clump spacing adopted - nd .ite qua11ty. For 

the same plantationa, "iz., the plant-,t10na of the 'iieat Coast 

Paper jVl1l1s Ltd., Dandel1 (Mah,,-rashtra), Seth and Kbarbanda (1972) 

reported that annual yhlds of , t/ha _re being obtain.d, thua 

_ore or le.s providing physical evidence tOl' the prediction of 

Cbaudbllri (1966) .. de six years before. Rao (1975) based on 

the cul._ prOduction performance of plantations raised in Andbra 

Praduh during the early stages, forecasted an opUlII1atic y1eld 

of 4 t/ba fOl' the 'st cut, 6 t/ha for the 2nd cut and 8 t/_ 

for the ~d and eublllequent cuts fOl' .12. stristlll. Elaborat1n& 

on thi. be ..,en predicted that a total ybld of 74 tlba could 

be .. cured froa a properly aanaged plalrtlltio.n of Jl. strict. 

over II lite cycle of }.2 years, wt1ich works OUt to ........... 1 

yield 01 atlout 2.' t ....... 



Since th •• xpression o~ y1eld in t.r.s o~ nuaber ~ 

explo1t"lbl. was prOduced per y.ar per cluap is not 81 nry 

useful .. :'sure unless th. spacina is known. only a very brief 

rev1ew of sucb est1aates i. furnished belowl 
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Avera~e number of culms harvested per clump - 1.0 - 1.5 

cul ... annual yield (Kadambi. 1949) and 1.25 and 4.2' cul ... 

annual yield. under two felling intensit1es (Deogun. 19'7) for 

the sa .. locality (Vellore D1vis10n. Tamil Nadu). 9.16 cul ... 

calculated value (VenltBtakrishnan. 1972, S"lell ~iv1siOft. Tallil 

Nadu) I and 9.7 - 25.4 in a felling experiment (Kadallbi '!nd 

Rawat. 1949, Karnataka). 

Siva Prasad (1980) .tated that (ba.ed on experience with 

plantaUona in AndbrB Pradesh). 1n the 7th year 20 cul .. p.r 

clump will be ready ~ar extract10n wicb will gin ri" to 

2.800 ballboos/acre (140 clUllip. per acre J spacing 5 x 6 II) out 

01 wbicb only 2000 culm. are .xploi ta bl. (which works out to 

14 culllS/cl.ump) to IIB1ntain its life cycl... Tbi. Oft further 

calculation works out to an yield of about '5 t/ba at the first 

~ell1ng (in the 7tb ,aar) if we sa ..... an av.reg. we1gbt of 

In _. it _, lie aaid that for R. atriUya baalloo. 

wbil. tile amaual ,ield of clllaa 1a .. ry 1 ... of the ..... ., 

alHMat 0., t/ba. in & ... rel. UDd.r DatllJ'81 coadit1_. ~ .•.. 
, " >.<-<-~t " 

yialda are allout ,.0 t/balye&r which 1IIdl .. t •• tM .... ,.. 

yiald iapronaent tbl'Olalb batt.r --a-t. 



2.1.8. [ert»her Deer_nt. on bllllbo2J: 

While bamboo. h~ve received .ub.tanti.l .cient1tic 

attEntion encOlllpa.a1ng diverae dhe1pline. I>nd I118n, t1eld. 

under each d1scipl1n!, obviol.\.l, becaUfe ot their ecOllOlll1c 

importance. re,retably very little attention baa been pa1d 

to the vital area of 1nve.tigat1ne their re.pona. to aanur11l1, 

part1cw.a.rly with chemical fert11ize". Tbi. i. a very ,eriol.\! 

lacuna conaiderin& two ',pect, - (1) it ia comaon knowledge 

that almoat all green plant, r.apond fayourably to the auppll 

ot plant nutrients and fertilization i. a pre-requi.ite tor 

boo.t1n& and aaintain1n& y1eld levels, and (2) bamboO! •• a 

grollp haYe the maxim!.\! h1g.b .. t height growth rate. in the 

entire plant kingdOlll, and perbap. &l.o baye h1gh :rete. of 

biOlll8.8 production. It 1s surpri.int, that even in Japan, 

wherE bamboos occU;'Y a privileged position and despite. lot 

ot serious scient1fic research on bamboos, the proportion of 

attention paid to fertilizer response studie. bas been meagre. 

Hence, precioll8 l1ttle pu~ished information i. aval1able on 

the subJect. The available literatllrE 18 reviewed below, 

which is not excll.lsively contined to DendrocalaJly (tr1ctUf 

alone aa we. the ca .. in the preceding Mctions. 

2.1.6. A. Nytriept Uptak.; 

Veda (1960) .~ated tb!t the bamboo con.ume •• lot of 

inorganic nutrient. in order to ~ow aDd pl'Opaaate. Setb.l!.!l. 

(1963) froa a litter .tudy on _Q. dr1st. baaboo oaJ'l"1ed out at 



Dehra DWI 1n India estiUtad the quantit1 .. of plant matr1ent 

accumulation 1n the aerial portloJl8 •• 680 k&lba of N, 5f/7 k& 

~ P aAd 1121 Ic&/ba of K. 70Jty IUld Ra.akriabJlaD (198') who 

studied •• condary .a.atational aucc ••• 1on 1n fallows (after 

slash and burn agr1culture) 1n northautal'll Ind1a, reported 

that "bamboo (specie. not known) _. .foWld to have a b1gh K 

concentrati~n in the aerial b1oma •• , which lend. support to 

the f1nd1n~s of Seth 11!l. (1963). Ued. (1960) from. 11eld 

experiment on the .~ac1e. Phxllostacbx. ret1culate 1n Japan, 

reported th8t the average percentage content. of nutrlent. in 

the dL1terent parts of the bamboo clump on an alr-<iry basl., 

were (1) leave. - N • 2.~, P20, - O.~, '2Oa O.~ and S102 • 

,.~, (2) culm. and brancbea - N • O.~, P20, • 0.1~, '20 • O.~ 

and S102 • 0.4~ and (,) Rhizome. - N • 0.7~, P20, - 0.2%, '20 • 

0.'" aAd 5102 • 0."'. .saaed on this data, he cOliputad thPt 

90 kg N, 50 kg PZO, and 60 1tg K20 per be. per ya"'r will be 

re(iu1red tor 1ncraaal~ production (ot blO1111a.?) by 350 kg/be., 

asSUII~ abaorption rat .. of ~, tor N, 2~ for F20, and 501' 

for K20. U.da (1900) ba. furn1shed contant. (all' dry ba.l.) of 

N, PZO" KZO, S102 and .ah, In culms, leav •• and rh1z .... of 

very young (1-2 years old) plants of PhYllo.tacbX' rtt1C9lala, 

FlllostaeYl .!!!.la!!l, !-debs multiplex and MeleeallP! bambwlgi4, ..... 

2.1.8 • .b. Exptr1eJlC!/SUMUtiW on fertilizer applicatiou. 

Cbaudharl (1966) stated that upera.nt. conducted 111 

Japan on the baJllboo aped .. leel.ba !!Ult1pll! bad .hewn that 
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fertilizer appl,ication al.lbstantially (3-4 U ... ) 1DcreuecJ 

Dew culm prOduction and thua the yield. Rao (1975). based OIl 

the practical experience ia~d in r<1i.i~ plantAtlona of R. 
!itrictufl in Andhra Praduh (India). when no fertilizer _. 

being applied to the said plantat1ons, nanrked that proper 

fertllizvt10n 11 done at thE beginning 01 the 2nd arow1n& 
season, should boost up the growth and early exploitability. 

He sUbbested thn't syste~~t1c trials should be undertaken. S1~ 

~rasad (1980) alao. troll Andhra Pradeeh, reported that recent 

trials revealed that, by applying N, P and K, the per10d for 

first t.llint cycle could be reouced. 

Cbaudbar1 (1966) Btat_d that lllixing a lIIIIall doa_ of 

fertilizers (2 oz. ot ammonium sulphate t 2 oz. of superphosphate 

per plant) with the soil, at the t1 .. of planting, bas been 

reported to have given cood results 1n Bihar and TalR1l Nad" 

in India, on bamboos. He added that the fertilizer mixture 

should normally contain alfhe IIP.jor nutrients (NF!:':) and their 

ratios will vary accordin& to aite. Aa tor the quantity of 

the fertilizer mixture. he opined that 0.5 lb (1.e •• 227 &)/ 

plant would be adlfqWlte to start with and the d08e should be 

p'adually increased such that when the clUllip reaches the 

explo1taDle cage it receive. upto 5 III (i.e •• 2.~0 q) pel' 

cll.Dp per year. 

Ueda (1960) stated ttffit the amount. ot the three el ... nt. 

(N,P,K) to be applied. varied according to the .oil. In a 

.,JII,canic aah SOil, 'Which has a h16h abaorptlon coefficient 



tor P20" tbe actual allount ot P fertilizer to be applie" aut 

be 1I0re than the allount re4uired by the balllboo. In .:Japan, for 

bamboos (Species not mentioned) a total ("uanUty of 500 kS/ba 

of fErtiliz.er containing N, P and K, in the retio of 2:1,1 can 

be applied twice a year (Anon.) 1978). Aa regard a the reapona. 

of clump-1orming bamboos (12. strictu., 18 one auch) Ueda (1960) 

atated that althoU&h au!!icient expEr~nt8tion baa not been 

conducted On them, Bome data on the contents of nutrients in 

their culma and rhiz.omes are available (the dpta refer to 

extrElIlely yoWl'; clUllpa of Leleba IIIUltipl.x and I'leJ,0c:a.e 

DallIbUliOides only) based on Which fertiliz.r experiment a llUat 

be conoucted on Pendrocslamu.. strictu., Bambllaa arundinacf! 

and j>lelocsnna ballbuaoidea. 

2.1.8. c. Experimental investigations on Response to fertilize£!' 

l' errer (1949) is perbapa the earlieat worker to inveati-

88t. the effect of fertiliztrs on bambooa. He recorded a 

hi",her llWIIber of new clollma in the fertilized clumpa than in 

the c(lntrol. 

In a pot eXper1Zent on aeedlinba of fl.ioblastua pybt.cena 

in ':;apan, 2-factor (NK, PK and NP) combinationa and NPIt appli­

cation were compared with a control (no fertilizer) by Veda 

(1960). The actual dosages applied per pot (0.7825 m2 ~rea) 
IlJ'ld the calculated J!8r Dectare Ind. (fUJ'Dia.bed witb1Ja paren­

thesis herein) were I N - 26 , (-'32 ltg/ba), P20,-13.8 , (-176 q/ll 

and K20 - 2,., & (-300 k&/ba). Tbe reBulta of one yaU' powth 

anal' fertUla1n& •• bowed toot though tbere va. not IIUOh 
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difference betwe.n tbI f.rtiliz.r treat •• nt. th •••• l ..... . 

reiard. cula d1aaeter, the control recorded 'the le •• t di ... t.rl 

culJa lUlith al,o did not differ auch. But., regard. thl nuaber 

of cllllas/pot. wdeht of l.aves, weia;ht of rhizoa .. t'.nd total 

weight of plant there was sub,tential (two-folds or more) 

improve.ent with the NPK trestaent as coapared to the other 

treatments, whlch were almost sl.11ar in thEir respona., except­

ing 101" a Blight superiority of the K-lacking (i •••• NP) treat­

ment. He conclud.d that N i, thE ele.ent moat required by 

bamboos, followed by K and P. It va, also s.en that the llIIouot 

of K absorption by the plant is higher than that for N and P. 

watanabe (1972) conducted a pot experiment in Thailand. 

on seedliD6s of Thyrao,tachya ,iamenai, for fixing the opt1llUa 

dose of a fertilizer mixture containing N - 34", P20, - 2(l!t., 

Ki.P - 24", Me.0 - ~ and Si02 - 1"', This mixed fertilizer -, 

applied at 5 dose. (5, 10, 20, 40 , 80 g/pot) and compared witb 

a control (unfertilized). The result. showed that at the end 

of the 1st year, the new culms produced were more in tbe 

fertilized pot, than in the control but the Yariation va, not 

mucbJ cula dia_der also did not dUler much, Howllver, iD tbe 

2nd year, the number of new culms produced did not diff.r auch. 

but a8 r,&ard8 height ea well a. dia •• ter of the culm. there 

was very good r',ponae to fertilizer application. Dry weight 

of the plant .iinifj;~ntly increaaed with :.rt111&lr 'ppl1oatlOR. 

In tbe Ph1l1ppinea, Uch1au.ra (1978) nper1aeated w1tb 

,e.dling' of !9lN!! t!I'I!Ddlnao.a , JiloMawe aDd Scb1aoatacbn! 

lU!!lA!P!0' in a pot .xper1aeat. U.a1111 a fertilizer 1I1Jttu.re 



eonta1n1.a& N. 1:' and K. in the ratio 01 2.2.1. Dos •• tried 

were 500 k.& aDd 1000 k& per a-ctare alOOf, with the Control 

(l.ID!ertUized). The n.ulta revealed. that 260 day. after 

fertilizer applic.,t1on, .i:>O.Dltaw. and Sch1zo,tacbYWI! lLllllflJapso 

showed b€tter ~rowth in the fertilizer treat.ent. thpn in 
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the control. HowEver, ,i:!ambue "rund1nae,a (for which oba.rva­

tions were rEcorded only for 110 days after fertllization) did not 

show any dilterenc, in growth. 

In a field experiment on Phylloataehya bambusoid,., in 

Japan (Numata and Ogawe, 1959) 10 treatments were tried, 5 or 

which were non-fertUizer treatment. (absolute control, cula 

harvesting intensity, weed removal ~nd top dressing new .oi1) 

and the rell8in1ng 5 were fertUizer treat.ents on all of whicb 

were super-imposed the harv.atin& and weed removal treat.enta. 

A. "carda the fertilizer treatments N, P and K were compared 

singly aloAb with NPK aDd NlK + Ca 5i04 • The dosag •• adopted 

were 84 kg N/ba, 4, kg P20,/ba, 80 kg K20/hs aDd 240 kg/hs ot 

Ca Si 04' They eoncluded thr;t N-f.rtllizer induce. faat growtb 

aDd a large increment in the standing crop, but d.teriorated 

the .ecb8llical properties of the timber. P - and it - fertilizers 

did not give a notable positive etfect, even though they 

pro.oted good quality or the timber. Three elu.nt (NPK) 

f.rti11zation and NFK + ca SiO,. gaYe the beat reault. 

quantitat1ve17 and qualitatively. 
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lie. (1960) .oncIucted a tiell e~ri .. nt in "apen on 

tbxlloata!hY' ret1oW.ata. clBpar1a& HK, PK, NP and NPIt tnat­

.. nta ~~th control (unfertilized). Leval. ot application 

were 150 kg H/ba, 56 kG p 2°,1 ba and 56 q 1.20/ba. '1'b4t l" .. ul t. 

ot 1 and 2 ye1r. atter t.rtilization, showed that, anplicati .. 

ot NFK _a the beat trOll the point ot new culm production and 

weight of culma, •• re~ard' culm dialleter, however, all the 

tertUizer treatment. were al_oat aillilar in their respon.e. 

though recording a alightly bi8her diameter than the control. 

Kim (1966) work1n& on tbe .... species. viz., Pbxllo.tacbY. 

reticulata tried a number of tertilizer treatmenta applyJ.na the 

fertl1izers annually for 5 years on a newly plant.d grov.. H. 

concLud.d that application of a mixture ot compoat + urea + 

superphosphate was the mo.t effective and that Kef w. the 

least .iiective fertiliz.r which d.press.d the response to the 

others. 

SuzUki and l'iarita (1975) reported that the nlllllber of 

sprouts !rOIl fertiliz.d plota waa 1.7 - 1.9 t1ae. as _ny .. 

thos' in the control. 

Patll (1960) compared in a field exp.r1aent on~ 

cala!Ul! strictu (in Karnataka, India) 2 do ••• of appl.1cetiOll 

of H, P and K. viz., 100 kg If + 50 kg P20, + 50 kg K20 per 

h.ctare and 200 kg ~- + 100 kg P20, + 100 k& K20 per btctare, 

baaid •• control (unfertilized). B •• iel .. the t.rtilizer 

treatment., there were .pac!n& treatment. coa'bin1Dg tbea with 
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the fertilizera. Tb. _ter1al _a 101&D1 plant a (leu than 2'"1UJ' 

a&.). He concllMS.d tbet appl1cation of f.rtil1&.rs 1AcIraaaM 

the llWIber of culaa/cluap, .. an beir,ht and ... n di ... tar of 

CUlM. aa cOIIpe.r.d with the control. AltbOUj;h applicoUon of 

the higher doae o:! fertllizer (1 •••• the 200.100.100 treataant) 

r.sulted in aore nuaber o:! .ulaa/cluap than in the low.r do.e 

of fertilizer (i •••• tbe 100 I 50 • 50 treatment). the difference. 

were not Significant a. regard. beight and diameter of the cu1aa. 

Dry matter accumulation also increased with fertilizer applioatioa, 

even though the higher dose did not improve it further. A stailer 

trend was seen as resards dry utter accwaulation in rhizome. and 

roota. Total. DMP increaaed frOli 4 t/he in the control, to 12." 

t/ba in the lIIediUII do.e. Uptake of N increased froa 6.44 kg/be. 

in the control to 16.15 kg in the medium dOlle and 27.09 k&lbII in 

tbe bibb do.e. Rate of ~~ acc~ation. leaf area per clu.p, 

lea:! area index (LAI). leaf area duration (LAD) and crop growth 

rate (CGk) re~i.tered considerable increa.e. due to fertilizer 

application. 

As re&8rds studies 011 1ixin& the opt1l:iua dos. for • single 

nutrient, VUe nitrogen. fteld exper1aents on Phxllostachl' 

reUculata (Ueda. 1957) and Pbxlloatachxs edUlis (Ueda. 1958) 

conducted in Japan, revealed that 60-70 k& 14/ba 18 needed for 

an incra"'se in annual productioa of "50 kg, Respoase1D: .. 

extends OI11y upto 2,0 k&lbe. ~eyond wieh reaponae cannot be 

expected (Ueda. 1960). He alao reported that, exper1Mata 

conducted COllpar1n& F.r .M., nifi,ht 8011, ...on1ua aulpbat., 



alllllloniua chloride, _OAiUlll nitl'l'te, lU'C!a and calci_ nitl'l!lte 

revealed th'-t thf.re we. no dU terence bEtweet1 the diif.rent 

SOurces of nitro&en 8' reg'.rd. thEir effect on bamboo. 

2.1.8. D. Time ot npplic; tion of fertilizer-.I 

Ueda (1960) st"ted that if !!low actin" fertilizer. are 

used, the application, to be efffctive, .houl.d be done about 

a month in advance of each season of growth, so thst the 

effect occurs at the season of .prouting end rhizQIIe uowth. 

Ue furnished examples from Japan (February - March !'lnd June -

July for Phyllostachy. eduli!, March - April and June -July for 

Phyllosteehys reticulata). Spring applicption evokes sprout. 

in the sa •• year and aUllllller application aske. the rhizClIIIe. grow 

thick. Therefore, the general effect will be seen in the growth 

of the culm after 1-2 yeara. This was confined by h1a in 

experiment. conducted at the Kyoto University, Japan, OIl 

Leleba multiplex where the effect. of Appli~tion of ferti11zers 

in July-AUbust were felt on the production Of new culms in the 

same YEar and an increa.e by several folds in the nuaber of 

new eulme in thE next year, as compared to unfertilized plot •• 

• atanebe (1972) in Thailand, conducted 8 pot experi.ent 

on Thyr.o.tachy. aiaaensi. to study the effect of the time of 

application of a fertilizer mixture cOlltainil'l& 1'* )I, '" P20" 

.". K20, 2.'" M.a and ~ 8i02 • applied at a I.ln1fon dOH of 

20g/pot; there va. also an Wlfert1l1zed control. He tried 

4 time. of applicatiOll - April, Jun., Auaust and sept_ber. 
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The r .. ulta _re iDconculaive over the abort period (Olle year) 

01' observation and he inferred tbBt 1:1: the experi_ent bad been 

continued far a few aare years the effect of aeaaon of appli­

cation would bave <-iven atatistically significant reaulta. 

In Japan fertili2,er c;,.n be applied twice a yeer, once 

during l'.arch to April betore the bamboo shoots aprout and 

again ciuring July to AUt;ust when the rootstocks atart growina 

(Anon., 1978). 

Cbaudbari (1966), presumably 'based on the practical 

experiencE gained through the management of plantations of 

uendrocalaaus strictu! and Baabusa arundinacea by the West 

Coast Paper Mills Ltd., Dandeli (Mabarashtra) in 1ndill, sua;eated 

that the best time tar application of fertili2,er. i. the .. aaOD 

when new shoots begin to sprout. 

2.1.8. E. Method of a,plication of fertilizers 1 

Ueda (1960) stated that the fertili2,er. may be scattered 

over the ground, but in that case the reaulta will be alow to 

appear since the fertilizera do not dissolve without rainfall. 

It waa established experimentally (redio iaotopic study on 

Phylloatachl' reticulata) that foliar application of the ferti­

lizer is very effective, but the amount of abaorptlon ia 

reatricted aa ~bo~ leaf is smooth, which thus necea.it.t •• 

multiple spraying. 



Chaudhari (1966) stated that fertUizers are beat 

applied in 8 ehal.low riJl&, 7.5 ca deep and 30 CIa away froa 

the cllap, and then covered by 8011. 
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2.1.8. F. pi.tapee on the ground !.!pto which the "£tUber' • 
• f.f.et i, feltl 

In bamboo species which extend their rh1zOII •• in the 

10rm of nEt works, mOlt of the ~,.1m1lat.s produced tranlooate 

in the direction of growth Of the I'bizOile. When f.rtUber. 

are appli.d near the mature bamboo, the effect on the d'Yelop­

ment of new culms are deteet.d upto 5 - 6 m away, along the 

growth direction, the effect b.ing maximum near the mature 

bamboo and in one particular experiment, the eff.ct we. 
detected .a far away .a 9 • fro. the plac. of application 

of the fertilizer (Veda, 1960). 

rhe above phenoaenon W"'. coniiZ'IHd 01 radio tra_r stUdie. 

using i.otope p32 by Udea (1956). 
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2.2. INTERCROPlloo 

Sevenl systems of combining two (binary) or more crop. 

in sp"ce "r,d tille, for lIlllXimidn.., productivity. reducing risk 

or for other reasons twve 'been evolvt>d. Theee fO by the n?I!! •• 

of 'multiple cropping', 'mixed cropping', 'intercroppinc', 

'alley croppint', 'multi-tier' or 'multi-storeyed' cropping 

or '3-dimEns1on~1 agr1culture', 'seqUEntial crop'!nb'. or 

'rel,,:! crop:;:ine' etc. Of tbese, sOILe refer to simult"'neOU8 

c"wiJi'; tions and some others se ,uenti!l.l comb1npt1on"!. 'Mixed 

croPT'inL' and 'lntercropPin{;' belong to thE' first c?tegory. 

',11xed croppin.,;' b?s bICen det1nf'd (f.iyer. 1949) as the system 

of ",roIling two or more crops (or v"rieties) in the same thId, 

",arden or :plentntion, riot in sepor?te blocke, each c"!rrying 

~ sinble crop but all of them mixed tO,ether and occupying 

Jointly the same ground and shar1ng 1n common the cultural 

"per' tiona of thE field as thou£h the latter were intended for 

one sin~le crop, and sown or pl2nted either promiscuously in 

the midst of each other or syatemnt1cally in alternating rows 

or otherwise; the croppint; may apply to permanent crop. of 

the plantation type or those which occupy the groWld tor only 

one crop .eason, whether this be tor a few .. eeks, lIonths or a 

year. (Jtbar workers have su..,gested that the expression' inter­

crop~in£f to reter to a situation where the component crop. 

are !>Z'0Wll in s.par",tl (i ••• , distinct) rows (Andrewa and lta .... II, 

1975; II reyman and Venkateswarllu, 1:177; hllthllnburg, 1971). 

ThE term 'alle), e:ropp1n(;' was coined by Wilson and It.?n& (1981) 



to describe a croPPiai syst .. ift Which crops, eapecLally 

food crops, are gro'Wft In alleys toned 'b1 trees 01' shrulaa, 

established mainly to heeten so11 fertl1ity reatoration and 

enhance so11 productivity. Alley croppin& .. y be regarded 

5S 

.a an organized fol'lll of bueh fallow in which eelected epecle. 

are planted in O1",a.n1zed pattern., d •• i&Ded to facilitate crop 

growth aDd easy crop .anag .. ent in syst .. s based on nutrient 

cycling by plants. Willey (1979) bas defined 'lntercropplng' 

as the &row1ng of two (or .ore) crops slaultaneously on the 

same area of ground, the crop. not n.c .... r11y being at exactly 

the 88111. ti .. , an(! .. y be dUlering in their barveat t1aee, 

but th.y are usually 'a1aultaneous' tor a signHicant pert of 

their growill6 periods, which thus distlDg\lisbes It troa 'relay 

cropping' in which growing period. overlap only briefly. The 

expression 'establiahmflnt intercropp!n&' to describe ca ... 

whEre relatively shorter duration crops (Illostly herbaceous 

annuala) are intercropped betw •• n trees durlag the la1tLal 

pbase of the establishment of the tree crop, baa been oo1aad 

(WUson and Kall6, 1981). 

Whereas .equential combination of crops of aaae or dlffe­

rent specie. in quiCk auccesa10D is one of the .spect. of 

'aultiple cropping' in annuals, parallel comb1nationa of 

oompatible crop. of diUerent species is the stratesy to lie 

adopted tor peJ'WlDial., wtlere the land re_lna OOIIII1ttM to 

the crop tor decades. thUS, 'IIUltiple cropping' 1ft }dant.tiona 

8IIOIIftts to crop diversification. Conalderiag all the .bern 
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peJ.ata, tM explreaaiOll 'int.rcroPP1n&' 18 IIMd for tM pre •• nt 

1nve.t1gation in prefer.Dc. to .Ueft expre •• ion. a. '1l1x •• 

cropping'. '.IllU.-t1.r cropp1ll&'. 'multi-.tor.y.d cropping'. 

'.U'Y crOP;J1n&' .tc. »ut. in tbe ca •• of 1ntercropping 

betwe.n tr.... the period during which this i. po •• ibl. i. 

r;::tb.r re.trict.d, it being gen.rally for Only a fn year. 

(depend~ upon tb. growth rate end habit of tbe tree sp.ci •• 

concerned and the spacing at which it is planueS) during tbe 

initial pba ••• of 'e.tabli.hment int.rcropping' (HartleYI 1977). 

The pre •• nt investigation falls unc.r this category. 

2.2.1. lonu Of com'b1D1ns crop. 

basically three possibiliti •• 8Ilgg.st tb •••• lve •• d.pend­

ing on the natllN of the .te. of the crop. concerned. viz •• 

(i) woOdy cro~.(.) + woody crop(.). or in .iapler teras tree(.) + 

tree{.). (11) her'bacaOWl crop!a) + herbaceous crop(.), or in 

simpler teras .easonal crop(.) + •• a.onal crop(.) and (i1i) a 

comb1nat1on of tre.(.) + .ea.onal crop(.). Since it 1. obviOll8 

that tree. are comparativ.ly long lived, i •••• perennial. 

another way of d •• ignating the above three slstaas would 'be 

to W!e the expre .. 1oaa • p.rennial' and 's.a.onal' (or acre 

fre.ly. 'annual'). Thi. tel'll1nology would appear to 'be .ore 

appropriate to •• ituation like the present inv •• tigation. 1ft 

WMcA 'baIlOoo 1 •• tudied. which 18 a woody p.rennial but hot 

,enerally re.arded •• a tree by to .... t.r •• 

2.2.2. Ipt.rcroepilut of 8ft.] czoop. in tne orop .. 

Aiyer (1949) recoplzed three oategorie. WIder tb.1. 
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ocab1nation of paraODiel aDd annual crop., ba.e4 on tbe 

functional role or utility of tbe annual crop(.) conce:rne4. 

The .. are (1) nur •• crop., (2) green manur. crop. antS (3) cateb 

crop., The pra •• nt inv •• tl&atlon talla un4.r the tbird cat ... 

&ory 1.e., 'catcb crops'. vhlch 1. revlewed In full in the 

followlng •• ctlons. 

2.2.2.1. Catch crop., 

Theae crop. are of very short duration eapecl.lly in 

comparison ~lth the main crop and are grown until the aa1D 

crop clAllea Into bearing an4 only during such ti_ that th.y 

can be grown 88tlafaetorl1y and without detri.ent to the main 

crop. In the.e ca.e., 1 t 1. a que.tion at utiliz1n& the lnt.r%'­

apaces between the young plant. of the maln crop whlch otherwis. 

will not only remain unutil1zed (and th\.l8 lower land utilization 

efficiency tor substantial perlods ot tim.) but also lead to 

oth.r unde.l:rable .tfects such as weed growth, sol1 erosion, 

leaching away of nutrients .te. In esaence. it is .ultiple 

land-uae. 

In forestry. plantations of us.ful tree crop. are ott_ 

artiflcially eatablished. For economizina on the coat of 

establiahaent of aucb plantations a 8Y8tea of ab1ftiDi culti­

vation called tawxa COIIIIIonlJ. and!!!!li in T .. il. i. practi .... 

A oleand foreat ar A 18 planted with .. edl.1n&. of the d.aired 

tree .peeie. aDd tDe faraer to wb_ tbe :right to etal U.st. the 

p].anted lIP area for tbe fir.t two ar tbrae J.ar., ra1ae. 1lJIDual. 

a'Opa like .... t potato. which act aa nu:r .. CII'Op8 to tbe JOUDI 
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fo .... t tree crop, by protecUIli the recently ,xpoa.d fon.t 

.0U troll '1'011_. Teak ('r.ot __ irandl.) 18 by far the IIO.t 

pOpW,ar tre •• pech. ua.d In taU!!f!ya. 

A number of agricultural crop. are grown in conjunction 

w1tll the 10reat tre •• undEr til. taWUtla ay.t •• (of cour •• , 

only dur1Il8. th. initial pha.e. of the tree crop). It 18 d1!fi­

cult to aaaibn th ... cropa iii ther to 'nur., crop.' loll' to 'catch 

crop.', ror th.y art both. Wh1le. froll the point of view of 

the foreat department which owns the lane! 1 t 18 a nura, crop 

for a young tre, crop in the in! t1&1 ata".. th,.. crops are 

the auat.nance for tbe .mall 1 ..... cult1vator who reap. a 

harv •• t 1'1'011 betwe.n the yOUJII tre. crop and .0 th •• , art 'catcb 

crop.' a. weU. Howev.r. they are revie.ed •• 'Dur .. crop.'. 

Th, moat COllllon crop. are pearl IIUlet (Pennia.t. txphoid •• ) 

barley (Hord •• wlian). rye (Steal. cer.al.). wh •• ± (Trit1o,. aPl 

ainor aill,t. (Pan1. app.I, Oata (A!.!D! ..!!.U.!!). grau/beau 

(Fba"olW! app •• ~ app.). pia.onpea (CajaDW! ..!!.ilan). arOUDd-

DIlt (AraOb1' !.ve .. "a). i1Dil,lly (8 ... _ 1pdicua). outor (Rici!M 

9O!!!p!Up1'). linlncl (1c!!!sI Ulitati,aillull), .. tard (Br!f!1oa ,pp.). 

aoybean (GlySp • .IS). cotton (QO"xpi9 .W.). Chilli (Capai. 
a 

app.). turaeric (yKC$!!!l l~. ginger (ZiDl!.1ber offic1nal.). 

potato (Sol.!ny! tube",,.). ..eet potato (Ip_oea batata,). 

cocoyam (Col •• it yt1gyODI!). 'CbiA ... potato' or tann1a (~ 

.l1li. p4tt1fol19). and II!D)' v.,.tabl .. lik. briAJal, (Solap 

MlopQM). tomato (L19oP'r.1ce .acu1gtp). bbend1 (N)> .. 

"C9l!lltMf). cebbaa' (ltyalce 'W.), CIIOlIBbel' (CIIM1t "Um). 



d .. be.n (£Ol.,..ia 'U9lHt!), _dOll (Ci trullua yyliaritl 

Cy.CUI!1' .!Us), pUllpk1n (Cu9U£bUa aaxiaa) aDd fl'\&1t. lik. 

pineappl! (Aa!a!I COlO''''') and papaya (S!£!!!..i!l!!D) 

(FAG, 1978). 

There ar. al.o .ev.ral agr1cultural crop. which are 

.xclud.d froa .uch ,y.t._., a. fore.ter. hold that the .. crop. 

will .upprea. the growth of the tree crop. ThoUJh the 118t of 

.ucb precluded crop. is oontro"rll1al, g.n.rally banana. (!!!!! 

.pp.). Caaaaft (.Map1bot util1 •• 1118), rice (.Q!:u! etift), adz. 

(f!! l18ya), augarcan. (S'Cc;ba1'Wll ot.f1.narum), tobacco (N100tia_ 

taoacum) and y_ (D10.corea 'Pp.) are gen.rally avoid.d (FAv, 

1978). However, then have been .xoept1on8 (hill rice in A •••• , 

and Kenla 1n lndia, Mal.y.ia and Sene~al., sugarcane, witb 

.uco ••• , in A .... in India, aDd burMa 1181z. ln Nig.ria; and 

banana ill Africa). It mu't be relle.bered that in the taWllYa 

sy.t .. tb. al_ i. to eatabl.1.h a tree crop aDd the ra1aing of 

agricultural crop. 18 only .ubaidiary and initial, .01.1, to 

redue. expenditure and if po •• lbl. iaproy. tb •• arly ~rowth of 

tbe tree crop. (thU! ac:til1i a. nut.. crop.). 

In China, 1nt.rcropp1ng 1. &.nera1l:r appli.d in fOI'.,try. 

'l'bere are .xaapl •• of 'gr1c:ultul'fll crop. beilli planted bet_'1l 

row! of poplar! (fopulu •• pp.), Cwm1MlWaia lapC!Ol!'t., aDd 

pine. (PiIlg -uop1an!. ,f. ta.p or r:. elliott!!) f .. • perl .. 

o.f two '''1''. lD .aa. plaatationa. p!l'ticl.&larl, pia., tunc 
oil tre .. (Al!9l'1t!! .pp.) are iat.rplant.d oQllCloU'I'eIltly w1th 

tbe agricultural OI"OP' (FAO, 1978). 



In ,._ral., rebioc of 1nte:rcroptl of IU'UNIlla between 

perean1al tree crop. i. tea.ible durin& tne .. rly ata,a. of 
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the llain crop wben the OIInopy baa not cloaed in. On the other 

hand, intercropp1a& of IUUlWll field cropa in _ture .tand. of 

treea i. generally not eoonOlll1c becaue of the .evera curtail­

IUnt of yield, Chiefly of grain, in the intercropa. Howenr, 

auch depre.a1ng effe.ta .ust vary fTOR situat10n to a1t~tiOD 

depending on such factors .a comparibUity of the i;wo ape.ie., 

aha" tolerance of the 1ntercrop apec1e., elevation at wbiob 

abade occurs (high or low ahade), spacing between the tree. 

(base crop). root1D& patterns of the two crops. age of tbe tree 

crop etc. 

Th. aveilsble liter?turE 18 reviewed in the followilll 

sections. :Hr8t, the typically plantation crops rai.ed by 

farmer a are presented. Under thi. are liated tbe tall-growina 

paas (whoae canopy beibht and tAu the .hade ca.t by tb •• II?k. 

them stand out tro. the other tre •• ) - coconut, aracsaut, 011 

pala and d"te palm; and then rubber, c"ahew, leucaena and 

country pear. Then follow trae crop. who •• obi.f econca1e 

prOduct 1& wood and which are generally rai.ed by the foreat 

departaenta, lilte tbe acacia. ( which, however, 1a typicallJ 

• feraer' a crop), teak, eucalyptua, tlolopt.lia, Gul1!l!. 

Cordia, c.ml,. poplara and conifers, aDli f1!l!lly baabOe. 

2.2.2.1.1 • Cnema' - ba.ed iptmropp1M n.t .. , 

Cocomat (£.!s!I pucUera) is one of tbe vary fft tree 

crop • .i..IJ wlUob iDtercroppiDg 1. axtan81ft1y praet1!!d and on 
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'Whicb tbe aaount of publisb.d information is quit •• ubatantial. 

The c:h1et rea.ons for tbi. area (1) cocOllut 18 •••• ntially 

e ama11 fenaer'. crop (Theaa. Varlhe •• ..!l !l., 1978) who i. 

nk1turally compelled to diversify, (2) it ba. a 10Dg life .pan 

of 60 to 80 year. and thua the land 1. cOlllBitted to it for 

several dec,dea, 0) it 1. planted wide, It.ually a'bout 7.' • 
either way, end it hB .• be.n e.tiaat.d that only a'bout _ of 

the land area i. utiliz.d by it (Leela and hbeakaran, 1978), 

(4) it has the peculiar advantaGe of baving two periodS(initially 

upto 8 to 10 year. after planting and again 20 year. aft.r 

planting upto aene.cence of the crop) in ita life span durinc 

which it allow. 8uft1cient lii,ht to penetrate to the ground 

wilen intercroppin& could be practi8ed (Neir ..!l~. 1974), 

(S) many annual crop. are comp~tible witb it, and (6) it. root 

zone i8 confined laterally to a radius of 2 .etrea only (ltuahwah • 

.!l !l. ,197:5) end vertically betwe.n the depths of }O and 120 CII 

1rom the surface (Central Plantation Crop. Rea.arch In.titut •• 

197:5) • 

A variety of crop. are being raised a. intercrop. or ha". 
b •• n teated tor their au1tab1lity with varyin& de&l'". of 

.ucc.... In India (c:h1dly in Kerala state) 'baDlUl& is 1111....:11 
NQ.t'r'~ 

rai •• d, ••• entionad earlier (N.llut. 1976; ~ 'f'hClllll. Var&ha", 

1916, Nair .!l.ll., 1974). A nwab.r of work.r. ha ... report .. the 

arowiq ot • "ariety of annual ••• int.rcrop. 'bet"" .. OOCOllllt •• 

'f'bIla, ca ... va (Mapihot stili •• i .. I Mapihot Iloyltnta) (Nelliet, 

1976, Nair and ThGllll8 Varlh •••• 1976., l!iell1at .!1 !.l., 1974., 
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Nair .!.1 !l .• 1974., 1'bOlllas Varlbes • .!l !l .• 1978a., Pott,., 

1976., R8IIIlDU,')aa .!l .!!., 1984, Sethumadbav8 I" •• non aM R .... -

kriabnan t~ayar. 1918), Yaa (Dioscorea!l:!l!.) alao itnO'WJl as 

'~e8ter yam' (Nelliat, 1916; Nair .!1!!. 1974; Setbumadhava 

i'ienon and ii.8IIIaitrishnan Nayar, 1978) J Elephant :foot Yea (!-J!!J:­

phophalus campanulatua (Nair and Thomas Varghese, 1976; Ne1l1st 

.!l ..!!!., 1974; hair.!l .!l., 1974, Thomas Varghese .!.!.!l; 1918a1 

oSethumadbava i".tmon and Raaakri6hnatl Nayar, 1918); Lesser Yam 

(doscor •• uculenta) (Nair.!! !l., 1974; lhoma. Varghese .11 !l., 
1978a); Sweet potato (Ipomoea batatas) (Nelliat, 1976) •• Nair 

and 'ItOUI2>S Veri-hese, 1916., Melliet .!1 !l .• 1974; Nair.11 !l., 

1994, Thomas Varghese .!l!1 •• 1978a; Potty. 1918); Chinese 

potato (~ parvil1orus/Co16~ b"rbetus) (Nair.!l .!l., 1974; 

'J.'homas Varghue .!l U., 19188); ColoealSia (Xanthosoma sagitti­

~) CthOD.2S '1;"r",r.EOs€.!l ~., 191HllI); (;ineer {Zindber 

oHicinaleJ (Nair and 1hom;;s Varghese, 1976; Nelli-:t.!! .!l., 
1974; Nair.!!.!l., 1914; Thomas VarghesE .!l .!l., 1918a); 

lurmeric (CurCumB lon&a) (Nair and rhome. V~rghe8E, 1916; 

Nair.!1 !!.!.,1974. Thomas Var.;bese .!1 ~.,1978a); Fepper 

(fiper niciFU!!) (l:'ell.i.at, 1:rt6; Nair and ThOlllu Vargbese, 1916 J 

t;elliat !.! !.!., 1974, Nair, 1980; Nair!.1!J:., 1974) I Upland, 

i.e., ra1n!ed (generally) Rice (~ sativa) Ne1l1at. 1916; 

.Nair and Thomas Varghese, 1976, Ndl1at J.! .!!., 1974, Potty. 

191&)1 aorghUlli (Sor.dlU!!! ap.) (Aiyer, 1!J149) J Hnger .. iller 

(i1eWl1nf srorali:!AA) (AiYir. 1949); Italian 1I111.t (Smria 

ltalica) (Aiyer, 1949), Black gram ~Jlie!~) (A1JEr. 1949; 

Nair &nO Thomas Varahe.e, 1976; ilielliat.!1.!!. ,1974) J ONen 

grail (Pbes.o1W! rad1!tWl) {Aiy.r, 1949, Nair aDd i'b0lllS. 
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V.rlb .... 1976)' Red craa (Cajapy.5!.ilY) (htty. 1978), 

HoI''' £1'1111 (Dolich_ bUloru') (Aiyer, 1949, Nair and Thou. 

Varghes., 1976, N.lliat.!! !l •• 19704, Potty. 1978) J Cowpea 

<.ne l.tl'UIuioulat.) (Nair.!! !l.. 19741 Potty, 1978) GroUDdnllt 

(Arach1t bxpo,a •• ) (Airel'. 1949 Nair.!! .!l •• 1974, Fotty. 1918:, 

Le.la and Bhallkaran, 1978), Gingelly (S .... 1IIa oriental.), 

(Potty. 1978) J SIUli10wer (H.lianthu, annu".) (Ndr.!!.!l •• 1974)1 

~'ietabl •• (Melliat, 1976), Pin. apple (Anana. coao.ua) (Nair 

aDd Thoma. Vargh .... 1976, Nelliat.!! .!l •• 19704. Nair. 1980, 

Ramanatnan. 1981); and forage crop. - ara •• e. and legull.' 

(SahaaranaJlllln and P1llai. 1976; Vikraman Nair .!l.!l.,1976; 

RamakrillhDan Nayar aDd Saha.ranaaan) 1978). 

The above list teatltle. to tn. dlver.1ty of ••• a0081 c:ropa 

(25 dUterent crops .xcluding lorato •• ) that are 'being arown 

or have be.n att.mpt.d to be arown .a lntercrop. 1n coconut 

stands, in Indla. In addition, it we con.id.r the variety of 

econom1cally v.ry valuable woody p.rennial.. for the .. Ita of 

COIIlpr.h.na1ve ... - ahort }1I1aM. lilte Robu.t. Coff •• (Nair. 

1980) or .hort .t.tured tre •• lik. Cacao (illair and Thou. 

Varghe ••• 1976, Nel.l1at .!l.!l. 19704, Nair, 1960; Nair.!l !l., 
19704; Tbou. Vargh .... .!l't 1978b). Clove (Nair and Tn ... 

Varpae, 1976, Nair. 1960. Nell1at .!l.!l •• 19704). C~naaaoa 

(Nair and Tbc:.s. Varghese. 1976; N.lliat.!l Y •• 1974) and 

Nutlle, (Nat.t and Tt: _. Var'h •••• 1976, N.llielt.ll Y •• 19704, 

Nair. 1980); tbe &reen manure crop. (Nair. 1980), aDd oover 

crop. like C.10.091111. P!!mri. (N.Ulat. 1976) .tc •• the 

li.t expand. turtber. 



It 18 not surpria1Qg that all the above publicAtioaa 

but one, bave ste_ed frca Kerala when we cOI'laider the fact 

that 6~ of tM total coconut area ot India (Indian area • 

906,000 he) is situated in Kerala State and it contribute. 

bi 

7~ of the total production (Plucknett, 1979). Liyanage.!! !l., 
(1984) have listed. total 30 different crop. a. being inter­

planted in coconut grovel in Sri Lanka. ThilS list cCllpriaea 

aost of the intercrops grown in India, besides maize (l.!! alxa) , 

aoybean (Glycine !!!), winged beaD (Psophocarpua ap.), chillies 

(Capsicum epp.) betel leaves (Piper betel), fruit crops like 

passion fruit (Pa.ainora ~), papaya (Carica .E!E!.I!), 

pomEgranate (.f!m!S! granatUIII), Citrus (Citrus spp.), not to 

mention the plantation crops including coftee. Cacao i. a 

pr01'1 table intercrop in coconut garden. in the Philippine. 

(Rodrigo and i'langahat, 1964). Plucknett (1979) reported that 

a variety of forage crops are cultivated under coconut., in the 

Phil1ppinu, Indone.ia, Malay.ia. Papua Ne" Guine., Sri Lanka. 

India, Fiji, We.tern Samoa, the facitic·ialand.,~c. Indeed, 

it 1s correct to aay that coconut i. on. 0: the te. tree apecie., 

perhaps the only one, to boast such a divereity of intercropa. 

A. regards experimental studi.a, aoat of thea haVl been 

confined to a.rely testing the suitability of specific crops 

for intercropp1a& - and in alaoat all, the Ilia bad beell to 

evaluate the eftect Of such intercropp1ng on the aa1n crop, 

viz. cOCOlWta. Hair.!!!l. (1974) reported the reault. of 

experiaenta on intercroppiDi ot .. VIral tuber crop., rbiZ .. 
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crops, oU.nd. (groUDdmlt aa.d sunflower), cowpaa, bella_ 

and pineapple cond~ctad at Kaaariod (Karela State) and atated 

that earlier work bad ahown that elephant foot ram aDd caasava 

bad no adver.e effect on coconut, provided the .. in crap aDd 

the intercrop were adeq\lately and aeparately I18nl.lred. Ther 

concluded from their exp£r1aents that max1aWII coat 'bellaflt 

ratio (2.46) waa obtained from the intercrop of giner. Again, 

from Kaaargoc, Thomaa Varanase !!!!. (1918&) who studied .even 

tuber crops beside. the rhizome crop. ginger and turmeric, 

corrpborating the earlier finding, concluded that the raisiAi 

of tuber crops as 1ntercropa in coconuts exerted no adver.e 

effect on the coconuts provided that both the intarcrop and 

the main crop are manured adequately and separately. They 

observed that the coconut yield wes lower in the treatment where 

thE intercrop (elephant foot yam or cassava) alone had been 

manured as compared to the yield of the sole crop of cocon\lt 

which was manl.lred. This yield depresaion wes ascribed by tbe. 

to the competition for nutrients and they concluded that thi. 

competItion effect was overcome by fertilizing both the .. in 

and the intercrops. Besidea. they stressed the illportanee of 

rotating the intercrops, report!D& tbat elephant JUI, if 

contin\lously grown aa an intercrop between coconuts will 

depreas the yield of the latter. They also .tated that, while 

monocul t\lTe of cocomrt provide. employment of 150 .• "ay./bta/ 

year, intercropp!D& double. it. 



At Trivandrum (Iterala State) it waa obaerv.d tbat the 

productivity of caaaava was reduced whEn intercropped in 

coconut. sincE the light inside the coconut stand waa very 

much less (about one-sEventh) than that in the open (Ramanujaa 

.!! !! .• 1984). 
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~otty (19'78) using eihht different crops (including three 

pulses) studied the inflUEnce of 'moisture modulation' (i.e •• 

rais1116 the intercrops under tvo different moisture regimen. 

created by formiQ6 trenches and raised beds inslde the coconut 

stand) at Nlleshwar (Kerala). Thls study is essentially an 

investigation on increasing the efficiency of one of the 

rEsources • .m. rainfall. He concluded that the yield of the 

intercrops under the moisture modulation system was far better 

than in the conventional intercropping syste.. Again. trOll 

Nlleshwar. Leela and £h<'skaran (1978) who tried ",roundnut as 

intercrop. reported that the intercrop occupied 7~ of the land 

area and the intercrop yield was not adversely affected. while 

it suppressed veeda effectively, besides incre",sing the employ­

ment potential (extra 8' women ano 20 men/ba). This study 

brill!;,s out the several advantabes of intercropping, m .. better 

land utilization, better weed control, increa •• d employment etc. 

The work of Sethuaadbava Menon and Ralllakrishnan Nayar (1978) 

trom Kayan£ulaa (Kerals State) hi~h11ehts another facet of 

intercropPin&, .!!i., di ..... relationship. t'bey found that 

the di.ea .. intensity of coconut was higher whan ca •• ava .... 

intercropped ev.n thOU&h the tl.lber yield of ca ...... va. the 

h1ihe.t a. compared to yam and elepbaDt foot yam. 



The general concluatOlllJ tbat e.rge from an analrat. fd 

all the tartgoing literature area 

1) coconut allow. a lar.e nuaber of se.sonal crop. to be 

intercropped because at its peculiar morpbolo&ical 

teatures and the wide .pacine,. adopted J 

2) almoet all the intercrop. give economic yields beside. 

other benefits like weed suppression. increased ewploy­

mEnt. improved land use. increased water u.e. efficiency 

etc, 
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3) in general the yield of coconut is not adver.ely affected, 

provided it i. adequately manured .eparately, in addition 

to that for the intercrop(.), 

4) in all the expera.nt. the empbaai. had been on the .. in 

crop, m, coconut, a. regards it. yield., and not on tbe 

performance of the intercrop.. Hence in all the .. 

experiments on 'open field' treatment bad not been 

included, which seriously hamper. interpretation of tbe 

result8 a. regards the intercrop •• 

2.2.2.1.2. ARECANUT - based intercropping 8Y8t ... , 

Arecanut (Areca catlichlol) i8 raised as an 1rrisated crop, 

to a considerable utent in South India and i. a very wluable 

ca.h crop. Accerd1n& to NeUiat (1916) the de.irable apa .. 

for it. proper 1I'0wth aDd productivity 18 7., .2, wbicb work. 

out to a apeciq of about 2.7 II x 2.7.; 1.n actual practice, 

boweYer, the apacia& i. JlUch clo.er, ba1ftc .'bout 2 -"re. 



either .y. Ncmaally, fertilizers are spread on the iJ"OUDd 

wi thin a radius ~ , metre frOli the ba.e, around the pala. 

U.ually, betel vine. are rauBd .s intercrops in areea 

lardeJUI train1n& the vine. on the palaa a. standards J the 

ahade provided by the clo.ely planted aracanut helps tbe 

betalvine lor which shade is indispensable. A different type 

of intercroppill8 is seen 1n the malnada of Karnataka State, 

II 

where bananaa, arecanuta, pepper and card_om are Brown toaether, 

without any wa.ta~e of apace (Aiyer, 1949). This syst.m ~ 

m~tistoreyed cropping as practised in the spice ,arde .. of 

Uttar Kennada (Karnataka), which mimics a tropical rain forest, 

haa beel, d.scri»ed by Madbava Cada11 and He,de (1981). The 

spice garden is started by planting banana as the nur.e crop, 

tollowed by arecanut which i. planted at • wide .pecina of 3.' 

to S metre. (wh1ch, however. w111 »e clo.ed in, by inhrplaDt­

in6 arecanute. a&ain, in th~th year). In the inter.pace., 

cardamOJI (Elettaria C2rdamO!lVl!Pe Vllluable spic. and expOt't crop, 

1s planted, in the seventh year, at the rate of 1,500 card .... 

buabes per hectare. 

In Sri Lanka and Kerala, coconuts, clove., cacao aDd 

coffee (and sOlletJ.aes even tea) are mixed with arac:amate. 

a. intercrops aDd in the fruit gardens of Karaataka. areoltlWt. 

are lIIixed with Coco'l.uta, _ngo, Jack. , .. va. oraage aDd other 

c1tINS treea (Aiyer, 1949). l.1yanqe.!l.!l. (1984) report •• 

that in Sri Lanka, arecanut aDd oocoaut are mix". 
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Sbaaa Bbet (1976) studied the intercroPP1Di of cacao 

(Th!oDrOllll. J!!S!.2) witb araoanut in the ratio of 50 , !jO, 

cCllllp;'r.1ng it with arlEoanut stand planted along ita bordar with 

cacao aa well as with sole crop arlcanut. at Vittal (Karaataks). 

'ihe spaCing tor the aracanut was 4 x ,. a. He conc~uded that 

interplanted cacao yielded .ore than the border planted cacao, 

... h1ch was sun scorched. :rbis, while pointin€ at the anade­

lovint n>ture of cacao, brings out the yalue of abads undar 

certain circumstances, wherein woody perennial crops baye • 

useful role to play. F>urtber, he obSErved that the arecElnut 

was not adversely affected by the intercropp1ng; 1n fact the 

arecanut yield in the intercropping treataent was higher than 

tbat for the sole crop. 

Muthuswamy and Thangaraj (1961) frOll Co1abatore (T .. il Nadu 

State) reported the results of an experiment in wb1cb , difterent 

variEties of ginger (Zip&iber officinale) were raised as inter­

crops in an arecanut plantation. The fresh rhizome yields 

ranted trOll '.,00 to 7.166 tiha. They concluded that thouab 

the yields were lower as compared to a sole crop Of ginier. 

gint.er was proaJ.sin& as a subsidiary crop and added that it ._ 

the first time that the suitability of g1nger for grawina UAde. 

the shade of an aracanut plantat10n had bean de.oftlltrata4. 

2.2.2.1.'. OIL PALL - baaed intercropp1n& sute" 

The oil pala (El .. 1, 'iWeens1,) 1s exbna1Y11y cultiyatad 

in Africa for 1ts veeetable .11, and 111 tbat country, it 1_ the 
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equivalent of coollllUt to IDdia. In recent tilllU. the cult!­

vaUOIl ot thi. aew crop baa been 011 tbe IDCIZ" .... in India al.ao. 

In AfrIca. 'establi.baent intercropp1ng' (i •••• int.r­

croPP1n& with annual. during the 1D1tial .stablishment period 

of the 011 palm) is temporary cultivation and 18 g.nerally 

practIsEd by the 8IIIIlli farmer. Several trial. on e.tabli.hlHnt 

intercroppint. have been carried out in Africa (Sparnaaij. 1957). 

In Zaire (I.N.l:..A.C •• 19.55). the planting (alone, or in auccea­

sion. or combination) of caasava. maiz., hill rice and be_na 

for 1, 2 or 3 yeara had, in ,eneral, a benefiCial effect on 

pala yi.lda and, atter 16 years. DO deleterious effect had 

appeared. These catch crops were planted immediately after 

ti,e palma and the control plota with Ppraria pUB.ol01de. 

(Hartley, 1977). 

In another trial conducted 1n Nigeria in 1940. inter- ' 

crop~1ng ior 2 yearB a. well aa cropping for a. loag a. crop. 

could be obtained were experiment.d with. In practice, the 

latter treat.ent entailed cropping with maiz., yam aDd ca ..... 

untll abade made the growing of cocoyau (Colocaaia !l!lti9UO!'U!) 

the only po.sible culture, and this was contInued until the 

twelfth year. In the 2-year cropping plots and the earl, years 

ot 'croPP1n&-tO-exbaWlUon' plot., gOOd crops were obtaiDed 

aDd were aiallar to tbe reault •• ecured in Zaire. They abOW41 

that intercropp1.a& of tood cropa for 2 or , years _,. in 

theae circuaatano •• , be an attracti'" proposit1on to • ...u 
hold.~. In Nth trial. thare was a taDdaney in tb. 011 paJ.a 



for .. rly buncb yields to 'be i.pro'ftd 'by iatercropp1D&1 J.Jl 

tbe Nileria trial, both leaf prod~ctioD and early yield. were 

significantly increased. And, in neither trial, atter 16 or 

more years of harvestilli, was there any significant fall in 

yields followint the e~rly inter-cropping treat.enta, thougb 

in Niieria a tendency for yields to fall in later years bed 

been noticed. In areas already degraded by food crop fara1n& 

(before 011 palm establishment) or by ann~l bl.Jrning, in Nigeria, 

the beneficial effect of 'establishment intercropp1lll' was 

short-lived, and to .ec~e even moderate yielda (of 011 palm) 

heavy ferti11zer dreu1ngs bed to be applied, th~ incUcat1D& 

the baratul effect of regular tillage (Hartley. 1971). 

Soybean bea elao been raised as an intercrop for tbe 

firlt 2 year8. between oil palma, carryin, the cultivation to 

1.8 • from the yO~b palJaa, in an experiment cond~cted in 

Kalaysia. It was fOWld that there waa no effect on the arowth 

or early yield of the 011 palm, as compared to the treat.ent 

'intercroPP!n& with a leb~ cover'. There waa, however, • 

aue.aest1on tbet 11' deep tillage is undertaken for two ann~l 

crop., then pala growth is slightly iapaired thrOugh root 

daaage. Two caaaaw crops arown in ~ccesaive yearl severly 

retarded growth and red~ced early yield by 14" t~U6-'l co:peti­

tion for both light and Il~trienta, particularly N and P (Chew 

Pob Soon and ltoo lta~ Thye, 1976). 

GNbben (1972) experiaented with tbe &J'OWill& of two leafY 

vee;etaDlea (A!!l!!!thWS and CelOfia mente) as intercrops in 

oil palIl, in Dab .. y (Africa), wbere theae crope are otte. 
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cul tipted in an envlronaent more or 1... .baded, e.pec1all,. 

by oll pal... It..... observed that. .hade bad a depre •• iD& 

e~~ect on Celo.1a (in an artificial .bad1n& experiment) and in 

the case of AlII8.raJlth!:ll growth ..... retarded when &row wider 

oll palms since the llght inhnsity 'Within the pal. stand was 

as low as 6a,o of that intercepted by it; the effect diminished 

.s the dilltance away .from the trunk of the pal. increased. He 

concluded that C.losia is a heliophyte and that its yield 

decreased by 10.~ for each 10K additional shad., provided 

that iITigation was suft1c1ent. He recommended the use of 

unahaded sites for intensive gro'Wing of A .. rant.hus and C,losia. 

Plucknett (1979) statld that raising pasture crops in 011 

palm stands could be useful and that such 011 palm tree/pa.tllre/ 

livestock systems are employed in Asia and Latin Allerica and 

research in this are. being carried out. in Nigeria and Sierra 

Leone. 

2.2.2.1.4. DATE PALM - based intercroppins; syste.s, 

Baldy (1963) reported that in de .. rt •••• date pallu 

are intercropped 'With apricot., wb.1ch are sbort trees, and 

veietables. In .ucb oasis cOlllllunities, the shadina and 

'Windbreak e£tect of tile upper layer{s) creates • t-'Yourable 

aicroclillate for the layer belowl the coaponent chosen for 

each successively l~~r layer 1s more .. sopbytic and le •• 

llgbt-dell8lldina than tbe one above. Tbe ahortest oaaponent 
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(the ve,etable crop) e.cape. auppre •• ion p •• aibly because 

80il cultivations tend to prevent inter-incline of the root 

systells. He bas ar&ued tbat the many-Iayereel mixed cOElunitie. 

traditionally irOWn in de •• rt 08 •• 41 may·use applied water more 

efficiently in bioma •• production than pure atand •• 

2.2.2.1.5. RUBBER TREE - ba.ed intercropping ax.t ... , 

RubbEr (li!!!! bra.iliensi.) ia commercially very t.portant. 

In India 9~ of the rubber plantation units are with ..all 

holders which cover sbout 7CYJ1e of the total area under rubber 

cultivation. The immaturity period of rubber (i.e., the pEriod 

froa planting to the first tapping of latex) uaually exce.da 7 

years and bEnce small holders are forced to take up intercropp-

1n& in order to g.t additional income and employment during this 

period. In India cassava. banana. ric. and ginger are th. 

intErcrops cO!llllonly r·i.ed in .. all holding. of rubber. Very 

little experimental evidence exists on the economic. of such 

intercropping. 

Hali (1979. narrated the succe.sful intercropping of 

rubber with cacao var. 'F'orestero' tree. plus banana. in 

Kuala state. In between the young replented rubber (5-year 

old) at a spacing of 20' x 10' (6 x , m). }-month old cacao 

seedlings were planted at a .pacing of 10' (, .). The nurae 

crop of banana plant ed in the YOWl& rubber provided the .hade 

and protection to the cacao. The cacao flowered ... rly aDd did 

not affect the rubber in 8D1 way. 



Mathew.!l.!l. (1978) conducted an exper1llent to ...... 

the eu1tab1l1ty of 6 d1ff.rent 1ntercrope (dryland rice. 

banana var. 'Nendran', banana var. 'PalayanC2.,od.n', ca ....... 

green gram and Pu.raria pbaseol01de.) and the economic. of 

intercropping, at Chethacltal (Kerela state). In the ca.e of 
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rice. it we. follOWed by banana var. 'Nendran' or c .... ya •• nd 

in the case of green graJII, it 'WIle followed by banahll ... r. 

'Iiendran'. in rotation. Banana var. 'Pal.yancodan' and 

Pueraria phllseoloide. were raised as eingle crop.. It_e 

:t:ounc:l that the growth of the main crop of rubber "". retarded 

by the non-Nendran banana (' Pal.yancodan') and cas .. va due to 

their .hade effect; highly significant ditterences arose in 

the stem girth o:t: rubber. On the contrary, 'Nendran' banana 

not only did not retard the graw~h ot rubber but actually 

recorded the maxiaua stem girth tor rubber. This bringa out 

the di:t::t:erentlal behaviour of varleti •• even within one and 

the same intercrop epeeies. EVidently the difference. ari •• 

because ot morphological difterences in stature. leaf areas 

etc., which contribute to .hading. a. al.o rooting patterns. 

banana baa long been recosnised a. a nur.e crop for YOUDI 

arecanuts and clove •• 

As rebard8 the economies of lntercropplng Mathew.!1 .!l. 

(1978) concluded that. 'Nendren' banana ga.e the aaxiaum Det 

profit follow.d by ::a ... va. Rice and green gram int.l"CI'Opp1q 

result.d in .ubstantial 10 .... due to their labour int.nal.e­

na .. and unfayourable rainfall, and thua _,UDProfl table •• 
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intercropa in rubber. They concluded that planting 'Nelldran' 

banana 6 aontu atter planting rubber oa the beat. 

~ork done in Malayaia bad ahown that growth of rubber 

planta, intercropped with banana waa better compared to that 

under legume cover crop during the first 3i year. of the 

ilJllll8turity period (Anon., 1972). It oa elao reported that 

there waa no adVErse e.ftect on the gr<Nth of rubber vben inter­

cropping waa done at a diatance ot 0.9 • soy frOll the rubber 

rows during the 1.t year Pnd 1.2 m in the 2nd and 3rd year •• 

Groundnut and .. ize were suggeated a. auitable intercrop. on 

flat gently undulating land (Anon., 1973). Plucknett (1979) 

atated that the raiaing of pasture. in rubber plantationa i. a 

workable syst .... 

2.2.2.1.6. CAS~~W - ba.ed intercropp1p& sy.tema: 

On the poor so11. of the savannah in aouthern Guinea, 

cashew (Ana cardium occidentale) ba. been aucce •• fully reised 

under the Iaunaxa syatem (ahifting cultivation) to~ether with 

maize and aometiaea cotton (FAO, undated). 

Plucknett (1979) .tated that paature. are coabined with 

caaheWDllt tree •• 

2.2.2.1.7. LEyCAiNA - bIl •• d intercroppW .ut .... 

L'\l(l!ena ~pbal. ba.. in recent U.... p1aed great 

!aportanee. particularl)' in the develop1n& cOWltrle., •• a 

wonder tree becauae of ita aany advanta&" (fa.t rat. ot 

&rowth, poa.ibllit)' of clo •• apacil1&., abundant bia.a •• produc­

tion, prOduction ot aaall U.ber, and fuel woocl and abG¥. all, 



production of protein-ricb fodder). Tbi. 1.,ua1noua tree 

fix •• atllo.pblric nitrogen also and tbua i-»ro.e. 80il ferti­

lity. Torre. (1983) e.t1lllated the contribution to be 4, iJ'SIIs 

of N/linear .etre of bedgerow of leucaena. 

Kang J1!!. (1981) fro. southern Nigeria reported that 

intercropp1ng of maize in the alleys between bedgerewa of 

leucaena planted 4 • apart gave sustained annual yields of 

about 3.8 t/ha without any su~plellentary nitrogen and still 

hi6her yieldS with supplementary nitrogen at 20-80 k& N/na. The 

pruning. froll the 5-6 - year old Ieucaena yielded .5-8 t/na dry 

tope/year equivalent to 180-250 k& .N/na which waa reaponaible 

tor the sustained annual yielda of maize. 

\>IUson and KaJ'l& (1981) who coined the tel'll Walley crOPPinI" 

to describe such 1ntercropc·ing syste.s, reported the results ot 

an experiment in wbich Ieucaena was establiahed in association 

with maize and maize/cassava. Tile initial phase of the 2-year 

rotation involving m,ize/leucaena followed by yaa/leucaena ... 

established in a .iaUar pattern. The leucaeu was planted 

at a spacing of 2.0 x 0.5 II and in the alley, a paired row of 

cassava, spaced 1.0 x 1.0 II wa. planted. Maize _ •• own in 

hUls along tha ca.sava rewa at the rate of OM hill betWeJl 

two cassava plants; the .pacing for _be also, tbua work. 

out to 1.0 x 1.0 II. Crop yield and leucaena d.velO)3aent 

indicated no .erioua disadvanta8_ to th_ int_roropp1Da 

establishment of I.uca_,.. In th_ 1st y •• r tb. yield. 01 

_b_ l"8l1&e4 tro. 1.840 to ,.OJCj t/t. and the diff.re,.... 
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'betweln the treatmlnt. (_1z1 .ole crop, _1z1 + lluealna + 

ca •• VIiI, llI8.izl + ea ...... , _lz1 + llucalna) were not .1gnifi­

cant. S1II1larly ca •• ft y1lld. were 20.187 and 29.229 t/ba 

in the two treatment. llI8.iZI + ea •• va and _1ze + eas.va + 

leucalna respectively, tbe dilferenci was not .1gn1ticant. 

In the 2nd year. ya. yields raD6ld trOll 12.333 to 14.905 t/ba 

and differences 'betweln the treatments were not significant. 

It is thus eVident that 1ntercropping was successful ln leueal_ 

but it has to be l;orne in mind that the be1~ht of the _in crop 

of leucaena in alley cropping is contained to hedglrow he1ght 

only, perilaps to not 1I0re than 1., _tre and not allowed to 

grow into trEea. 

Verlnumbe (1983) who atUdied the eeonaaica of amall-acall 

.!armin8 ln .rUts.ria, reporhd that the l118J(ilIIuII yearly net pro.!,tt 

waa obtained if a farmer produced a cOllbination of 9'" of thl 

farm area under .alze + leucalna and '" of the area under _izi + 

stylo. This, in easence, underscorea the auceea. of .. i&1 

intercroppiIl6 in llucaena. 

In India, at the Central Sol1 and water Conservation 

Research and Traln11lg Institute, Debra Dun, the. reaul t. of 

various experlment., in ,Inaral indlcatld that all the IlIlIIUIll 

crops intercropped 'between paired rows ot lilleaena, y1eldM 

1I0re &rain aa cOIIp8J"'"d to the 'expected' y1eld ot the soU 

cropa. Increase in product1v1 ty waa rEcordl«l aore 111 pigl_ 

pea (9&$lla JI!il!!) follOWld by eaator (R1ciDY co 'Pia) 

and leest in .orp_ (S1Dgh. 1983). 



At tbe Indian Gresa1a.nd and Fodder Ra.earch lnetittrt •• 

Jbanei difterent silivpa.toral and agripastoral syst ... bava 
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been studied tor the past aavlral yeara. Intercroppirl& ot 

leucaena with gingelly (Snaawa indicwa), grounc:lnut and pi&eOllpetl 

(Cajanus cajan) revaaled that gingelly yield was increased when 

grown in aa.ociation with leucaena; however the yleld of 

.roundnut and pi.eonpea were reduced (Singh, 198}). 

2.2.2.1 .8. COUN1'RY PUR - ba.ed lntercroppi!!l 'nt!!!!, 

NanJan J1!!. (1980) studied the performance ot pine 

apple (~ comoaua) val'. '~ew' raised both 8a a .ole crop 

ln the open and aa an intercrop UDder the diffuse ahade of 

cowltry pear (I:!l!.m!! ap.) tr ... in the Shevoroy hill. (Taail 

Nadu State). The crop came to bsrvest in 22 .onths and the 

shade-planted crop ylelded 58.8 t/ba 01 !rI.l1t.. The partOJ'llance 

under the shade WI" a aa t;ood aa 1n the open. They raooameDded 

pine apple .s an intercrop in new coffee plantations ill the 

.first ,-4 years after plant1n&. aa a catoh crop, for _ed 

suppression. prevention ot soil eroaiOll a~ aaintenanel ot 

so11 fertillty. They observed that the crop ca.e ~p well 

under raln!ed conditions. 

2.2.2.'.9. Other tree apsol.s raia.d tor woOd: 

A. IW 'T.ot.1I& grandi,h 

Teak is 8 larae dec1d~~s tree with a rOUDded orowft of 

great Oa.lllrcial illportance produC:in& hip val~a t1aber. 11: 

&rCIW• tall and a .. xj ... be1&ht of 1'5' ("7.24 a) and a aax1lblll 

,lrth ot 26' (7.92.) bav. beeft reportad. !h. ol ••• t teak 
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plantation in the world (' Conolly' a plot' in Nllambur, I:erala 

State) i •• ituated in India and i. now 140 yeara eLf (Sureoaren, 

1977). It is extensively rai.ed .a 'canal bank plantation.' 

in the Thanjavur district (Tamil Nadu) and il commonly railed 

by farmer. in Tamil Nadu. 

'fihile in the foreat ecoayatell, teak is rIlised alaost 

exclusively by the taungya syst .. in which agricultural crop., 

chiefly tuber crope, are grown a. intercropa during the first 

one or two years, intercropping of teak i. not comaon on fara 

lands. But, .ince adult teak tree. being fairly tall their 

shade is high shade and 21so lince it i •• deciduoul .pecie. 

it would appear that intercropping of ennuell Under teak .ay 

be pOlsible. 

KiJlf(1968) reported that experience sained in Nigeria 

showed that there was no significant difference in the yield. 

of maize raised as a sole crop and as an intercrop in teak, in 

the first year. Mishrll (1979) reported the laying out of 

experiments involving the raising of differcmt sequential 

combinations of annual crops and herlla (piseonpea, maize, 

finger III1l1et. rice, groundnut, ging.lly, ca stor. lIOybeaQ, 

sweet potato, ginger. SolallUll kbal1an\.lll ~ .!:2!!!, ... ta and 

daincba) in Conjunction with teak, and palber&1a .!!I!i! tr ... 

under rainfed condit1ona in Bihar. Baaed on the pz:el.1a1narJ 

reault. of the yieldl and economics for maiu. finser .1l.l.et 

and rice, he concluded that the .. crop. were re_.retive when 

1l"0Wll in conjunction with the tree species and that the arowth 



of tn. tr .. crop. was aaU .• faotory. 

B. ACACIAS; 

The acacias .s a group are hardy trees growing Dot only 

naturally in marginal and wa.telands but are deliberately 

permitted to occur in cultivated field. in the mid.t of annual 

crop. by the farmers. rhus Seshadri .!1 !h (1977) r-r>orted 

the extensive oocurrence of white babul (Acacia leucGphloea) 

trees in :t'armer.' !ielda in the drier tracts of Coiabatore and 

~eriyar distriots of Tamil Nadu. Stocking densities •• hiah •• 

750 tr.e./ba were observed. 

While in A:t'rica. ~ ~. /:. ••• necal and /:.. tortiU. 

pl.y a dominant role in ferm1na. /:.. leucopbloea. !. planitrO!U!. 

!. ferNinea. /:.. 1l110tica (ayn. A. arabica) are cOIIIIIIon farmlaDd 

traes, 1n South India. 

In the drier parts of Coiabatore (r .. il Nadu) • aily1-

pasturel syst.m 1. in sxistenc. in which ths farmers allow 

sel:t'-sown seed11ng. (spr.ad by sheep brow.ed on the pod.) of 

~ lecopbloea) to reach adulthood. and all the t1lae a 

variety of annual crop. (sorghua, pearl .111et. f1eld lab lab 

(DolichO' l:!!ll!l!). cOWpea, borse iJ'UI. dew &raa (Pha.eolu 

acon1ti:t'011ua), grouftdnut. 6ingelly. ca.tor and e.en oalOD 

and tobacco uncIer irrig"'UOIl) are cult1yated 1ft the 1ftter­

space. between tbe trees. (Se.badri!!!!., 1917). Seabadri 

and co-worker. stUdied the parfonaance of .ora .. ~ orop 

rai.e4 for fodde .. , ..... in ____ todd.r .oras- _d D1Itval 

pasture chidly coapoaed of ClnohrM !A1aru. p-owiftl UIJAIer 
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the canopl.. of ~ let.\COpbl.oe, tre.. of aln r'3ftgina f!'Oll 

20 to 30 year.. They reported hlghly .1&n~icant increase in 

the yield ot sorgbum dry fodder as comppred to the crop in the 

open and a similar increa.ed yield ot natural gra •••• in the 

anade. 

Similar results were .ecured for four ditt.rent forage 

crops (Sorghum. CenchrUI gra ••• cowpea and Guar - Cyamop.i. 

p,orolioid •• ) at the eentral Arid Zone Reaearch Institute. 

Jodhpur (Rajaathan State) where aignit1cantly higher forage 

yields were obtained when the annual crops were grown in tbe 

interspeces of 5-year old trEes of Acacia tortill. planted at 

a spacing of 4 x 4 II (Singh. 1983). 

In Africa. agricultural crops such as pearl m11let, sorghum, 

maize, cowpea and ground nut are oft.n grown by Sahell.an farm.rs 

under a 'park' of ~ ~ ('apple-ring acacia' or 'gao') 

a8 the Crop yields lIore when grown in close proximity to "cacia 

albida stands. This has bun called by the new term 'agro­

s11vo-pestoral1811' (Anon •• 1983). Felker (1978) reported that 

lntereropping between Acacia albida tre.s bas substantially 

increased the welfare of small farmers in West Africa and the 

Sahel by incraaain, so11 fertility and crop yi.ld beaide. 

providing poda for animal f.ed. He stated that about 45 lara­
tre.a/ba are required to caaplete so11 cover and that the tre •• 

flower at 7 y.ara aae and prodUC8 poda who 8 years old ~ 

Cbarreau and POI.1lain (1963) reported that in reliona of .... oul 

rainfall of 250 _ or more per annua, Judicious interpl8llting 



of !2!.2!! alb1d, tree. 1II.creaa.d the y1eld. ot pearl 1I111et 

by 500 - 6~. 

The author of the pre.ent inve.tigat10n baa ob.erved 

a .1m1!ar agro-.ilvi-pasturallsm 1n the drier parts ot Tirunel­

vell district (Tamil Nadu) where stand. of Odd trees (!S!!!! 
palnitrons) are intercropped with banana and br1ll.jal (Solan .. 

melongena), the catch crops aupportins the tarmer till the 

acacia trees start bearing pods when sheep are started to be 

raised, they being fed with the acacia pod •• 

The importance of acacias under situations of marlinal 

farming is clearly brought out by the forel0ing "view. Acaci'. 

can be said to be the mainspring of farming in the s4lll1-arid 

tropics. 

c. CASUARINA: 

The 'Indian Christmas tree', Ca.uarina e9uis.tlfolia, 

an exotic, was introduced into TaaU Nadu a century all' and 

spread very rapidly establishing itself as a regular, sole 

stand farm crop, often irrigated and fertilized, particularly 

along tne east coast. It is planted by faraers, ~tblr clo.e, 

about 1 metre apart and the crop is clearfelled in 5 - 7 years. 

It is economically very valuable furnishing prized firewood 

and poles for temporary constructions. 

The author of the pre.ent inv.stisation baa obeerYed 

that 111. parts of south Arcot district (TuU Jladu) aasll t&1'11a'8 

iDterplant the youna caauarina crop with groUlldrwt or cuctaber 

(£YcumJ,s ptiN) a. catch crop.. Honver, wh.n tbe main crop 
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i. 2 or aore y.era old int.rcropping c •••••• pre.u.ably blcau •• 

the ground 1. cove~d by .bWld"nt needle fall rather tball. dwt 

to a reduction in the ligbt intensity •• ince the diffuaa light 

under casuarina appears to be capable of aupport1q gre.n 

plamts. However. no published evidence b available on the 

1ntercropping of ca.uarina. 

D. WeAL); nus I 

~ucalyptua are a large group comprising .everal hundred 

spacies adapt.d to a var1ety of agro-climatic and 'daphic condi­

tioll$. Even tnough essential oils of co_ercial iaportance are 

obtained frOll a few species of eucs.lyptua in Tallil Nadu (for 

example. Eucalyptus globulua 1n the hilla and !. citriodora in 

the plains) their chief value is as pulpwoods. In Tamil N.du 

three speciea o~ eucalyptus. viz •• the ao-called eucalyptua 

'hybrid' (which. for ~ll practical purposes has cOIle to be 

reckoned as !. tereticornis). !. camaldulenai •• Bnd ~. grandi •• 

are extensively raised on a"lantation scale by the Forest 

Dep::lrtllent. I. tereticorni. which is admirably adapted to the 

plaW. has in recent tilles been taken up by the fal'Mr. 

encouraged by the short supply of raw material for the paper 

mills. S.sides. the recently launched SIDA (Swedish Int.r­

national Development Agency) - aided 'SOcial Forutry' progra_. 

has given a fil1p to the cultivation of 1. t_!ret1cOfB1' ill 

fNrm!and. despite the prevalent fear about the ad.erae ett.ct. 

of this tree on ground water table held by any .ectloaa. which 

1a yet to be conclusi Tlly proved or diaprovlCl. 



Sharma (1983) .tatecl that the f.el1rl& that noth1rl& II'GWa 

Wld.r .ucalyptlla is not correct as thi. depend. upon b_ clO8.11 

or widely tbe tre •• are plant.d. H. reported that .cae fanaer. 

in Kolar (I.a:mataka) .pac. out .ucalyptl.l8 and intercrop f1n&.r 

mill.t (El.l.I8ine coracana) for 1 to 3 y.ara. S1IIilarly. Pant 

(1980) has reported the .ucces.ful cultivation of .everal 

.p.cin of fodd.r &ra •••• (Guin ••• Rhode •• Para. Napi.r-Bajra 

hybrid and Blue Panic gra •••• ) under eucalyptu •• by afarm.r 

in Gujarat (India). The Eucalyptus &lobulus in the NUgiri 

hill. (Tamil Nadu) .1IIUarly permit. the &rowth of .hade-lov1Dc 

gra •••• during the first .5 years was reported by S8llraj (1977). 

Eucalyptl.l8 citriodora was on. of the 4 tree species (the 

others being Dalbergia!!!!22. PopulU! deltoid •• and Saltalia 

lIalabarica) in • study conduct.d at P •• ha_r (Pakistan). The 

tre •• _re .paced 4.3 x 4.3 II and Wheflt was .own when th. tre •• 

were 2 years old. in drUl. 45 em apart. betwe.n the tree line. 

and harvest.d in about 6 months. At the time of hanest the 

.ucalyptl.l8 tre .. were 3 - 7 II in height. It was observed that 

there was no si&n1ficant difference in the yield of th. wheat 

intercrop between the different treatm.nts (i •••• under the 

,. di.!ferent tree stands) and al.o that crain yields did not 

differ at distances of frCII 80 - 21.5 em away !rca the bIl •• of 

th. tree. (Kbattak and Sh.ikh, 1980). 

At eoa_tore (TaaU Nadu.) th. physiological •• pact. of 

11 different ,enotypes of black gram ~!HDi2) rai.ed within 
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a .tana 01 2 year old i. tereticorn1a planted 1 x 1 m apart 

WII. atud1ed by Ramacbandran (1961). The 1ntercropa were 

tertil1zed with a W11fora do.e of 5 t FYM, 25 kg N, and 50 k& 

P20!Y'ha. he obBErved differential reaponsea in growth and other 

physiOlogical parameter. between the different genotype. and 

conclUded that 2 genotype. (JLU 5-1 and No.55) performed well 

in the shade and thus were suitable for 'canopy cropping' ( •• 

he callEd the Bystem). 

Couto .!.1 y. (1962) studied intercroppillg of aoybean 

in Eucalyptus grandia in aoutheastern Brazil. 'fheir aim wa. 

weed suppression in young eucalyptus plantBtiona to economi.e 

on weed control costs. They tried 7 treatments involving a 

variation in the numbtr of sowing lines (and thus varying the 

inter-row spacing) of soybean with concomitant variations in the 

distance between the tree baBe and the nearest soybean row. 

ThEre wa.s a180 a control i.e., a sale stand of the eucalyptuB 

without any intercrop. However, there was no corre.ponding 

fop~nf treatment with a 801e crop of soybean. The trees were 

planted at a apac1n& of 3 x 2 m and both the eucalyptus •• .,1-

J.ne,s and soybean were planted at the aame time. The soybean 

was fert1lized with 100 k& :1"205 + 50 kg K20/ba. Soybean wa. 

harvested in 5 aontha and the grain yield a ranged fro. 1.533 

to 2.449 t/ba., the maximum being recorded by the treataent 

'0.5. inter-row apacing, 0.5 • away from the baae of the tree 

aeedling'. Thi. yield waa aillllar to the yield normally obta1Ded 

1n the region tor a aole crop ot soybean. The soybean alao 
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effectively auppreaeed the ... da 1n all the treatmenta. Aa 

regard. the growth of the eucalyptua aeedl~a, aa .. erve. 2. 

month. after plantill8, 1t was .. en that the treBtaenta bad .0 

s1gnificant effect on survival, helght, di_eter of at_ 01" 

volume. It was conclud.d that the experiment demODatl'llted the 

f.asibillty of interplant1n& soybean w1th eucalyptua at the tlae 

01 stand estBblls.hlllent, that the production of soybean wa equal 

to local monoculture soybean yield., that more 1ntensive land 

use was made posslble and the cost of tend1n& the plantation 

was reduced by eliminating the need for we.ding. 

Adverse eftect on the main crop of eucalyptus by the 

intercrop (maize) has also been reported trom Brazil (Gurlol, 

1962). 

Eo. Haloptellia int..Uolial 

This i. another cOllllllon .conOillc tree of villag.s and i. 

receiving attention rec.ntly in the context ot Intell'llted 

land use syst .... 

In an expEriment conducted at the Central Arid Zone Reaearch 

Institute, Jodhpur (Rajaathan state) the interspacea bet .. e. the 

8-year old trees of Holopteli. ietegrifolia planted at a apac1Qg 

of S x 5 m were 80WD with 2 Intercrops - green ~~ (Pha .. clUi 

rad1atya) and &yar (CvampRai' p.orolloidea); beai~.8 the aanual 

crop. were sown in the 'open' alao (i.e., aa aole Crop.). ID 

addition there wa. another tector, viz., lopp1ng of the tree. 

or not. Th. resulta revealed that, aa exp.cte" the &J"Il1n y1.lda 
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of tne two le&UII8 llIt.rcrop. were lower UDder the 'unlopped' 

tre •• , which incre ••• d UDder the 'lopped' tre •• , and remarkably 

.0 in the ca.e of guar. Surpr1.1ngl.y, the grain yield. were 

the highe.t under the 'lopped' trees, higher than tho.e for 

the 'Open' plot, in tne ca.e of both the lntercrop. (Singh, 

198'). 

This elepera.nt i. significant in tnr .. respects and thus 

stands out from all the .tudie. reViewed upto now. They are, 1) 

the inclusion of an 'open' treatment (i •••• Bole crop of tbe 

annual) tnro\A&h Which aloA. the .ffect of the tree crop OIl the 

annual 1ntercrop can be really a ••••• ed on a cOlDparatl ve ba.u; 

2) the Btudy waB conducted with fa1rly well-grown tre •• (8 year. 

e~e) where the canopy mUBt bave develop.d reasonably fully, whiob 

is in contrast w1th almo.t all the other studies which bav. been 

conducted with yoUDi .e.dling. of trees during tb. initial pheBe 

o:! tree stand •• tabli.m.nt; ri&htly speaking they are Btudie. 

on 'establishment int.rcroppLng'. and ,} thl •• tudy bring. out 

the important fact that ex.po.sure to full .unl1gbt (a. i. 

obtained in the 'open' field), by it.elf, 60e. not guarant •• 

IIIBxilllUil yield, at l.a.t in the 2 legUil. crop •• tl1died, and 

emphasizing the yield improvement Ilftder partial shade. Be.id •• , 

the tree lopping. are an additional yield. 

F. G.elina arbor •• t 

Thi. 18 a pulpwood species, extenaive plantations of 

which ban be.n rai.ed in Africa. The taWWl! .,.t_ of 

e.tabluhing tree plantation. baa been widely uod for th1a 

specie. (FAO, 1918). 
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In an agri-_llvicultural e~r1mect cOndueted 1a .out~ra 

Nigeria, (Oaec1yi aDd Aabede, 198Oa) _ole crop ot GUlf .... 

compared with Q!!line intercropped with lIalze or c .... va or 7" 

or a ccabinatlon of. all the three annual. crops. G •• li_ .... 

spaced 2.4 x 2.4 II and the tood crops 1.2 x 1.2 II. Maize was 

barvuted in 6 Dlonths, yam in 12 months and cassava in 15 .ontha. 

The re.ult. indicated that the .tem girth ot G.Ilina, as .ea.urad 

30 months atter planting, was amaller whln intercropped with 

caasava (thereby Ju.t1tylng the exclusion at ca.sava cultivatioD 

in the foreat. ot some countries). Aa regard. the yields of 

thl intercrops, the author. concluded (baaed on comparative 

data on aoll crop yield. tor the annual cropa obtained from 

long-cultivated and unfertilized ahitting cultivation tara.) 

that they were greater than those for sole crops. It must, 

however. be borne 1n mind that the aol1 was fertile. it bavinl 

been cleared .freshly o.f forest &l'owth tor the purpose of 

establiahine, the G!!lina plantBt1on. In contrast, the soil. 

a! l~-cultivated and unfertil1zed shifting cultivation tara. 

lIuat evidently be lower in fertil1ty status. 

OJeniyi and Agbede (1980b) alao reported that there waa 

no .i~f1cant chan8e in the aoil fertility, •• a con.equence 

ot intercroppiD6 YOUDi Gulina tree. with I118be, ca_sava or 

yall. 

G • .£!!:i!.t. app. aDd Cts!r!la .pp.1 

In the _outhel'll Pacitic oos_t ot Colomb1a .... U !anura 

intercrop the tree .peci .. ~ allloc!m aDd Ctdnla od0psa, 



w1th banaDa, _be and cacao (FAO, undated). In toreat planta­

t1Q1'1. work alao other apecie. o~ thea. two ,enera bad done wll, 

in Mexico. Thus Cordla c1r1cota, Cedrda .. .x1cana and Swe1tp1! 

"crophylla were .~cc ••• ~ully ra1aed through tauegya with ma1ze 

aa the 1ntercrop, in Mexico (FAO, 1918). 

H. POPLARS anel COl>;IHRS: 

In an experiment conducted in Italy, a 5-year old poplar 

tree stand (Popul~s lip.) waa s~bjected to dif~erent lIy.temll ot 

treatment (lntercropping), no intercropping but cultlvation, 

no intercropping and no cultivation etc.). The intercrops u.ed 

were maize. grass. legumes or CEreals. It was observed that 6 

years after plant1n€ the trees, intercropping as compared with 

cultivation. bad no eftect on tree grO'-'th and that cultivation 

for the first 4 years was advantageous (Sekawin and Prevosto, 

1973) • 

In Peshawar (Pakistan) wheat was successtully inter­

cropped in poplar (populus deltoid •• ) planted at a spacing of 

4.3 x 4.' II and the heigbt ot the tre.s were from 6 - 10 • at 

the tl •• ot wheat harveat (Khattak and Sheikh, 1980). 

In China. poplar., CunniAAbaala lanceolata and E!m!! spp. 

(! ... saoniana, E. te.da or E. ell1ottll), particularly pius, 

ara interplallted with tung oil tree. (Aleurtt!! ap.) 'Which 

are intercropped concurrently with sweet potato, .oybeaa.. 

&fOundDllt, water lIelon or _iae. The tuna oU tre •• yleld oU 



from the 4th to the 10th year atter which they are telled 

leaving the pine a_ the final tree crop. Intercropp1n& 1_ 

not only regarded aa a tending operation to replace weeding 

but also as a multiple land - us. practice for jOint production 

of wood allO food. Depending on crops allO 011 th,.na,e .. nt _Ull, 

intercrOpping may yi.ld 1.4 - 4.0 tonne. of food per hectare 

and in som. places, 20 tOlls/ha of green l,ave. which are used 

for feeding animal_ (p1jj;_) or as manure. The effEct on the 

tree. 1. very favourable (FAO, 1978). 

(.;oller (1S114) trom We.t Germany reported results of an 

exper1ment in which winter rape (Brassica sp.) was drill .0_ 
between rows of conifer .eedling •• following their tranaplant1nl 

lit 30 x 10 CII. The rape ..... cut during the 2nd growing •••• _ 

and by the 'I'd yeer the conifer. fO!'lled s close canopy. The 

methOd successfully controlled alaost all the weeds and 88ved 

4~ 1n we.d control cost •• 

I. hAl'lBOOS, 

The economic t.portance of bambooa baa already been 

pointed out. HowEver, bamboos planted at norllllll spacing., 

are not generally intercropped. Fe!'llers, 1n general, hold the 

v1ew that bamboo. will allow no green plant to grow under th_. 

Thi. not1on i_ strengthened by the common Ob.erYStion of the 

pre.ence of a thick. layer of dry bamboo 11 tter u:rked bJ 

conspiCUOUS ab.ence of even weed flora in baabOO &rove •• 



f"urther, it 18 weU-known that tbe undergrOWld dnelQJaent 

of ba.boo. i. very vigorous. aark.d by the pre.ence of ... lIral 

knotted rhizome. and innuaerable, long fibrou. root. which are 

relatively superfiCial, in fact the grOWld surface ina1d. a 

well grown bamboo grove is one continuous _t 1I8dll up ot • 

net-work of fine root •• 

However, the author of the present inve.tigation in the 

course at a aurvey in the XbanJ8vur district (Tamil Nadu State) 

came acro •• a tew farmer., very tew thoubh, who cultivate leafy 

vegetable. (Aaaranthus app.) and vegetable nuraeriea, chiefly 

of brinjal (Sol!l!lU!! lIlelope;.Da) in the interapacea between cllaP. 

of the 'hollow bamboo' (Ba!busa arundiDacea), aged S!' 15-20 

years. The lIoil i. alluvial clay lOS! and the intercrop. are 

raised under irrigation. 

And1.yappan and Wilson (1963) described the aucc ... ful 

artificial establishment of a plantation of Baabu •• arupd1n!"& 

bamboo in Udayarpalay_ of Tirch1rapalli di.trict (Toll Mad.). 

a dry locality, by the kwari (i.e •• taunga) ay.t... They 

reported that the kU!fidar8 (i.e •• the taungta le ••• e tarall"') 

intercropped the minor millet varalu (Pa.palwa .crobicYlatg) 

and sroundnut (Arachi. hYpos •• ) during the first YII.r ot the 

plantation. No further detall. are available on th1._ 

Sheikh (196') reported the re.ult. of a .paC"in& expu1 .. at 

(2 :It 2. , :It , anci 6 :It 6 III lIPacing.) conducted in Pakistan. OIl 

ptAdro!!l..u8 .tr1ctUl (?) baabOO# Dur1n& the tir.t , year. 
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atter ~anU.lI&. intercrop. 01 lIIaiz •• ber ••••• and wbeat were 

raiaed. But, atter this, intercropping was p.s.ible only wader 

the 6 x 6 m .pacing because of the size of the bamboo clUllpS. 

PaUl (1980) conducted an intercropping exper1ment in 

Dendrocalaau. atrictU! at Dharwar (Karnataka Stat.). Fiv. 

d1iferent intercrop. - four fodder crop. and one firewood -Cl.llll­

amall t1mber species - v1z., S.sbania mnd1Aora. s1re.tro 

(MacroptilJ.UII atrop!ll'l?UJ'eum). Leu_ena leucocephala. Lotonons1. 

baineal1 and caauarina e9uiaetiAoia were tried in addit10n to 

a sole stand of the bamboo. There were, however, no pure stands 

o! the intercrops concerned. Both the bamboo and the intercropl 

were planted s1multaneously. Bamboo was spaced 1.5 x 1.5 •• 

The intercrops Selbama mnd1tlora, Macroptlliu.m atropurpureUII, 

Llueena l.ucocepbala and Lotononsia baineaii were plant.d in • 

s1ngle paired row (spacing of 30 em x 15 em) between the rows 

of bamboo. suc.b. that the distance between an intercrop plant 

and the nearest bamboo s .. dling was 60 em. C.suarina '9!liset1. 

folia seedlings were plant.d 1n a single row at a spacing Of 

75 CIIl, auch that eac.b. seedliDg occurred at the c.ntre of a squan 

whose four corners were occupied by four bamboo clumps. Thus, 

the d1stance betwe.n a casuarina plant and the n.arest bamboo 

clump works out to 1.06 m. A u.nUorm dose Of fert111z.rs to 

supply 50 k& Nt 30 k& P20, and 30 kg K20 lha was applied to 

the crops. 



Tbe re.ul t. reYH1.d the intel"Cl'op. bad no effect OIl 

the growth or DMP (dry matter prod~ct1on) of the beaboo a. 
on 200 DAl' (day. attu plant1n&), the .ean total DMP of th. 

balllboo being 1.!i08 t/ba at this .taa.. As regard. tbe intel"­

crops, however. there was conaiderable "'r1at10n ('WhiCh 1. to 
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b. expEcted bEcause of the d1fferenee. 1n the .1ze. of tbe plant. 

o! di1ferent spec1es whoae growth rates yary) in the1r DMP.; 

Sasbania grand1flora prod~ced the highest DM of 2.4!i8 t/bs 

followed by Caauarina esui •• t1folla with 1.274 t/ba. The total 

b1omas. prod~ction also was naturally higher in the treat •• nt. 

involving th •• e two lnt.rcrops. 

2.2.3. General conclus.1on, on trus + annual crop. intmropp1M 
exper1.nce., 

Froa tbe foregoing reView the followinc concl~1ona "'1'1.' 
1 • Intercropp1nt:, of annual crops between tree crop. 1s 

fa1rly extensively practised. partlcularly by .aall 

farmer.; 

2. It i. practi.ed for the several well known adY8l1tag •• 

attendant on intercropp1ng such .s better use of the 

resources (laAd, water, nutrients. sun1ipt), risk 

avoidance or a1n1a1s1nb. weed .uppre.sion. spreadLh& 

labour deaand peaJta, aoll cODaerYatlon, feeding of 

liv •• tOCk etoH 

}. A variety of annual crop., aosUy foOd crops aDd 

forage crops are lnvolv.d; 



4. In alaost all ca •••• int.rcropping 1. practised only 

during the early stab" ot growth of the base crop of 

tre., which 1s teraed 'establishment 1ntercropping' 

(hartley, 1977) as opposed to 'permanent intercropplng'. 

since the trEes are planted at apacing. optimum for the. 

and not to eui t intercropp1ng speci.fically. In general. 

such 'eetablisi'lmeot intercroppin&' is prectbe-c:! for the 

iirst ; yeprs only, by which time, the trees outgrew 

the intercrops and competition bEco~ea iotenee; 
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5. The r,otable Exception to this, i8 the coconut tree, which 

allows intercroppint for two ~p.115 durlr~ ita liie span -

initially upto 8 yeers !l.fter its establishment, and again 

frOQl tne 20th year after .stabliahment onwards upto atneacence 

:::'his is b£ce use. ·JetwEeo 0-20 years the clost'd CAnopy casts 

tntenae shade, af!er which there is only high ahade through 

wtiich sunlir,ht ill ters down; 

6. It ""ould thereiore appe?r thet tree + annual intercropping 

spccecl. ill sLich c<: Sli, r..aximt.an bio~o ... ica~ product!,,;! ty 

CdYl b~ '!imed "t by optim;isilC<' t),. "pacilll> "nd crops And 

their combim'tlona. Tr.ia b.ra,,_ tas not been touched by 

research ae of date. 

1. IL a1.ost ell studies the aim bP.d been to evaluate the 

.ini:i.uence of intercropping on the base crop of tree. 

Evaluations of the reciprocal rela t1onah1p iltve sUffered 

frQIII the serious lacuna ot Dot providiq for lUI. • open' 

.field treet .. nt (i.e., 80141 crop of the 1nt~ conceraed) 



8. ThE aEchanisaa underlying thE relationships bEtween the 

tree crop and the intercrop have not been investigated 

in depth. 
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2.3. MICROCLIMATE AND ',;ATER USE 

hosenber, (1974) reported that in a soybean crop, th. 

proflle of dry-bulb t_plrature Sou fra. sharply laps. duri.n& 

81<1-day to an inversion condition in early evening aruI that 

vapour pressure protiles re .. in laps. throushout the day althouch 

the intIPnsity of the gradients vF·rles. 

'rhe ir,fluenel of the crop cover on water relations bav. 

bun studied in sOllie detail. brun!1!l. (197!?.) have ahow. 

that in soybean 1ielda the proportion of •• tEr lost as transpire­

tion is closely correlated to the LA! (leef area index) with 

transp1rztion bE1nt:; a:,:prox1l11Btely 5051· of the total evapotranspi­

raUon at an LAI of 2. 'I'h1s propor'Uon increases to 9'" of the 

tohl evapotranspiration at an UU of 4. Elanch~t!1 S. (1977) 

in a pot experiment found tb~t transpiration/unit leaf area to 

"be almost a constant, with maximum tranap1retion, but wter laB. 

(wu) varied; dry conditions decreased both leaf area and 

transpiration/unit leaf area. Total ~ production was linearly 

related to W. Seed production dlPtnded on water supply and on 

'seed; total Di'i' ratio which was high wben w"UE weB high. AIDoca 

yield coaponenta the nuaber of pOds/ste. waa the .ost affected 

by water deficit. 

Rosenberg and Powers (1970) compared soybean evapotran.pira­

Uon under fidd COMi tJ.ons to pan ewporstion. "They found tbat 

duri.o& the period June 26 - July 26. 1969 the height of soybean 

increa.'" trCIIII about'" to 102 ca. On the 20 daya UDint.rrupted 



IUD 

bJ rain or lrrl"aUOI1, the ,.verage ally ly.1aeter ET ( .... of 

2 lya1llletara) wa. 8." -Iday and the pan .... poratiGft wa. 6.:s9 

.. /day or abollt 2'" 1 ... than the ET. They conclllded that tree 

water evaporation Med not alway. indicate the Ilpper l1a1 t or 

PET (potential , .. potranaplratlon) In .ub-humid and .rld r.'i .... 

a. it doe., appar.ntly, in humid r.giona. 

stanley and Shaw (1978) developed 'PE~[': open pen ... pora­

tien' ratio cur~e8 for soybean cultlvars for thEir entir. growtb 

cycl.s. Re.ult •• bow.d that a direct relatlonahlp exi.ted 

between LAI and the ratio CurTa.. with the I118.XiIIwR ratio curve. 

being reached .hortly aftar maxiaua LAI wea reaChed. 

Thompson (1978) who studied the dfect of irrigation 

intErval 'nd plant population in soybean in a •• a1-arld 

environment concluded that the crop water us. at an 1rrieatloa 

Interval ot 70 .. of pan naporation of 766 .. or 7'" of po 

evaporation and that the peak de_ad for soll .o1sture MtDcld.d 

with the end of !lowering to early pod-filling periOd. Tbe 

estimate of KadamJ1!l. (1976) based on calculations fra. 

cllaatic data wa., however, lower for soybean; it w~. 353.4 .. 

of consumptive use. 
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2.4. LI"HT RELATIONS IN SOYBEAN 

2.4.1. Lilht int'Psiti.s p.nd photosyntheEi. in SOybean: 

hobn1n& and Buraaide (1956) r.~orted that a sinGle .oybean 

leaf reaehe. light aaturation at approximately 2000 to 3000 ft-c. 

(or at about 2',680 lux, which i. about 2a,. of .fl.ll.l sunli_bt) 

and the eompenaation point we. 100 to 150 ft.e. The estimate. 

re~ard1ng 116ht saturation intensity, of other workers were -

2000 n. e. by Brun and Cooper (1967), ~ ft. c. by Kriede_n 

.!!.!l. (1964) and 4000 n.e. (or 4, Klux) by Curtis.!! !l.(1969}. 

A at1ll h1fl;her estimate baa al.o been reported; thWl, Bowe. 

l!~. (1972) observed that the ligbt saturation for exci.ed 

leaves of soybean occurred approximately around a light inten.ity 

01 80 K lux. In all these case., although tbere is a variation 

in the reported 11~ht saturation for individual leaves, in 

general thE values were lESS than one-third of full sunlight. 

All these values were obtained on non-!ield-~rown soybean plants. 

BeUErlein and Pendleton (1971) ba.ed on fiEld .tudie. 

reported that, field-grown canopy plants beca.e light aaturated 

at 10,000 ft-c. (1,07,640 lux) but the leave. of widely spaced 

(76 x 76 ca) plants were not ligbt aaturated even at 15,000 ft-c. 

(1,61,460 lux). Evidently the behaviour of cbaaber-irown and 

field-grown soybean plants di:tfer as regards their saturation 

behaviour to light ...ntena1 tie •• 
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&OYMa8 1a • C, pa8t •• a1a1latlaa C~ bJ the Calv1D OJ4Il.e 

aDd i. cbaraoteri.ed .. ·8OD-effioient· .180e it aaturate. at 

low 14bt 1ntenait1e. aDd be. low .. xiaua rate. of photoayntbe.i. 

(Black .s1 .!l., 1969). But, Bowe • .s1!l. (1972) .tated that the 

forei0ing op1n1on baa been baaed on .e.sura.ent ••• de on ~ber­

grown soybean plant., adding that, aince soybean 18 capable of 

photosyntbe.is at A1gb rate. and utlliz1n& high light inteB.itie. 

When ,srown in full sunl1,sht, it 1& likely that the dlftereMe. 

between -non-efflcient· BAd ·efficlent- plants 18 the field •• y 

not be aa large .1 literature Bug&ests. ReCEntly, Baldocohi 

.s1 ~. (1981) reported that a developed soybean canopy with an 

LAI of 4.1 did not become light satlU'ftted at pbotosynthetically 

active radiation levels exce.ding 400 ~/.2. 

Zharkikh (1976) ob.e"8d 18cre .. ed respiration Int.naity 

under reduced light intensity. Although lower leaves apparently 

al"6 not parasitic to the plant ~h1blea and Weber, 1965), 11: i. 

likEly that soybean proQuctivity could bE increased by increased 

lighting of lower leaves. Indoental.ly. as regards the 1DflueDOll 

of dayleDlth soybeans are cles.lfled as 'short day plants'. 

2.4.2. StHdi!! Oll a.pOP" o{ lOybe!ll plant! to aUeraU. 
of lL!.!» int.ity (,bading or enr1cteeptl I 

(1) Gusral oDomtioNII 

I.bapo (1974) COIIIp8ad the growth BAd •• ed yield. of 

.oy"an varieties durine the dry Brad wet .... 0IaS and found 

that the wet .... on yield was .1.,n1ficantly bJ.aber &ad .... 
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cloaely and poaitivaly correlated with li&bt intenaity. When 

water wa not l1ait1Dg. Erl)'i (197:5) who atudied tbe effeot .~ 

plant populaticm (denuty) observed a anere yield :reducUOI1 

aa a cOllBequel1ce o~ abacUIl8. Wall and Oblrogae (1976) WhO al .. 

studied interplant competition in aoybean divided the canopy 

into 5 different atrata. Tiley observed an inbraetion betwa.n 

canopy level (i •••• atratum) and plant denaity during the pod­

!illin6 period and stated that t~t thi. might bave been due to 

alteration in the pattern of translocation and due to the 

inability ot the lowest leavea to reapond to 1ncreaaed light 

intena1ty, provided by thinning the plantae A a1.11ar atudy 

involving the reduction of plant density and ita influence on 

the rema1n1l16 plants 1& that reported by H1ebach ancl Me Collum 

(1980). They reported that the delayed removal of .. 1%e trom 

a waize-soybean mixture decreased soybean yields by 50-7~ 

of its lIIonoculture yielel. It was also observed that tbe Pia 

in we1e,ht (28-96~) by the 1ntercropped soybean during til. 

reproductive sta.,e was linearly relzted to tile percentage 

at incoa1ft& pllot.synthetically active radiation. 

(U) growth and its paraeeters, 

Ismai (1977) Who studied the effect of shading on 

soybean (IllIlOng other crops v1z •• maize, sorghum and 81NIet 

potato) reported shading had no effect on young plante, poaeibly 

because the trial wae conducted during the wet .e.eon and 

because the plante were atill ".ry youna. 
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(1) "!ibM 01' plytl 

Belolerle1n.s!!l. (1971) who atwUe4 the effect of 'braIlch 

nao .. l .1Id plant populationa OIl the 11&ht ..... efficienC)' of 

aoybean canop1.a, oo .. rnd that whU. 1lOI"II&1 planta which bad 

a 14M 1nt.neity of "5 to 60 ft-c. at iJ'OUftd 1 .... 1 dl.lr1Dc the 

\)].olllllng atag., recorded aD averege plant height of 100 _. 

w1l1le debranched planta which allowed .ore light to penetnt. 

thrOUgh th_ (50 to 120 ft-c. at ground level dl.lrina \)].0a1Dc 

ata.,.) ware aborter (avel'll6. ~ GIll). Major alld JohDaOll (1974) 

reported 1ncreased plant height ana internode number as light 

intensi ty 1ncreased tl'QlD 2 to 100 llolX under a :::It-hour day length 

rfti1llle eata\)].1shed w1th incandeacent fioQd lighta. A ....... 

(1977) tr1ed , lnela of shading (0, ItS and 7~ redllction in 

ll&bt int.naity) appli.d during different crop growth ata,.a 

(blold formation, .arly. tIlll or lat. flow.riag or young pod 4 .... 1Oj 

_nt) • He oDs.l'Yed that ahading increas.d plant bei€ht. The 

e1f.ct waa .ore pronounced with earlier and b1&her applieat1_ 

or the treataent. 

"Wahlia and JUller (1978 ) found that un.beded plant. re,1a­

tering 8 he1ght or 1.05 • were l!i¢1'1cantly ahorter than plante 

subJected to graded levela of ahading ranging Ira 2~ to 9~ 

abading. UDcler abad. treat.enta. the he1&bt .PrOIJ"I! .. iYel7 

il\cre.aed tra 1 .26 • under 2~ abad., to 1.41 • under .~ 

&bad.. 1.57 • IUlde~ '''' abade to 1 .81 • und.r ~ abaft. aft ... 

which it t.ll to 1.22 • UIlo.r the ~at de,re. (9~) of 

ahaQing tried 1D the exper1aant. 
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J.,1U'8111Ul (1979) whO cciape.red .orama-_ •• d croPP1a& 

.,.t ... ia.ol.1Dg • ., .... n al.o, ob •• "" tbat a.,_an recorded 

.ore plant height UDder the paired rowa of .or,hu. .,.t.. a. 
ooapared to the UD1f0l'lD row .,.t_. and he aacribed thi. to 

competit1on for 11&ht. Rable aDd Jt..azawa (1979) .tudled the 

affect of continllollS abad1a&. They fOund that .t ... were 

markedly eloneated ln .hade. Prine (1980) reported that .hadLDc 

prior to now.ring caused •••• re elODiatlon of .ome .t .. int.r­

nodes and reaul ted ln great.r lodging tban other abade peri~ 

tan and O.bm1a (19,2) r.ported light lntenalty of ~ of 

no:nB!tl, reduced the DUllber of branches and nodea. Johnston 

~!!. (1969) exper1aentiDi wlth auppleaental light (1 •••• light 

enricblllent) reported that l1&ht-rich planta bad more nod •• (39.6 

node a/plant a. c .. pand to 29.7 for nOl'lllll plant.; a".", 

increa .. ) ano aor. branche.. AaaDUllla (1977) reported that whil • 

• had1D& increa.ed plant hel&bt. it reduced tile d.gre. of branob-

1D& as ooapared to the untreat.d control. Earli.r application 

aDd h1&ller d.gre. of ahadinc increa •• d the effect.. Wahua 

and JUller (197~ ) recorded deorea.iDi mabel' of bl'lll1che./plant 

with progre.aiv.ly 1ncreaaiD& .bade. it beiDi 5.40, 5.9'. 4.,,_ 
,.70, 2.4, and 1.00 per plant under 0 (full .l.IDl1gbt), 20, 47, 

6,_ eo and '''' abad1a& re.,.oti .. l,. It i. evid.nt that there 

i. an increa ... in the _bel' of bI'IUlche./plant under light (201') 

.bad1D& which bad a 11i,ht int .... lty 01 9,200 ft-o. or 99 I lux. 
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Jeyaraman (1919) reported the DllllbEr of branchea/plant 

vaa lIlore UDder a unifol'll row syat_ (1 a 1) tban UDder a paired 

row syst_ (2 of sorghUIIIl1 of soybean) of planting. in an inter­

cropping trial. He aacribed the increase to less shading ot the 

soybean intercrop by the base crop of 80r,tll.1ll, in the UIlifo:ra 

row syst_. 

(3) Leaf: 

Eeuerlein ~!l. (1971) reported that the average le.t 

area/plant wa& 81.2 dm2 in plants ~ith normal canopies (which 

recorded a l1~ht intensity of only 45 to 60 ft-c. !it groUDd 

level during the bloomIng atage) whilE it waa reduced to 42.4 0.2 

in debranched plants (which allowed more light to penetrate 

through thE canopy such that the light intensity was 50 to 120 tt 

at ground level. during the blooming stage). 

eiba and Brun (1975) observed that the leaf area of the 

terminal leaflet ot the third trifoliate leaf was reduced and 

the stomatal fre~u&ncy increased on both surfaces, when the 

light intensity vaa increased from 19,300 to 32,300 lux. P.et 

and Kramer (1980) also exper1lllented with chosen le.fleta. ahadiEij 

of the side leaflets and illuminating the central onea ahowed 

that the rate of photosynthesia vaa higher in the unabaded 

leaflet and it was related to the m.sophyll and atomatal 

conductance. they foUDd there vaa a 6!Jji reduction in LA (leat el 

'Wenkert .I!!l. (1978) found that the rete of eloq.tJ.on ot 

.0yMan l.a ... crOWD in the .field w. constant in dUlue light, 
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decrefl8ecl iUledistlly and recovErEd gradually on exposure to 

full sunlitht. and increased rapidly when ago1n in shade. so .s 

to rECOVEr iIorO'oith lost durinE periods of full sunahine. The 

reasoning Of Jeyarallllln (1979) who studied soybEan as an intlrcrop 

in sor"hwlJ. that thE sie,n1ficantly higher leaf area recorded iD 

the uni~orm row syst.~ (sorghum: soybean - 1:1) .s compared to 

the paired row system (sorghum: aoybean • 2: 1) _a due to more 

av:dlabllity of sunlight in the un1fom system. is in conflict 

with the numerous reports which state that it is under reduced 

li~ht intensity 1e.f area increases. 

Lugg and Sinclair (1980) examined seasonal changss in SLW 

(specific leaf wei~ht) of soybean leaves. ThEY concluded that 

the final SL\ and leaf thick.neu obtained were modified by aolar 

radietion levela durinL the period of leaf development. Bowes 

n~. (1972) reported thllt the SLW w.a low at low light intsnai­

ties and that high liLht intensities proaoted the thickness of 

the lea!. Bellerle1n and Pendleton (1971) reported that the SLY 

o! w1dely spaced debranCbed plants _s aa high .s 0.54 g/a.2 

while that for cloaelyspaeed normal plant was aa low 8. 0." 
g/dm2 • A stronci correlation between SLW and apparent photo­

synthesiS (AP) rete hall been demonstrated by Dorfihoff and 

Sh1blu (1970) in lIoybean itself. 

BeuerleiD.!l ~l:. (1971) calculated the quantity ·le.f 

eff1ciency· (LE) which i. the number of grams of se.d prOdllced/ .2 of lea! area. They found that the de-branched plants (which 
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allowed .ore l1eAt to penetrate throuch the canopy) had a 

h16her lea~ e~ficiency (average 0.86 gra ••• ee4./d.2 leaf area) 

as compared to normal plants (average 0.47 gra •• se.ds/d.2 leaf 

area). £vidently, shaded leave. o~ .~bean are le •• efficient. 

(4) hoot. nodules and nitrogen fixation: 

i'rang (1977) reported that root. were .ore a~fected than 

shoots, by slladilli;. Several workers have studied the effect of 

light intensity on nitrogen fixation in soybean. Lawn and Brun 

(1974) reduced N2 - fixation by imposing 5~ shading but 

increased N2-tixation by supplying 2~ aore light to the lower 

leaves. Trant (1g17) studied the effect of graded levels of 

shade (0. 18, 40 and 6~ shade). in combination with different 

rates 01 "application. They found that both shadir;",: and N 

aiLtlificantly reduced the numb r of nodules and total nodule 

wei"ht. Irahua. and :Uller {1978 ) .found that shading accelerAted 

the 1058 01 total nodule 1'2-fix.1Ilj:; activity ('INA) as the .~bean 

ple.nts devel0l-.ed. The aver"t;_e TiiA c nc dry lR'1i,ht 0;[ plant tops 

were h1~hest at 2~ shade (99.3r lux) and decreased curvllinearll 

as shtldifli. increased line;'rly. They concluded that croPPin& 

J:;r'iiCtiCt!S should allow at lei' 5t SOii' of ambient 1llumination 

measured at the heiC;ht c! 50 em for sut·~tantial eoybean N2-

fixatiQn. Eriksen (1978) who stUdied the effect 01 _ l1&ht 

intendties (27. 45, 70 or 1001! of full daylight) rerorted that 

acetylene reducticm was lower only at 27'1< of daylight, in the 

caalS 0;[ soybu.n. 
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Rabie aDd KlIMu_ (1979) ob.erved 111 pot triala that 

nodule size and number were decrea.eeI by 8bad1n&. In natural 

li&ht, howe •• r, the hJ.&heat vall.ie. of nodule .ize correspoDded 

to lower nodule 1ll.Bbera. N1trogen tixat1em wes decrealled bJ 

shadlng aa well as by N_pplioation. Trang and Giddens (1980) 

alao in pot trlala involv!n& _ level. of shading (0, 18, ~ aDd 

60,. ahad1n&) and two level. of t! application, Observed that 

unshaded plants produced higher nodule .ass and nuaber of 

nodulu tblln shaded plant.. TaDS.ka..!1!l. (1960) reported that 

shadift6 nodl.ilating and non-nodulatin& i.o,enic line. of leybaaa 

ca~ed little redl.ict1on in "2-f1xation/un1t nodule we1ght or 

h-uptake/l.iD1t root we1e;ilt. The greater deleterious effect em 

symb10t1c plants than on non-symbiotic plants lupp11ed with. 

fertilizer wei attributed to a greater reduction in the weight 

of nodules tnan of root. in :e.ponle to .hading. 

SchweitZer and Harper (1980) experimented with lieht 

enrichment l.i8ing foiled reflectors comperina it with black 

board reflectors ae well es wire-mesh screen reflectors (to 

.eparate temperature anc li60t effects). ThEY reported foil 

reflector treatment increased nodule actiVity (l.e., acetylene 

reduction and dElayed nodule BenEscenc~, as c~par.d to tbe 

othEr treatments. They concluded that 11li.ht penetration in a 

closed canopy environment may limit N2-f1xation by the roet 

nodules and nitratt redl.letion by the leaves. t'ra-na and GIddens 

(1980) stated unabad.d plants prodl.lced more nuaber of nodUl •• , 

1I0re nodule .... and N tbaA shaded plant •• 



(5) !.tit' (In Matter Ptoc!w:t1oo), 

The data ot ii ..... rleill !1.!l. (1971) reTeal that nOl'aIll 

plante (i.E., without branch re.oval) recorded a bigher dl"1 

weight ot stem (a.erage 47.2 craa./plant) a. coapared to de­

'branched pant. (aVEra.,. 26.1 6J'1I..-.). 'I'he .te. dry weight 

included the weight. of tbe main .t .. + brancb •• + petiole •• 
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The authors did not explain this difference of 68jI. in IlIte. dey 

weights. SiDee branch •• also contribute to thia weight, evid.ntll 

the de __ branched plant. r.corded les. weight and it is difficult 

to hazard all)' furth.r explanation. SChOU.!!!!. (1978) r.port •• 

that 116l1t enhancement lUling alualnil.llll foll re.flactors dur1n& 

lat. flower1n& and early pOd formation, increased st.m + fruit 

wd6ht by 50,<.. 

That Ll'IP sui.!er. under reduced 11ght intensities 1. _))3., 
borne out by the "au! ta ot se"eral stlllSi... Pope.cu and Annt' 

(1977) stated that the yield of aerial part. -.. d.cr.ased DY 

decreased lipt intenuty. Aaamaa (1977) tried' le"els of 

.IUlding (0, 48 aQCl 7~ r.duction in light intenl!!ity) iIIpo.1n& 

thea dur1nl!, bud formation or during .flwer1nt, (early, full or 

late flower1nc) ata£,. or durin& lat. pod developaent. H, fOUDd 

the Di'il' to be redw:,d by the two shadi1'l& treAtments, the d,pre.­

.10D beinl .c,ntuat,d by hi~r shad. and earlier application 

01 shad.. Tb. DfW. howver, iIler.aaed after the treatmeAt. 

ollua • .lld M1ller (1978 ) report.d highly a1gnUlcut 

neeetl?e correlation between !rPah •• well •• dry weighta o~ 
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plant and abadi_. Kia ct"ta reveal that aU tb. oaponenta 

ot a.rial. dry w.i&ht, were progressiv.ly reduced .a shad~ 

intensity 1nereas.d. Thus, the dry weights of at .. , l.avea 

and poda per plant were 19.", 24.44 and 21.44 grama respecti­

vely at full lit-ht ("" abad.) whereas th.y were reduced to 12.88, 

14.88 and 16.00 gra .. UD, er 4.". sbad., and to 10.13, 10.:58 and 

shade ~nd finally, to a mere 1.6" 1.56 and 1.00 grams under 

9~, shade. 'i'he.e WOUl.d represent reductions of 92)t for st .. , 

94~ for leavu end 9"" for pods, WIder the 9'''' shading intensity . 
as cO'IIpared to cOITe.ponding value. under no shad1n& (i •••• full 

sunlight) which er. tak.n aa 1~. This cl.arly ahows that 

severe shading curtails OMP s.verely. One intereating festure 

of thE data is the stimulating .ffect of light (2"") sbad •• 

Surprisingly. this treataent bad record.d higher values ot DMP 

for all the 3 ccaponents of aerial parts, the increases (agaia, 

tak1ne, tnE valu.e for unahaded condition as 10QJ6) being + ~ 

.tor stem. + _,., for leave. and + 34% for pods. This would 1N".s" 

some sl15ht shading i. actu.ally benef!cial to soybean aa c~ 

to growi1l& it under full sunl1e',ht. 

Schweitzer and HarpEr (1980) baaed on result. of tielet 

trie~s report." that 1411t er.bancellent USing toiled renector. 

increased total 1)."4 accumulation. while this result show. that 

supra-normal li~ht increases OM? it conflict. with the results 

ot Wanua and Miller (1978 ) reviewed above who tOUDo a slightly 

sub-nol'llftl l4bt i. beneficial. However, it is possible that 



this dlscrepaDCy i. due to dU.t.renc.s in .nviro ..... ntal 

conditions b.tween the two experillents. 
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Some investigations sbow the possibility tor mitigating, at 

I.Est pertially, the oepr.ss~ .f~.ct o~ shade on nMP, throug~ 

fertUizer applicatiOD. Thus, Rabie and Kuaaza_ (1979) reported 

that shad.-grown plante bad low I»'l accumulation, but it could be 

cowpensatec! .tor by N application. S1IIIUe.rly Trang end Giddens 

(1960) in pot trials involving 4 lEvels ot Shading (0, 18, 40 

and 6~ shading) and 2 levels ot N fertilization (0 or 30 ppa N 

as am&o~lum nitrate, applied at sowing) observed that plants witb 

no shade (i.e., 6Town in full light) produced hi6hEr DM. They 

also observed the teneficlal influence of N fertilization. 

(iii) ride parameters ::o.m! Yield: 

(6) fOS)"in';"; 

Cstedral and Lantic:an (1977) reported that the number at 

pods/plant was reduced by ~ undEr shade (~ of full sunlight). 

~rlkaen and whitney (1977) observed that the number at poda/ 

plant was reduced at low light intensities. Wahua and Miller 

(1976 ) observed the number of pods/plant to significantly ditter 

under the 6 sbade treatments, it being as low as 4.47 pods/plant 

under 9". shading, '1.50 under ~ shacling, 51.10 under 6~ .had­

ing, 69.45 under 4."., shading, 98.03 Wlder 20!0 ahad1n& and as blgb 

as 115.15 UDder 0)6 llbading (i.e., no sbading). A high De&ati" 

correlatiGr.l bet_eD _beT of poos/plant and • .bad.1n.g _. 

observed. Schou.l.1!l:. (1978) ua1!l{, aluminium 1'011 reflector. 
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enr1c:bec1 tne 1l1u&lDatiOll aDd found that the lie;ht ... nriche4 

(5"", .ore light i •••• PAR) plants had ~ lIOI'e pods/plant than 

the controls. SLailarly. in another exper1aent, involvinl not 

only reflEctor •• b~t alao black boards (with .. me position as tbe 

refleetors) they fOWld that the nWllber of pods/plant va. 1ncraaHl 

by both th. treatment. - by '1~ for reflectors and 2~ tor black 

board., a. compared to untreated controls. In both the experi­

ments. the treatments were applied during the late flowering and 

early pod formation steges. In the second exper1ment, beside. 

l1<bht enrichment (reflectors and blackboards), shad1ng (5", 11&ht 

reduct1on) was also applied during the same periods as tne other 

trentments. It was seen th.",:,t the number o! pOds/plant was 1~ 

lOWEr Ulan th?t for the control. All plants stort.d 27.?A'J.. of 

pods. Asanwr,c, (1977) in P. sh,'Gil'lt, experiment oesErved th8t the 

nUlibEr of fertile pods/plant and dry metter ;'roductlon (liMn 

at eerly and late nC»J€r1l1t staLes, were positively corr,lated. 

Johnston ~!l. (1969) 1n a field expEri.ent in which 

sup~lEmental l16ht was provIded (by !luore.cent lam~. and white 

polythena strips spread on thE ground) found that the light­

enriched plante bad 79.2 pods/plant while tb£ normal Wltreated 

plants hao only 55.5 pods/plant, an increase of ne~rly 4~. 

HOWEVEr. ther. were only marginal increases for light-enricbed 

pla.nts as regaNs thE Dllllber ot pods/node O.~ 1ncrease) and 

tbE DIJIlIber ot seed'./pod (2.91 J.ncrea.s.). 
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(1) ".ber of a •• 4./plaptl 

Johnston.!1!l. (1969) 'Who experillented with light 

enrichment uaina !luoreacent lampa in combination with whit. 

plastiC atrips spr.ad Oft the ground, report.d that llgbt­

.nricbed plant a bad more number of a.eda/plant (198 numbers) 

as compared to untreated nOl'llal planta (1}4 numbera). Gu1'ty 

!l!!. (1981) applied abade treatments (approximately ~) for 

10 days prior to flowering, after flowerina during initial pod 

development and during the linear phase of seed filling, in a 

Held experiment. Pre-antbeala she de did not reduce the n.lIer 

01 seeda/pod and had no aignificant effect on final s'ed aiz., 

s.ed growh rate (SVR) or .ffecth. filling periOd (UP). Poat­

anthesla ahade (during initial pod and 8eed de¥elopa.nt) did not 

I'educe a,ed aize, ::.tiR or U'I'. Linear pbaae shede did not algn1-

iicantly reduce the ftuaber of ae,da/pol but tbe SGR was r.duc.d 

ano thie waa cOUpled with a lonc,er UP to prOduce a.ed ,qual 

In size to the control. 

(b) S,.d aiz" 

In a l1&ht-enriClaent .xperim,nt (field trial) Jolmstoil 

.!1!l. (1969) observ.d the 1OO-s.,d weiEht for llgbt-er~ich.d 

plants to b, low.r (14.8 grama) than that tor the noraal _treatl 

plant. (15.' j,1'B.U). B.Il.rldn .!l.!l. (1971) in a atudy OIl brena! 

rellOVal aa a .. ana of increa.ini the !fflclenC)' of light in 

.oybean canopi •• , reC)ordld a bigher' 100-••• 4 weight (19.11 iJ"&II8, 

for' the 4lbranc:h!d plant. (wbich ,admitted more light throup 

the canopy) tbaD for the normal plant. (11.88 snaa... The 



reaul t. of the .'Dove two .twU •• are Oonflict1n& .inc. whll. 

in both .twU.. 11&ht eDbaDo ... nt wi thin th. oanopy baa be.n 

achiEVed - in the fir.t os •• throuah fillor •• c.nt lop. and 

white plastic .trip reflector. and in th ••• eond ca .. throuah 

canopy lII8I1ipulation (i •••• branch 1"eIl0000l) - the 100-a •• d _igbt 

waa redlolc.d in th ••• cond ca... It i. poadbl. tbat th •• xt ... 

aasimilatea that became available in branch - remov.d plant •• 

which otharwi •• would have been diverted for braDeh d.v.loJ8ent. 

were re.ponsible for increa.ed seed weight in th. aecond caa •• 

It is not clear wheth.r the low.r a •• d w.1&bt record.d in the 

study of l>.llerlein .!1.!l. (1971) could be aacribed to the allto­

shadin& of l.avea in the normal canopy. 

Reaulta from experia.nta at.ed at t.ating .xclll8iv.ly the 

81!ect of shading deaon.trat. that shading d.pr ••••• 1oo-a •• d 

weight, excepting under certain circlolaBtanc... Thus Cat.dral 

and Lantican (1977) report.d a 12% decrease in 100-a.ed _ight 

Wlder ~ ahadint. as compared to full sWll1ght. Again, th. 

investigations of Wahua and Miller (1918 ) r.veal that the 100-

se.d weight was h1&hly .1gni!ic~ntly and negativ.ly carrelat.d 

with shade. The 100--•• ed wei&ht we. 13.27. 15.10. 15.17, 18.25. 

18.50 and 16.24 gr?m. under 93, 80. 63, 47 20 aDd ~ abad •• 

respectiv.ly. It i. s •• n that a certain .mount of .had1a& 

(20 and 4~ of tull light. in thi. ca •• ) actually increa ••• tb. 

100-a.ed weight (14,. and 1~ increase tor 2~ aDd 47J' abad1D& 

reapecUnly .a capered to full aunl.ight) even tbOU&)l .... 
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at ... ablut1n& reduce. it proll'e .. ive1),. This atillulat1Dg 

effect of 1i&ht ahade perbapa 118)' be napenaib1e tor the OOft­

fllct1n& evidence. ot the different .xper1aenta. 

Quite apart from tbe atenait)' ot ahad1n&. the t1ae ot 

iapodUon of ahade appeara to influence .eed wdght. Pr1Jae 

(1980) ob.erYed that ahad1n& at the pod eDlarC ... nt ata,. uauall, 

reaulted a acrea •• d ••• d weiiht, while later .hadiDg duriD& tbe 

aeed-f1l11n& atage re.ulted aa1Dly 1D reduced .eed weight with 

l1tUe chanie a .. ed numbera. Gutf)'.!l!l. (1981) reported tbet 

pre-anthe.i. abade bad no a1gnificaat effect Oft t1nal .eed ai •• 

and poat-anthe.i. ahade did not reduce .eed aize. 

(9) Grain; stover ratiol 

Schweitzer and Harper (1980) reported light e.nricbaent 

with toUed reflectors increa.ed the grain. stoyer ratio, as 

compared to black board and wire-.eah acreen reflector treat.enta. 

(10) GraAn Yield, 

Jotmaton .!l!l. (1969) .xper1llented with aupple.ental light 

(fluoreacent lamps fixed at , C8DOp), level. - 2'. 46 end 69 _ 

above groundl additionall)'. apreading of white pol,tbena strips 

on the ground for reflection of light). The), ob .. rved that li&ht· 

enriched plants yielded 4,132 kg/ba of ••• d aa a,aast '.'38 

k&/ba for untreated (i •••• noraal 1l1Ullination) plent.. Sin .. 

104111&& did not occ.z either in light-rich or cbeck plots, tbe 

17~ ),i.U iDcna.e _ •• scrib.d b)' th .. to aore 11&ht 'beiq .de 

available to the Ilid'le and lower leav... Further. the reap0a8e 

to 11gbt was .ore pronOUllen at the 'bottoa ... 1Ii'.le }lUiU-
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wbare yields were increa.ed by ~ aDd 2~ re.pectiYely, a. 

COIIlparwd to correspOad1n& levels in the noraal (W'ltrwated) 

plants. A. regards the yield in the top position of the canopy 

there waa no differenca bet_en the treated aDd UIltnated plant. 

aince tha light intenaitiea there were a~oat the ..... 

It pot trials, Zharkikh (1976) observed that r.duCina tbe 

li6ht intensity QUr1n& the flower1n&-pod formation, .s well •• 

tu. pod-fillinj periods, produced a non-ai&nificant deere.ae in 

seed yields. P~pescu ano Axinte (1977) who conducted ly.1aetric 

stUdies tried 2 levela vf illWllination (68-7~ and 100t of 

ndtw-al lioht). Seed yields were reduced under abad1n&. The 

yields were 1.66 tlha (86 .5t'). 1.68 t/bt& '93.1,,> and 2.08 tibia 

(92.4~), for 3 di~ferent time. of application ot U, viz., dur1nl 

ve6etative atage, at the beginning of tlower1n&, and at pod 

.formation; the f1gw-ea within the parentheses indicate the 

yield under ahade aa a percenta~e ot the corresponding yield in 

full sunlignt. nen (1977) rep<)rted 50Jb .bade throuchout tbe 

~royth pl:riod (i.e., conti,auoua ahade) reduced grain yield 'by 

5~. 

Aaanuaa (1977) subjected soybean to ~ or 76" reductlOJl in 

li&ht lutenatty during bud toraation, early, t~l or late flower­

i~, or young pod dfvelopment. S.ed yi.lds were reduced a. 

compared to th. unahaded contrOl, and the ettect was proIlouruaed 

with higher degree and earlier application of .bad1a&. Catedral 

and Lantican (1977) au'b;)ected 20 cultivara ot .oyHan, .... otbel 
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treat"llt., to two le .. l. o~ lJ.gJrt inte.naity ("'" aDd 10Cl!!' 

.unlisht). While the un.haded crop ga .. 1.02 tlha, the .bacl .. 

(50!' natural l1&ht) c:rop aave ollly 0.11 t/ha. which repre.eat. 

an yield reduction of~. Erik.en and Whitney (1911) p'e" 

soybean (be.i4e. Duab bean and cowpea) under'" l1&ht intenaiti •• 

(100. 70. 45 and 27'Iio of daylight). They ob.ened II ai&J'l1ticant 

yield decrea.e aa the light inte"81ty decrea.ed aDd thi. was 

related to the reducecl pod number./plant. 

~r1k.en (1978) studied the affect o~ shading on 10 clifferent 

plant epecies. including' grain legume crops, using 4 light re­

g1lJles (27, ".,. 70 and 1~ ot tull daylight). He found that .... 

yield of soybean was decreased with decrease in light intensity. 

~ahua and Miller (1978) using light t~ns.lss1on saran screen. 

subjected soybean plant. at the 4-tri!011ate leaf atage to 5 

levels of shadl~ (sunlight reduced by 93,80,63,47 and Z~, the 

avera",e aabient lllUlllination being 124.2 It lux). T~ found tbat 

••• d yiEld was hi&hly significantly and negatively correlated 

(r • -0.93) with .hading, the grain yields under di!~erent .bad. 

levels belhf, ~ (at 9~ abade), 1~ (at 8~ ahade). 48,.: (at 6", 

shade), 7'~ (at~ shade) aDd ~ (at 2~ abade). 

In field trials Ichou J1 !!.(1978) studied the ettee. of 

Hgbt enrichment IolSin6 all.lllin1WD foil reflectors and black ltoeM' 

positioned at 45· pngle to the ground. aa wall .a abad •• , oa 

soybean irowtb and yield. Tha reflector treataente ~ 

establiahed weekly. on the ',north 8ide of E/W ron aDd increased 

aaOWlt of PAR (photoayntbetically active radiation) recei .. 4 bf 
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the planta, l»y 51J'. In one expcr1Mnt (1913) refl.otOl' treat-

.. nt duriDi the period of late flowerina and early pod fOl'll8tioa 

increased .. ed yields l»y m .s caapared to controls. In another 

experiment (1974) reflector treatment lapos.d during the aa .. 

period a. before (lat. flowering or early pod formation) iDere .... 

the seed yield by 40% over the control. In this experiment • 

shade treatment (which gave a light reduction of 6~) was alao 

included. ~ich reduced the seed yield by 2~ as compared to 

the control. 

Schweitzer and Harper (1gaO) also studied the eff.ct of 

light enhancem.nt on soybean in field trials. Their experiment 

involved , treatments (1. light enhance .. nt using tolled refleo­

tors positioned on ~th sides of the row; 2. black boards •• ,­

on either side, 3. wire meah screens, 4,· On either aide. to 

separAte temperature effecta fram light effecta; 4. accelerated 

tloral irmuction; and 5. control). They found that aeed yield 

waB increaaed by the reflector treAtment aa compared to the other 

treatments and concluded closed canopy shading may reduce OM 

accumulation and seed yields. 

An exper1lMnt in which the abade intensity _a held 

cOnstant but varying th. duratlon of !aposlna the ahade a~ .811 

aa the stag. of crop growth at which aucb abade 18 !apoaed waa 

coDClucted by Prine (1980). Three durations of abadilll (7.5 and 

o daya) of ~ich one WIlli zero (1 •••• no ahading, fll1l. l1&bt) 
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wh1cb aeneel .a coatrol were tr1ed. The ahade wea caused by 

atretch1n& black plastic rabric which allowed about 2~ ligbt 

tral1llll1ss1on. The sbade treatments were app11ed during different 

atages ot crop growth encoapasa1ng practically the entire lUe 

cycle. It was .. en that shading reduced s.ad yields by 1~. 

tb. greatest y1eld reduction occurring when shading waa tapo ... 

just prior to flowering. atter flowering at the pod enlargement 

stage or during seed filling. 

Gutfy J!!l. (1981) a180 had studied the influence of the 

Ume 01 ilIlposi tion 01 shade during crop growth. from 10 daya 

prior to flower1n& up to the linear phase of seed filling. 

Iheir result. bave already been presentad under 'seed size'. 

Canopy manipulation as a means of incr •• sing the efficiency 

of light through improved penetration, has also been experimented 

with. Thus heuerlein!!!1. (1971) attempted removal of all 

vegetative branches by clipping them with scissors when they 

were 3 to 8 em long, combining this with 3 plant spac1nga (25, 

30 and 35 em). The li~t intensities recorded at ground leyel 

(amoD6 a total of , levels) were ranging between 45-60 ft-c. 

under the d1!!erent spacings for the nOI'lllll (i.e •• no brulcb 

removal) plants, and between 50-120 ft-c. for the de-braDCbed 

plants, at the blooming stage. At pod-filling 8tage, tbe 11&bt 

intensitie. were almost identical under both treatmenta, the 

ditter.ncea bavin& 'ftJ1.1ahed. Gr"in yields (averagin& over the 

.3 plant apaciQ&s) were _,080 kg/he for Ilonaal and I+.O~ k&lha 
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~or de-branched planta, ahow1n& no difference due to treataent •• 

However, there _a an interaction between branch r_cwal and 

plant spacing with de-branched 25 ca·spscing plants record1n& 

the maxiaua yield of 4,397 kg/he which would aU6geat that de­

branching is helptul when the plant apacing i_ very cloae. 

2.4.10. S!,I!!!arx of the review of inve_Uaations on _hadincl 

The following brOl!'.c conclusions are inferablt! f~ tbe 

forego1nc review; 

1. Information on the response of annual herbaceous plant. 

has been gathered through indirect observations (e.g., 

yield differences under different climatic environmental 

as well aa through direct observations. 

2. Xhough in same inhrcropping experi .. nts. in.formation Oft 

light climate also .. y be recorded. the elucidation of the 

primary effect of light on the growth of the sheded plant 

is difficult. Experiments involving artificial ahadiac 

using inanimate ahade. will furnish • aore or le •• accurate 

picture of re.ponse of plants to shade. 

,. HoweVEr. the reaults of such artificial sh~d. expert.ent. 

sutfer tram the serious lacuna of simult6neously alteriac 

tne other parameters also of the microclimate (for e.g., 

air tt!llperature. reletive humidity. 80il moisture and .011 

tellpereture). 



4. Hall)' exper1.E:nta involving both artificial ahad1n& a. 
_11 a. artUicial ellhanc .. ent of light reaching the 

canopy of an annual crop bave been conducted, part1cularly 

during the last decade. Besides, a few experiments have 

been COnducted on aources _ink manipulation. also. 

5. All theSE exper1lllenta bring out the deleterious influence 

o! reduced l1tht intensity on plant growth. 

6. However, a slight reduct10n in the intensity of light 

appears to exert a stimulating influence on plant growth, 

as 1s seen 1n thl case of soybean. But, as seen in soybean, 

such stimulation of growth does not get reflected in y1e14. 

7. The stimulatory effect is perhaps ascribable to reduction 

in CO2 and latent heat flux and moderation of temperature, 

and probably also to the avoidance ot the destruction ot 

the photosynthetic mechani .. at extremely bibh levels of 

intens1ty, far above the 11~ht satw'at1on pOint. 

8. A_ regards soybean, the com,)enaation point is around 1.1 to 

1.6 K lux 8lld light saturation, in a field-grown crop at 

eorul .pac~, appears to occur around 80 to 100 Klux. 

9. In soybean, shading reduce. the plant para.etera- beight 

of plant, number of brancbes, maher of pod. and aeed .i&., 

appears to exert 11ttle ettect on DIlIIIber ot seed., a%Id 

increa.e. leef area. Root nodule. are negatively aftected 

by shade. DMP and final grain y1eld are reduced 'by .. d •• 



2.,. INFLUENCE CF PHOSPHmUS ON SOYBEAN 

A. early a. 192' GiDa'buri reported soybean when grown 1n 

cultur •• olutions lacklDg 1n Phosphorus to produc. non-v13ble 

•• ed •• £aton (1950) de.cribed the e~~ect o~ d.~iciency o~ P on 

the p'owth and .etaboli_ of .oybean. He reported thet the 

plants were stunted, low 1n mo1sture content and the l.aves 

werE initially deep green in colour whi~h subsequently 'became 

chlorotic and died. The de.!icient plants aCCWIlulated .ore carbo­

hydrates 'nd soluble N .!ractions due to interrupt10n of prot.iD 

synthesis, particularly at the amide ata... Baga •• (1953) con­

finned the lack of P at the beginn1~ oi' fiow€ring reducing the 

protein synthesi •• 

2.5.1. Grein Yieldl 

(a) kEsfonse to applied PI 

As early as 1918 I' ellers observed a bene!1cial eftect tor 

the application ot 100 to 1Z0 lb PZ0t/acre. Gandhi (1956) 

recommended a phosphorous dose ot 60 lb/lilcre. Islam (1964) 

found P to increase grain yield upto a dose of 200 lb P2o,/acre. 

i"Iiyaaaka .u!.!. (1964) reported an y1eld incr .... of 216ft, tor P 

application. Subsequently they (M;yasaka .u.!.L, 19"~6) aecured 

increased soybean yields for applications of 60 and 120 kg P20,/ 

he. Antbony (1967) concluded t.bat an annual application of 

atleast lt5 lb Pzo¥('cre waa necenary to keep up aoybean y1eld •• 

Singh and S1n&h (1968) lot a linenr reaponae to applied pho.pborut 
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"Pto 80 k&/ba. JetbllalaDi.u y. (1969) nCClllllended 80 k& 

P20';- for profitable .oybean yield.. Sill&h and saxe .. (1969) 

advocated the application of 100 k& P20';-' 

Toaar aDd Dev (1973) recorded grain yield increa.e. of 

'3,86,100 and 12~ over control for F applic~tion level. of 

3O,60,9(J aDd 120 kg P20';ba respectively. Rnvankar and Badbe 

(1975) obtained the highEst yield with an applic~tion lEvel of 

80 kg P20';ba. Agarwal and Nar~ (1975) applied P at , do •••• 

(0. 40 alld eo kg P20';ba) in cOllblnaUon with N (0 or 20 kI M/ha). 

A m6x1aum grain yield of 1.72 tIna was obtain.d witb 80 kg P20,. 

20 k~ N/ha. Var1eties d1ffered in their rasponaea. 

Fauconnier (1976) atudied the influence of both F and K 

each at 'levels (0, 100 or 200 k6 P20, or K20/ha). Yield 

increased from 1.22 t/ba in the control (i.e., zero p) to 2.23 

t/ha in the 100 k& F20';ba tr.atment but it decreased to 2.17 t/ 

ha at the highest doae of 200 kg/ba. Ferrari.u y. (1976) alao 

studied the response to F and K besidea Ca. Four levels of P viz, 

0, 109, 200 and 300 k& of P2os/ba were tr1ed. They found that tbt 

.rain yield increased signif1cantly at several loci tiona. They 

alao olJsErVed a f,:voureble ea X P interaction. 

Nogue~ !1!!. (1977) studied the reaidual etfect in tba 

aecond year of appl.icaUon ot , ].evela of P (100. 200 and 400 

kg P20'; ba) and of It dU'fennt phoaplwte aourc.a . (DBtUl'lll. 

phoapbat •• 1uperpboaphate, tbal'lDophoapbate and triple pho.phate). 
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tney found a. reaards levela Of application. irreapect1Te 01 

the P aource. &rain yield _s higber with 400 kg Pz0,t- thaD 

with 100 or ZOO kj;. Further, as regard. souroes, &rain yield 

was aili;n1t1cantly higher wi til superpbosphate. RaDII and ChalilCl 

(1977) who tried 4 levels of P (0,40,80 and 1Z0 kg Pzo,1 ba) 

reported P application increased yield. from 1.07 tina for c~ntrol 

to 1.51 tina for the 40 k& level and to Z.03 tina for the 80 kg 

leveli however, the yield declined after that, to 1.81 t/ba 

at the hlghE't dose of 120 kg Pz0,lha. In this expEriment a 

uniform dOSE of 20 kg N/ba bad also been Liven. Sharma (1977) 

",ho studiEd the respc-tlse of 3 cl1ltlvare to r- at graded level. 

ira.. 0 to 60 kg PZ0,iha as well aa to N et graded doaes of 0 to 

~O k~ Nina, found a response to the applieetlon of 20 kg Pz0,tba 
N 

but no rEsponse to~appllcation. 

Milanez ~~. (1978a) in field trial. ~t ~o localities 

stuGled the response to 3 levels Of e.pplication of P (0, 80 and 

160 k& P20,!ha) besides to Nand K at graded level.. In both 

the localities groin yield increaeed with application of P and 

also Wi t:tl the h1gher dose of appllCf1tion. The y1E'ld increa ••• 

raneed from about 26O)t to as much a.~. Again, 1n another 

exp€riment at 3 localities they studied the r •• ponae to 4 graded 
'P 

levela O!A'O, 60. 120 and 180 kg P20,lha) beSide., to 3 graded 

levela of K a4d 2 ~ Ca (Milanez.l!.!!. 1978b). They reported 

6I'a1n yidd was s1gr 11icantly increased to 26~ and 36"" OYer 

control by 60 and 120 kg P205/ba respect1vely. 



RlUlpa.lh and Slnba (1919) reported gra1n yleld to lncrea .. 

wlth 1ncre.sina application of P from ° to 60 k& P20,lha, 

However, even thoU6h the yleld increased with the next higher 

do •• (90 kg i'20,tha) it .... not si&ni:Ucant. Souza .!1.!l. (1919) 

tried 8 graded levels of P (0, 30, 60, 90, 120, 150, 180 and 210 

k& P20.jlba) and compared to two methods of application (l"fIW' 

application .!t. broadcaatin&). Yield acrea.ed from 2.29 t/ha 

with no P appliC8tion to 3.78 t/ha with 210 kg PZ05/ha application 

~alculated rates of PZ05 to give the h~he.t yields were 177 kg/ba 

f::or row application and 152 kg/ba for broadcast application. 

l.ocat1onal and v;,rietal differEnces in response to applied P ba. 

~e.n report.d by Rol1m.!1~. (1979) who tr1eo 4 levels (0,110, 

2~O and 330 kg P20~ha); however, applied f increased brain 

yield in all ca •••• 

Ca.~ ~!1. (1981) found that unfertiliz.d soybean 

recorded only 26~ of tbe yield recorded with optimum P applica­

tion. 'l'ouchton .!l.!l. (1981) compared ratu and tillles of F 

application. t,nr,ual rates 0,30,60 and 120 kg P205/ha were 

aoopted. GraiL yield rEsponded to epp11ed P but th.re wa. no 

response pr'1marlly 'A'ith the first aprlied inCNmf!nt; ti ... 0:1 

applicat~on did not affect yl£lds. Bodrero and Racca (1981) 

studied the eifect o:t' dil;'ferent levels of P I'pplicPtlon ranain& 

!r~ ° 'to 150 ~ f',O,tba lb€Sides. v'Cryin[; levels of N as well 

a. N + ~) and repQrted yield responses to applie~ F of the 

order ot 2.4, t/ha with 100 kg l'Zo,/ha and 2.65 t/ha with 

1.50 k& p,O,tba. 
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(b) Absence of nfPcmae to applied Pa 

While positi.e response to applied P bas been repor 

by a number of workers, n!~orts are also not uncomaon on the 

non-responsiveness of soybean to P application. Kurtz (1976) 

Who reviewed response to fertilizer applic~tion concluded soy­

beana are relatively insensitive to direct fertilizer applicatlcma 

~nd improved 80il fertility, th4residual fertility levels after 

grow~ maize being ade~uate. 

In field experiments on soils of low P and K • .arietie. 

responded significantly to K but not to P (~e Mooy, 1965). 

Thompson and Brown (1967) applied a high dose of 900 lb/aere 

of a 0-20-20 fertilizer mixture to soybeen. The high level of 

fertilizer did not increase yield during the treat.ent years, 

but generally increased it in the subsequent years. Patraacoiu 

£!~. (191&) who tried total application/rotation Of 31e.els 

01 J;' (100, 200 ana 400 q; P205"ha) .found that soybean yidds wen 

not a!tected whlle the other crops (wheat and su&ar beet) of the 

rotation gave yield increese. to the F application. Lawerence 

£!!!. (1977) who tried 4 levels ,0, 30, 50 and 90lb/eere) in 

eacb of f and ~ found no 81snificant difference between the 

treatlllenta. Fhillip. and t;artluOll (1979) who tried 4 level. 

in eacb of f and K (0, 30, 60 aile! 90 lb/ecre of P or It) tOUlld 

that while there was an yield increase for X app11cat~oa, 

atle.at in 2 years out of 5 year., tbere wae no reaponae at 

all to f application. 



Definite yield depres.iona due to applioatiOft of P 

al.o been reported. Tbua DWlPhy .!1!!. (1968) found y181 

all varietie. t •• ted to be d.pr •••• d by the bighest level ot P 

application. Sia1lar tendenciee of yield decline with applica­

tions of P beyond an optimum level have already been pOinted out 

under section (ix) (8) - for e.g., Fauconnier, 1976; Rana and 

Chand, 1977. ~ven, the control plot out-yielding the P-applled 

plot has tEen reported. Thus, Shahidullah !1!l. (1079) who 

tried P+K combination each at 4 levels (0, ,0, 40 and 50 lb/acre 

of PZ05 or K20) OVer e uniform doa. of 40 Ib N/acre, report.d 

that thE ;naxilllua yield of 478 kg/acre "''8t: recorded by the control 

\1.£, no ?K) vlot. 

It 1s seen from the foregoing that response of .oybean to 

~ fertilization bas been variable. One posaibla reason for thie 

could be verietal differences. Remark-3ble di;ft'erences in varietal 

rE&"OIlSe to applied P have been reported by several worker •• 

Thus, at r~gh doses of P, ~ow.ll (1954) found the variety ·Ch1et­

to respond favourably well in .-owth while another w.rlety. 

flLincoln· showed definite SYlIIrtOllls ot ?-toxicity. Howell and 

hernard (1961) classified 44 soybean varieties all 'tolerant'. 

'slii;lhtly sensitive', 'intermediate sensitive' end 'very aen.1U.., 

acc-.rdill.6 to their response to bigh concentriltlona Of p. lJ1. 

furtner study, Foote and Howell (1964) tOWld inorea.~ the P 

supply increased tb~ uptak~ .ore in sensitive than in the to1era. 

varieties. They also found that the tolerance 10 the variet!e. 



waa largely dlle to redllced u.ptake. With the aid of 1I1t 

lng, they found the ienotypic difference infiuencing thi 

tolerance behaviour resides in the root •• 

Another possible reason for v~rieble response is tbe level 

of soU P. From greenhouse t.sts Kamprath alld Miller (1958) 

concluded that the soil P was thE only factor glving indication 

of the probable yield of soybean. ~elch (196,) .t~t.d that the 

native s011 P alway. had a be~ring on the reaponE. to applied P 

111 many experiments; an yleld response in soybean to applied 

P was ob~ained when the 8011 test showed less than 40 Ib/aare 

of available p. In fl;orth Carolina Nelson and H~rtwig( 1948) 

obtained 6.4 bushels/acrE on a low available 1'-so11 as compared 

to 33.8 bushels/acre with added P. Bray (1961) showed that with 

10 and 30 lb/acre 01 available P205' soybEan yields would be 75 

:9,nd Sid" 01 maxial.llll rupecti vely. tiith the use of tracers, it 

W2S oE:;.;."nstrabcl by Krantz .!1.!!. (1949) and welch.!l!l. (1950), 

tl,,,,t .LA thE earl.\' sta6e. 01 growth, 70 to 1~ of the plant-P 

noay ll" derived l:rom the .!ertU1zer. Welch and hi. c_orkera 

lurtt,er inaicated that the amount of plant-P derived froll the 

.fertiliZEr was illveraely correlated with the soll-P level. When 

radio-active superphIJspbate was applied by Bureau .s1!l. (195') 

the plants near maturity had obtained about 2~ of their F fro. 

tile !ertHiz.er in the ca.e of a high-P soil and nearly 6~ ill 

the CHse oi a Ivw-• .!ioU. In this case, avan tbOU&)l there was 

nosponse tIJ the I: level in the matter of total II( yield - the 

hi611 P soil ~ivin& ~ aore total II( tban the control wblle the 
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low P soll lav. an increa.e of only ~ over the control - tbere 

was no diUerence in the brain yield. it re_inint; the ._ at 

32 bushels/acre. 

(x) stover yieldl 

Matron. 11 !!.(1954) reported increa •• in yield of stover 

as well as iaprovement in tbe q~ality of ita hay to P applica­

tion. Sill6h and Sin&h (1968) found stover yield to incr •••• with 

appliEd P. lialilpiah and Sinha (1979) reported increasing yield 

of fresh fodder with P application frOB 0 to bO Kg P20,lha; 
1urther yield increase at 90 kg P205/ba level was not significant, 
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CHAPTER 3 

J<tiITLtUALS Al\i.: .K.:.THODS 

ThrEE fiEld experiment. were conducted bet_en August 1979 

lind July 1980 at thE Coim'batore camp u.s of the Tamil Nsdu Agricul­

tural University (TN~U). Tbe three experiments were similar 1n 

eSEEntial features and only the seasons differed. 

3.1. Loc~tion anc climate 

~:he exper1lllEnts were laid out in two aC:jacent fields - one 

(Fd.No. B-1) where the 'bamboo stand' was located and another 

lrd.No. B-2) wbere the 'open field' was sited. The fields were 

under the control of thE Department of Forestry of the TNAU, 

Coimbatore (11· Nand 76· 57' EJ ~6.7 111 altitude above 111.8.1., 

averege annual rainfall. 626 mm FInd mean maximum and min1l1ua 

temperatures are ,1·C and 1S·C respectively). 

3.2. Sol1 tYpe 

The 5011 1s a bro.,;n clay loam typical of the g",rdenlands 

of the Coi.batore tract. with moderate dra!nage. Composite soil 

samples collected initially from the fields were analysed for 

mechanical and chemlcal properties lUling procedures prescribed 

by Piper (1966), Subbiah and Asija (1956). Olsen!!!!. (1954) 

and stanford and English (1949) 0 The 5011 was at mediua 

tertllity, low in nitrogen, medl .. in phoBpboruB and hlgh ill 
sLigitLy a tltO L.i ne. 

potaabo The .011 reaction weB' . . The data 011 the soU 

are furn1ahed ln the table belOW. 



Soil Cbaracterl.tict of the experimental field 

A. Mecnan1cal anal)'.1. 

B. 

Clay 

Silt 

Fine aand 

Coarse aand 

Chemical analys1. 

Available N (kg/ha) 

Available PzO,(kg/ba) •• 

Available K20 (kg/ba) •• 

pH 

f .C.(m mhos/csi) 

30.2~ 

11.92)0 

30.6~ 

27.1~ 

211.6 

16.4 

305.2 

B.1 

0.2 
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Three runs of essentially the SRme experiment WEre laid 

out durill£ the periods shown below: 

LxlXrllllent 1 

Lxper1ment 2 

);;;.xp~rlment , 

sown on 

lnt.rcrop (Soybean) 

barve.ted on 

18th AU& 1979 

7th Dec 1979 

24th Nov 1979 

6th Ylllrch 1980 

18th April 1960 29th July 1980 

The.e periods represent the wet seeson (August to November. 

which overlepe the two monsoons viz., Southwest and Northea.t) 

for Experiment 1, t"le non-rainy Cold weether period (necftlber 

to early March) for Experiment Z and the dry hot weather period 

overlappini the onset of the SV lIon.oon (April to July) tor 
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Exper1Jaent ,. alld thue covered more or les. a whole year •• 

tar as soybean croPPin& is concerned. Intonaation coverage on 

bamboo. however. spanned a duration of 1 year and 8 months. 

starting from the t1Jae vhen the bamboo cltaps vere about" year. 

of aie and ending when they vere about 5 years old. 

'.4 Crops and varieties 

The details Qf the tvo crops involved in this study. viz •• 

bamboo (-base crop) and soybean (.intercrop) are furnished below. 

The species of bamboo used in the investigation vas 

Dendrocalamus strictu. Nee •• commonly known as 'solid bamboo'. 

As of date there exist no varieties or improved strains in 

bamboos of India. Using the classificAtion ot Deogun (1937) it 

may be said that the bamboo used in the present stUdy belongs 

to the "normal type·. 

The bamboo stand used in this study vas established and 

formed aa detailed below. The seeds were received from the State 

Silviculturist. Andbra Pradesh Forest Department. Hyderabad 

(Andbra Pradesh State) and the mother beds vere sown on 29th 

April 1975 .doptin& a aeed rate of 100 g/.2. The aeedlings were 

out planted on 1~h AUgUllt 1975 at the present experimental aite 

by pricking tile. into tranaplant beda at apacings rang1n& Ire:. 

30 x }O CIl to 60 x uO CIl Vbere a bamboo nursery eltper1.aent 

involviD& , levels ot apaCiDg X , level. of N fert1lization 

(0, 50 and 100 kg N!ba) va. laid out. The N tert1l1zcr waa 

applled in tvo .plit do .... once on 30tb October 197' and again 



OIl 8th April 1976. Tbi. experillent w. partiall,. conclWSed ..,. 

mid June 1978 when it. venue wa •• hifted to another field. 

The left-over bamboo .eedliDg. were then thinned to • 

uniform spac1ll& of 4.0 x 4.0 • i_ed1ately afterward. (1n June 

1978 itself) and the bamboo stand nece.sary for the pre.ent 

study was formed, Thh spacing of 4.0 x 4.0 • thOUgh rather 

close by the existing standards adopted by the forEst Departaent 

for bamboo plantations (where it i. usually 6.0 x 6.0 em) in 

Tull Nadu. i. a very close approxilD8tion of the specina. adopted 

by the farmers. particularly in the Thanjavur district where 

cultivated land is at a prell1ua. Hence 4.0 x 4.0 • spacing _. 

adopted while formill6 the stand. At this .pacin&. the .tand 

finally consisted of 50 young and healthy clwap. distributed in 

5 rows runnine, fl/s of 10 clumps each. Allow1ng one t guard row' 

of clumps ell round (1.e., 26 clumps 1n all), there were avail­

oble 24 experimental cluaps in the centre (3 rows X 8 cluap.) 

which were assignEd to 4 replicat10ns X 6 treat.ents, a. 

det2iled under sections 3.5.2 gnd as shown 1n the layout plan 

.iiluriD& tne per10d Novelll'ber 1978 to FebrUary 1979, a pilot 

experiment Oft intercropp1.D& (whicb i. not abws •• d in the 

present report) was conducted at the pre.ent exper1lllental .it. 

u.int; bott the baaboo .tand as well athe adJacellt open field, 

to .tandard1 .. techn1que.. Tbis exper1llant involved 2 illtercrop. 
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(80ybllan and cluster onion) X 3 levels of N fert1lization 

(0, 50 or 100 ittl, Nibil). fYM at 12 1/2 t/bll 1118. also applied 

uniformly to all the plota of the experiment in November 1978. 

The experiment, .!!ll!!: .!!!! revealed that soybean ill e suitable 

intercrop 10r bamboo. Under this experiment, urea was applied 

accoroin,s to trutment schedule on 15th r'ecl!mber 1978. After 

the cOlllplet1un 01' tt.ia £xperimerlt, the bamboo ster,d along with 

tbe aO,j8ce.nt o)len field was rut uncer thE prEsent investigation. 

3.4.2 Soybean 

Soybean cv. Co.1 (originally UGI>i - 20) W'l.S u81!d for the 

intercrop. Breeder's sl!ed of 9~ germination was secured for 

this purpOSE. Th1s stM-in we.a released in January 1980 tor 

general cultivation. It is a selection from Thailand variety, 

erect in habit, photo-lnaensitive, resistant to stem fly and 

pod borer and moderately resistant to yellow mosaic dieea.e. It 

is suited to Doth rainted and irrigated conditions and can be 

&rown tlU'o\ij>hout the year and thus 18 capable of being fitted in 

any crop rotation. It baa a duration of 85 days and an average 

yield potential of 1,640 kg/ha under irrigated conditions and 

1,085 kg/bll under rainted conditions. It has 40-457t protein and 

20-257t oil contents (AyyampErumal £1!l. (1980). 

3.5 i!PEt1m.ntal details 

All the , exper1lient8 were similar in treatllicult details and 

differed only in the nu.ber 01 parameters stadied besides the 

.eason. 
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The etfect ot adjacent plot shad ina C8Dftot be el1ainated 

if bamboo plot. were to be located aide by aide ot the 'open' 

plots which would occur in a conventional layout adopting 

randomization ot plots aix1n& both the ''ballboot and 'oped plots. 

Increasina the plot sizes such that the sbadina by the tall 

bamboo c1U11pS is confined to the periphery of an adjacent 'open' 

plot is aleo impracticable since the plot s1&e will bec.e 

prohibitively larae. For exaaple, the shade caat by • baa'boo 

cl.wap of 3.5 II beight will extend to a horizontal distance ot 

6.0 Il on thE j;rolmd at 8.00 AM and 4.00 PM, .s.ua.1bi sunriss and 

SlmsEt at 6.00 AM and PM respectively, since at B.OO AM and 4.00 

PM the solar elevation is 30" and tan 30" • 0.5714. Thh would 

mean that an 'open' plot surrounded on all aide. 'by 'baaboo' 

plots (which possibility C8Dftot be ruled out in rsndaaization) 

will need a border strip 6 II wide all round, over which shad1n& 

may occur during the early hours ot the lIorn1n& and late boure 

of the eveniDif;. If it is asauaed that a sbade-tree &0,. (bet ..... 

a.oo AM and 4.00 PM) of 4 II x 4 II is used for evaluating the 

performance ot the soybean under' open' conditions. then, the 

gross plot size will become 16 II x 16 II. With 12 treatment. 

totally and 4 replications. the land requirement for the experi­

mental portion alone will then work out to 1.23 ba. This in 

its turn will accentuate the natural $oil baterogeneity variatioD 

as the distance. betw.en sia11arly treated plots increase very 

much, tbereby reduc1n& precision. Conaiderlnc all thes. it vas 
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dec1ded. 1ft conaultation witb the StatistiCian, to separate 

the t bamboo' plots fro. the 'open' plot, aAd ke.p all the 

bamboo plots 1ft cme contiguous block (the 'bamboo stand') aAd 

8illl1larly ba". all the 'open' plots 1ft one contiguous block in 

an immediately adjacent f1eld (the 'open field') with a buff.r 

strip of 6 m between them (vide layout plan in Fig.'). The 

shade butfer zone caaprised an alleyway and one plot de.p 

outskirta of 'open' £ield. 

3.5.2. Treatment. 

The bAaic aill of the study was to explore the fe8llibility 

of rai8i~ _oybean 88 an 1ntercrop w1thin a young .tend of baab~ 

clUJllps; addit10nally 1t wa_ ailled to 1nv .. t1gate whether the 

v1gour of ~rowth of thE bamboo clump exerc1sed any influ.nce on 

the performance of the intercrop aDd whether delet.rioua infl .. nl 

if any. eXErted by the bamboo clUllp8 on the intercrop could be 

ameliorated throua,h phoaphorus fertil1zation since application 

of pho_pborus baa been reported to off_et 80lIl. of the actnra. 

eifects of low light intenaity in cowpea by Tar11e !!!l. (1977) 

lienee the following , factors were includ.d in the study. 

Symbols used for the treatments are furn1ahed within bracket •• 

(a) Environment (E) - 2 level., 

(i) Within the bamboo stand (£,) 

(ii) In the open field (E2 ) 

(b) Vi&OI.U' of the ballboo clUllP (V) - 2 l.v.lll 

(i) Low vi.our clUliP. 1 •••• a cluap -v1rl& 5 OZ" 1. ... 

_l>.r of culII_ at the start of th. .tlldy (L) 



(11) High v1s;our cl ... p, i.e., a clump having 6 or .ore 

DUaber of culaa at the start of the stydy (8) 

(c) Phosphory. fertilization (p) - 3 levels, 

(application done thrice, one for each of the three 
experimental 

(1) ° kg P20,l1la (l.e., no phosphoru. (Po> 

(11) 100 kg P20,lha (P1> 

(iii) 200 ki P20s/ha (P2) 

138 

It ayst be noted that vhlle • sole crop of soybean (i.e., 

the 'open field' crop) ~s included in tne study to asses. the 

performance Of the interorop by com~rison. there ~s no sole 

crop of bamboo since the a1ll of the study ~s only to exaaine 

the feasibility of 'establishaent intercropping' within. baaboo 

stand thrOUgh evaluaticm of the influence of the bamboo cl .. s 

on the .ssocieted intercrop of soybean and not to inv~stigate 

the reciprocal relationship. Obvioualy, a study of the influence 

o! en int.rcrop, raised even only tor. short time in the e.rly 

years, on the growth and .ubse~uent performance of 8 very lOAl 

duretion crop liXe baaboo will have to extend tor seversl year. 

ana thus 18 clearly beyond the scope of tile pr .. ent invest1s;stiOll. 

3.5.2.1 Ratiogale underlyip& the §ToupiA§ of bamboo clupRi 
bPI.ed !¥l the nUlber 01' cul!s: 

1 t is 'Well .IulQWl.l. that in natural stands 01 bamboos tbe 

growth vi indiv~dual c1~~s ot Iven abe vary much, even within 

tn. same locallty. Thls variation ls presWllably an expre.s1cm 
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ot the glnetic beterogeneity. The variation remarkably ..ni­

festa thrOUgh aome important paramlters such 8S the height and 

diulter 01 individual culm. in a clump aa well aa the number 

ot culms In a clump. 'I'he &lze and spread of the crown aa well 

as the density of foliage alao varies depending partly on the 

above m~ntioned Variables. This in turn will i~luence the 

U:t(fl,t eM dle,I'ee of t;I'ouml sh"ding which eventually will affect 

the gro.:th and per!orrr.encc of any associ2ted intercrop. Hence, 

it ',Elll dec1ced to study this aspect as well, by classifying the 

aveilable clumps into two vitour claSSEs - low and high vigour 

resj:EctivEly. 

F'or ef!ectine: such a classificfltion, the choiCE of pare­

~Eters wae consiCered first. For this purrcse, ~ ~rellmlnary 

enumEration Of all the clumrs W9& carried out juet before the 

start of the invest1e,stion. ,A scrut my of the de>ta revealed 

that thE mean hcig~t of the 24 exrJer1mentel clumps (besEd on 

thE htit,J)ts of all the iI.d1viduol CullllE 1n e"'ch clUlllp) was 2.91 

iii ... lth 13 C.V. ot 2=1'0 However, the w!'intion in hf.i~hts of 

inc1 vic!u::,l cU::'ms \.! thill any C.11(. clulll :fluctuated vcry ['",uch and 

U.e C.V. was ever:, as much ra 5"', 1n one OIlse. TL1£', wide var1a-

t10n Evidently Is due to the di:ffe~nces in abe of indiv1dual 

culIIIa. Hence it was concluded thnt wh1le the heit',hts of indi­

vidual culms varies wildly and thus i. not a reliable measure of 

the growth vigour 0::: a clump, the mean heights of clUllPS (averaa­

itlg over ell the culms w1 thin a cllJlllP) of silllUar age does Dot 

show sO much variation. In other words, while the beight of 



1Ddivldual culII. i. UIl.u1table •• a .... ur. of tbe vigour of 

• elump, tbe .t.tun of a clump a. a wbole 1 •• ore or 1 ••• 

HI 

• 1allar to any otber ellaP beloll&ing to tbe .... population .nd 

of .1aUar .ge, aDd tbua, it .1.0 carmot be v.ry WI.ful for 

01 ••• 1Iy1ll& baaboo ~. into vigour el...... H.noe, h.1ght 

•• e. p8raMter Of cla •• lflcatlon _. d1.card.d. St.1larly, 

culm didet.r .1.0 18 bighly variable witb1n th. clump It •• l~, 

it be1n& •••• ntially a fUllCtlon of tbe bierarchical po.itioa 

(1 •••• the generation to vbien the rbiz.OIlI tbat &1" .. rl.ajto 

the culm, belollb8, which in turn d.cid •• the rhizome' •• nd tbua 

the culm's tbickne •• ; in g.neral younger the generation, tb1ok.r 

the rhizOIDe and thW! the cu.la) of the culII. B,aid •• , culm dia­

meter R!£ .!! ball not much direct role to pl.y in overhead .bacJ1q. 

rience, this paraaeter al_o va_ di.carded. 

The Dumber of clllm./eluap, On the otb.r hand, be_id._ 

evidently beini a .. asure of the stat. ot vigour of a cluap, 

also bas a direct role in competing with .n ••• ocieted plant 

species. It 111 obviOllIl tbat aore v1goroua is the subterraDe.n 

rhizome and root .yst_, lIIore number ot culas are produced a ...... 

groUDd. The presenea of .ore c:ulaa with attendant .ore foUa,. 

v111 e"idently produce aore photo_yntbat., upto an opti.ua 1..-1, 

and tIlu. lead to production ot .till .ore cu.las, wbich 1Dc1deD'tall 

conatitut. the ujor part of the .ink. Tbua, the mabel" o~ culIIaI 

eluap 1& e. logical ..... ure of the vilour of • ol'*P. Beaid ••• it 

i. alao • co..rei.l pE!raIl.ter of tbe val... of • olu.p. 
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Froa the point ot competitive .ttect Oft an a •• ociat.d 

anftlal crop al.o, 'Which alone 18 of am.diate intere.t to tbe 

present study, the 'nwaber of culm./eluapl is lIIportant. Firstly. 

a elump with .ore nuab£r of culm. occupies. greater land area 

than one with l •••• r number of culms. and thus reduces the inter­

apace available for intercroppiD8, thereby reduc1n& lnterc:rop 

yield. on an unadjueted land area Oa.i., i.e. in absolute t.ras. 

Secondly, • lar&er clUliP has a lon&er perimeter and tbua any del.· 

terioue effect exerted by the cluap (10r e.i •• root coapetltiOJl, 

allalopatby etc.) will be .ore .evere than that tor 8 eluap bavlD,1 

lea.er number 01 cullu. Thirdly, normally the den.ity ot the 
r 
~own (brancbes aDd foliage) will be aore for a clump with .ore 

nuaber of culms than for one with le.s nUilber of culas. Henoa, 

ahading effect will be aore lntenae. Lastly, a large cluap will 

abstract more nutrients and so11 moisture and thua the etfect on 

the associated inter crop will be more intens.. On these con­

lliderations, the _bar of living eulms/eluap was chosen a. the 

parameter for classifying the experimental clumps into two 

vigour Cl!H!See. 

A scrutiny of tbe above mentioned data revealed that the 

aean number of living culma/ clWlp was 7.00 with a C. V. of "". 

A detailed study of the data indicated that it would be be.t to 

take 6 living culas/cluap as the cut-01:t point as it involved tbe 

lea.t disturbance to the stand 'While furnishin& two equal-sized 

groups of 12 cluaps eaell and naturally randc:.1zed. A few a1nor 

.dJuetment8 were made in bord.r-line ca •••• by felling one old •• t 
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culm/cl.wap (, caaea) 01' replac1n& a whole cl.IaP (2 caa .. ) wltti 

a .w.teble clUlDp aa dictated by the reDdca1zation plan of tbe 

layout. in July 1979. The clumps for whole clump replacement 

were derived fra. the outakirka and they were lifted with the 

greateat care without injurina the undersround ayat ... aDd 

ah1ft.~ to their new ait .. , bardly a few metrea a_y. They 

flatabl1ahed very quickly. Thua. the !1ne.l .teno as per t_ 

layout plan was e.tabliabed. 

It is to be noted that thia claaa1fice'tion lnto 'low' aDd 

'high' vigour cll.&ps. atrictly apeaking. i. applicable only to 

the initial phase. 01 the atudy, for it 18 likely that 8 parti­

cular clump may pasa on fram one category into _other aa till. 

paSSES on. However, as .eaaured over a relatively ahort period 

of time, sayan year, as in th. caee of the present study in 

ao far as the intercropping is concerned, the classification 

ia moat likely to be stable and thus valid trOll the atandpoint 

of interpreting the eftects on the intercrop. 

3.5.2.2 Pre-treateent of crown! of bamboo clump •• 

Since in this .tloldy the eUect of ahade ceat by the beaM. 

on the perfOr"lUlDCe of the .a.ociated intercrop 18 an 1IIportarrt 

aspect and wide variation waa met with in the hei&ht. of indi-
s 

vidual. culms with po8&ible conaequent ~1D& effect. GIl tb. 

atloldy of tbe eUect ot the cllap'. y1e;our, - lJl1t1al coD!t •• t1z-

1n6 of the hel&bt. 01 clUllpa -a carried out. For tbl8, ..,. 

branch or cula tip pro~ect1ng beyond 2.5 • waf clipped aUGh 

that the he1i)lt of all tbe c!lapa wa 2., II OI1l.y. This elllllnat414 
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tbe .ftect ot • tall uade' .D 'low .bade·. 

SiIIUarly, a light prun1Di Of aide branches was carried 

out in the cc •• of a few clumpa with very long lateral crown 

apreada, auch that all the experiaental clump. were of a eoa­

parable aize. For this purpose. a rope knotted at a length of 

5 II, w'\. circled round the crowns of the clump. at a beight of 

1.5 II above ground •• uch that the d1aaeter of the orown va. a'bout 

1.6 III. Any lateral branch projecting beyond thi. was clipped 

off. The reaul t was the crown diallletere ranged troll a 111111 •• 

of 0.95 II to 1.6 II and thu.a the crowna were lIIore or le.s 

comparable. 

Theae pre-treataenta were carried out only at the .tart 

ot the firat experiaent. Sub.equently no vertical or lateral 

pruning waa done till the t1nal harveat of the culm •• 

3.5.2.3 Choice of P level. 

From the review of the dUferent exper iaenta on f terti­

lization of soybean (under section 2.5) it 18 s.en that the 

maxiaum doae of P fertilizer uaed by the earlier experimenters 

bad ranged frOlll about 60 kg (Sbal'll8. 1m) to 400 kg (Nocue1ra 

.!! .!l •• 1977) of P20,lba. ltowever, the maJority had u.aecl • 

IIIlX1auII do •• rall&ing trOll 80 kg to 200 kg P20,lba. Thus, eo Ira 

had been used by J.tbMlani .I1!l. (1969), Aprwal. slid Nsl"8ll& 

(19'75) and Ruankar and Badhe (1975). ~ kg _, ROJ aJId IUabra 

( 1975). 100 kg by Singh and Saxena (1969), 120 k& 'bJ Mi,a.ua 

et al. (1966), Taaar and DeY (197'), R'lII8 and CbaDd (1977) --



and "1lanaz ~!!. (1978 ~), 1" k& ~y Feller. (1918), 160 k& 
by Milanez .!l!!. (1978 a) aJlCI 200 k& by Tb ... on and Brcnm 

(1967) and FauC0Jlll1er (1976). 

It i. alao aeen froa the fore,oin&, tbat all tile Ind1&. 

worker. bad uaed a .ax1aum do.e reng1na frOil 80 to 120 k& PZ0rj 

ha. rurther, decline 1n soybean yield with P fert1l1zatiOD 

beyond an opt1l:UII dose baa al.o bun reported. Thu., Fa"cODDJ.er 

(1976) .found the yield to decl1ne at 200 kIi. P20yha and Rana 

and Chand (1977) worldlli under Indian cond1tiona, found the y1eld 

to declinE Even at 120 kf; P20Yba. Tak11li all the.e into cona1dn 

tion, the max1aua do •• of ? fert1lizat10n we. fixed in the 

present .tudy, a. 200 k& P20,/ba add~ two lower levels, y1z., 

100 8.llcl 0 ke; P20Yha. It is to be noted that the P rertlliz.r 

applicat10n we. done to each one of the .oybeen orop. 01' the 

three exp&r1ment •• 

,.,.2.4. Treataent cOllibiDlltiO!lf 

A. could be ••• n, there is a basic difference bet .. e. the 

two envirolllD.nts E1 aJlCI E2 ; 1n fact, it 1. tbe pre.enca of the 

bamboo clUDIp. on the land, that const1tute. the E1 enYironaent 

and d1st1n&u1ahea it troll E2 • Hence, the recogn1tion of yisour 

classes in the balaboo clUllps i. po.sible only under E1• How ... !', 

P app11cation is cOIIIIIIon to both eny1ron11ente. Tbua, V X P 

interaction ariee. only under E1 • HenCE under environaent 1&1 

alone, the 2 lnel. of Yisour of the baaboo olu.p (Viz., L aad H) 

were c_~1ned with the three leyel.. of P application (Yiz., PO' 

P1 and Pz) y1eld1n& 6 treataent coab1Dlltioaa. 
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"a nlarda the open field (E2) eJlviro,.ent, bowrIer, 

then wen ollly the 3 P levela (PO' P1 aDd PZ) and aillce ba.booe 

are abaent here, and tbua the V factor, no cGllbination ar.e. 

Hence there were oIlly ,treat.enta. Howe .. r, fa.r the aake of 

uniformity, under E2 environment alao 6 plots were formed under 

each "plication, DOtionally takill& the 'vigour' f&.ctor alao to 

arrive at the hypothetical 'V' X P combinations and •• aign1nc 

them to corresponding positions in the layout, duplicating the 

randomization adopted for the bamboo stand (E1 ) (se. the layout 

plan, ~ib.1). While performing 8tatistical analysis, howe .. r, 

this notional distinction into 'V and 'H' was ipored (in the 

case of £.2 alone) and correspond!n& P level treataents wen 

pooled and avera~ed. 

3.5.'. Replications and number of plotsl 

tour replications were used throughout. There were 48 

plots in all, 24 for each environaent. 

'.5.4. D.siens anq statistical analyses. 

The des16n8 and structures of analY8.. of variance wen 

decided in consultation with the Statistician. 

la) pat. on til! intererG;g (.oybean) I 

Since there 18 • variation in the number Of factors 

involved, betw.en the two environments, they WU'lr co_idend 

aa two separate 8uo-exper1Jaents. an&lydnl their data separatel, 

using the appropriate analysis of variance. Then, a third 

analysi. of varianc:. was csITied out pool1nc the two enviroa­

_nts. This was done for each one of the parameters studied. 



H,7 

In the caee of the baaboo etllDd (E1) envirolaent Nth the 

factore, vigoW' of tbe ba.boo clUllp (V) and phoephOl'lle applica­

tion (P) are involved. Hence, in this part of the analyeie. 

not only the .. in effecte V and P were elucidated but al_o their 

interaction V X P. The de_ign for thi_ therefore WI a factorial 

RBD. 

Aa for the open field (E2) enVironment, only one factor 

viz., phosphorus application (p) wa_ under study. Hence the 

Effect of this alone is deducible and the desibn wall a 11IIple RBI) , 

Since the principal objective of the pre lent inveetig8tioD 

is to compare the per!oraanca ot _oybeen under two di_tinct 

enVironmEnts, a pooled analysis was then carried out coabin1D1 

the data from the two environments, the d._ian being e factorial 

RBL. In this analysiS, the main e!tect_ of the enviroaaent 

factor (~) .a well ._ that ot pholphorus application (p). be_ide. 

their interaction E X P were elucidated. 

lh. structures of thE thr •• analy ••• of variance are 

shown belOW. 

(i) Anova for 'within the bamboo stand' 

(E1) envirouaent: 

sourS 

between replicatioftS 

between vigour leVEls (v) 

between phOllphorus levell (p) 

Interaction V X P 

llorror 

.!!.:.L 
:3 

1 

2 

2 

1, 



(11) Ano.,. for 'in the open field' ~) enviroraentl 

~ j,aL. 

~etween replica tiona 

between phosphorus levels (p) 

Error 

:5 

2 

18 

H8 

(iii) Anova for poGlea analysis, combin1~ the two environ­

menta, ~1 and E2, 

~ .l1r.! • 
betWEen thE environments (E) 

between phosphor~s levels (p) 2 

Interaction E X P 2 

Error (Pooled) 33 

(b) Data on the base crol2 "bamboo cl!:!!!Esll 

The 24 experimental chlllps were distributed aDlOftE the 4 

replications and 6 tree.tDlEnt combinations, at thl rate of 1 

clump/treatJIHmt, 8S mentioned already. The deiagrl was a factoria 

RLD. The structure of the analYSis of variance used is ehOlm 

below: 

Source 

between replicatione 

between vigour levele (V) 

betweeA phosphorus levels (p) 

Interaction I X P 

Error 

!hL. 
:5 

1 

2 

2 

" 



(c) StaU.t1cal .Cll"UtinIl 

For .oybean crop alone there were 120 .et. ot ob.ern­

tiona. At the rate of , analy.e, ot variance per .et, a total 

of 360 analY'i' of Yariance were performed. For bamboo crop, 

55 analy.e. ot Yarianca were performed. TIuus, a total ot 41, 

analy.l. of yariance were carried out, the results ot which are 

presented in Tables 1 to ". 

In addition, U!ing the com~uter facility available in the 

University, simple correlations were worked out between growth 

and yield attribute. and yield, for the data gathered fra. the 

single .ample plants. These represent the data for, stage. ot 

growth, viz., }O, GO and 90 DAS of the 3 experiment.. The two 

environments (E1 and E2) were considered separately in working 

out these correlations. The 346 correlations so calculated are 

presented in Appendices 4 to 12. Simple correlations were 

worked out for the Boil moisture data also. These relate the 

grain yield of .oybean (single sample plant data) with soil 

moisture as at 5 different stages of gr~~h, Yiz., initiation 

of flower1n& (33 or 36 DAS), flowering (47/48 and 54/'5 DAs), 

pod formation (66/69 DAS) and early seed formation (76 DAS). 

The.e correlationa, nUllbering 20 (correlations between .tale. 

the_elves being lIHIaningl.es. and thU! il/.nOred) are pre.ented in 

Appendices 13 and 14. Thl.l', a total of 366 correlation coeffi­

cients were worked OI.lt. 
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lIesid •• , two .eparat. lIIult1pl. liDear regre •• iClft eqUII­

tiona. one tor tb. lIaaboo .tand (E1) and another tor the opea 

t1eld (~2)' were fitted for the soybeen eingl. s .. ple plant .at. 

ot l:.xperimant , as on ,a DAS. The •• related the grain yield ot 

.oybean to 8 var1alll.s. Th. predIct10n equat10ns with the X 

terms 1n t:le or1binal units ot IIItliaSUnlllent. the t standardised 

partial regression coetticI~ntst (i •••• Beta value.~ which are 

unitless and thus enable a strtaight-forward evaluation ot th. 

mainitude of reletive contribution of anyone variable toward. 

yield, whtm the other variables 'are heIIl constant. the 'aultlple 

coeificient o:f determination' (i.e •• R2) which is a .easure ot 

the t,)tal contrlbutiWl of all the independent .,ariallle. put 

tuLethar. towards yielo. and Lhe R value, which lIIeasuns the 

correlation bttween the predicted yield and actual yield. are 

frEse:nted in A;)pendix 15. 

3.5.4. Plot sizes. sp!c+nbs and plant populatiOns 

(i) Plot sizes 

lor soybean 

Gross. 3.75 X 3.53 ~ 

fiat • 3.25 X 3.30 1ft 

(11) Spacl9i/,. 

25 x 11.75 em 

("lide section 3.6 (iii» 

for bamboo 

4.0 :x 4.0 III 

4.0 X 4.0 III 

4.0 X 4.0 III 

(iii) populations per plot (Experi!!ntal) at tbe start of tbl 

.!l!m 
(s) 1a £1 • about 358 0 1 

(b) 1a £2 • ~ 



•• The reduced populaUon in £, i. 'becauae of the 

.pace occupied by the bluaboo clap which _. 

located in the centre of the plot. Further, thie 

figure 01' 358 WIl. true only at the beg1nD1ng of 

the .tudy. In the two .ub.equent experi .. nt. the 

soybean populations in E1 environment at planting 

were reduced further beC8uae of the progre •• ive 

expansion of the area. occupied by individual 

cluaps. ear., howeVer, was taken to .ow a. IIIllDJ 

8eed hol •• a. pos.ibl. in the E1 .nvironment and 

as clOse .s pos.ible to the clump.. ComparabUity 

WIl •• nsured by final population count., i ••• , at 

the time of harv.st. In both environaent. each 

gross plot bad 15 SOWing linea running E/W. each 

with }O .eed holes. In both ca •••• on. row of 

plant. all round was .xcluded tr.atinc it a. a 

border row. 

3.6 Cultural detaU. 
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The cul ture.l detaU. wert .... nUally .idler for all the 

, runs of the experiaent. 

(i) Land preparatioDI 

At the oommencement of each experiaent the interap&ce. 

between the bUboo cllolllps were anually QUi I.tp with ..-t11, 

care being taken to avoid any 1njury to the 'buIboo rhiz .... 



152 

fbi. d1i&1D& _. cOll.f1fted to a d'pth of 1.5 ca. However, 

auperficial roota of th. baaboo cluapa occurrina wIthin th1a 

depth were an.red by the di&&ID&. nen thouah auch dama,. _. 

not IILlch a8 could be judged ocularly. Albe'u It wa. poaaible 

to plQU&h the open field (E2), .tUl it waa alao I18DUAlly dua 

to maintain comparability. After the cloda w.r. brok.n and the 

plota leVelled, bada and chenn.l. were formed accord1n& to the 

layout plan. 

(ii) Fertilizer applications 

No organic manure was applied during the tenure of the 

atudy to an, of the plota. S1a11arly no nltrog.noua or pot.aai. 

fertiliz.rs were applied. Hence. only phosphatic fertilization 

through basal application of single superphosphate analya1n& 1~ 

water solubl.e 1'2°, vaa applied. and that too only to the concet'M4 

pl.ots according to the treatment achedule. The superphosphate 

application was repeat.d for each on. of the 3 .xp.riments, i •••• 

it was applied first durin& Auauat 1979, .gain in Decembar 1979 

and again during April 1980. The fertilizer waa applied aa a 

pre-plant applic~tion. just before aowing the aeeda. aa besal 

draaaing along the aowill6 lin.a at a depth of about .5 CII. 

(ill) S.eda and aow.1glU 

soybean a.eda were aown in linea 25 CII apart, and 11.7.5 _ 

apart in the line at the rat. of 2 a .. da per hole. and aubaaqu.entl 

tb1nnad by atMlut tn. 15th day to a1.nile ae.dlin&/bo14l. 'rbe 

apac1n& adopted in thia atudy allowa 295 aq.ca of land areal 

plant, which 1a very cloa. to that obtained und.r the Dormally 
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ncomaendad spac1n& or :50 x 10 ell (-300 sq.m). The ~c1n& 

uaed in this study is lIOn close to a .quan tban that of :50 x 10 

em apacin&. be81d .. pel'llli tUng the sowing linel to approacb the 

centrally loccted bamboo cluap in each plot, thereby incn •• inI 

land utilization. 

(iv) Ia::1&ation 

The Crop8 were given weEkly irrigations except during 

rainy sea80n. Irri~ation was done to a depth of 5 ca/irr1Bat10n. 

(v) After cultivation 

One hand weeding and another hoein& and weedint during the 

crop season was given to each soybean crop. Plant protection 

measures whEn needed were carried out. 

(vi) Clean1ns the bamboo cluap 

As already mentioned the bamboo clumps wen liven an 

1nitial pruning at the .tart of the study, in August 1979. 

Subsequently, the bamboo clumps were lett untouched except1a& 

10r 14:,ht cleaningS near the base, to facilitate 8ow1n& at the 

start of Experiments 2 and ,. Such cleanina involved menl, 

the cl1ppins of project1ns side branches from ground level upto 

a bei6ht of 1 • and removal of any dead cula. 

(Vii) Harye.t1gl1 

(a) SO!)!apl 

At the end of each experi_nt. the border rowa in eacb 

plot wen first haneated and then the net plot ... bIlnesteci 

separately. Hane.t1Dg was done by pulling out the plants aDd 



then cutt1ng thea at the collar. After record1n& the ft'e.h 

weights of the roots and .erial part. separately. the pod. weft 

separated. After two days of withering the grains were separated 

by hand thrashin& and atter further air drying to a con.tant 

moisture content of 1~. grain yields/net plot were recorded. 

Simultaneous with harvest. data on final population/net plot 

were also recorded. 

(b)~ 

Normally bamboos are exploitable trOll the 5th year ODWIlrds. 

The culm yields will, however. be low initially and will increa .. 

progressively as years pass, till it stabilize.. In the ca.e 

01 the present study the clumps (pl.anted on 19th Al.lgu.t 1975) 

were subjected to selective tel.ling ot culm. trom 27th .une to 

23rd July 1981, 1.e., about 53/4 years after out-plant1ng. 

Assuming the mean date of harvest as 10th Jul.y 1981, the first 

harvest ot culm. was carried out 2152 day. after pl.antil1i (DAP) 

and about an year after the harvest Qf the soybean crop of 

.E.xper1ment 3. 

Harvesting wa. done by selectively felling the cul.ms in a 

clap. The telling rules adopted were. tellilll intenaity of 5OJ' 

(em the naber ot living culma present in • clap .t the time of 

harve.t) and avoiding the felling ot culm. aged 1-ye.r or le ••• 

'Selective tel.l.ing' as used in the present study refers to 

dell'beratel.y cboo.ing the culms to be felled in a cluap. ne •• 
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were the larger diauter culu. For th1e purpose, first, bIlAl 

dauter. of all the living culms of 1-year or aore age in a 

cluap, were enuaerated. Then the culms were felled in a deaceU­

ina order of cula diameter tUl half the nuaber of the total 

nUlllber of living culma in that clump was reached. The other 

hal! 01 the living culm population in the clump were left 

untouched I these culms naturally were the thinner ones and thua 

older culms. The culm. were cut with a sharp cut at a he1ght 

of about 15 ca froa the ground. i.e •• above the first vis1ble 

node. Immediately after harvesting. detailed biometric ob.er­

vations were rEcorded on the telled cUlaa. 

3.7 Observations recordeo 

Data were collected on the following 6 different sspects. 

a) Data on the soybean crop 

b) Data on the bamboo crop 

c) Data on prll!vaUi~ l1e.ht intensity 

d) Data on microclimate 

e) Data on 80il moisture. and 

f) Data on weed infestation 

As regards the data on the soybean crop, information was 

collected both through sampling as well a8 Oft the aet plot 

populatiOft as a whole. Sampling wa8 done .for recordina obser­

vations on growth c'lIU'Bcters, yield characters and yield ~ 

.in6le plant.. The net plot wa. considered tor recotd1ng data 

Oft the f1Dal plant population, crain yield and 1:IiOll&.. (root. + 



topa). In the ca.e oJ: Experi.ent • ., and 2 the ..... tauelS 

plants were used lor biometric dota over the entire period 

of the crop concerned, and were pulled out only at the ti .. 

01 harvest of tne entire plot, recording the samnla pl~nt.' 

grain yields separately. However, in the casp of Experiment 1 

alone, in a:;dition to the above, other sets ct' random plants 

WEre used tor eEtimdtlr~ le~f arens only; these destructive 

samples were dr~wn on two occasions (40 and 60 OI.S). 

In J:,xperlmEnt 3, however, sets of rr:ndom sqm})le plants 

were drtnrn by pullin;;: the~J out, on 6 different occasions during 

each plot \thicb l'..Ld bEEn I;ej.ccted ior J;-ullillj:; (Jut, at the rete 

of 6 pl;;n"ts/stdte over 6 steLl'S, were Inbel:ed from the stl'lrt 

01 the expEriment, ond observ8cions were r€ccrd~d ~t every !tate. 

on 311 the si'llIple pl .. nts stCindl11t\ at that at',!!e including those 

that ~£r!i :1-1.\11 •• , out at u,,,t Stai:£, 8a w.ll 8S on thOSE that 

"ere "llo·wLd to rClIlZin further. Tbe detStl1s of thE obsErva-

tions reccrded <tre furnished ';:·elow. 

3.7.1 vDserV'l Lions 0.1 !;<.)y'DEan 

3.7.1.1 Dato recorded on samJle plants 

A. (.;rowth 'l'.'rll:Jeters 
i) He16nt of p12nt (em) 

(b9SE to tip) 

a) 30 DAS 

c) 5D OAS 

d) &0 D"S 

e) 70 DAS 

f) 90 DAB 

LXiJ€riments 1'01' whieh d"ta 
was rEcorded 

1,2,3 

1,2,3 

1,2.' 



11) Diaaeter of ste., at baa. lmm) 

a) 30 llAS 

b) 40 DAS 

c) 50 DAS 

d) 60 DAS 

e) 10 OJ,S 

f) 90 DAS 

111) liumber of branchea/plant 

a) 40 DAS 

b) 50 DAS 

c) 60 DAS 

d) 10 DAS 

a) 90 DAS 

1v) Number of leaflet. (total)/plant 

a) 30 DAS 

b) 40 DAS 

c) 50 DJ,S 

d) 60 DAS 

e) 10 DAS 

f) 80 DAS 

g) 90 DAB 

Y) Laaf area 
2 {total)/plant (e. ) 

a) 30 l.lAS 

b) 40 DAB 

c) 50 DAB 

d) 60 DAB 

a) 10 DAB 

f) 80 DAB 

a) go DAB 

Exper1 .. nt. for 
which data •• 
recordad 

1,2,3 

3 , 
1,2,3 , 
1,2,3 

3 

:3 

2.3 

3 

2,3 

1.2.3 

1, :5 

:5 

1,2,3 

:5 

1 

1.2,3 

:3 

1, , , 
, , 

1 , 
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vi) Length of taproot/plant (em) 

a) 30 DAS 

b) 40 IlAS 

c) 50 !JAS 

0) 60 LAS 

e) 70 D!.S 

1) 90 DAS 

vii) Number of root nodule a/plant 

a) 30 DAS 

b) 40 LAS 

c) 50 DAS 

0) 60 DAS 

e) 70 IlAS 

f) 90 liAS 

Exper1llenta fflr 
lIhich data _. 

"corded 

, 
, 
3 

3 

3 

1,2.3 

, 
.5 

.5 

.5 

.5 

.5 

viii) ~ry matter production (DY&) (greaa/plant) 

a) 30 LAS 

b) 40 DAS 

c) 50 llAS 

d) 60 IlAS 

e) 70 DAS 

!) 90 DJ.S 

B. Yield paraaeters and yielQ 

i) Nuaber of !lowera/plant 

a) 40 DAB 

11) 50 OIlS 

c) 60 DAS 

.5 

.5 , 

.5 

.5 

.5 

, , 
, 

15S 



1i) Nuaber of pod a/plant 

a) 50 DAS 

b j 60 DAS 

c) 10 LAS 

d) 90 DAS 

1i1) Number of graina/plant 

iv) 100-grain weight (grama) 

Exper1.enta for 
which data waa recorded 

, 
, 

v) Single aample plant grain yield <&rau/ 
plant) 1,2,3 

BesidES the above. thE following der1vat1vea were alao 

CG1Iputed and analysed. 

1) Mean lea! anall.aflet (cm2) 

a) 30 DAS , 
b) 40 DAS 1, , 
c) 50 DAS 3 

d) 60 DAS 3 

e) 70 DAS , 
f) SO ilAS 1 

g) 90 DAB 3 

11) Root: Shoot rat10 

a) 30 DAS 
, 

b) 40 DAS 3 

c) 50 DAS , 
d) 60 DAS 

, 
e) 10 DAS , 
!) 90 :.>AS 1,2,' 



111) Mean lFaln Yield/plant (ara.s) 

(darhed trOll the plant population at harvut and tha 
&rain yield/nEt plot) 

'.7.1.2 Lata recorded for net plot. 

i) Plant populetion/ha (at harveat) 

11) B1a.ass prOduction (frash weiibt) at 
harvest l kg/ba) 

i11) Crain yield (k~/ha) 

3.7.1.3 Nethod. of recording data on SOybean 

1,2.' 

1.2.' 
1.2.3 
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Plant heLe.ht was lIIec'sured !roll ba.e to the growing tip. 

Diueter of the stem was uasured at the be.e of the ste. (31U1t 

above the collar) using a scrEW gauee correct to 0.01 _. Tha 

parameters, number of branches, nuaber of leatlets. number of 

root nodules, number of flowers. number of pod •• and _bel' of 

grains were recorded by counting. on indivldual salllple plants. 

lhe 'nllaber of lee!lets' rders to individual leatlets be1ng 

reckoned as the unit of counting and doe. not refer to cOllpOUDd 

trifollate leaves. Thls was preferred •• it furnishes a .ore 

reliable ldea about the photosynthetic apparatus; on the other 

band, counting based on compound trifoliate leaves could leBd 

to aislead!n6 results by overlooking the possibility of one or 

more leaflets of a caapound trifoliate leaf being absent dae to 

natural shedding or lnsect attack. 

An approxilllate idea about the total _bel' of ca.pound 

trifoliate leavee/plant is. however, deriva~. by div1diD& tile 

'number of leaflet. (total)/plant' by " A. relPU'd. the DIll'" 
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or root nOdule., all the identifiable nodule. down to the 

Ulalleat size were cOWlted. For this, the root .yst ... of tbe 

pulled out sample plant. were washed carefully, including tboae 

thct got llepar~'ted in the 'W"shing. Lee! area wes _asured by 

the punched disc method. 

Bate on net plot parameters (plant population at barYest. 

biomass production and grain yield) were recorded after harvest­

ing of the one I guard row' of plants all !'OWld. by pulling out 

the ll£t plot plants separahly. bioma.s recorded included all 

the parts - roots, ste., branches, leavel, flowers if any and 

podl containing the le.dl. While biomass yield. were recorded 

as lresh weight ... rain yields are on an air-dry basia. 

3.7.2. VbservaUons on bamboo clUllJ?s 

'I'he total experimental population being 24 cll.lllps, each 

'plot' (-experimental unit) bad only one bamboo clUBp, distri­

buted over 6 treatments X 4 replications. Hence full enu.eration 

of each clump was carried out. Further, 8S regards bambOO, the 

recording of observations were commenced 9 1/2 months before 

layi ll6 out li.xpt.1, and continued 1'or a period of nearly an 

year after the harvest of the soybean crop of Expt.,. ThUa. 

observ"tions were recorded on the balIlboo clumpa over a total 

period of about 2-year,gand 8 months which spanned the 3 experi­

ments (Experiments 1,2 and 3). 
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of root nOdul. ... al.l the idenUfiable nOdul.ea down to the 

8118ll •• t .1&8 were counted. For this, the 1'00t .y.t ... of tbe 

pulled out aaaple planta were waahed carefully, 1I1cluding th ... 

that got a.parflted 111 the ",,&bing. Leaf area waa Haaured 'by 

the punched diac .ethOd. 

Bata on net plot parametera (plant population at barYeat. 

biOlll8ss production and grain yield) were recorded after barYeat­

ina of the one 'guard row' of planta all round, by pulling out 

the net plot planta separately. E10maaa recorded included aU 

the parts - roots, st •• , branchea, leaves, flowers if any and 

pods containing the aeeda. While biomesa yields were recorded 

as ireah weight, grain yielda are on an air-dry besia. 

}.7.2. Cbservat.1OllIJ em bamboo clWlpIJ 

The total experiaental populat1on being 24 clumps, each 

'plat' (.experimental unit) bad only one bamboo clu.p, distri­

buted over 6 treatmenta X 4 replications. Hence full enumeration 

of each clump waa carried out. Further, aa regards bamboo, the 

recording of obaervetions were commenced 9 1/2 .ontha before 

laying out Expt.1, and continued for a period of nearly an 

year after the harYeat of the soybean crop of Expt .3. Thua. 

obsErvatiOns were recorded on the b8Jllboo clumps over a total 

period of about 2-yearsand 8 months which _p8JUlecl the' .xpeJ"i­

.ent_ (Lxperim.nts 1.2 and ,). 
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The age of the base crop of bamboo at the time of sovina 

soybean in Experiment 1 was exactly 4 yeara and it was alaost 

5 years wilen the soybean crop of the last experll11ent (Exper1llt!nt 3) 

was barYEsted. The tilDe. of rEcording thE one dozen .. t. ot 

biometric observatlons. In tErms of days atter planting (DAP) 

the Clumps (which were planted on 19.8.1975) and the perlods 

corresponding to thE three experll11ents dur~ which soybean was 

ralsed are shown below. 

Time. recordl~ biometric 
observations on beaboo 

clUlipa 

DAr 
1171 

1355 

1422 

1449 

1558 

1681 

Date 

2.11.1976 

5.5.1979 

11.7.1979 

7.6.1979 

24.11.1979 

SaliEnt dates in the 
cropping history ot the 
soybean crop 

Date 

!.!2L.1 
18.8.1979 sown 

24.11.1979 Harvested 

E!pt. 2 

7.12.1979 Sown 

6.}.1980 Harvested 

E!pt, , 

18.4.1980 Sown 

29.7.1980 Harvested 



1812 

1852 

1860 

20f¥1 

2103 

2152 

4-8-1960 

1,3-9-1980 

JO-12-1980 

6-5-1981 

22-5-1981 

10-7-1961 - Culm. sElectively ~elled. 

{ '"" 
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The ~ollow1ng para.eters were recorded during the ditterent 

stages sown under the., on the baaboo clumps. 

recorded at OAP 

1) He1~t o~ culm (m) 1171, 1355, 1422. 1449. 

1558. 1681. 2152 

i1) Diameter of cu~ at base (mm) 1171. 1355. 1422. 1449, 

15.58, 1681, 1812, 1960, 

2087, 2152 

1i1) M1d-cu~ diameter (a~) 2152 

1v) Nuaber a~ nOdes/culm 1355, 1~22, 1449, 

15.58, 1681, 2152 

v) NWlber af priaary branches/cUll 1422, 1449, 1558, 

1681 

Vi) Number of liv1n& c~/clump (} 1-year old culu) 

1171, 1355, 1422, 

1449, 15.58, 1681, 

1812. 1852. 1960, 

2087, 2103 



recorded at DAP 

v11) NabEr of clollll_ (total}/clUlip 

(i •••• all living culm. + potential 
culms) 1171, 1"5, 1422, 

1 __ 9. 1558. 1681. 

1812, 1852, 

2087, 210, 

vi11) NlIIIlbu of Wlable culms har'YESted/clUllp 
2152 

ix) Mean we16ht (fruh wei~ht) of 
individual cul.JIII only (q) 2152 

x) Mean .eight (fre.h wei6ht) of non­
culm aerial vegetative part. (bran-
ches + leaves + lIhe-,th.)/culm (q) 2152 

xl) Mean Aerial biomaas (fresh weight)/ 
culm (i.e., culm + branchea + 
leave. + .heaths) (kg) 2152 

xli) Total culm yield by weight (.fresh 
weight)/clump (kg) 2152 

'.7.2.1 MethOds ot recording the data on the bamboo cluap. 
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All the one dozen sets of observations on the bamboo clump. 

were recorded during t1lles when there w. no crop of .oybean 

_tanding in the field, to avoid damage to the latter. Even. 

the 2 sets ot observations. viz., tho •• recorded on 1558 and 

1681 DAP ( .. an age of the baaboo cl\lllP- at thi_ stag. bel.Q1 

a~t , 1/2 year.), falling within the span of the' experi­

.ent. involving _ Jybean. were rEcorded during the fal.l.ow 

perioda bet"..n two crop. of soy'bean. Thu. the reooJ"CI1ng of 

data Oft 1'58 DAP wa _de OIl the saae day the .oybean crop of 

Exper1aent 1 was harvested, after l'emoY1n& the harvuted 



.oybean planta firat. rhe record1ng of the data of 1681 

DA.P tell durl~ the lnterrepWII betwen ExpErl .. nt 2 and 

Experl .. nt ,. 
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As regards height of culm, lnltlally during the f1reat two 

occaslon. only (l.e., 1171 and 1", DAP), lt waB recorded on 

only one culm, namely the talle.t culll ln the clUJllp. Slnce, 

;. 

rate of growth of indlvldual culms ln bamboos ls very fast, and 

thus the helght. of new culae ln different clumps i. highly 

variable, thE recordlng of the height ot'the tall.st cuIa ln the 

clump' serve. only as a rough lndication ot the average length 

of a culm in a clump and thus the stature of the clump .s a 

whole, at any glven point in ti... Hence, during all the sub­

seqllent occasions (1422. 1449, 1558. 1681 DAr) heights of all 

the standing cullBB ln a clump were lIeasured and the Height of 

culll wes .e 'surad by USing a lIleta1l1c tape frOil the first vls1ble 

node to the tiP. taking care to follow the curvature of the culll. 

1f present; hence the lIeasure.ent 1s actually the .easllr8.ent 

of the length of the cula, In the case of 2152 DAP, the data 

were recorded not on all the standing culaa but on selectively 

felled culIBa by laying them flat on the ground. 

Diuet.r of culIB was measured at the mid-point of the 

first visibl. basal internode. 1 •••• above the first visible 

node. For each cul.JII. 2 measurements, on. alo»& the perceptible 

long.st diuet.r and another along the axis perpendicular to It, 
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were lII8de. The .. an of theae two reed1ne;s was taken aa the 

diaaeter of the cul.II. fbi. was done to clillinate en, ovality 

Of the culm at the point of lIe"surement. This was followed for 

each and every ODe ot the atandill£ cul .. in esch cllap and 

sia11arly for ell the 24 clu.pa. In the csse of the felled 

culms, the diameter WiS .easured at the mid-point of the firat 

full internode from the cut end. Mid-culm diameter also was 

recorded on the selectively felled culms. This parameter doe. 

not reter to the mid-point alone; the length of the culm but 

refers to the mid-point of that internode along the length of 

the cullll, which divides the total number of internod41. in tbe 

culm into two equal balves. In the case ot culma having an 

even number of identifieble internodes, this parameter was 

recorded at the mid-point of the internode imaed13tely below 

the node that divided the culm into two halves of equal number 

01 internodes. In the case of mid-culm diameter also, the dia­

meter 1s the lIIean of two mutually perpendicular me aurements, 

Culm diameters were measured thTOU".hout I.lsing a vernier calli­

pers to 0.1 ... accuracy. 

NumbEr of nodes/culm, Dumber of primary branches/cUba, 

DUmber of living culms/clump and number of cl.llms (total)/clu.p 

were recorded by actual COl.lDttng. The first two paraaeter •• 

viz., node. aDd primary branchea, were oounted culII-wi .. ill IlI1J 

one clUllP and tbe~ averaged. HoweVer, for these two paruaetera 

alone, Dot all the culms ill lUl1 particular clu.p wera ._eratH 

becalUle of the difficulty of .eparat1ng the iIltertw.lnJ.n& culaa. 
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Henoe. tile .. data were recorded only :for those culms on wltio)a 

the countiDi could be carried out accurately, &enerally the •• 

were the culm. occurriD6 alonc the periphery ot tbe clump •• 

The distinction between 'number ot living culma/clump' end 

DUmbEr of culma (total)/clump" is that the latter parameter 

incLudes all the existing culms (i.e., living culms of age 

1-year or more) plus all the 'potential' culms (1.e., koasli. 

and 'new recruits' buth of which are les8 than 1-year in ac. + 

culms Which have been already cut and removed, whose one time 

exietenc6 is indicated by the prEsence of stumps). Thus, wltile 

the 'nuaber o~ livin8 cu1me' measures actual productivity at 

any &inn point in time, the 'nUllDer of culms (total)' furnish •• 

an idea about the potential productivity of a clump, tak1ng 

into account future c~s and lost culma. In the CBee of the 

prEsent investigation. very few cut stumpe ii~ur.d in the 

eumeration of the total number 01' culms; a few I118lformed 

culm., however. had to UE felled to avoid clump congestion 

or facilitate sowine; the intercrop. SilBilarly, not all the 

komaJ.i. that ellerge trom the iSround ,grOtr up into culm.; .. ny 

die and dry up. Theae two kinds ot 1088e8 are accounted for 

preciSEly by the ditferenc@ between the two parameter. 'number 

of culm. (total)/clump' and 'nUllber of living eullBa'. 

~;h1le tile 'nUllber of living culu' and 'DWlbEr of total 

culm.' per cl.uap ere independent v,:.riable., the 'nUliber of 

usable oulm,/cl.uap' as referred to ill thia ,tlldy, 1, • 

dependent variable. aince specific fe1l1n& rule, were ,trictly 
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enforced. The tell1n& rules observed in this study conaiatad 

of (i) avoiding the fel11ng o~ any culm aged les8 than 1-yaar 

(1.e., komalis and 'n~ recruits') and (il) felling of 5~ Of 

the rema1n1ne. cul .. (i.e., half of all the living culms of ace 

1-ye~,r or lIore). 

As re&Rrds the parameters 'mean weight of culm alone', 

'mean weight of branches + leaves + sheaths/culm'. e.nd 'total 

culm yield by weight/clump', all these refEr to fresh weight. 

as recorded i.medlately aftEr harvest of the culms on 2152 DAP 

(mean date ot tEllinG). First. the culm along with ita branch ••• 

leaves and aneathea was weighed. Then, the non-culm aerial 

ve~etat1ve parts \1.e •• branches + leave. + sheaths) were 

separated from tt!f! culm and weighed. Finally. the weight ot 

the culm was computed by d1fference from the above mentioned 

two p8re~eters. We1~hments were made using II spring balance. 

3.7.3. Libht intenaity 

Light intensity was me-.urad, daily over a periOd of 11 

m~nths from September 1979 to July 1980, covering the period 

01 tenure of the 3 experiments. These measurements were 

recorded at ?round 12 noon (local time) daily, both within 

the bamboo 8tand (E,> and in the open field (E2) at sit •• 

where there was no shading by the soybean. 'Within each enviro ... 

m.nt, the •• asure~nt. were recorded at two different spot. and 

in each spot at 3 d1fferent points so that the estilate of light 

intenaity for aDJ one stand i. the mean of 6 reading •• 
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'fhe ii£ht 1ntens1ty was .eaaured uSi", an 'Apisb' iUlUHter. 

The .elenium photocell .enaor was covered with two piece. of 

NO f~r. and the .enaer was placed horizontally Oft tbe ground 

.urtace with the cell tacint; the .ky. The actual locations 

where the.e readin&. were taken ware arranged Illeb that they 

were at the junctions of 4 plot bunds, and further, were 10Cl!ted 

centrally at each at the 2 lQC~tiona, in each stand, so •• to 

represent the li&ht cl.illate of the .tand more accUI'Iltely. The 

same measure.ent .pot. were used throughout. At the ••• pot. 

direct shad~ of the aen.or by the soybean plant. did not occur. 

l'be total of thE ;s652 read1.nt.. recorded over practically 

a continuous period of 321 daYE were grouped 1nto etandard week. 

and tn. weana fer the standard weeks were computed, and graphed, 

and are shown in F'ig.2. Appendix 1 furnishes the data fer th • 

• tandard week •• 

3.7.4. Mlcroelipat, 

The mlcrolllmate prevalllng withln the two environment., 

1;;1 and 1,;2' was attell1Pted to bE characterized using the two 

parameters bad c to any Illicroc:lillla tic .tudy. The se were the 

lil/ihient tempirature and t.Le relative bum1dlty. The.e were 

recorded ua1n& an Auman pllychraaeter. 'Ihere were 12 var1a1:lle. 

in all, viz., the 2 environaents X , altitude. (15, 50 and 250 _ 

above ~OWld level) X 2 time£ of recording (07.22 hour. and '4.22 

hours) • Tbe observations were recorded over the entire period 

of experimantatlQD~ 
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The 3 altitudes were cho.en such that they repre.ent the 

3 distinct layera involved in this study - viz., the n.ar -

.,round layer, the soybean canopy layer and the bamboo canopy 

layer. As tor earlier work on lIIicroeU.lI8tic study on this 

species of bamboo thEre is only one published work (Debral 11 !l., 
1969). The study referred to, involved besides bamboo, a .tand 

of pine trees also. The authors recorded the microcl1lllatic data 

at 5 altitudes, ViZ., ground surface (i.e., zero ft.), 6", 1', " 

and " (15, 30, 9:·, 150 em). In the pres.nt investigation it 

was ielt prudent to avoid cround surface 80 •• to minimize the 

eifect of weeds, and to reckon l' em (which corresponds to the 6-

of Dabral !! !l., 1969) as representative of the condition below 

tn. soybEan canopy. Another difference is that the maxilNa 

altitude has been raised still further from 'ft to sli&htly 

more than 6 ft (-250 em) in the present study, .0 .s to •• cure 

a truer picture of the condition within the bamboo canopy. Tbis 

capability of taking a n?ding at B it (for which, the use of 

• stool is cumbersome and a ladder is tlg08sible) was achieved 

by a at.ple device developed by the author of the present 

investigation, and i. described below, 

A casuarina pole, 3 • in length we. painted with .arka to 

measure oit 15. 50 and 2.50 OIl reapectively, troa the 'bott_. 

A mild steel hook screw was driven into the pole near the top. 

One end of a nylOJ:. chord was tied to the top r1Dg of the A .... 

psycbrOllleter and the chord wa. pas.ed tbrouah the book 'pulley', 

wi th the other end of the Chord willi held 'by the C>peJ"8tor. 
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Firat, the inatrwaent was rebed to the top posit1on such that 

it •• hielded bulbs .. cUon coincided with the 250 Qa IIIlZO& OIl the 

pole. The pole waa held Vertically up and the meAsurement taken. 

l_ediately atter that, the tree end of the nl'lon chord _. 

loosened c"'retully so as ttring dcnm the instrument quickly to 

eye level ..,heA the rl"dlng waa noted (vide Plate 1). For the 

othEr two altitudes (15 and 50 em) also, even though the pole 

was not an absolute necesaity, at ill it waa used aa a conveaient 

sca.le. 

The observations were recorded at a spot which was the exact 

centre ot the environment concerned so as to represent t-. 

environment the most accurately. The daily d?ta so collected 

over a continuous period ot 11 months spanning the 3 experi­

ments were grouped into standard weeks and the •• ans tor the 

standard weeks were computed. The summary ot the aooo re~dinc-
is presented 1n Appendlx 2 and grapll1cally in F'ig. 9 (temperature) 

and Fi.10 (relative humidity). 

The weather data as recorded at the A~lmet observatory ot the 

University, located in the same calIlPUS, 1"or the cOITespondina 

pEriod, were also compiled and are presented 1n Appendlx 3 and 

e,raphically 1A 1'ig.11, for comparison of the microclimate with 

the macroclimate. 

,.7.5 pata og Soil Moistyrs 

Eventhough this study is an irrigated study, weekly irri­

gation be1n& provided (excepting dur1n& the raill1 periods) to 
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tbe soybean crop dlU'illg tbe PEriod of tenlU'e of the 3 experi­

ment6, data on sol1 .oist~re statu. was collected slnOl 8 

reletlvely large-sized woody per.r~al crop was involved wbich 

could compete effectively for soil moisture with an a •• ociated 

annual crop. 

Soil sample. were collected at weekly intervals, ~~t b.tore 

the irrigation was provided, i •••• on the same day on which the 

crop w s irrigated. All the aample. were alU'taee sample. npn ... t· 

lnt 0 - 15 em sampling depth and 2 aamples \one near the centn 

and the other near the NE corner ot the plot) were collected 

!rOlll each 01 the 46 plots. Sampl~ w s don. !.Ising a aCN 

aUtier. Noiatl.lre 'WaS determined gravimEtric:;,ll)'. sep:o;rr'tely 

for eseh one of the 96 ailmFles at every staee of aallplill6. 

l>.ean soil llloistl.lre contents were then calculated separately for 

e3ch one of the two environments (£1 and E2). Th!.la each mean 

is Ocsed on 48 sample •• 

Soil moisture oata wal .ath.red over a conti~~ period 

01 more th3:1 7 months repre.entil'\g Experi.ent. 1 and 2 only. 

The summary of the nearly 250" moistlU'e detel'llllnatlons are 

furnished in Table ~. 

}.700. pata on we.d 1nte8tation 

Lata on weed infestation VBI collected plot-wi ••• ance, 

at the end of Expt. , (as on }o.7.1980. 1.e •• 1 dey after 
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barve.~ of the soybean crop). For this purpose a sampling 

quadrat of 0.5 x 0.5 •• ides wall used. Four such quadrat 

samples were used for each plot. The quadrats were positioned 

along ~. E, w and S .ections of each plot. 2 sample. (N and S) 

beillt. near the periphery o:f the plot and 2 other samples (E and 

II) being neAr the centre of the plot. The same locations wen 

followed for all the 48 plots. 

weed plenta !alline:. within the quadrats were pulled out and 

their fresh wei£hts were recorded plot-wise. Then. they were 

eutner3ted species-wise. The summarized data are presented in 

Tables 35. 36(s) and 36. 



Btsults and llistussilln 



CHAPTER .. 

RESULTS AND DISCUSSI<l'4 

The ... sults of the three experlllents conducted on 

soybean and the observations recorded on the other associated 

aspects. v1z. t prevall1n& light intend ty. II1crocl1Ht. t a01l 

aoisture and weed infestation, and the information collected 

on the baae crop of 'so11d' bamboo (Dendrocalaau, .tr1ctys 

Nee.). with the ObJect ot exploring the feasibility of 

'establiahaent intercropp1ng' of soybean within a stand of 

bamboo during tbe early stage. of the bamboo crop, are presented 

and discussed in this cbapter. 

4.1. SOYBEAN 

4.1 .1 Height of plant (ca) 

(TablU 1 and 2, F1t;.2(aV 

Among the three factors stud1ed only 'environment' (E) 

and 'v1gour of the bamboo clump' exerted any sign1.f1cant 

influence on the height of the soybean plant. The other factor. 

viz., 'phospborua application' (p) did not exercise any s1Bnl­

f1cant influence CIft beight. As regards i. soybean height ... 

vary highly s1gn1f1cantly (p • 0.01) taller 'within the bulboo 

stand' (E1) as CQDpared to the 'open field' (E2), at all 

atages and s1&n1ticantly so UDder 70 DA.S of Expt.,. except1q at 

60 and 90 !lAS of ...:;xpt.2 and 90 !lAS of Expt., vbe ... the ditfeJ'ell­

cas were not s1Bn1tlcant. Even in these cas.s vbere statis­

tical s1piticance was aot reacbed. all. but ane reoorded 

taller plaats. Oaly under 90 DAB of ixpt.2, w. the height 
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Table _-..1 Reliht of plant (em) 

i.!l!Ll 
SOYBEAN 

Expt. 2 
DAS DAS 

~ 60 90 ------30-------60 

1. Hthin the »a.boo IItand (:r;,> (a) Influence of Phosphorus 
levlll. (p) 

Po 17.758 ;1 ~404 
1'1 17.496 29.624 

31.m-
29.54.3 

26.1.32 
26.444 

4,.244 ---,., .09' 
1(~.016 38.7" 

1'2 19.473 
t NS 

Si. 0.727 
CD 

32.916 
NS 

1.296 

33.072 
NS 

1.338 

26.105 
NS 

0.8.34 

-Ui)Wiuence-of vIgour of bamboo cTiiijl-cvJ 

46.129 
NS 

1,"519 

41.,.,., 
NS 

1.434 

L--·· --i8~7l+2-~T~609-~---27-;'f0ll------45-~)8l4-JV;so'r 

H 17.743 30.960 31.069 26.683 
NS 

0.681 

43.215 38.3" 
F NS NS NS NS NS 
Sl:. 0 • .593 1.058 1.092 ~."26 1.171 
CD ----_._-_--_. 

2. In the open field (E2) Influence 
~---'f5~152--~'--z2.gu--

1'1 15.02' 23.863 23.168 
P2 15.}48 24.601 2'.567 
F NS !is NS 

SE 
CD 

0.282 0.651 0.666 

of phoaphorua levelll 

19.253 42.951 
16 • .367 41.af46 
18.955 43.691 

NS NS 

0.421 1.361 

(p) 

39.185 
37.99it 
40 •• 

NS 

1.340 

,. Pooled analYSi. (8) Influence 
---E1-18~--yr;'lr--31.280 

of Environments (E) 
.-""-20~"B9Ti"--.- l+l4;"33tr-~ 

E2 15.114 24.096 23.226 18.856 42.831 39.'54 

F .- *- *- *** 
SE O.}O1 0.577 0.593 0.371 
CD 0.885 1.661 1.7ar 1.070 

·-(ii}-rnrIueJic.-cir'?hOijlfiorualeviis (p) 

NS 

0.7'¥7 
NS 

0.199 

---------------------
'6.454 27.614 27.074 22.693 4,.101 38.439 
16.259 26.7~ 26.356 22.406 42.4'1 38 • .365 
17.410 28.759 28.330 2'.530 "5.210 41.132 

NS NS NS NS NS lIS 

0.707 0.727 0.976 0.918 
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~ DAS 
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SOYBEAN 

~o~------W50~-----r.60~-----1~O~--~90~ 

---------------------------------------------
1. ~~~~n the Bamboo stand (E, ) (a) Influence of Phosphorous _____ ____________________ ------- - - - --- -revn. (1)) 

Po 39.700 54.045 67.605 66.155 62.745 64.810 
P1 44.020 5.9·900 75.425 72.280 69.015 68.270 
1-'2 44.595 61.330 75.220 74.020 72.480 70.415 
F NS NS NS NS NS NS 

51> 1.470 2.066 2.336 2.777 }.885 4.124 
CD 

(h) Influence o! vIgour of '&8.boo Clu.p lV) 
.-- --_- -.---.-.--------.---------~.----.~-.--. -----,------

L 40.fJ77 55.840 70.057 69.7Cf7 65.440 61.610 
H 45.467 61.011 75.443 71.930 70.720 74.053 
F "* * NS NS NS • 
SE 1.200 1.666 '1.908 2.268 3.172 3.367 
CD 3.616 5.Cf78 10.14, 

2. In the open field (EZ) Influence of Fhosphorou8 levels (p) 

Po 29.943 38.963 54.495 58.813 61.407 62.104 
P, 28.723 37.517 53.625 59.096· 61.498 62.668 
f'2 29.0}7 40.427 56.119 59.748 59.859 62.303 
f NS NS NS NS NS NS 
Sl. 1.861 3.251 3.677 3.816 4.228 4.18, 
(.;D 

}--:- poOledanaiysi.(8)lnfluence of Environments (E) 
-I1------ 42.772 58.425 72.750 70.818 68.060 67.832 

I> 2 29.2:54- 38.969 54.746 59.219 60.921 62.'58 
F -* """ ".- ".* .. liS 

SE. 0.978 1.602 1.81, 1.954 2.,,, 2.400 
CD 2.814- 8.239 9.}24 10.049 6.186 

(~l_!.nfl~nce !_f___! .... o.phoroua lenl. (P) 

Po ,...eaa 46.504 61.050 62.48It 62.0'76 6,.4,., 

P1 36.372 48.709 64.525 65.688 6,.257 6,.1t69 

1'2 36.816 50.879 6,.670 66.88At 66.170 66.,,, 
F NS NS lIS HS NS NS 

SE 1.198 1.963 ".928 2.393 2.882 2.938 

CD 
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alipUy aborter UDder E1 tbaD WIder £2' but the diU ....... 

-a very IIllrI1Dal (only 1.~) and not aignificant. 'fhe 

increase in height _a 8 'bout ~ in .oat caa... The 

increased plant height s.en under E, is clearly aacribable 

to the reduced light intenaity (i •••• ahading by the ballboo 

clWlpa) • 

That ahading or low libht intensity increasea the plant 

hei~ht baa been reported in groundnut (Cox, 1976), Cotton 

(Eaton and Er&].e, 1954), spinach (Parlevliet, 1967), cowpea 

(Adedipe and Ol'IIrOd, 1974) and in soybean itaelf (Beuerlein 

.t1 !l., 1971 J WaJlua and Mille,., 1978; .1eyal'8llllU1, 1979; Rabie 

and Kl.lllazava. 19791 and Prine, 1980). St_ elongation 1ft 

abade wa_ pre.umaQly the reault of elongation of component 

cells as reported 'by Redington (1929) and internodal elODga­

tion aa stated by Weaver and Clementa (1938). 

Aa relards the influence of the visour of the ballboo 

clUllP (V) an interesting trend va •• en. Initially i.e., during 

the tenure of Exper1aenta 1 and 2, tbe al:tybean planta under 

the 'high' vigour«H) clwaps were innriaQly alightly sboner 

than those under the 'low' vigour (L) clwaps, thOUi)1 the 

diUerenees were not atatiatically 8ignificut. However. 

SubseQuanti" dur1n& tile tenure of Expt.,. the trend reyersed 

with the soylMan ?Ilanta UDder 'H' beCGllin& taller IlDd tboae 

UDder 'L' aborter. further, the difference a .ere highly 

a1fjll1ficant (p • 0.01) at 30 DAS ed 8i&n1ficant at ItO 8Dd 90 
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DAS undu Expt." the reat be1n& not a1p1fioant. Eyidently 

aa tilDe pass.d, tM 'bigh' vi&om" cluaps ar- fllrther and put 

on .ore fOlia,e as to _increas. the shading which reslll t.d in 

increased plant h.1ght of soybean. 

Phosphorus did not innl.lence the beight of the sOYOeu 

plant significantly, be it Llftder bamboo cluaps, or in the opeD 

or even in overall teras. This ia in contrast to the r.slllta 

reported by several vorkers, for open field conditiona (Howell, 
w-

1954. Ferrari .!l.!.l., 1976; Saleh, 1976, lA[ence.!l .!.l., 1977; 

and holia .!l .!l., 1979). Hovever, it is to b. noted that 

Shahidllllah .!ly. (1979) fOLlftd aoybean plant to increas. its 

height only upto a cet'tain level of P application, beyond Yhich 

it started to dec:l1ne. And he had used a aaxiaua do.e of only 

56 kg P20,lha while in the preaent investigation the .. xiaua 

dose used was 200 kg P20,lha. Further, Kesavan (1970) had 

reported even a significant negative influence of P on soybean 

plant height. 

Tvo other salient feature. co_on to all the three 

fectors studied (E, V and P) and to all the three experiaenta, 

vith reterence to the pa ... ge of ti .. are vorthy of note. In 

alao.t all OIl.e., there va. • steep increase in plant height 

usually upto 50 or 60 DAS, after which there -a • plataau1n& 

(i.e., the h'1&ht remain.d .tatic) •• in the ca •• ct the 

influence of P under E1 •• vell •• in it. Oftll'8U eUect 

(o_b1n1n& E1 and E2), or there vas • sUght reduct i_ in 
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plant height. '1'h1a WO\&ld imply that the height growth of the 

aoybean plant is coapleted in a 'bout 50 - 60 day.. The a11lht 

reduction in heighta beyond 50 - 60 DAS waa due to the dry1n& 

off of the tip. Th. only exc.ption to thia pattern waa the 

behaviour of soybean height in the open field environment (£2) 

in Expt.3, where the height registered a oontinuous r1.e, wit.b 

passage of time, upto go DAB, under all the P levela. 8oa.lbly 

the seasonal conditions that pr.va1led during the tenure ot 

Expt.3 had a role to play in thi.. Th. .econd feature, 18 

that the plants were the talle.t in Experiment " followed by 

tho.. of Experiment 2 and then by those of Experiaent 1. 

Further, the.e dl:f:Cerencea got accentuated a. tiae pa.aed, 

upto 50 - 60 DAS. Pr ..... ably thi. differenoe in the height. 

of plant. between the , exper1aents 1. due to the effect of 

.ea.on. 

4.1.2 Diameter of stem 

(Tables " 3(a) 4 and 4(a), Fig. 2(bV 

In all the three experimenta, Significant differenc •• 

aro.e only between the two environaent.. the infiuencss of 

the other two factors being not aign1ficant throughout. I. 

general, the .oybean plant. growing within the bamboo .tand 

(E1) bad thinner .t.... Howe ... r. while in Experiments 2 and 

, this was so, in Expt .1, the plants grow1n& und.r 1£, bad 

thicker st .. s initially (30 and 60 DAS) and the ditferenoe 

was highly sig.ificant (p • 0.01) at 60 DA.S. Further, the 

differeno.. betwen st •• diallet.r. for B.t and 1£2 were ... ry 
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SoYBEAN 

!5!L1 
Expt.::1. D AS 

___ __ __ 30 ___ 60 90 _.___2Q______ 6=0 ___ ..%.90.;;___ 
1. w1tn1n tbe bamboo stand (1 1) (8) 

Po 2.432 2.972 2.662 

Influ~nce of Phosphorus level. 
p) 

1.461 2.333 2.067 
P, 2.357 2.826 2.570 1.408 2.240 1.850 

il2 2.389 2.998 2.612 1.yr9 2.246 1.985 
F NS NS NS NS NS RS 

Sb 0.033 O.OffT 0.183 0.056 0.117 0.165 
CL 

(b) In.!1.uence of vigour of bamboo clUlllp (V) 
L 2.386 2.942 2.573 1.465 2.353 2.038 
.Ii 2.~98 2.922 2.6,56 1.366 2.193 1.896 
F NS NS NS NS liS NS 

S£ 0.02.7 0.C172 0.149 0.046 0.095 0.1" 
CD 

--_._-------_----------
2. In the open field (b2) Influence of phosphorua levels (p) 
---.--.---~---.--------.. --~---------- .------ . __ ._----

Po 2.341 2.699 2 • .584 2.249 3.241 2.968 
p 1 2.365 2.814 2.706 2.179 3.002 2.882 

['2 2.310 2.752 2.679 2.2.74 3.210 3.0)1 

F NS NS NS KS NS NS 

SE 0.142 0.062 0.066 0.145 0.090 0.096 
CD 

3. Pooled analysis (a) Influence o! E.nvlrOlllllents (E) 
--.-------------~. 

E 1 2.'93 2.932 2.615 1.416 2.273 1.961 

E2 2.339 2.755 2.656 2.234 3.151 2.962 
F NS ** NS ** .. * ... 

_. 
SE 0.062 0.043 o.an 0.066 o.O!59 0.016 
CD 0.123 0.190 0.170 0.219 

----
(b) Influence o! ;bospborus level. (p) 

Po 2.~ '2.8jO-2:'523" ";8"--- 2.m -z"3iT 
P, 2."1 2.821 2.638 1.194 2.621 2.366 
Pa 2.'~ 2.rn4 2.646 1.821 2.728 2.,11 

r NS NS NS NS MS NS 

liE 0.Cfl6 0.052 0.094 0.080 0.01' 0.09' 
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E ,xpt. 1 InXluence of the interaction V X P 

P level a Vigour of the bamboo clump (V) 
L Ii 

Po 2.456 2.407 

P1 2.266 2.448 

.1'2 2.437 2.340 
,----,-,-------- ----"-,-,, ---,_. __ .,-,-,-,---,----------

F test ." 
SE • 0.046 

CD • 0.1'9 

Conclusions: 
a) P over V 

L • ~2 P1 " 

b) Y over r 
1:'0. LH 
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Table 4 DiametEr (_) 
:t.xpt. 3 

SOYBEAN 

L fi S 
_?Q _________ !+() _______ ~ _______ ~ ________ 70 90 

1. v.:!t_h!n_!l_!_L!l~~~~ _ _!t~l!<!_~~) (8) _!!l_~lUtL~_E_~_L!,!!~._@~~ou. lev(~; 
--,--_. _._ .. _------_._-_._-

Po 2.185 2.415 2.740 2.555 2.670 2.085 
P1 2.220 2.505 3.170 2.665 2.795 2.100 

f2 2.265 2.550 2.785 2.805 2.645 2.380 
F NS NS NC NS NS NS 

SB 0.025 0.043 0.199 0.099 0.177 0.164 
CIJ 

- .. ._._ .... -- --_,--_--_. _"_. 
(b) lniluEnce of vigour of bamboo clump (V) 

L . 2.2fO· --2"-.,50f - - - 2-;79-"-- ---~~NY-2.793 ------'F.261 

r, 2.237 2.473 }.OOO 2.647 2.747 2.110 

f hS 

SL O.O}O 
(;L 

2.700 

t'2 2.209 2.729 
I- NS !';,S 

51:- 0.075 0.191 
CD 

-.- -_ ...• _--- -_".". -
Eo1 2.223 2.490 
i.2 2.093 2.690 
1 * NoS 

SE 0.0-'6 0.083 
CD 0.1~4-

NS 

0.16} 

3.628 
3.593 

NS 

0.137 

NS 

0.079 

4.133 
3.992 

NS 

0.132 

NS 

0.144 

4.464 
4.265 

NS 
0.159 

-_._"_" - ---. -._ - -_. --__ .. _-_-----
2.898 2.675 2.770 
3.570 3.994 4.258 

*** i{+.* * ... 
O.OW 0.068 0.097 

O.Jf99 0.350 0.499 
- ----~. -.~- ---

_~~t.!~luenc. of ~hosphoroua levels (p) 

Po 2.089 2.526 3.115 3.206 3.358 

P, 2.149 2.603 3.399 3.399 3.630 
P2 2.237 2.640 3.169 3.399 3.555 
F NS NS NS NS NS 

SE 0.044 0.102 0.119 0.084 0.188 

KS 

0.134 

2.188 
4.590 

*-
0.1Oft 
0.535 .-_._"-<-----

3.251 
3.}74 
3.544 

NS 

0.121 
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Table 4(a} Diameter of stem at base ( .. ) as on 40 DAS SOYBEAN 

E;xp.t .3 Inflll!nce of tne interaction V X f 

-----------------
P levels Vi~our of the bamboo clump (V) 

L H 

2.59 

2.}3 

2.58 

-------_------ ---------------- ----------------------------
f test. * 
.:>1 .. 0.061 

eLi • 0.184 

Conclusions: 
a) P over V 

L P2 "0 P1 

H • l?1 ~o -----= 
b) V over P 

Po • L H 

P, • H L 

1'2 • L H 

* 
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little under Ezpt.1 (eftn on 60 DAB lIben 1t was a1p1f1cant) 

whUe in the ca .. of Expt.3, thOU{;h the d1fterence was ... 11 

initially (30 DAS), w1th &, recording aign1f1cantly thicker 

steaa than EZ' not only d1d the trend reverse after that, w1th 

EZ recording thicker st ... , but a180 the d1fterence between 

thea started to widen and that too at a fast rate. The .1tua­

t10n as regards Expt.2 was entirely d1fferent w1th the d1fference 

bet'Wfien E1 and EZ being large r1ght from the start and being 

l118.intained througbout the rest of the crop growth period, at a 

more or l.as constant level, the d1fference being very highly 

s1gn1f1cant (p • 0.001) at all the stages (30, 60 and 90 DAS). 

Tbe intluence of P, however, was strange under the open. 

f1Eld environment (E2 ) lIben the three exper1llenta are cOllJl8red. 

even though under any one experiment P d1d not exert any aigni-

11cant 11U"1uence on stu diaaeter. Thu.s, while the stem 

diameter increased, in general (1.e., under all level. of p) 

upto 60 LAS and thereafter did not increase, the d1fference. 

between the different atage. of crop arowtb ()O. 60 and 90 DAB) 

were not .. ch under li,xper1aent. 1 and 2. On the other band, 

in the ca •• of E.'Xpflr1llent ,. the st .. d1 .. eter, .uSer all the 

, level. of P, contimaed to increase .t .. ply tbroU&)lout the 

crop growth per10d till the end J thus the d1fference. bet .... 

the d1auter at 30 DAB and 90 DAB were ftry great. 

Further, whUe the .. in effects of botb Y and P were not 

.ign1!1cant thl'Ol.\&bOllt, their interaction (VXP)_. a1p1f1cant 

in two in.tance. (Ezpt.1 and an 30 DAB, end Expt., aa an 40 DAB). 
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In senerd 111 ooth cas •• (Tabh ,(a) and Table 4<a» tbere 

appears to exist a l1Dk between 'M&h vigour' bamboo clump 

(H) treatment and application ot 100 kg P20,1ba (i •••• P1 

level) which acts towards 1I1cr.asing the st.. diameter of the 

soybean plant. 

4.1., Nebel" of 'brapchea/Plapl 

(Tables 5. 6 and 6(a), Fig.2(C~ 

The soybean planta growing 111 the open field (E2) had 

significantly (p • 0.001) more nUilber of 'branches as COIlpared 

to those growing under bamboo shade (£1)' at all stage. ot 

growth and UDder 'both Expt.2 and Expt.,. Tbe reduction 111 tbe 

number of oranches under E1 is evidently due to the shade cast 

by the baJa'boo clumps .a shown by the r€llul ta obtained by earlier 

workers. Tbl.l.8, Mourai .t!.!!. (1976) obaerved a reduction in 

the number 01" tillers is wheat dl1e to shading. On the othe .. 

hand, 111 the case of barley, shading had been observed to 

increase the BUilOEr of tillers/plant by Singh (1978). while 

the evidence aa regarda the intluence of shading on brancb1n& 

is conflicting in the case of cereal crops, the evidence 18 

clear-cut in tbe ca.e ot pulse crops, particularly soybean. 

Tbus. in cowpea hi6her li6ht intensity iaprov •• brancb1ni •• 

reported by TarUa .!!!l. (1977). In soybean. Kan and O.hiM 

(1952), Aaanwaa (1977), Viahua and Miller (1978) and JeyaraUll 

(1979) bave reported the ill ettect ot shad1n& on branch1n&, 
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SOYBUN 

1. W1thin the baall~~ .lJ_t.an<J_1E1) <.> Influence of nhosphorus 
·-"I~V.18 {PT· 

2. 

3. 

Po 
P1 

P2 
f 

st 
CD 

0.764 
0.748 
0.744 

NS 

0.042 

0.872 

0.766 
0.896 

NS 

0.0e6 

(b) Intlu£nce of v1~our of bamboo cluap (V) 

L 

h 

F 

SE 
CD 

0.745 
0.758 

NS 

0.034 

0.847 
0.842 

NS 

O.CYTO 

In 'the "-ff!~ .f1f!!~(E.2)_.lnflue_nc_e.(J! .. phOSJl~~s .. levlll:-~_JP...) 

P_o~~~~_~Ea.:rYlis 

E1 

E.2 
F 

SL 
CD 

(b) Influence 
-------.. 

Po 
P1 
P2 
F 
SE 

0.851 1.530 
0.989 
1.116 

* 
0.068 ~ 

0.202 .. 

(at !_n..fluence 

0.752 
0.985 

... -
O.O)!. q 

0.098 " 

1.471 
1.552 

NS 

0.C174 

of Environments 

0.846 
1.517 

*-0.046 _ 

0.133 H 
of phosphorus levels (p) 

0.808 1.201 
0.869 1.119 
0.930 1.224 

NS NS 
0.041 0.056 
n.11A n.1':" 

(F) 
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SOYBEAN 
Wt. , D A S 

___ !Q_L__ 50 60 70 90 
1. ~ltl!!n~.!be bamboo stand <E1) __ ~1_l._,!!!~~~C)j_.E_~_~l?bor0U8 l!Yet': 

--Po----------O:522"----r:905 2.035 1.625 1.710 
P1 0.804 2.175 2.060 1.685 1.725 
P2 0.671 1.820 2.255 2.065 1.670 
F NS NS NS NS NS 

& 

Q, 
0.0'+1 fi 0.196 0.220 0.241 

---- ----- - -----------------._ --- --- --------__ ._---------------------
(1) In11uence o~ !..1-,_~~:_ o_f __ ~mbo_,: ~~~EJ_\I_L ______________ _ 

L 0.519 2.093 2.150 1.847 
H 0.B12 1.840 2.08~ 1.870 
F * N~ l~ N~ 

SL 
CD 

0.033 C~; 0.162 

0.100 ~,c 

0.100 0.160 

1.513 
1.890 

NS 

0.197 

2. In the open !1e._l_d ___ !!U~~!.l_c?'''' of ~!l_€ __ El_l.E_!sP~_c:I~~s_]._~v.!~) 
-- --tfF~---------- ----------- ----- ----_ ------- -----
Po fl.Ui' 3.071 2.551 3.001 2.917 2.750 
Pi (t . .2.tJ6) 1,167 :;.038 3.479 3.637 :;.'33 
i-z (~.,_;; i) 1 .446 2.916 3.176 3.137 '.522 
F NS l·lB ?is * * 
~F.. 0.095 <::-4> 0.185 0.177 0.194 0.211 
cr; 0.'577 0.627 

-_ --- --- ---- _,-- ----- - - ._ . -.. -,~-~"--

3. F~o~lEd i1_~~LS~J_~ __ I_r;f..l:\lf!n.~! _£( _!ll~!_r:o_f!lT:e_nts j!L 
--E1 ·o-~666 ". 1.961" 2;111' -- -r;S5a---- 1.702 

E2 1.895 2.836 3.219 3.230 3.202 
I .,,** .,.,** ~** .ii-*. *** 

( b) 

5E 

CD 

0.043 (~ 0.111 
0.221 iWl' 0.511 

0.114 

0.586 
In!l~.n~e of phosphor~5 lEvels (f) 
--. - ~--------- ------------------
fO(~.i61. 1.797 2.228 2.518 
P1 O.2.tl') 0.986 2.607 2.110 
P2 (t·:l..32)1.059 2 • .309 2.7(6 
F- NS !-lS NoS 

Si 0.053 H 0.135 0.14Q 
_____ f£. ________________ . ___ _ 

0.119 
0.612 

2.371 
2.661 
2.601 

Nfl 

0.146 

6 • Sq~ar. root tranafo~at1on den. before anelysi. 

~ • 1a .qlolare root trallllionuo t.m1 ta 

0.157 
0.807 

2.230 
2.529 
2.596 

NS 

0.19' 
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~!~~~~ Number of brancne./plant .s on 70 DAS SOYBEAN 

EX!'t .,3 Influence of tne interaction E X P 

P level. Environments (E) 
___________ ~!:_:.~~ the. ba~bOO <~! In the open eE2) 

1 teat. * 
SE • 0.201 

CD • 0.595 

Cons:;!.usionaI 
a) l' ov,r 1:. 

£1 · 152 l'lO 

1.825 
1.685 
2.065 

l'l1 

E2 • P1 l'l2 Po 

b) E over P 

Po · E 2 L1 

P1 • E2 E 1 

P2 '" E2 E 1 

* 

* 

* 

* 



wb1le Jobllaton .!!~. (1969) reported increased ltnncb1D& 

through provision of supplemental light. 

" , 
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Aa re&ards the influence of the vigour of the bamboo 

cluap (V). only in Ofte instance (Expt.,. 40 [lAS) waa the 

difference significant. with the soybean plants growin& under 

the t hi,€,h' vigour cluaps (H) recording .ore nuaber of branchea. 

Barring this aingle case. the influence of cl~ vi&our waa not 

s1gnificant. 

Phosphorus exerted a significant influence on branChina. 

only Oft .oy'bean plants growing in the open field (E2) and that 

t\{oo , in three in.tances only (E.xpt.2. 60 DAB; Expt.,. 70 DAB 

and 90 DAB). It. influence under E1 or in overall teras waa 

not si~1fIcant. lD the open field condition. Po waa aignU'i­

cantly inferior in all the three instance. mentioned abVYe. 

the other two P treatlllenta being on • par. The inference ia 

application of P increase. branChing, under open field condl­

tiona. As re~arda interactions, the interactIon EXP waa 

ai&nIflcant under Expt., as on 70 DA.S. Under E2• P 1 waa s1gJsi­

ficantly superior to PO' yith Pz occupying an intel'lllediate 

position. *e11 being on • par nth both P1 and Po' Fl.lrther. 

under all the three level. of P, EZ was significantly a\lPerior 

to E1• thereby underacorina the ~ance of light in 

branchin& (Table 6(.». 
A c_pariaon of the two experlMnta (Expt.2 and Expt.,) 

UDder yhich only thia pareaeter was .tudied. reveal a IUl 
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interest ina trend. Firstly, the number ot branches/plaDt 

was aJ:ways but 011 .. (i.e., 1n1'luence ot envirOl1lllents under 

Expt.2, as on 90 DAS), les.er in the case of Expt.2 a. co.pared 

to E.xpt.,. It is quite likely tbat th1a difterence between the 

two experiment. J.a tbe e.trect o.t .. ason a. bas already been 

pOinted out whUe discussina plant beight. The more interest1q 

aspect, however, is as re&ards the pattern of responee. While 

in the ca .. ot Expt." the number ot branches/plant increased 

steeply upto 60 DAS and thereatter plateAued (~nder E2) or 

declined (under E1), the situation under Expt.2 wa. one of 

eontinuol.ls increase trom 60 DAS tUl barvest (90 DAS). Agaia, 

this differential behaviour seen under the two experiments is 

perhaps ascribable to the seasonal eftect. One basic difference 

between the two seasons was in so far as raintall 1s concel'll" -

that tor Expt.2 being dry while Expt., enjoyed some rainfall. 

However, this could at beat be only a sl.lnaise. 

4.1.4 NU!~r of leaflets (Total)/plant 

trables 7. 7{a), 8, 8(a), and 9. Fig.,(a» 

As in the case of branching, in this attribute also, it 

was the environmental factor I.E) that dOllinated. The other 

two factors, V and P, did not exert any significant innllence, 

except1n& in one instance (Expt.2, 90 DAB) where V exerted 

a significant influence. 

As re&ans environment, an interestin& feature was 

observed. In the ca.. ot E;xpt.1, the lu.ber of leaneta/plant 



, 1,,'1 ~ ... ' 

i9.2 
Iabl- 7 Number 01 .Leaflets (Total)/Plant SOYBUlf 

:E.xpt. 1 D A S 

30 40 60 eo 90 
1. Within the bamboo .tand (E, ) 

11.633 
10.949 
11.507 

1,.94 
15.25 
15.07 

26.926 17.07 7.092 
22.523 16.10 5.958 
25.594 14.94 '.359 

NS 
0.352 

NS 

0.480 
NS 

'.671 
NS N8 

1.142 0.754 

... -- ... -_.------------------------------------
--(E)nJ~.g-UE~9-n~~51160~5~~1~-I!)b-~O~;~r~ (Y115 .1+8 6.195 

H 11.374 15.23 24.906 16.58 6.0'78 
.r !is NS NS NS NS 

SE 0.287 0.392 1.365 0.932 0.615 
CD 

2. !_ll_ !l!_e open field (E2 ) n_I~3:~e~ce of phos:p~~. _le~~) 

- _ ..... p ~- --10:3:5,'- ---15:04 --19.528 14.28 4.169 

r1 10.436 15.29 21.365 13.72 3.875 
P2 10.668 15.04 20.876 1,.79 3.036 
F NS NS NS NS NS 

SE 0.243 0.520 1.385 0.905 0.618 
CD 

.. --_ ~-. -- ,._- -'~.-- ------.-~~------~--

E, 11 • .363 15.42 25.014 16.04 6.136 

E2 10.479 1!h12 20.590 13.93 3.69' 
F ,,** NS - ... * ... 
SE 0.172 0.290 0.879 0.589 0.394 
CJ.; 0.494 2.529 1.694 1.1" 

. __ ._-- _,,-_._._---
(b) I~ll1ence ~~_ p~~.p.~'!~~ __ l.!ve1:_~.J!) __ . 

Po 10.:.a3 15.49 23.227 15.68 ,.6" 
F, 10.693 15.27 21.944 14.91 4.917 

P2 11.088 1,.06 2,.235 14.,., 4.198 

F NS IS HS NS lIS 

5£ 0.210 0.3" 1.0'76 0.721 0.48' 
ctl 
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Table 7(a) NypbEr or leatlet. (Total}!plant a. on 90 DAB 

[xpt.1 Intluence 9f the interaction V X P SOYBEAN 

P level. Vigour ot the bamboo clump (V) 
L H 

8.074 
4.226 
6.282 

6.110 

7.688 
4.435 

.----- ---_._----------
to teet 
SE 
ell 

Conclueionsl 

a) P over V 

L • Po 

ii • P1 

• * 
• 1.066 

- 3.209 

p' 
2- £'1 

Fo P2 

b) V over P 

Po" r--tl 

* 

* 



Table 8 MU!~r of leafl.t. (Total/plant SOYBEAal9 4 
!!pt. 2 D A S 

~~~ ~ -_-_-~""_- "" ~ .. ~" -- .. 90. 

1. \\'!~~~the bamboo stand (E1L(_~~.!.n.fhlO:nCL'!! Phi!1!..~ ) 
" .v~f 

-------- -~-.----------.--.------_-- ----
8.960 21.570 
8.496 21.377 
9.067 23.3'3 

NS NS 

0.202 1 ~600 

Cu 
of vll!;our of bat.lboo lIIr-ump -\'6r-!ruTuenc::':s;:::-:::-:r-=-==--=ro--.::-:=.:,-:-:: 

L 

H 
f 

SI:. 

cr 

N., 
0.165 

23.193 

20.9'79 
NS 

4.291 
5.159 
4.430 

N..'i 

0.172 >;(~ 

3.242 
6.011 

** 
0.140 ~ 

0.423 €.11· ---- --~- _. __ ._ .... - _ .... _._. ---.. -~ ... 
2'. l_r: _:::~~.e ':pe.r. .ticl_c (E22_ r~~~u~l1c~. of ),hos):.':10rus levels (p) 

AI &.f4~ 
(:2 •• 'r:2..() 

.. ------- P(j---~16.741 36.171 

35.786 
36.167 

7.62' 
9.071 

10.745 
N.3 

P1 10.466 
P2 10.489 

i..s 

(~·9S1?) 
(3,(107;) 

s~ D.272 2.263 0.;21 ~ 

CD _._~_~ ... __ ... ______ . (c ,g s"v 
3. Pooled flnalysis (a) rnr..U€:',CE of ...!!!vlr~nts _(E) 

.~ ... ---.~-E1--~--8~'841-"'- -- '22 ~OO6--- '4:627 ----

(ii) 

E2 10.565 36.706 9.146 
I *** *#0'" * ... 
51: 0.140 

CD 0.404 
"'~-"'---~.----'-- . _--"- --------

Influence of phosphorus 
.. 

Po 9.851 

F 1 9.481 

P2 9.778 
FS NS 

SE 0.172 

CD 

1.148 
,.311 

levels (p) 

28.811 

28.582 

30.740 
NS 

1.407 

0.152 ... 

0.438 t:~ 

----,.956 - b. '4<Js:) 

7.115 (.2..,5"40) 
7.';'~ (:Z,F!!'r) 

NS 

0.187 " 
(_~.S?:5!) 

• • Square root tran.foraatlon do.. before analysis 
" • in square root transformed unit. 



TablE 8(a) 

Expt . .2. 

Number of leafl~ot~l)/plant as on 
W~y,enC! at the interaction V XF 

P levEls V1...,our of the bamboo clump (V) 

L H 
__ ... -._ ,.n .. ~. 

Po (1.?7,i) 3.066 
P1 ( j. 5'~ff' 1.909 
P2 r !_.13:;:z. ... 4.672 

f'r-b,-~. 

'2.4-C.35 5.516 
:i'_CI'S4-) 6.329 
r!2..1.3i> 4.181 

r t€st 

.:>E. 

CL 
.(E~U&rE root t~nfformation 

.( of the d8ta carried out 

!I!~t-N"~ 

[,. 2... 4-.2-
~. ~f,Lg 

,;;onc."'11S 1ur>s: 

7" i· cvtr V 

* 

bj V oVU' l' 

... 

! :--.:;, 
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Table i No. ol k,all.tf (Tot!l}/Pl!Q! 
kept. -: D .~ S 

30 . _____ ~, ____ ~ ________ ..c.6_0 __ --=-70;:c__ __ :;..90;;;.,_ 
1. ~.1 thin thE balIIboo stand (£,) (2) lnill.l.nc. of PholSPboroua 

1.· .. 1. (p) 
-~- .-_ .. ~-.--.-.--.--.-- - .----- - --_-

Po 13.770 16.165 23.500 21.330 18.940 13.630 
P, 14.415 16.585 25.665 22.56.5 17.790 12.770 
P2 13.895 15.54.5 24.955 23.'57.5 18.835 15.010 
F I~ NS tiS NS NS NS 

Sl 0.780 0.752 1.053 1.60& 2.525 1.954 
CL 

('b) iniluence of Vi/,lOur oi bealboo -clump-Cv) -_ 
1. 
h 

F 

--;;."516---16. 723--23~-957--- . 2C"11-'9;S33 14.187 
14.443 17.473 25.457 20.570 17.460 13.420 

r.;s XiS NS NS NS NS 

0.406 0.614 0.80L) 1 • .313 2.061 1.595 

2. f!:f_!llE ___ 2EE1, 1it:~d(q).l.ni"'UE!"iCE in 1:11E phos;;.horous leveLs (F) 
I-O 1;.521-- 2t)~355 21~9ir -3'f~'0li2- 32~87?-' 21.661 
P1 13.333 18.813 28.229 36.291 36.646 }4.146 
P2 13.396 20.896 31.855 35.633 30.563 33.687 
t l,s I.~ N.;;. !.;s N~' NS 
SL 0.574 1.1,3f, 1.64E 2.569 2.888 3.442 
CD 

._-.-_-- -_-_"_- .'.- -~ '"_ - .--_---.. ----.---_--
3. roo~_(_G. £_nal~~e .. ~~X I!~~1~C~~_C!_c_:>L!pv1!or.;;;t!l~J~) 

"'4:027"" 17.696- -247;ri'[' --22-.4f3 ... -fe.Sii' 13.803 
13.417 20.021 29.334 34.395 33.368 ".~" 
*** * ,,** .. "'. -lie ... *** 
0.390 0.631 0.761 1.180 1.493 1.540 

c;.; 2.006 2.L.50 '.914 6.069 7.678 7.920 ._--_. __ ._----_----._- ~-. -.-~------.---.,--.-.. -------.--
(t» Influence o.f ihosphorol.ls levels (p) ._ ... __ .. _---.---_ .. __ ._- ... _--_ ..... " .. ___ ... _ .. _---._---__ ----- .. -.. _--_._---

Po 13, >46 18.260 2'.709 26.196 25.908 20.649 
P, 13.874 17.699 26.947 29.428 27.218 23.458 
P2 13.645 19.721 28.405 29.604 24.709 24."'9 
1 NS NS NS )is NS N8 

SL 

CD 
1.829 1.8t!f1 



1/1 ,_ 
z 

N LIJ I 
~ (J) 
Z W 0 ,_ 
0:: ::> 
> !D 
Z 

0:: LIJ 
t-,_ O 
<{ ~ 
:r 

,_ 
l- LL. 
!: 0 
0 cr LIJ 
l!> (.) 

Z 
Z LIJ 

<t ::> 
_.J 

LL.J LL. 
a:J z 
>- .... 
0 
(/) 

('W) 

0'1 -~ 

-. . 
j S ! . . . . . . 

~ 
r--Il 

,..., 
.c ..... 

__ ' 

, 

", 

", 
," 

~. 

197 

t; 
~ 

! 

, 

...a : II. 

~ I 

~ 
'" 

<{ 
~ I.IJ 

0:: 
< 
LL. : 
<{ 
LIJ : ~ _. 

, Z 
4 < : w 

~ 
u ~ 
~ 

I-
• / 

Z = <{ _. 
Cl. :: .... 
:J 
<:( :! 
t-
o 
I-

o ~ 

<:( . 
0 

LIJ 
0:: ~ 
<I: 
u. 
<I: ., 

w 
-' 
:0 ~ 

Ul ; I-
LLJ 
..J 
LL. :: 
< 
LIJ : _.J 

LL. 
0 : ~ 

0:: 
~ 

W 
!D : 
~ 
::> z : 
fti .... 

:: 



198 

we. alwey. (,0, 40. 60, 80 and 90 DAB) 1II0re in the sOYHan 

plante crow1D& within the bamboo stand (61) a. ca.pend to 

thoae growing in t~e open field (EZ)' Further. the dUterenc .. 

were statiatically significant at all stages ot growtb but one 

(40 DAB). On the other band, the pattern was di ... trically 

opposite Wlder the two exper1aents which followed. In both 

Expt.2 and Expt.3, it was the soybean plants growing in the 

open tield (E2) that recorded more number of leaflets/plant 

as compared to those growing wi thin the balliboo stand (E,) at 

all stages ot crop growth excepting in one instance (Expt.3, 

30 DAB) where E1 was superior to E2• And. in all cases (i.e., 

all the «ages and both Expt.2 and Expt.3) the difterence. 

were statistically significant. 

Other workers baYe furnished evidence tor a lack of 

reaponse to sbadina as well as for a negative response. in so 

tar as naber of leaves/plant is concerned. 'thus. while Murray 

(1961) stated that shading had no effect on the number of leave. 

produced in banaDa. Sinp (1978) working on barley reported tbat 

ahadinf!; decreased the nuaber 01' leaves/plant. In beans, vbicb 

is a pul. .. crop, Crook.ton.!!.!l. (1975) observed tbat ahad1n& 

reduced the number of leaves progressively. 

In the pre.ent investigation, both an increaa. (in Expt.1) 

as well a. a decrea .. (in Expt.2 and Expt.3) in the _ber of 

le.filEts/plant in tJw abade environment baa been ob"l'Yed. 

Wb1le the reduction in the nuaber of leafleta consequent to 

abadin& a. ..en UDder Exper1aenta 2 and 3. &&ree. with tile 



1'1nd1D&. of Sinih (1978) and Crook_ton.!!!.l. (1975), tbe 

increa.. in the _tier of ~eafl.ta under ahade, Been in 

Expt.1 i. apparently incongruou_ and need_ e~uc1dat1on. 
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Two 1'actora, 'both cperat1D& in a parallel unner, appear 

to have been respona1bl. for th1a anomaloua behav10ur. F'1r_tly, 

it i_ the result of a progreaaive increase in the intenaity of 

ahade caae on the aoybean wi thin the bamboo atend. In! tially, 

at the start Of the inveati&ation, the bamboo clWlps were rela­

tively y~er, their crowna bad not developed fully, and the 

canopy bad not clO8ed. Further, a pre-treatment had been given 

to the crowna ,1uat before the atart of Expt.1. Hence, during 

the tenure of Expt .1, the soybean plants grew under a bulboo 

C8.Ilopy that was natively more open. In other words, only a 

li6ht shade or 'partial. ahade' was imposed on the soybean 

plant.. However, th •• e conditions changed rapidly, as time 

paa .. d, with the bamboo canopy developing fast and clO81na in. 

Thua, dl.lring the 8l.lb.equent tvo experiment. (Expt.2 and Expt.3) 

the aoybean had to grow under a relatively heavier shade. 'I'h1. 

reversal in the ahade intensities explaina in part, the 8nOllllly 

aeen in the nuaber of Ieaneta/plant Wlder Expt.1 011. the 011.8 

band and under Experiments 2 and 3, on the other. 

The seoond factor is the seasonal light cliaate. A 

aorutin), of the data OIl nuaber of leaflets sbows that, dl.lrinJ 

the period Alol&l.l8t 1979 to December 1979, which oorrespond. to 

the ten,," of Expt.1, the nuaber of leaflet a/plant ... more 

ill the _oybean planta arow1n& witbin the bamboo _tand (£1)' 
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vh1le dur1n& the period, 2nd week of January 1980 to the md 

of July 1980 wb1cb correspond_ to ,0 DAB of Expt.2 to 90 DAS 

of Expt.,. the nuaber of lea fleta/plant __ more in the soybean 

plants grow1n& in the open tield (E2 ). with but OIle exception 

(,o DAS of Expt.,). Since 14M is the factor _ong tbe IlnvirOll­

mental factorw that directly influence. the photo8ynthetic 

apparatus, the ambient light suggests itselt as the chief 

factor that 18 most likely to influence tu nuaber of leafbts/ 

plant. 

An exa.1DatiOll of tu data on tbe .. bient light intmsity 

that prevailed in the open field (A2) reveals certain definite 

trends ov.r tiM (Appendix 1 and Fig.2). It 18 .e.n that, ill 

general. the lie;ht int.nsity was very hif,b (far lIore than 100 

1( lux, .. s measured at noOl1) during the period fro. September 

1979 upto tb. )I'd '"Iek of October 1979. This period. parti­

cularly September 1979. corresponded to tbe active vegetative 

growtb pba •• (i •••• upto 60 LAS) of tb. soybean crop. of Expt.1. 

During tb. s_. period. th. light intensity bel_ the bamboo 

canop1 was g.n.relly of th. order of abou.t 90 - 99 Klux, 

exc.pting for tvo ~ells du.r1n& October 1979. dU it "8C~ 

valu.e. as high as 1~ and 110 J{ lux (Appendix 1 and Fig.S). 

As "liards the cSuratiOll of lllla1Dation dur1n& this period, 

the data presente. ill Appendix :5 and Fla.11 ah_ that tbe 

IIeIlIl bours of b: iabt aunabine'day waa ,enerally 1_ durinl 

tbe abo .. aenti.ed period. be1o& of the order of about W 

houra, exc.pt1la& dur1n& a short period of about a wek troa 
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15th to 21.t October 1979 when the hour. ot aWlabine _. 

longer (10.2 boun). Thua, ql.lantity-viae, the light was not 

much ainoe tbe higher intensity ot light waa ottset by ahorter 

duration of illl.81nation. It IIWIt, however, be r .... bered 

that between the two tactors, viz., intensity and t1ae, that 

detera1ne light ql.laDtity, it 1s the intensity factor that i. 

of ueahr illport .trOll the point ot photosynth .. 1a. U&ht aa 

a production reaouroe is Wlique in that 1 t cannot be stored bllt 

auat be used 1n.etantaneously. 

Ae;a1nat this background of the anUable light intena1ty 

being of a relatively high Order (greater than 100 Klux) duriDi 

the period when Expt.1 waa conducted. let us exaaine the light 

I.ltilization oapacity of soybean leave.. It is kn~ that the 

rate of photosyntbesi.~dra.tically tall. beyond certain Talue. 

of light intensity and plateauing re.ults. In Chapter 2 the 

light aatl.lF8t1on y,alue for .oybean WBS reviewed and it was 

.een that li&ht aaturation occurs at light intensities rang1nc 

froa 2}.68 K lux (.BQhn1ng and 13urndde, 19.56) to a})out eo Jt 

lux (Bown .!.l .!l't 1972) in exc18ed soybean leav... Evm 11: 

we discount these Talues as beint; r<'ther low and as be1.na be •• d 

on excised leave., we saw that the li~ht aaturetion tow ... n 

Held-grown .oybean was not very hiih. Ught aaturatiOll occur. 

at about 107 K lu 11&ht intensity as reported by Bauerlein 

and Pendleton (' 971) • 
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It could tberefore be postl.llated that, during the telUll"e 

of Expt.1, tbe UI'biat 11&ht intensity 'be1n& very high (an 

average of 128.' ,K lux dur1n& the period fl'Oll sowing upto 60 

llAS) and thua far above the aaturation light intensity, the 

soybean planu grow1ng in the open field (E2) produced les. 

lWIIIDer ot leaflets 80 as to 'be cOIIIIIensurate with the avallable 

aink; it waa a que.tion of optimisation of the source to _tcll 

the &ink. On the other band, the li6ht intensity under the 

bamboo canopy (E,), durin& the Slllle period, averaged 99.6 K lux 

only, and thua wa well below the light saturation intenaity of 

107 K lux reported b7 Beuerlein and ,Pendleton (1971) for field­

grown soybean plants. This wol.lld laply that there existed an 

envirOllllental atillUl.u8 wi thin the bamboo stand (E1) for tbe 

photosynthetic apparatus to expand so as to capture solar energr 

more tully. 51.1ch an expansion can loglcally take place thrOUgh 

two means - elther by incre •• 1n& the nl.lllber ot leeve. or by 

lncrea.lni the surface area per leaf, or by a COIIbinstion of 

both. The available data on .ean leat area/leanet (Table. 

10 and 12 and 1-1g.'(c» show the intereat1n& phenoaenon of the 

E1 environment recording larler leev .. in1tially (Expt.1) anC! 

amaller leave. later (Expt.,). The.e re.ult. SI.lI&e.t that 

wben there i. a alijplt reduction in light inhnal ty, the area 

of individual leaflet. increa.e., but when the sbade intensitie. 

there i. nO furt~.r area axpansion al.1ch that it the 11&bt 

intensity 1-11 the open 18 ideal, the open tield-&J'OW!l plant. 

w111 produce 1..... larger in aize than thoae crow1n& in deep 



.bade. Furtber. quite apart froa incr.aaing the area of 

individual leafleta. aore IlWl'ber of leafleta alao wre 

--'-...' .' 
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produced dur1n& Expt.1. 80 a. to maximise tll« l4t8f area (total)/ 

plant aa a natural reaponee to the relatiYely lowr light 

intellsiti.a ~ith1n the bamboo atand (E,). 

During the period that followed (i •••• after Expt.1) 

the ambient light intenaity. aft.r bav1n& touched the low •• t 

value of 21.9 K lux dur1n& the 3rd week of November 1979. 

atarted to riae _cain upto the 2nd welt of l'Iay 1980. when it 

reached the _xi_ value of 115.2 K lux (Appendix 1 and Fig.8). 

beyond that, the 11gbt intend ty started to fall once a,ain 

touch1ni. a value .a low a. '2.7 K lux during the last week of 

June 19f1O. when the soybean crop of Expt., vaa abol.lt 70 day. 

old. Tak1n& the average. for the period 'frOil sowing up to 

60 DAS' GIlly, for Expt.2 and Expt.,. we find that tba ambient 

light intenSities in the open field (E2 ) were 71.6 K lux and 

88.5 K lux respectiyely. The correaponding value. for the 

bamboo stand (1:1) were. 4.5.' K lux aruI 61.9 K lux tor Expt.2 

and 1i.xpt., respectively. It i. evident that the light int.ui .. 

ties, both in the open a8 well aa inside the bamboo stand. 

durin&: the tenurea of both Expt.2 and Expt.,. were far below 

the reported l1&ht aaturation nlue. thOU&h vary IlUCh b1iber 

t.ba.D tbe OOIIpanaation pOint of 1 to 1., K lux reported by 

boim1nt:l and hur . .a1de (1956). 
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ObYiOWll.y, this dtuation waa conduciYe for the ao,.an 

plaAts growiDa in the open field (E2) to produce more nl.lliber 

of l.ayes in Expt.2 and Expt.3, so aa to utilize the availabla 

.olar ener&y lIore f~y. It _y be thout;;bt, that if this were 

to be true, the .a .. lin. of reasoning Blust hold for the baaboo 

stand also, and since the light intensity inside it bein, l.sser 

atill, the l.af production must be atill higher than thst for 

the open-grown soybean. Howeyer, it au.at be reumbered that 

the ava1~able •• s1llllate. in the s07bean planta growing wi thin 

the oamboo stand (E1) were rather 11ll1ted. as 18 eyidenced by 

the data on dry ... tter production (DMP) to be discwased latar 

in this chapter (section 4.1.12). Hanc., the a.siIl11ata. a.8il­

..... being restricted and forced to be shared between purely 

photosynthetiC tissues and non-photosynth.tic structural tiasues, 

• constraint would develop soon.r or later. Every incr .... in 

the number of leay.s i •• ttendant with div.rsion of part of the 

available .ssill1lat.a towards the building of non-photosyntbetic 

but .. sential. structural parts like the veins of a leat, It 

thus stands to reason that during the period a of Experi .. nt. 

2 and 3, eyenthOU&h there existed a strong enviroountal 

atimulws within the bamboo .tand (E1) for the soybean plant. 

to put forth .ore lea.es, atill the plants did Dot respond. 

because of the available .s.1IIllate. being low aJJd act1q a. 

a constraint. 
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The reveraal of the ,eneral trend .een in Expt., at 30 

DAS. with the .of"an planta arowlna within the baJlboo .tand 

(E, ) recording significantly 1II0re nuaber of leaflet./plant 

than those il"Ow1n& in the open (E2) 'WIl. perhpas the con.equence 

of a light cleaning liven to the bamboo clu.ps at the comaanoe­

.. nt 01' Expt.,. which could bave created an opU ..... enviroDllllnt 

:Cor soybean leaf production. 

As regards the influence of the aecond f~ctor, viz., 

vigour of the bamboo clump. (V), there 'WIla only one instance 

0:C statistical significance. It was seen that the soybean 

plants growlna undar 'hii,h .,igour' bamboo clumps (H) bad sian1-

ficantly 1II0re I1UIIIber of leaflats/plant than those growing UDder 

'low vigour' clumps (L) at 90 DAS under Expt.2. This lone 

exception does not wrrant further discussion, particularly 

since the concernad data bad to be square root transformad 

tefoN statistical analysis. 

Tha third factor, P, did not exercise any sicn1ticant 

influence. Howa.,ar, two of its interaction., both involvina 

'vilour of tha baaboo clump' (Y). were statistically sigl11fi­

cant. The.e pertain to 90 DAB under Expt.1 (Tabla 7(a» and 

go DAB und.r Expt.2 (Table 8(a». The ovarall 1nfarenoe tbet 

could be deducad fro. the.e two interactions, i. that P appli­

cation .t 100 q PZ0'!lba (i.e., P1) .ignificantly inon .... 

the nuaber of l.aflat./plant in .oybean plant. arowina under 

'Mill vliour' ballboo clu.p. (H). 
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Finally. an o •• rall cOIIparison of the three experi_nt. 

taken to,ether, mowl a ca.aon feature. It il leen that the 

Dwaber of leanetl/plant ini Ually ris.. lteaply and alaoat 

linearly, pealdn& at 60 DAS, and then registering II sharp tall, 

the rate of tall be1n& rather slow in Expt.3 only. At 60 DAB, 

when the peak ~. reached, the number of leave a/plant ranged 

fro. about 19 to about 38 tor open !1eld-&rown soybean plant. 

(Z2). And, in the 08 .. of Expt.3 alone, the rate ot reduction 

in the nUIIoer of leaflets/plant was very alow auch that there 

ere Zl.67 to ,'.69 lea1'letl/plant in E2 under the ditterent P 

leQls, •• en at 90 DAS. The general trend of reduction in lea.t 

nWlber after 60 DAS is aacribable to leaf aen.acence and tall 

coupled with progressive Gesaation of new leat production. 

4.1.5 Leaf ar.a/Plant 

(Tabl .. 10, 11, 11(a), f'ig.3(b» 

Only on. factor, viz., the enviro1llllent (E) exerted an)' 

influence OIl the leaf area/plant, the other two tacton (V and 

p) reaa1n1ng inactive. The 1n!ll.l!nce of the environllent was 

aignificant throughout, i ••• , at all the stage. of growth and 

under 'both the experiaenta (Expt.1 and Expt.,) for which l .. .t 

ar •• was recQrded. The treDd., how,ver, were opp08ite 'bet .. _ 

tbe two exper1aents. While in Expt.1 the soybean plant. growia& 

within tbe baaboo .tand (E1) recorded a higher leaf area/plant 

at 'both 40 and 80 DAS. in Expt., the plants crowin& in the OpeD 

field (E2) ncorded hiper leaf area throughout, ucePt1n& 

1n1tially (;,0 DAa). 
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SoYBEAN 

~_Il~~ _'!!' La.f area (total)/plllnt <C!6 M~ :L~!! ~!9a/la!fi.!t (CII 
~ DAS IlAS 

40 80 40 80 
1. Within the 'baaboo atand (E1) _ _(!> ;~1_~!~C!'_ of _~h?~F_t:!.~ua leval.j 

Po 213.002 154.24 13.29 9.11 
P1 181.969 142.39 11.89 8.99 
F2 190.911 138.77 12.54 9.51+ 
F HS NS NS HS 

SE 15.654 11.82 0.717 0.611 
ClJ 

L 200.520 138.89 12.81 9.18 
h 190.066 151.37 12.34 9.24 
F NS r~ NS NS 

SE 12.782 9.65 0.585 0.499 
CD 

~ ~ .. -~-'-~" ---- ~---- .. -.---
Po 128.462 95.03 8.53 6.63 
1', 135.065 81.58 6.72 5.80 
F2 133.3'71 81.02 8.71 5.79 
F NS !'is Nl:' as 
Sf; 8.9~ 6.46 0.440 0.310 

Ji., 195.294 145.13 12.57 9.21 

E2 132.299 85.88 8.65 It.14 
F 

_ ... 
of-** *." •• * 

SL 7.187 5.36 0.336 0.212 
CD 20.660 15.43 0.967 0.784 

-UiY-ln1liiiiicEofphoaPliOrus lev.ls-O',- ----
._<_.,_,_._-----_ ._ ~.-~.----~.------.--.---

fa 170.732 124.64 10.91 7.87 
P1 158.517 111.99 10.,1 7.40 
1"2 '62.'''' 109.90 '0.63 7.67 
F ItS NS NS JfS 

SE 8.802 6.57 0.412 0.334 
CD 



Table 11 Lea! Area (Total)/plant (ca2) 
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Expt. , 
D A S 

~O _________ 4_Q ________ .1<? ______ 60 _ _____ .::rE.. ___ ~ 
1. W1tll1n the bamboo stand ~1) (a) Il'l1'1uence O.f_ph08phorous 1 .... 1. _ -- --- -----------_ _ --- --- ... _-_.- ---------- -.- (p) 

... -.~-.. -.-.. " 

Po 
Y1 

P2 
F 

Sl 

Cl.J 

.~. - -.--.. -~ ~ . 
253.501 516.345 
262.~21 441.835 
290.132 500.872 

NS N5 
30.644 70.200 

,-- . -.-~. - - .. - .. 
739.528 830.456 785.767 444.119 
853.288 864.796 898.614 640.96~ 

916.~3 875.027 719.448 608.657 

-_ .. - .... -."- --- -." -- --- - -------- -._._-.,---
3. fooled al?,:!~s1s __ (!l:)_.r~luence o:t: env1ronr1ents (E) 

E, --- ;37~203- '19~i98 --,"/{;;';65--- ""':263-361:988 205.94: 
~2 268.651 466.351 856.386 856.760 801.276 564." 
F ... ...'* ">t"", oW." *** *" 
SL 

CD 
20.588 30.514 
59.243 156.927 

48.596 44.534 44.239 36.08 
188.618 229.029 227.512 1.5.5' 

(b) Influence of Pboephorous levels (p) 

292.873 408.298 
)07.611 370.918 
308.299 430.009 

NS .NS 
25.215 Yi.YT1 

634.967 64'.303 552.056 322.9It 
721.5~ 699.10, 599.015 404.70 
793.224 760.629 ,03.827 428.14 

NS NS NS lIS 

59.511 54.542 54.182 44.18 -



'l'a~.! __ 1_1_la) Lea! are. (Total)/plant (clllh as on 60 !lAS 
Influ.nce of the interaction Y X P Ex pt-. 3 --------.------------.------------ -- --------

----------- - ---------------- ------ --- ------------------:----
Vigour of the bamboo cluap (V) P level. 

L H 

Po 428.78 483.52 

1'1 500.36 560.46 
1'2 81l}.71 477.75 

f teat .. 
SE . 71.546 
CD . 215.568 

Conc:ll.laioQ!' 
a) F over V 

L - 1'2 P7'Po * 

H • P1 fo P2 

* 

SOYBEA. 
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Tut ahad1D& reduce. the leaf are. baa been reported by 

.mral workera (Andrew and llt.arna. 1978 in maize. Pall. and 

~rUlo., 1976 in .orpua; Crookston.!l S. 1975 in bean.). 
I1l2: 

hu'ther the coapllftary phenomenon. viz •• !ncreeBing light 

intensity increa ••• tbe lea! area, baa also been deaonatratedl 

for instance, by Adedipe and OnIrod (1974) in cowpea and TarU • 

.!l!l. (1977), again in cowpea. These evidencea clearly 

establish the delet.ri~s influence of ahade on leaf area. The 

results obaerved I.lDder Expt., (exceptina at 30 DAS) of the 

present inveatig_tion, 1a in agreement with the above. 

HoweYer. lack of influence by abad1n& on leaf area baa 

also been reported by Singh (1978) working on barley. Even.. 

positive influence of ahade 00 leaf area baa alao been reported. 

fhl.lS. Porter (19'7) obeerved ill tomatoes leaf area to incna •• 

I.lDder decreaeed l1&ht intenSity and Saxena and Sheldrake (1971) 

reported that in chickp .. , a higher leaf area _. reU1Ded for 

II 10ll&e:r t1lle I.lDder abad1.n&. The re.ulta obs.rved under Expt.1 

(at both 40 and 80.1»8) ot tbe present investigation corro­

borate the l.at two report •• 

Aa re.aroa aoybean itadf, al.ltual abadiq a. occt.arriq 

in nOl"lUl c&nop1ea baa been reported to inere.ee tba leaf areal 

plant, .. co_pared to debranched plants which _sitted .... 

lJ.j;ht tbJ1) ugb tb .. canopy. by 2et.aerbin .11~. (1971). Ia 

cootrut to th1., .Jeyaraaan (1979) •• eribed the bigber l .. f 

area obaened by bill in the I.lnUora row ayat_ .. 0CIIIp8J'H to 



tba paired 1'_ a:rat .. of plantinj, to .ore availability of 

sunlight in the UD1fora system of plant1D&. 

211 

One plausible explanatiOn for these conflict1n& report. 

about the J.nn.uance of sbading on leaf area, in diUerent crop. 

inC:"Uding aoybean 18 that, reduction in light intendty initially 

stimulatea the plant to reJPQDd to the stre •• by increasing tbe 

total. leaf area .0 .s to capture aa III1ch light as poadble and 

thua c_penpte tor the partial loss in light intensity. Such 

increa.es in total leaf area may be acbieved through produc1n& 

1II0re leave. as well as by increa.ing the leaf area/leaf. How­

ever, this adaptive lllechani .. _, operate only within a renae 

of light intensities (which .. , vary depending on the plant 

speciEs concerned) and when the degree of sbading intensifies 

and goes below this range, tbere simply 1s not enough ••• 1a1-

late due to the insufficiency of light, that further productioJl 

of leaf tissue and thus maintenance of a high leaf area beca.e. 

1IIIpo.sible. Under still heavier ahade, even the n_ber of 

leaves/plant is reduced for want of a.s1a11ate., .s oa.pared 

to the situation 111 an open :fidd. .At this stage, ..,en the 

leaf area/le.! .. y suffer. 

ThuS,. a di.tinction bet_an 'partial sbada' and 'daep 

abada' haa to be .ffected in interpreting the bebaviour of 

total lea! area/plant under reduced light intensity. Whitney 

(1902) and Ha •• elbring (1914) reportad tbat partial abade 

producas lar.e, broad and thin leaves in tobacco. The data 
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for aean leaf area/leaflet tn the present tn.estigation (Table 

10 and 'l'abl.e 12) ....... 1 that under Expt.1, duri.n& both stage. 

of recordin& the data 1.40 and 80 DAB) the .. an leaf e ... al 

1 .. 11et va. higher for soybean plants growing within the ba.boo 

.tand (E1) as coapared to those growing in the open (E2 ). 

Actually. at 40 DAS there was a .ean increase ot 4~ in the 

area of 2 ai.n&le leaflet growing in the shed., and at 80 DAS 

the increase wes still hi~her (12~). i •••• a shade leaflet _a 
.ore than double 111 area than an open-grown leaflet. Dur1na the 

ten~ of Expt.2 no obaenrat1on waa recorded on leaf area. Aa 

regards Expt.3. the .. an leaf area/leaflet waa hitJler for 

soybean growin& with1D the bamboo stand (E,) only initially 

<at 30 IAS). the inCH .. e being of the order of 21". Subae­

~uently. howeyer, the trend reyersed with the .oybean plant. 

~ow~ under ahade recording lower valuea for meen leaf areal 

lea1:1et. 

As regard. tha n .. ber of leaneta/plant. it b .. already 

been pointed out under section 4.1.4 that it ~ higher in the 

.nade (:&1) throuahout (,;0. 40, 60, 80 and 9QDAS) in Expt.1. 

atter which 1t reversed ao that there ven 1 .... 1' ftUllber of 

leafleta/plant in the abade (£1) tor the reat of the period 

of the iDn.Ugatioa (30, 60 and 90 DAB of Expt.2 &ad 40, 50, 

60, 70 and 90 DAB of Expt.,). the only exception belDg 30 DAB 

Of Expt.,. EYe 111 thia lone exception. the cJifferenoe vaa 

M1"1inal. I.tlle .bade-aro1llll plants recording only 4.", lion 

.... 1' of ledlet. thaD the opu-1I"ftIl planta) though 1t .... 
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a1gn1ilcant (p • 0.01). Setting asid. this single exception 

as a spurious phenomenon, the trend is clear tllat iD1tially 

when the bamboo stand cast 'light shade' or 'partial sbade' 

the soybean planta growiD6 under it put on more number of 

leafleta/plant as compared to the open-grown plants, but sub­

sequently aa the bamboo clump. grew and their e~owns de.eloped 

with eventual increaSing closure of the canopy. lesnet 

production in the shade sUlfered. 

CoupliDb thEse two factors (i.e., mEan leat area/l.anet 

ana numbEr of leaflets/plant) whose arit~tlcal product i. the 

leat area/plant, it is clear that initl~lly when there weB Oftly 

partial shedint. both the mean leaf area/leanet and the number 

of leaflets/plant incressed resulting in increased leaf area 

(total) /plant. under E1 • Tr;1a explains the increased leaf 

area (total)/plant oDserved under £x:pt.1. SUDsequent Change. 

followed thE pattern indicated earlier 80 that the leaf area 

{total)/plant under E1 was lOWEr than that tor E2 • 

As mentioned earlier. neither vigour ot the bamboo 

clump (V) nor phosphorus levels (P) exerted any significant 

influence on the leaf area (total)/plant. However. there was 

s lOQ& caee (60 DAS under Expt.,) of interaction between tbe •• 

The inteI'action indicated (Table '11(a» that appl1catiQD 

of the higbest doa. of P, viz., 200 kg F20,lba, .1Jn1flcaatly 

inorenea the lea~ area (tutal) /plant in soybean pJ.ant. 

growing uacler 'low vigour' (L) clumps. 

It 18 dl1f1cul t to att .. pt aJl expleaatioa 
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for thi. 1at.ract1OD a ... veral possibiliti ••• ~ggest thea­

.elve., a •• hown below - (1) the 'L' clump being 1 ••• vigoroua 

did not comp.te v.ry much for the added P with the aSloclated 

.aoy.an plantl, wb.1ch therefor. could derive benefit f,._ 

increaHd P applicationl but the observed overall lack of 

response to P doe. not lend support to this; (ii) ahade ca.t 

by a 'L' clump being IIO.t probably , less intense, P utlli-

zation waa mor. efficient by the relativ.ly healthi.r plant •• 

• tc. As regardS the main effect of P itselt the reports of 

earlier worker. are c0Dfl1ctlng. Thua, while Nogueira .!!1 .!!. 
(1977) reported that 1a aoybellD) the highelt leaf are. (LA) and 

LAI ware ob •• n.d IIIlder an application lev.l of 400kg as compared 

to 200 and 100 kg PZ0,J'DIA. Roy and Mishra (1975), under Indian 

conditions. found LAl to incr •••• only upto 5Qkg PZo5/ha (1 •••• 

39 kg P/bs) att.r which it declined. 

Re,ardin& pattern of changes over time (Fig.3(b) the data 

for iXpt.1 Showed the leaf area (total)/plant .s at 80 DAS to 

be Wl1fonaly le88 than that for 40 !lAS. The data !Ofxpt., 1. 

more instructive since there were 6 stages of recording. The 

general trEnd was the leef area (total)/plant steeply increa .. , 

tUl about 50-60 DAS.after which It declined. At the peak. the 

leaf areas were ranging from of 456 to 976 ca2/plant in Expt.3 ~ 

.tr .. 128 to 213 _2/plant in Expt.2. Curlously 1ft Expt.,. the 

leaf area iIl1t1ally declined slightly .trOll 30 CAS to 40 OlS, 

atter whlch it 1ncrea.ed, 1ft the case of the soybean plant. 

&rowing within the bulboo stand (1:1) alone, thb _. Dot tbe 



ca.. in tb. open 1:1.14 (1:2), This was Callsed by the ... duoU_ 

in ... n l.af ...... /l .. n.t w1thin the baa'boo .tand dur1n& tb1a 

per10d (T .. bl. 12). '1'hi8"y 'be dUE to .. tranaient nuctl.latiOll. 

4.1.6. K.ap l.a! ana/l •• net 

(Tabl.s 10 and 12, fig. , (c» 

Environm.nt (E) .1gnificantly influenced tbi. paraa,ter. 

In 8eneral, l,anete were allall,r (4.14 to 1'.29 _2) durini tile 

tenure of Expt.1 (August to December .e8son) while they !W.re 

1D0re than twice as large ('6.05 to )0.40 ca2) dur1n& the tenure 

of ~xpt.' (April to July .,a.on). During both the stag •• (40 

and 80 DAS) of npt.' a8 well as at the beg1nn1n& ()O DAS) of 

Expt.', the aoybtan plant. growing within the bamboo stand (E,) 

recorded larger l.aves, .a ca.par.d to the plant. grow1n& in 

the open; the increase in the mean lea! area/leanet 'being 4"', 

12~ lind 21" for 40 and 80 DAS of Expt.1. and }O DAS of Expt.,. 

respectively. Subs.quently, the trend r.v.rs,d and invariably, 

the leaflets ot the open-grown plante (E2) were larger than 

thoae of E,. 
1'1'1. re.eon for this baa already been pointed out whil. 

discua81n£ l.af ares \total)/plant (under aection 4.1.5) aDd 

wae ascribed to tbe pb.noaenon of the abed. cast by the be.boo 

clwaps 'be1n& l1&bt initially (dur1ng ~t.1) and aub •• qu'ftt1y 

Lncreaatna (by .. tie tiM of Expt.,). The finding of Cooptr ad 

Qualls (1967) that the ratio of l.af area to 1 ... ' weicht 
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Table 12 Meu lea1' area/leaflet (0lIl"1. SOYBEAJI 
Expt. 3 

D A S 

30 40 ~ 60 70 
1. Within the bamboo stand 

Po 2J.498 18.'5' 22.290 20.762 16.089 14.795 
P, 24 • .358 17.91' 22.795 23.905 17.289 12.690 
P2. 24.060 19.170 24.360 27.185 15.S3' 15.890 
F lIiS .liS ~ ** ~ ~ 
Sf. 2.064 0.660 1.032 0.964 2.364 1.693 
CD 4.017 

---{Drlrin:-uence-Qi--vrgourl)I"·--'bii=.""bO=o~c:YI;:;I.II=p\VJ·---------

---i:----21~-5F--17 .-44T---:2·f. 960 - 23.683 

h 26.417 19.517 24.317 24.218 
F NS « NS NoS 

SE 1.665 0.556 0.843 0.787 
ClJ 2.050 

-_. __ ._---------

19.637 23.181 ~9.795 

21.471 23.511 30.403 
liS I-lS NS 

1.444 2.353 2.725 

16.753 
16.054 

1.930 

3. !,ooled analysis (a) In.:flulIllce ot I:.nviranmenta (E) 

.E., 23.972 18.lt80 23.148 23.951 16.404 
£2 19.865 23.589 28.,381 24.217 23.641 
F ** ** ... HS *** 
;ilL 1.012 1.030 1.230 0.759 1.18S 
(';L, 3.929 4.0,.-; 4.776 6.115 

t~l_ .~.p.~~!l~L~!_f~~.E!f~t:~__!!vEl. _1tl 
Po 20.993 21.215 23.617 22.871 19.605 
P, 21.998 20 • .54e 26.295 23.658 20.931 
P2 22.766 21.341 27.382 25.523 19.'33 
F IS NS NS tiS NS 

SE 1."7 1.271 1.~ 0.930 1.456 
CD 

13.717 
15.200 

NS 

1.382 

14.458 
17.700 

*. 
0.704 
2.733 

15.4" 
15.765 
17.04, 

HS 

0.862 

"'~;~ 
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Table 12 (a) Mean leaf area/lund (ClR2 ) aa on 60 DAS S01BEAJ( 

Expt·3 

f' levels Environments (E) 
Within the bambOO (E1) In the open (E2 ) 

F' test • * 

20.762 
23.905 

27.185 

SE • 1.728 

CD • 4.m2 

Conc:Lua1opa: 
a) P over E 

"'1 • ~1 Po 

i.,2 • Po f,2 '1 
b) E over P 

Po • E2 ~1 

P1 • E1 E,2 

P,2 • E1 E ,2 

24.980 
23.810 
23.861 



21S 

Table 12 (b) '!een lee..!..!.rea/1nne!..ll!l_2_Lal OIl 60 DAS SOYBtilI 
Influenoe of tbe 1Dtlract1on V X P 

P lnell ------------viiOUi--C;ithe-balDboo clUllp- (V) 

L H 
-- .. -~---------------

f tEst .... " 

20.220 
20.080 
30.750 

S1 • 1.364 
CD • 5.684 

Concl!,!s1"AA' 
e) P over V 

L • Pz ~1 
.t-i • P1 P2 Po 

b) Y over P 

po· ~ 
L 

H 

"* 
.* 

** 

21.304 
27.730 
23.620 



incr.aa.a und.~cI. aa •• en in two l.,UIII.a (al1811a and 

birdaloot tr.loil) La 01 rel ... nc. in thi. context. Thus, 1Jl 

the prea.nt inv4I.tication, the area/leaflet aight bav. increa •• d 

without 8111 aubatantial c::h~U'1&e in 1t. wei&}lt, during the initial 

pha •• (~t.1). Sub •• quently, the ahading baving int.naified 

and photoaynthe.ia bav1n& b •• n a.rioualy curtail.d, th.re .t.ply 

lIi~t not hav. bI.n .nOU&h aaa1a1l.ate rea." .. to put 10rth aew 

leaf tia.ues, the leav.a havina become aa thin aa poaa1bl., ao 

that zurther expan.1m ot leaf area was not poasible. ID 

contra_t, li&ht be1.n& not a constraint in the open field, ... 1-

milate availability must have been sufficient enough to aake 

the leaflets attain their opUlIII!Il a1%e. That abad1nc increaa._ 

the apedlic leal ana (SLA) has been reported b>fther work4ITII 

£,180 (Blac::.kaan and l!iil.0ll.1f~, .in sutfl,owerl 8lld Santo 8lld 

Al6811i, 1976 in th. mint plant). 

As retlards dE-our ot the bamboo clUllP (v) there waa OI'1l.y 

one inatance l40 JlP,S UDder Expt.3) when the difference bet".a 

1. and H reached the level of statistical aip,ific::ance; the 

leaneta ot aoybean plants growing under the • bigb vigour' 

c::lUllpa w.re aligbtly (1~ aor.) larier than tho .. a;row1D& 

under tbe 'low yigour' (1.) clUllPa. 1'hia waa 8 renect1_ of 

the trend noticed at all atagea exceptin& 70 DAB, UDder &~t.3, 

even though tbe other dilterencea were not stati_tiClll, 

aipU.f.1.cant. '1'1.e argUllent .de out lor .xplaia1n& tb. increa •• 

in the HIU1 leaf area/leanet under abade, appliea beZ'II al.a •• 



In thia caae, eventhough a~l bamboo c~Wllpa cast ahade, 

p,..awaably an 'I.' clUlllP cast light shade and a 'HI clap 

heavy ahade. 
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Regarding phosphorus, thOUgh the overall influence was 

not .i~nific:ant at any stage under both the experiment., the 

differences between the levels were significant in the open 

field (E2 ) situation, in one single instance, viz., at go DAS 

under Expt., {Table 12). The mean leaf ar.a/l.aflet under Pi 

treatment (100 k6 PZO~ba) was si6ll1ficantly superior to Po 

(control) treatment, and P2 occupied an interm.diate position, 

it bein6 on a par with bota 1"1 and Po' This result implies 

that the mean leaf area/leaflet increa.e. apto an applic~t1on 

level of 100 kg r205/ba after which it declined, a result 

which is parallel to that observed by Roy and Kishra (1915), 

for LAI in soybean, though it 18 not definite that the LU was 

chiefly influenced by the mean area/leaflet. 

There was ~so s1~1f1cant interaction betw.en envirOnaent 

and l? und.r Expt., as at 60 DAS (Tabl. 12\8». Th. reapon .. 

to 1" und.r the environment 'within the bamboo stand' (11 ) showed 

a grad.d pattern, with Pz recording the highest mean lea! area, 

tollowed by P 1 and then by PO' P Z was significantly .uperior 

to Po while it was OIl a par with P1 which itaelf was on a par 

with PO' Under the other environment (E2). all the P le.e1. 

were on .. par. J1II1larly, there waa a aJ.pif1cant interact101l 

'between V ana P alao (Table 12 (b» dur1n& the .... ata,. 

(60 DAS of ~xpt.,). The inter~ct1OD indicated that the higb.st 

level of 1" (i •••• '2) in cOilbinatiOll with an 'I.' clUIIp recorded 

81.pJ.ficantlJ bi,her _an leaf area/leatlet, and P, and H 
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interacted a1ailarly. 

Aa re&ard. tbe pattern of cbanse over time, the general 

trend under all the factors under both Expt.1 and ~t.3 waa 

a decline in the .. an leaf area/leaflet as the crop ~w. How­

ever, the Lebaviour was peculiar aa shown by the data for Expt.' 

(which elucidates the pattern more eleprly beeause of the data 

Leing available for 6 at_tie a 0:£ crop &rowth). \lhUe the .ean 

leal area/lea1'let o:f the plants .. rowing 'within the bamboo 

stand' (~1) showed an 1uitial decline from 30 DAS to 40 DAB 

lfrOlll about 24 ca2 to about 18.5 ca2), the plants growing in 

the 'open field' environment (£2) did not ahow any d.cline 

but rose steeply from 19.9 ca2 to 23.6 ca2 during the aa.e 

period. Between 40 UAS and 50 DAS, the pattern was similar 

for both the environment a - the mean leaf area/leaflet increased. 

l'bis phue of increase in the area of individual leaflets took 

place for a duration of 10 days in the case of E2• i •••• upto 

50 !.lAS when it attain.d a ... ll.le of 28.4 ca2, after which the 

siz. of individual learleta became smaller and .. all.r till 

it reach.d a value of 17.7 caZ at 90 DAB. en the other band, 

the increa.ing trend in the area of 1ndiyidual leaflets, 1ft 

the ca •• of the sbade environment (&1) lasted for a lanaer 

pEriod (20 day.) troll ltO DAB to 60 DAS, nenthough the rate 

of leat area .xpansion started to show a retardation frail 50 

DAB. After 60 DAS, the .. an leaf area/leaflet starte" to fall 

in the ca •• of 1:1 also, finally (at 90 DAS) reacbina a value of 
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14.5 .2 wb.1cb was lower tban that for E2 • Further, the 

aean leaf area/lean.t was low.r und.r E1• at all .tag •• of 

growth exoeptiD& 1n1t1ally (~ DAS) when 1t ",. •• ign1!icantly 

higher than that for E2 • Th. gen.ral patt.rn of initial 

increas. followed by d.cr.... in mean l.a! ar.a/l.afl.t oY.r 

ti .. i. an .xpr ... ion of the general growth curve for plant •• 

4.1.7 Length of Tap root 

(Tabl •• 13 and 14, Fig. 4(a» 

~ata on the length of the tap root of indIvidual sample 

plant$ WEre collect.d for one stage of growth, i ••• , at narv •• t 
(90 DAS) lor ~xper1m.nt. 1 and 2, and over 6 .ta~ •• (30, 40, 

50, 60, 70 and 90 ~S) under Expt.,. The results .hOWEd that 

while under Expt.1 none of the' factors exerted any signifi­

cant in1luence on tap root's lEngth, and under ~xpt.2 both 

thE environment eE) and P lEvels .ignificantly influenc.d it, 

under Ex~t.), only the environmental factor (E) exerted a 

s4,nj.l1cant influence (excepting at 60 DA5). the other two 

factors remainillb inactive. 

The influence of tbe el1vironment (E) wa •• ueh tbat the 

plant. growiq in the open field (£2) in all 'but one inst811" 

(Expt.1. 90 DAS) recorded longu taproot., 8. coapared to 

tho .. growina within the baaboo stand (E1 h and the dUfer.ft .. 

was .taU.ticall, .1inif1cant in all but two instanc.. (eo DAa 

of Expt.1 and 60DAS of Expt. 3) • The lone .xception to this 

trend was ... 11 at 90 DAS und.r Expt.1 lIb.re th. plallt. growina 
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90 1) A S 

Expt. 1 ~xpt. 2 
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1. ~_!:tb1n_ the Be.boo stand (E1) (!.J W_!~~~_!.t:_.!'jI~~ 
eve a (P) 

Po 14.138 6.94' 
P1 13.685 6.657 
Pz '3.199 6.935 
F NS )IS 

SL 0.743 0.366 
____ C_Li ____________________________ ._. _______ . _. ______________ _ 

(b) Influence 01 v1&our 01 ba_mboo clUIIU~ ___ _ 

L 14.,;,45 7.167 
H 13.003 6.524 
F NS NS 

Si. O.6fJl 0.:501 

CI' 

Po 12.553 12.651 
P1 13.219 9.560 

P2 13.148 11.212 
F' NS * 
SE 0.647 0.763 
CD 2.267 

------_. 
3. ~o_ol..~ __ ~~)'~J..! ___ i!)_.!~luenc ... (If e~v1ronra~e=n~t.~(=E~)--_-
- --E:;----- 13.674 6.846 

E2 1:2.973 11.141 

F NS *" 
SE 0.400 0.355 

1.024 CD 
-'b)--.ui!l&WiOi'il'f1iiapliOi'WSuve;.:-.,Ir.;.:-n(p51)r------------
-----yO 13.346 

" 1}.452 
P2 1,.174 
F NS 
Si. 0.490 
CD 

9.198 
8.1og 

g.ar" 
• 

0."" 
1.2" 
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SOYBEAN 

Expt.3 
.. 30 40 _20 _ _ . __ . ~O .. _ . ..J~. __ ._~_ 

1. \Ii!!~!!_the. \)alll~ _~_~~.!'.!'.J!:1) (Il) .InUuerl.!=e .ot PhI)8Ph:r~~. ('f.,' 
... __ .... __________ . .eve ... s _t!J 

1'0 11.160 10.290 1(l.345 11.160 7.805 7.265 
P1 11.645 6.790 8.795 8.485 9.415 8.!55 
Pz 11.665 9.665 9.040 9.340 8.785 8.;60 
F NS NS NS !liS NS NS 

~ 0.705 0.526 0.546 1.269 0.839 0.770 
ClJ 

(t,J-'in!l~&nce '0;( vigour of 'bambo-o eliDp-(YL~_.=--=~=-~_=--== 
L 1'1':-650---10:141--9.100-' 9.557 B.933 7.951 

h 11.330 9.017 9.687 9.167 6.403 8.0}O 
• 00 NS NS NS NS NS 

0E 0.576 0.429 0.446 1.052 C.685 0.629 
CD 

2. In !he open !1~lc:l(E~~luene~_of_~e"p~o_s~~~C_~~_l!vel.!l (P) 
---.-------.-

f·O 14.102 12.657 11.445 9.797 15.627 11.578 
P1 14.192 13.150 11.742 10.372 15.738 13.953 

14.154 12.U/1 12.OZj 9.b54 14.187 12.507 
.N5 

0.742 
NS 

0.762 
NS 

0.949 

..... _- --- ._--._------------_._-_._----
}. f9OJ..a analya1. 

(a) Inf~~!I£! __ of_env~ro_l'l!l;e!l!.~ _ (J:) 
.-----,----.~--------------~--"-----.----~-----------------

E1 11.490 9.582 9.393 9.662 8.668 7.99' 
£2 14.149 12.693 11.737 10.008 15.184 12.679 
I *** *.* «.wi'! .L'1S *tt* *** 
SE 0.419 0.478 0.388 0.645 0.562 
CD 2.15' 2.458 1.995 2.890 

< b) Inlli.i;iici .~__:. boapnorou8Te;.J:.-m------· 
Po 12.631 11.571 10.895 10.479 11.716 
P1 12.919 10.970 10.269 9.429 12.'77 
P2 12.910 10.868 10.532 9.'97 11.486 
F NS NS NS NS NS 

0.47' 

9.422 
11.154 
10.434 

NS 

0.660 
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witbin the 'balIlboo .tand (E1) recorded .1ilbUy longer ('" 

.ore tban. that :lor .12) taproot.. HOWeYEr the dU':lerenc .... 

not .tatistically significant (Table 1'). 

A. regards the actual length. o:l taproots, it J'BIlged 1'I'0Il 

as low a. 6.8 em (90 DAB of Expt.2) under E1 to as long a. ".2 

em (70 DAS ot Expt.,) under EZ' The iapl1cat1on of the r .. ult. 

i. clear. Obviously, in the environment E1t whEre another 

plant specie. (i.e., the bamboo) with an extensive root spread 

Of fibrous root system, almost nEar the ~round surface, ... 

present, the soybean plants faced stiff competition in root 

elollti,ation aa refl.ct.d by the length 0:[ the taproot. Thi. 

compEtition wa. entirely absent in the open field (E2) whicb 

.xplains the significantly lon&er taproots s.en under that 

environment. That there existed a root competition is borne 

o"t by the fact that the bamboo roota also occ~ in more or 

les8 the ... e soil depth zone. Thus Deogun (1937) bas reported 

that the root syatem of Dendrocalamus strictu. is very sballaw 

and do .. not penetrate aore than 60 - 90 CII below ground leyel. 

S1va Prasad (1980) reported that the root syat ... of Dtpdrocalaaw 

.trict. extend. to a depth of l' - 2' ('0 - 60 em). 

Another feet~e that strikes the .ye in this inve.tila­

ti_ i. the rel.atively short lengtha of the taproot, be it 

within the bamboo .tand or even in thE open field. Early 

workers (Borst and TbatCber, 19'1) characterized the soJbeaD 

plant .. baving a taproot with mar.)' branCbu which penetrsted 



to • depth of 1,0 ca with the .. ;)or portion occ&arl"inc 1n the 

upper 60 CII. Howe .. er, .~b.eq~.nt re ... rch by other worker. 

(Kitchell and Rllaaell, 19711 Raper and Barb.r, 1970) dRlOll8t1'e­

tad that fi.ld-~rown aoybean lacked a di.tinct taproot, w1th a 

-Jor portion of the root.yat.. consiating at leteral root. 

aris111& from the upper 10-15 CII at the prilll8ry root, the.e 

lateral root. extend outward from the plant nearly horizontally 

for 40 - 50 em and then grow downward to depth. as great aa 

180 em. 

E ... nthougb it baa be.n atated by tbe workers referred to 

above that the soybean plant lacks a diatinct taproot, the 

expression I taproot' hln been reta1lled in d18cu.111& the pre.ent 

invest16atiOO in as such aa there i8 no material difference 

(anatomically speaxing) between a 'primary root' and a 'tap 

root' in dicot plantae In any caa., the lell&tb of the tap 

root also appears to .utf.r the effecta of interspecific root 

competition, quite apart trOll any alleh eff.ct. that say be 

pre.ent on lat.ral and oth.r lower Order rocts. Thl. 18 indi­

cat.d by the depre.slon in the length of the taproot under £1. 

Vi~~ of the bamboo clump {V} did not exert any 81gn1-

11cant infiuence on the leQgth of the taproot of the aoybean, 

under anyone of the three experim.nt.. S1aUarly the third 

factor P alao failed to ex.rt any .1&n1ficant 1D1luence Oft 

taproot .xc.ptiq at 90 DAS of Expt.2. In Expt.2 alon., aa 

at go UAS, ai&niflcant dlff.renc •• aros. betw.en the P 1 .... 1. 

UIlder botb 'open field' .n .. lro .. nt and .a regarda the overall 



.i'feet of P (eomb1nl116 both the env1roillllenta). In both call .. 

(i •••• 1n~luence of P under li2 and ov.rall influence of P und.r 

E1 and £2 combined) the same pattern was repeated. with Po beinl 

Significantly superior to P1 and P2 occupying an intermedi!'te 

position, itself being on a par with both Po and P,. It i. 

howEver, difficult to explain thE superiority of non-application 

of f on taproot length. 

i.s r€i,ur'Os tne patterl1 0: C(l<'l.l"4,.E in taproot length over 

till;e, the dina on i..xpt.3 revealed (Table 14) a eener2.l trend 

ui CE(;l.l.I1E. Tllie ;.fans til;"t initi211y tl.e taproot ","lS relativel, 

lO~tir rlllG !!rl).,;re~sively I5hortenec as time pessed. It is highly 

fl'O;:;ebl€ that as time passed, and the Becondary roots took over. 

tilE t"1-root started slo~illb 011 fr(JID the t1:;:: and at the time 

o! jJulling out thE plant, despite 'the care exercised, the 

slQUched 01f ter~inul portion 01 ~he tap root ~s retained in 

the soil j and since it is equally probal:le th£.<t as time passed 

amJ :nore and illore lf1teral roots tool~ over thE functions of the 

taproot, the decayi!J.t;; of the terminr~,l portion of thE tap root 

extended :t:urti-.Er up such t1,,,t samples drawn at succEssive 

stal;es of crop i:,rollith recorded lesser !ll"d lesser ler..;, ths' ot 

taproot whi ch would ex;'lain the observed declinE. There wa., 
hU\,Ever. a spurt of increfHlE in taproot If:Il;!,th betWEen 60 DAS 

and 70 DAS after Which it started to decline once again, i8 

the open field E • .ivironment lE2) under Expt.,. The reason for 

this is not Clear. It is quite possible it 1s e superioua 

fluctuation. 



4.1 .8 M_tnr of root nod!Ue./plant 

(Table 15, Fli. 4(b» 
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BeZor. d1.c~~ the data under this attribute it muat 

be polnted out that the data had to be subjected to .quare 

root transformation before statistical analysis could be 

carried out, Since many zero yalues were encountered. Such 

tr<2,nsiormation had to be carried out for the data of aU the 

crop &rowth stai!8 excepting 30 DAS. Hence caution is warrant.d 

in interpreting the data. 

The results revealEd tbat environment (E) exerted a 

s4,nificant iJtiluence. A. regarels the effect of the environ­

ment, the soybean plants growing within the bamboo stand (E1 ) 

recorded Dore nuaber of nodule. upto 60 DAS and the ditfereBce. 

between £1 ana E2 were aie,n1!icant throU&hout except at 40 !lAS. 

1 rom 70 lJAS onward.. the trend reverHd ano the soybean plant. 

grow~ in the open .field (Ez) recorded eit,nific:antly more 

number of nodules than those i!>rowints within the bamboo stand 

("1). i'll.se reaulta appear to contradict th. reaults reportH 

by sev.ral earliEr workers (I'I'I\Jl&, 1977, Rabie and Kuaaza_, 

19'19l Tran& and Giddens, 1980) who found shadiD« to reduce 

the number of nodules. ~ut. when we consider the fact that 

the r • ..,ort.s of aU. the earlier workers are based on experiment. 

with artificial, and thus n09-livi~, abad .. , a plausible 

argUlient s\\&,ea" a i tad! for expla1n19& tile apparent conti'll'» 

tion betw.en the result. of the present investigation and thaee 

reported by earlie.r workers. 
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Table 15 No. _of root nodules/plant SOYBEAN 

Expt. 3 

1. ~!_!h1n____!h!_~'boo _!!snL{E1) _ <!~.LI~_!~!_~~ _ _l)_~_O_~hO~~,:!!___!!.~ 
Po 5.375 2.938 4.396 2.021 1.S!59 1.292' 
P1 4.875 2.042 3.917 1.634 1.688 1.084 
Pz ,.900 1.855 3.209 1.771 1.980 1.~3 

F NS NS NS NS NS NS 

S1£ 

CD 
0.576 0.155 CHI 0.204 COG' 0.0V7 00 0.098 @Cf 0.141 

.--------~----

(b) Influence of v!go~ 01 b~wbou clump (V) 
------,L-----"3:-S9-0----Z.056"----3:tj§4- '-.9=3=1-

H 5.543 2.500 4.597 1.820 
F if ll.3 t.f;3 r,s 

1.722 
2.028 

NS 

1.264 
1.375 

NS 

Sl!; 

CLJ 

0.410 

1.416 

0.127 ~ 0.161 00 0.079 @'ell 0.080 CO O.11~ 

2. In the open !ield~~~ence 01 t~hosphorous_~~ (P) 

• .square root traAaformation done 'before ... ly.1 • 
.. • in .quare root tl'anatonud _1t. 



It 1a qY1te l1kely tbat aome mecban1sa a1a1lar to 

allelopatlly 18 involved. 'but act1n& .ynergl8t1cally. Tile 

poss1b1lity of tne .a.ociated bamboo root. exudin& aaRe 

chemical .Ilbat_nee WIlich .t1llulatea nodulation. e1 ther tllrol.llh 

a atiaulatiOD of tile bacter1a or through .. king the conditione 

01 the aoyb •• n rhizoapbera more congenial for In~ectIOD, or a 

cOlllblnatlon of botll. cannot be ruled GIlt. albeit evidence for 

the aame is wantin&. Another line of reasonine; would be fl'Oll 

the an&1e of soil moiatllrC. Sprent 1.1972) based on extenaive 

investigations in soybean. conclllded that water supply ia 

probably the lIIajor environmental factor affecting nitrogen 

fixation. maxiallll nitrogen fixation oCCIlrrins with the aol1 

near ita field capacity. Though this conclusion appliea only 

to the efficiency of N-fixation by nodules alr.~dy formed, 

still it could be argued that increased N-fixat1on through it. 

beneficial action on the plant will in turn leed to more nodula­

tion. Thus, soil moisture level. get connected with nodule 

number (or possIbly with nodule mass). The soil moisture deta 

of the present investigation (Table 34) reveals that in general 

tile soil moisture waa more within the bamboo stand (E1) than in 

the open field (£2>. Eventhough the soil moi.tur. data va. 

collected tor Experiaent. 1 and 2 only, the trend i. extre­

poleble for Expt., elao. 

Tile foresoini cODJecture. need fllTther elUCidation. 

furtber. it 1a d.utioul.t to aXj>lain the reveraal ~ tile tre.Dd 

as re~a the _bar ~ root nodules attar 70 DAS. Moat 

proba.bly nedulea were sloughed ott beyond 70 DAS. 
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Re,ardin& the 1ntluenoe of the vigour ot the bamboo 

clump (V) significant difference arose only at ;,0 DAB, with 

the soybean plants growing under the 'high vigour' clumps (H) 

recordiD6 numerically superior root nodules. EventhOUgh the 

dittereneea during the other sta~es of crop growth were not 

statistically 81bn1!1cant, the general trend was siailar, 

favouring the 'H' clumps, excepting at 60 DAS. These HSul ta 

lend support to the conJecture about the synergistic effect ot 

the bamt.oo clumps, already dillcWlsed. It _y be argued that if 

at all bamboo clumps bEneficially ~luence nodulation in soy­

bean, then such effects must be more pronounced with 

vicorously growlnt bamboo clump; than with weaker clumps. 

Phosphorus applicatioD did not influence nodule nuaber 

significantly. This is in contrast to the report ot De Mooy 

and Pesek (1966) who br~ht out the importance of P + K 

combination tor nodulation in soybean. Quite likely, since DO 

K was applied to the crop in the present investigation, P 

falled to influence nodulation. 

4.1.9 Root: Shoot ratio 

(Tables 16 and 1'i, Fig. 4( c) 

Data on root. ahoot ratio were collected for only ou 

atage, 1 ••• , 90 DAB, for Experillenta 1 and 2 whil. for Expt., 

data 18 available for all the 6 atages ot growth tl'Oll 30 DAB 

to 90 DAS. The.e reveal that enviroraent exerted a a1gn1tlcant 

1n1'lWlnce upto 70 DAS, with the lou .xception of 60 DAB, under 



, j 

233 
Table 16 Root/Shoot Ratio SOYBEAM 

Wi. 3 D A S 
'9 40 50 60 70 

0.129 
0.110 

0.136 
NB 

0.009 

0.10, 

0.089 

0.09' 
liS 

O.OOb 

0.101t 

0.093 

0.C177 
NS 

0.010 

(b) Influence ot vigour ot bamboo clump (V) 

L 0.130 0.1~ 0.084 

H 0.119 0.083 0.098 

F NS * liS 

5E 

ClJ 

0.008 0.007 
0.020 

o.DOE> 

0.127 

0.098 
0.086 

NS 

0.02a 

0.143 
0.113 

0.108 

RS 
0.018 

0.1,34 

0.108 

NS 

0.015 

;r:-:-IIl:-_the _oiEn--1r.~) lnn ... ~nce 01' Phospborus levels (P) 

Po 
f'1 
p" 

<-
j, 

SE 

Cl.; 

0.196 

0.209 
0.205 

HS 

0.011 

0.128 

0.136 
0.126 

NS 

0.007 

0.108 

0.112 
0.102 

NS 

0.009 

0.093 
0.004 

0.078 

liS 

0.006 

3. F00led analysis (<1) InflUEnce ot inv1ro!llllents (E) 

0.201 

0.198 
0.188 

NS 

O.O~ 

---_._-_._-----_. __ .... --_._-_ .. _._----_._--------

r 

0.125 

0.203 

*** 
0.006 0.004 

0.091 

0.107 

* 

CD 0,031 0.021 0.014 

0.101t 

0.065 
NS 

0.011 

0.121 
0.196 

** 
0.015 
0.058 

~rbJ- -iiii~ii.iic."'O.t~~OBPhOiUiTev.o.::i;::;s_>,;(.P'_') ... --_ -_-_-_-_'_. _______ _ 
Po 0.163 0.116 0.106 

P, 0.160 0.113 0.103 
Pz 0.171 0.110 0.090 
F Jt) HS liS 

SE 

CD 

0.110 

0.091 
0.082 

)IS 

0.014 

0.172 

0.1" 
0.148 

NB 

0.018 



Table 17 Root/Shoot Ratio SOYBEAN 

90 D A S 

Expt. 1 Expt. 2 Expt. , 
1. Within the beaboo stand (E1)~1 Influen.~e 0: Phosphorus level. 

Po 
1'1 

1'2 
1 

SE 
CL 

---rb)- InfluencE 

O.2,a 

0.2.38 
0~222 

NS 

0.01, 

of vit_our 

0.239 
0.264 

0.2'7 
NS 

0.016 

0.184 
0.22lt 

0.1'1 
NS 

0.0,1 

------
L 0.221 

------------- ---------~:----

0.2" 0.222 

ri 0.244 0.252 0.151 
t NS liS NS 

SE 0.012 0.013 0.026 
CD 

--- -

2. ~n _!fl~i!~_g.~l:_d....1~_21 l~_!lle_Iice_ f>f:_ ~_l?_?~E!'l'?l'U~_levd. (I') 
------p~·---------O:246---·- ·-0:257" - -------0.184 

p 1 0.256 0.283 0.179 
l' 2 0.246 0.289 0.178 

} ~ NS E 
S},; 

CD 

0.016 

3. Pooled anaIy.i. (a) InfluEnce of EnvironmEnts (E) 
-----_ .. _-. ----------_ .. - _ .... ---- .. -._-------._- ---::~~--

61 0.233 0.2" 0.186 
£2 O.24~ 0.276 0.180 
, E NS D 

0.012 0.009 0.01. 

Po O.2lt2 0.2lt8 0.184 

P1 0.241 0.274 0.202 

1'2 0.234 0.273 0.165 
F MS lIS RS 

Sf: 0.015 0.011 0.017 

CD 

;',;.-;, 
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Expt.3. At 90 DAB, tbe clifference wa. not significant ..... er 

any one of the three experillenta. In all ca... of significant 

di.!!erence (30, itO, 50 and 70 DAS of Expt.3) and even when it 

was not significant, in two instance. (90 DAB of ExpErillents 1 

and 2), th. open field (E2) recorded 8 hi&her rootl shoot 

ratio as compared to the .oybean plants growing wi thin the 

bamboo s·tand (&,). SiIR1.1ar results ban been reported in other 

crops also. Thus Palls and Bustrillo. (19'16) working on sorghIB 

and l'ioguchi .!l.!l. (1978) working on lettuce observed the .hoot, 

root ratiO to increase under shade. which is the Beme thing aa 

a decrease in the reciprocal relationship, the 'root: shoot 

ratiO'. 

Hicka (1976) IItated that evanthough root depth lII&y axce" 

plant hei~ht throughout most of the growing .ea80n, the dry 

wei&ht of the aboye ground plant part8 exceeds the root dry 

weight throughout the •• ason. Th. result. of the pre.ent 

investlsation con11l'118 this a. the ratiO was always less than 

unity. As regard. the d1.tferenC8 in the roota shoot ratio 

betwun tne two anYlronments, the r"uced ratio seen under £1 

(· ... ithin the bali boo stand') was obviously the result of .evere 

root capeUticn by the bamboo root.. 'fbi. clarine. the 

"aul t. .eoured IIDdU' the paraaeter 'leAgth of the taproot' 

already di.cua.ecl uncleI' .. ction 4.1.7, and .treAgtbeDa tbe 

argUlllent about 1l. __ ter-sp.citlc root comp.tition pre •• ntad thareia. 

It was .. an that aOCording to Mitchell and Rtl ... ll (1971) and 



Raper and Barber (1970) the soybean plant lacks a di.tinct 

taproot and that tt. bul..It of the root &yst_ is represented 

by the lateral root.. This would imply that the length of 

the taproot (or primary root) is a poor measure of the situatiOft 

preyailing below ground. Still, it was a180 seen that the data 

on the length of taproot collected in the present investigation 

broUbht out a clear trend Establishing the :r~lCt that root 

development in terms of taproot length in soybean was poor 

within the bamboo stand (E1). In contreat, the parameter 

'root: shoot ratio' do.s not suU'l!r thll'l lacuna of non-represen­

tativenfl8s, since, for computing this 1"!!tl0 the fintire mass of 

the soybean root system (and not ~erely the taproot alone) has 

been taken into consideration. However, since thiE is a ratio 

involvine another and a totally different com,:onent of the 

plant U.e •• the aerial parts) there is st1l1 the likelihood 

0:1: the ratiO being influenced by any Change in thet cOliponent. 

Vl&our of the ballboo clump (V) faUed to exert any 

slb nJ..ficant influence on the rootl aboot ratio of soybean, 

excepting in one instance (40 UAS under Expt.,). At 40 DAB 

under Lxpt.3, the roota ahoot waa higher under the 'low vigour' 

(~.) bamboo eluaps tban under the 'high v11;our' (Ii) cllalps. 

l11is result is a8 could be expected. The .everity of root 

compet1tion offered by a v1~oroU8ly growing bamboo clu.p mU8t 

obvioual~ be mor- than that by a relatively weaker cluap. such 

that the root d.velopillent of 8uociated soybean plants slitter 

much, leading thereby to a lower rootl sboot ratio. 



Pbosphorus applicat10n (p) d1d not influence the root. 

ahoot ratio significantly in any of the three experiments. 

4.1.10 Numoer of tlowsrs/plant 

(Taol •• 18 aDd 18(a) 
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Only the effect of the envirohaent (E) and the overall 

1n!~u.nc. ot P were statistically s1bn1tlcant. As regards 

envirom;;ent. the number of flowers/plant WI'S consistently more 

in soybean plants .,;rowing in the O"),len Held (E2 ) than in thoa. 

gro1oiiIle, .... ithln the bamboo stemel (E1), at 40. 50 <'nci 60 DAB under 

_xpt.3. rurther, the difference was statistically signif1cant 

at 50 and 60 l;/.S. These results in.cicete that flower production 

in soybean suffers aerioualy when they grow within 8 bamboo 

stand. 'l'be reClson fer this could perhaps be the effect of shad­

ing oy the \)a.boo clUlllps. Thus, Cox (1978) had reported that 

in 6roundnut the number of .flowers was reduced under low light 

treatments. Similarly I 'l'arila .!! y. (1977) observed that whU. 

h1~h libht intensity de~ayed .flowerinc 1n cowpea, 1t increased 

the number of blossoms. In peas, 8~ shade considerably reduc.d 

flower10b as reported by Hedley and Ambrose (1979). 

Regard1ng f, only the overall influence of F (1 ••• , 

c_bin1nt: tbe two environments, 6, and E2 ) wea 8igniticaAt, 

and that too only at 6~ (Expt.}) P did not exert any 

influence aeparat1ly either within the bamboo stand (E,) or 1D 

the open field (E2). The overall influence of P at 60 DAS ... 

auch tbat the trea'bliUlt P, recorded the highest maber of 

flowers/plant wb1ch was .4nUlc:anU, auperior to both Po 8JId 

Pz whiGh tn .... ln. were _ • par. It ... t M poiDted 0IIIt 



Table 1B No, of Flowers/plant 
Expt. 3 

40 
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SOYBEAN 

D A S 

1. Wltl".i~ the baffiboo stan_d (E,,) Jlll_ln!}_U~Il_C;!_2t:_P.tl.O!!rI1Ol':'1!!I _ _l~ 

- ---- -P~---------~-330 5.955 C~ 0.-8".-:----

Pi 2.080 6.410 (1.4~) 2.112 

i2 1.745 5.700 Cf'O.3~ 0.729 
f 

51> 

CL 

CD 

?is 

0.326 

NS 

0.268 

1.mB 

0.880 

rlS 

0.129 .. 
( B ~ ,-0·3 ~/ 

((;.z~ 

NS 

0.105 .. 

-------- -.. - -----
2. In the op~n !i~ld Influence of thE phosphorus level. (P) 

P~---'------' ---2~682-'------- 13.254--C {'b~ 2.38-2---

"1 1.874 15.632 n':74g~ 3.74, 
'2 2.226 14.c17 (1'b+t' 2.323 
r 
S1; 

ClJ 

0.406 

NS 

1.220 

3. fooled analysi. <a) InfluenCE of environment. (L) 

1.718 

2.261 

NS 

0.215 

(b) Influence ot phosphorus lavels 
ra 2.006 

1.m 
1.986 

NS 

0.264 

6.022 

14.566 

*** 
0.668 

3.43' 

(p) 

9.605 
11.021 

10.259 
NS 

0.818 

r (.I:r~ 1.225 r 1.746) 2.816 " / --0.082 .. 

0.422 .. 

C {.359:) 1.608 

(l.3!1fJ)2.928 
( i..3+V 1.526 .. 

0.101 GO 
0.290 .. 

• • Square root tran.fonaation done 'before _DIlly.i • 
... in aauare root ~ .... d UIlit. 



Table 18(a) Ih.ber of Uowra/Plant all on 60 D A S SOYBEAN 

Influence of the interaction V X P 

P levels Vigour of the ballboo clUllP (V) 

,.r:[~. _ 

(O·~4) 

(j·81?) 
,~<. I () ) 

L ~ B 
Ii t:".~+,-' ________ _ 

rU . .o) 1.152 

10.,9'1) 0.640 

,i .y:f; 0.570 
. --._------ -"'-_--'--------_ .--____:_~_-----------

F tellt 

Sh 
CD 

ConclU!51ona: 
a) f over V 

1. • i'1 

bJ V oYeI: f 

fO • 1r'L 

P, • L H 

P2 • r-lI 

• * 
:} 

Square root trana.fonnatior. 01 the data 
carried out. ,_,-__ . _.J. 

__ Ai t-",-"""'1J"_ 

SE:::.C·1~4-

c.J:;.:.::. C • .5'';-+ 

* 

* 



that the concerned data bad to be aqure root ftruI!onaed 

betore 8l181yaia ainee aeveral &eroa were encountered. 

Tilouah the fector 'vigour ot the ba.boo clLlllp' (V) eSid 

not exert aOJ aignificant influence on the number ot flowerel 

plant, the interaction V X P aa at 60 DAS wea, however, alp1-

licant (Table 18(8». The interaction appeared to favour the 

combination 01 'low vii-our' ClUlilli (1.) and the i 1 level of P 

fertilization. Again, in intu'pretil1& this ruult it lDuat be 

remembered that these reaulta ere baaed on data subjected to 

a~uare root transiormution. 

4.1.11 Number ot pod a/plant 

(Tables 19, 20, 20(a) and 20{b) , Fig.5(a» 

'lihUe under .Experaenta 1 and 2, only the environmental 

factur (E) aign1!icantly 1n!luenced the number ot pods/plant, 

at both the atages (60 and 90 DAS) of recording the data, UDder 

Expt.3, beside. the significant influence of the envlronaent. 

P applicatIon alao slgn1tI~ntly stfected this attributed. 

ke&arding the influence of the environaent. the trend o~ 

results as cOlllpared DEb.en the three experllDenta waa intenat .. 

il16. In £xpt.1, the soybean plant. growing within the btutboo 

stand (li1) recorded significantly 1I0re nUilber of poda as 

compared to thoae growing in t!le open !ideS (E2 ) at bota 60 

LlAS and 90 DAS. And, the dHferencea "ere statiatically 

sit;n1.tlcant. But, the trend reversed aoon. In Expt.2 a. 



Table 19 Number of poda/plant 

iprt. 1 ¥pt. 2 
60 60 ____ ....::9;..;;0_ 

1. Within tbe bemboo atand (E1L.i~ Influence of pbospbOl'Wl level.a 
(p, 

---~--.---

Po 6.809 
.P1 5.405 
P2 7.288 
r NS 

SE. 0.678 
ClJ 

~b, InfJ.utince 0.1 

L 6.293 
H 6.708 
r !is 
O;.\.E:, 0.553 
CD 

Po 4.771 
P, 5.491 
Pz 5.034 

NS 

Sl:. 0.403 
CD 

-E:' 
E2 
F ** 
SA 0.315 
CU 0.906 

7.774 7.461 7.300 
6.124 6.087 6.766 
8.082 1.596 7.902 

NS lIS NS 

0.834 1.067 1.105 

viisOW' uf bamboo clUIBjJ (V) 

7.374 
7.278 

NS 

0.681 

5.108 

'.891 
6.001 

NS 

0.460 

(a) Influence 
-----·r.32r- ----

5.666 
•• 

0.379 
1.092 

-8.141 8.241 
5.954 6.404 

NS NS 

0.886 0.902 

1.5.647 19.946 
16.384 20.938 
15.866 20.869 

NoS NS 

1.161 1.481 

--------:---:-------
of environaenta (E) 

20.591 

*** 
o.Q'64 
2.203 

(11) Influence o~ pboapborua l.vela (P) 

Po 5.790 
P1 ,.448 
P2 6.161 
f NS 

SE 0 •• 

g) 

6.441 
6.008 
7.0It2 

NS 

0.465 

11 • .554 
11.236 
11.7" 

NS 

0.198 

".62, 
".852 
14.396 

NS 0.,,, 
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Table 20 110. o{ PocJelplant SoYBEAN 

&xpt. } D A S 
,0.- 60 70 90 

1. ~!11y.JL~g~l!!t~!2I..1_~c! __ U:1 t J.al ___ I_l'!!_l_u~_c~ _C~L~~I?!I1_I!tg.n.a_!__!.~ 

FO 0.471 2.940 5.450 4.790 
F1 0.42' ,.665 5.4}O 4.545 
P2 0.4" 4.295 6.730 5.420 
r .NS NS NS NS 

5E 

I;,;j,) 

0.en9 K 0.564 

~:;lr.:LuEr~ce .;: vi"ou!' bamboo clclllJ.; (v) 

H 

F 

SE 

CD 

0.5)8 
0.376 
iF 

0.064 ac-

3.790 
3.477 

NS 

0.477 

6.273 
5.467 

NS 

0.785 

0.898 

4.943 
4.893 

NS 

0.73' 

- -------------_._--------
2. I_n t_he __ O.2_tn_fi."_!£._(~-2) (I!l.f1_U~!!t;l!_~f PhosJll:10t:u~ _It_!el..!._{P) 

Po --._------- -- -O:193-------12-:16§-----17.303~6-.29-3----

P1 0.151 11.703 23.576 30.667 
P2 0.032 11.213 19.874 23.731 
F /!is tIS ." * 
SL 0.051 a! 1.499 1.430 2.074 
CD 4.401 6.163 

3:- t~!~c!_i'~~¥~!~_J_~L-~~=_~;~~e of EnYironmEnts (E) 
".-~. "_- -~.----.. - -.. " -.-.~-.~ .. -- . __ ._------_ - _'-' ------------

61 0.~2 3.633 5.870 4.918 

f.:2 0.125 11.695 20.251 24.St!17 
l' fl;"t, .,:~."* ..: .... *-
SE 0.03S .. 0.678 0.716 0.9" 
ClJ 0.148 0. 3.487 ,.682 4.891 

ib)Iru·luen~.-o.r phospborus levels (P) -----.<"-.,-

_--- -P
o
----- -----0.332-----7355-----1"1:37',-

P1 0.267 1.684 1 •• 503 
Pi 0.233 7.7~ ".302 
F liS lIS lIS * 
S! 0.046.. 0.8'1 0.816 
en 

•• $~ Not trenaforaat1oD 40ne before analy.u 
A __ ~~ ____ .-. • ___ • ___ .. __ 41;._ 



243 
Teele 20(8) NUlllber of pOds/plant as on 70 D A S SOlBE! .. 

Expt- 3 

P levels 

Conclusions: 
a) r- over E 

E 1 • P2 
1:.2 • P1 

b) E over P 

Po • EZ 

1'1 .. EZ 

P 2 .. .t.2 

Influence of the interaction EXP 

Environment. (E) 
within the bamboo (E1) In the open (EZ) 

r test .. '" 

5.450 
5.430 
6.730 

Sl '" 1.Z39 

CD • '.566 

150 151 

'2 ISO * 

E'1 .. 
E1 * 
E..1 '" 

17.303 
23.576 
19.B74 



_. 

'1'a,*4' 20 (D) Number 01: pods/plant as on 90 DAS SOYBEAJl 

fxpt.3 In1~~ of the interaction &XI' 

-------------~--------
lDnv1rcnwents (E) P level. Within the bAmboo (E,) In the open (E2) 

r te-at • 'I( 

£E • 1.647 
CD • 4.740 

Conclusions: 
9.) P over E 

1.1 • P2 Po P, 

b2 • P, ~ 
b)~ 

Fa • 2. E 1 

1'1 • 1:.2 j; 
1 

1'2 • 1::2 £1 

* 

.. 

.. 

20.29' 
;50.667 

23.73' 



! 
· · .a · I .. 
· • 
'" • 6 · · ~ · '" 
i .! 

,-.. 

..c 
l[') '--J 

. 
CJ'l ~ ~ .-

LL. 



well. a. in Expt., (excepting at 50 DAS) it w. und.r the 

.::l-1-! 
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open field .nvironaent (£2) that the .oybean plant. recorded 

lDore JUIIIber of pod. a. cOIlpared to £1' Only at 50 DAB UDder 

Expt.:5, di<l tbe .oybean plant. groving within the bamboo .taDd 

(E1 ) record more JUIIIoer or pods than tho.e or E2, and tba 

diiference was again .ignUicant. But, it lDust ~1nte<l out 

that the data for 50 OkS of Expt., contained many zeros and 

had to be square root transfonqd before .tatistical analyst. 

could oe performed. 

Setti~ .side the result. for Expt." for the aa.ent. it 

i. cle~r that the bamboo .tand .uppr..... pod production 1n the 

associated soybean plants. The re •• on for this could be dUe to 

two causes - (i) direct erfect of abad. ca.t by the bamboo 

clump., and (ii) indirect effect of tbe living .hade thrOUib 

root competition. That shading by itself inf-'.uences fl"llit1n& 

in crop plant. 1s amply d.aonatreted by the re.ult. reported 

by a numbEr of workers. Thu., Tayo and Mor.gan (1979) .tated 

that the str ••• ot shading in rape. around the ti .. of anthe.la. 

reduces the numbEr of pod. and Eaton and E.r!!,b (1954) working 

on cotton reported that reduced light intensity reduced the 

relative fruitfQlnesa. 

In pulse crops also, the deleter10us influence CIII. fN1t-

1ng baa been rt':;>orted UpOIl. Tlw.. in ehlokpaa, Sax ... and 

Sbeldrake (1976, 1971) o'b .. rved • reduction in the _bel' o~ 

pods when the plant. were &1'ovn under thlck abade, and PaJId.y 



2~7 

.11.... (1gao) reported that tbe maber of pod. was ..... ticall1 

reduced when the plant. were .baded during the reproduct1Ye 

phase. Lee~ayatbi (19'79) obaened a dec11ne in the _ber or 

pod. in blacqram under •• yeN ehadin&. Th. ruult. of 'l'arila 

.!1!1. (1977) em cowpea Ny •• l the sam. trend though in • 

dU.terellt manner; th.y found that high ligbt intens1ty inCl9 .... 

the _~r of pod •• 

In Boybean itaelf, reduction in the nu.ber of pod. due to 

shadi~, ba. been reported by • DYaDer of wOrkers (Cat.d ... l 

and Lantican, 1977; Eriksen and Whltn.y, 1977; Wabua and 

1'li11&.r, 1978). Reciprocally, an increase in the nta'b£r of 

pods throuj:,h 1i&ht enricbJunt baa also been report.d (JObutOll 

!l ~., 1969; Schou!l!!., 1978). 

All these evidences which are based on experiment. 1D 

Which artificial sbades bad be.n used clearly establish the 

deleteriOUS influence of pure shade on Fod production Oft 

soybean. 

But, in the present investigation, the shade ca.t on the 

soybean plants was not produc.d by an artl!lcl~l abad. like 

muslin, ch •••• or MS.ian cloths or nylon nett. ~. but bJ • v 
llv1ng plant, viz •• ballboo, and that too a relatlftly v1, ... 

roualy growin& and a lal"&8r sized plant at tbat. Tbua, quit. 

apart t,.. the prillary • .fl.et o.t pure ahadinc. it is YfI1t7 

Uke1y that Jat.,...spec1.tic root COIapeUt1on was al. •• ~ ... 

such that the .. tabol1c Yiaour of the ••• oc1ated soybean plaDt 

was "Y8re17 aapped Which LIlt1aately l.d to a reduction in t_ 
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_her of pods. It bas already been seen while diacwlluq 

the other growtb attrl~es, bow tbe growth of the soybean 

bad been curtailed within the bamboo atend .a caapared to the 

~en field, particularly .a reflected 1ft at em dlameter, number 

Of branen.s, number ot leaileta, lea! area, length of taproot, 

and roota shoot ratio. A scrut1fty of the correlation coert1-

chnts relatiIli th6 nWllber of pods with the different growth 

attributes (Appendices 5. 9. 11 and 12) ahows that almost all 

the correlations were significant. Of particular interest i. 

the diameter of the soybean at... 1ft this context. For the 

open field environment (E2) stem di8m.ter was Significantly 

and positively correlated with the nuaber ot poda under all the 

three experiments Bnd for all the stage. of growth for whicb 

the correlations were studied. Under the 'within the bamboo 

stand' environment also (E,) positi~e and significant corre­

latiuns were nut iced at 60 and 90 DAS for Expt.1 and at 90 DAB 

for Expt.,. w1l1le it canDot be argued that the reductioa 1ft 

the v!&our Of the soybean plant is .o,1ely the re.ult of root 

cOIIIpetJ.tion IIIlffered at thE hands of bamboo. still t.b18 a8peeJ't 

cannot be ruled out. 

Kow, the apparently con£licting result of .ore Dumber of 

pod. beini. recorded 'by plants gJ'owin& WlCIer £,. a. seen 1& 

i.xpt.1 could be taken u.p for discussion. This r.ault 1Ilp11 •• 

only that when "tbe abadiD6 i. mild. relaUftly sPeak.tlll. it 

actually eXErcises a beneLicial influence OQ pad production. 



For, it _at be re ... bered that Expt.1 repre •• nt. the atart 

of the inftatigation and at this atag., th. baJaboo cluapa 

were young.r and thua .. all.r and aboYe all apr.-treatment 

of crown prun.1ng bad be_ glYen, such that the canopy 118. mON 

Op.n. all of which conjointly reaulted in the cresucxff oo1y 

a 'partial anede'. Tnia ia clearly brought out by the data 011 

the l1ght intenai ty prevaUing wi thin the baaboo stand .xpre.aed 

ss a fr3ctiOD. of that for the open fiald (Appendix 1 and Fig.2). 

It i. se.n that the light intenaity wlth1a the bamboo stand 

were as much as about ~ to about 91~ of that of the open field, 

till the end of the }rd week of Septe.ber 1979, which weI', the 

~beet values :for light inteneity within the bamboo ataDd, 

ever recorded dur~ the course of the present investigation. 

And tllia period correspond.d to the early growth phas., i •••• 

upto about 35 UAS, of the soyb.an crop of Expt.1. 

Such a beneficial influ.nce of light ahBdinl on pod 

production. has also been actually observed in other crope. 

Thua Saxena and Sheldrake (1976) reported that thin shade 

(~ transmission) aign1ficantly iocrea.ed the number of poda 

per unit area in chickpea. whUe thick abaeSe considerably 

redllC.eS the Bame. Le.lavathi (1979) who atudied the effect of 

graded leftl. of .badiq on black&J'U.t obaerved tbat "Pto 2'" 
ailllc:l1.Dg (i •••• 7'" tranamia.iOl1) the number of poda iIIproYed • 

.i2edley and Ambr(" s. (1979) oserved an .wprovement in tbe .-bel' 

of pod. 10 peas with thiIl abad., i •••• "'" .baes. (i ••• , 7C1f' 

tranaaJ..a1011) • It could b. c~.ctur.d tbat the ucban1 .. of 

t.b1. benef1eial influence of light abaci. relat.. to opUal .. U. 

ot l16ht 1ot.n.itl aucb that light aaturatiOD does DOt ..our. 



It i. known tbat pula. crop. bave tb. C, patb-rnd tbu8 

their 116bt saturation lntenaiUe. are relatively lower tbaa 

the full .unlight. All the three uaaple. cited above to 

demonstrate the baDeficial effect of •• light reduction in the 

light intenaity, as also soybean, are puls. crops. 

Vigour of th. bamboo cluap (V) did not exert any sipsi­

!ic3nt influence on the number 01 pods/plant. The third factor, 

P, howeVer, Significantly affected the number of pods a8 at 10 

DAS and 90 DAS under Expt., only, there being no significant 

effect as in Expt.1 and Expt.2. In Expt.3. at both 70 and 

90 VAS, significant diffErencea arose between the P level. in 

the open field environment (E2 ) wbile within the ball'boo atend 

(E1) the di1ferencea 'WEre not Eignificaut. Silllil.arly. at 90 

DAS. the overall 1n!luence (i •••• cGlllbining the two envirOlllUlllts. 

£;1 and E2) _a aignificant. In all theae three ca ... the patten 

Of rankine; of the three F level. _. identical, with P 1 com1D& 

1irst. followed by P2 and then by PO. This means that tbe DUm'" 
of pods/plant increaaes very steeply with the application of the 

first level of .f-, 1 ••• , 100 k& P20r/btA as CGlllpared to no P 

afplicction. but further addition of ~ at the do.e tried 1ft 

this lnvestilation, instead of increa_iA& tbe number of pod., 

reduces it, tbQU&P at a .lower rate than tbe init1al rat. of 

increaSE lfhicb was ate.p. It would tberefore appear that a 

do •• of 100 k& f ;zOiba 1_ tbe opt1llla level irca tile po1nt of 

pod production, at COiabatorc, particularly UDder open f1eld 

conditions. Re&arding statisUe.;l ai6niUcanc.s, P1 was dJ..tJJto 

tly .uperior to Po in all the three inatance_, bowner, onl1 
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UDder the open .field en'V'J.ronmeJ1t aDd that too ollly at ttl. 

term1D1ll. at.ae of the .o:v_an crop (i •••• 90 DAS) P1 w •• 1p1-

tiClU1tly .uperior not oaly to Po b&lt even to PZ' the two latter 

levels beina on a par. In both the re..1D1ng two inatanoe. 

(i.e •• at 10 DAS under open tield environment and 90 DAS UDder 

the overall influence of p. oomb1n1n& E1 and £2) the aipU1-
To 

canoea were such tbat P1 was superlor"PO with P2 oocupyiD& aJl 

intermediate posit1an. itSlli' "beiD& 011 a par with both P1 aad 

PO' The positive influence of P application on the mabel' of 

pods/plant )las been reported by .everal work.ers (Lixandrou 

.!! ~ •• 1976. illahatany., 1916, Saleh, 1976; and Sbahldullab 

.!i S" 1979) dth which the aboVe lIIentioned re.ulta agree. 

R.,ardin& 1nterRctlons. oo1y E X P interaction ~s si&n1-

licant. anti that too at both 70 aDd 90 CAS (Tables 20(a) and 

20(b». turther. 1.D botb caae., the patterD was ideJ1tical in 

so tar as the 1ni'luence of E 11 concerned. The treatlllJ'lt 

P, va. algnii'icantly sup~rior to both the other P level. 1ft 

the open iield while wi thin the bamboo .tand all the three P 

level. were 011 • par. Aa regard. the comparlaon between the 

two environmenta, the open !ield-arOWll soybean _. d&nUioaDtl.y 
all 

superior to that crown within the bamboo at~nd underAthe three 

level. ot P. Sinoe the DaaDoo i. relatively a very lar&_ 

plant .a compand to soybean, 1 ta P needa are likely to be 

.ore and because butboo baa an extensive root sy.t_ •• 

cOlllpared to "1bean. it would conter a c_petiti". 414&. _ 

l:Iaaboo. In other word., a .t ..... tor P in .0 far ••• oybeu 



i.e OODctrned, would ari •• with1ll the ballboo .tand which 

explaina tbe tie-up 'between the enviroDlent and P lewl.. It 

r .... ina now to explain wb7 the highest do.e or P, viz., Pa 
failed to .1gn1ricantly interact with V, if respon •• to P 

ari.a. dll:,ferentially accord1n& to the emrlronment. It 18 .oat 

probable tbat at th. TEry high level of 200 k' P20,lba (i •••• 

the Pz 1,v.1), P toxicity of soybean set in or a nutrient 

i.balance aros., so tbat the beneficial inrluenee of F was 

lost. 

4.1.12 Da Matter Proch.lction 

(Table 21) 

As re.aros dry matter production (DMP), only ODe of the 

three !actors. viz., til« environment (E) exerted any signlficant 

iniluenca aa revealed by the data for Expt.,. Significantly 

more dry aatter (lAo\:) .... recorded by the soybean plants arow1n& 

in the open field (62) as c ... parad to those grOWing within the 

bamboo atand (:Ell, from 40 DAS onwards upto harvest (go DASh 

ODll at }O LAS was there no significant differenoe and the 

Di'iP;S of £, and £2 were al.llo8t 811111ar. 

The reduction seen in the IJoU> of the .oybean plant. &r0w­

ing witb.1n tile baIIboo .tand (£1) 18 claarly the re.w.t or the 

r8Cllloed l1r;ht inteDa1 ty prevailing under the bamboo canopy 

becauae of the direct a:!tact of ligbt OIl pbotosyntbea1 •• 

R8dw;;tJ.on of IIIlbleAt light below an optiaula 18wl. (wlUcb it •• lt 

lillY be 18 •• than full aunah1De) 1a bOWld to 18ad to a redaction 

in the 1IIl000t. Of photoayntbate. ava1l.abJ.. for incorporetion 
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r.ble 21 Dry utter product.1oD/pl.nt (Vaa.) 

D A S 

40 50 60 70 90 

1. Wi thin the 2 .. 000 .tand (E1t J~ I~fl~ence of Pboapborua 1 ... 11 

Po 1.031 '.4'2 2.060 2.462 2.'94 2.247 
P, 1.044 1.438 2.562 2.53' 1.988 2.0" 
P2 0.900 1.731 2.426 3.002 2.153 2.708 
F NS liS NS NS ~5 M8 
liE 0.128 0.133 0.19/+ 0.272 0.416 0.,,1 
CD 

-roTnn-liince-01: vIgour 01. baaooo eIUllp ("V) 

L 0.951 '1 ~1+'5 2.178 2.843 2.253 2.,05 
H. 1.0:36 1.60, 2.521 2.489 2.094 2.356 
F NS .NS NS NS liS NS 
SE 0.104 0.109 0.158 0.222 0.340 0.2". 
CD 

1'0 1.009 2.333 403"5 6.466 6.981 7.240 

1'1 0.9.57 Z.149 4.298 _ 6.466 8.294 8.890 

1'2 1.004 2.2B7 5.121 c.T!' 6.946 10.1.2 
l: liS NS lIiS NS NS NS 

SE 0.089 0.283 0.,16 0.6T! 0.935 1.109 
CD 

3. Pooled ana1X.1a ~.) Influence 01: Env1l"oDIHnt. (E) 

E, 0.994 1.529 2.349 2.666 2.178 2.330 
E2 0.990 2.256 4.598 6.568 7.4r17 8.7~ 

F NS ... *- .- *- *** 
SE 0.063 0.13' 0.2" 0.308 0.43' 0 .... 

CD 0.674 1.198 1.584 2.217 2.510 

(1:1) In!l. .... o. of i-boal!hGr'w! lena (p) 
-_.,-_._------- --~---

4.744 Po '.023 1.873 -----,.2-'6 4.464 4.688 

P1 '.001 1.794 3.430 4.500 5.141 5.463 
P2 0.952 2.012 3.714 4.888 "'.550 6.425 
F lIS IrS N8 NS lIS III 

SI O.fTl7 0.161 0.285 O.m 0 • .527 0.", 
CJ) .. 
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into stl'llctlU"&l parts Wbicb repnaent ttl. DM ~ a plant. The 

eftect of pure shade created by Don-liv1n& and thus otber-w1 .. 

non-cClllpet.1ll& !lbade. toward. reduction ot ~p 1ft plants bas 

been .. ply dUl0D8tl"lltad 1Iy the stud1 .. or aaDJ' workera. T.bwt, 

Pendleton and Weibel (1965) reported that the dry weight ot 

Wheat plants wes decreased by ahading. Singh (1978) obserYe41 

le.,t IlfIi and plc'l'lt Ili'; to decrease with increasing shading 1ft 

barley. IIi sorah'" fall. and .l..l.lstrlllos (1976) observed a 

reduction in total DM with increaaint shade. Eaton and Ergle 

(1~54) reported that the fre.h weibht of leaves + st ... in 

cotton was reduced by abading. Leelavatbl (1979) reported 

sbad1n& adversely aftected the UY~ in blsck graa. Hedley aDd 

Ambrose (1979) reported tbat ~ sbade Significantly reduced 

lll'iP in peas. Evidence through a reciprocal study i. also 

available. ThUll. Adedlpe and Onarod (1974) !0\Uld Il1g1ler light 

intensity to prociu.ce ll1s,ber DMP in cowpea. 

Ill. soybean itaeli' nWllErous rEports are I'va1lable to show 

that the DMP suifers u.ndsr shade (rope.cll and Axinte. 1917. 

Asanums. 1977 and Wabua and paller. 1978). ReCiprocally, 

evidence exists to show that light enr1chment increa .. s total 

Il'l accumulation, as shown by the work of Schweitzar and Harper 

( 1988). 

As reiard~ the pattern ot chenge in DMP with retenn .. to 

time, th€r. was a 6enera1 trend of increasing DMP with paaaa&. 

of t1llt, for all the teetors. This trend 1. eOlllllOft to all 

plant spEcie.. However, the patterns for the different factors 
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extUD1ted intere.tin&> (lJ.:t.terenCE.. 'l'akina t' .firat, ita 

e1.tect is brOUiht ~t if we examine tbe data for thl OpeD 

11e16 env.t.ronment (J?.2)' ih. pattern 01 DI'l acCUIII.llaUon 10r 

? application (as .een in E2) revealed e aJ.~oidftl trend. 

'i'be accumulated a. 1nJ:tJ.&lly increased at a rath~r at.ep rat. 

between 30 ilkS anc 4O.lu<S. tnen inu.cted l.lpwarde. and contllUM' 

.. 0 increase at a still ateeper rote ("itl'! a slope 01 about 6'-) 

uptc 60 or 70 lJl.$ and thEn showed a declln1ns" rflte. Between 

tne i; levels thflll.selves, at 90 U;.S, P2 rEcord"d thE ruax1lllum 

';i': followed by ~1 and then by FO' indie'ting a positive treDd 

ot response to applied p. eventhoueh tte diIf!.rence8 were no1: 

.st,~ tistically si"ni1icant. As re6arcs the overall influence of 

F (l.e., Evaluating it!: influence combinln., cotb 1.1 and E2) &1.ao 

a s1mll'lr pattern was s.en for 1:»1 accWlulation. Further, yet 

another trend was clearly discernible. While initially <at 

30 ..... ~) tbere was practically no oHference in DfIi accumulation 

between tbl ~hree f leve~a, .ubsEq~ently di1f"rences atart •• 

to appear aa tiDe passeu, with the curve. 101' tbE thrae P 1 ••• 1. 

!annin6 out such that at ~~rve.t time tbey were well spread 

out {ttouQ~ the Cillerences did not reach lEVEls 01 statistIcal 

si,.A.l.1ice.llCEj in a ",;ilcec ia,$!Jion "it:, f2 rankiLe, firat :toll0we4 

by f'1 :.;nc t:.En IO' 

AS ree~rd. environment (E), there was e marked d1fterence 

in the curve shapes for E1 and E2• While 1n E2• there was a 

I!!teep, cont1nl1~8 and practically a linear (the curve ahap. was 

an elema*<! a1iJ11oid) increase as regards DM aCCUlIlulatlon. 
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Wlder E1• DM acC1.lmlleUon iacrea .. d at a rather Blow rat. 

betwen 30 DAS and 60 DAB after which, the rate not ODly 

declined but ahowed a negative trend with the accumQlated DM 

decreaSing between 60 DAS and 70 DAS, after which it stabilized 

and recorded .ore or less tbe same IlK accta.llaUon between 70 

and 90 DAS. Thus "hUe there was • peak for OM accl.SUl,ation. 

whlch was at 60 DAS, for the E1 environment, there was no 

peaK1ni, in thE< curve .for E2 , 'Whicb showed a continuously 

increasing trenc up to harvest of the soybee.n (9O DAS). A •• 

consequence, the two curvelS starting at the f".rr.e point (the 

!Ji'. at 30 l,;I.S being 0.994 c;/plent for E1 and 0.990 g/plant for 

~2) started to diverge ri~ht ~ the start and bot separated 

very widely at the end. As a result of thief the rn accumula­

tion at 90 VAS tor the soybean plants ~aw1no 1n the open field 

(i:.2 ) was nearly :tour-folds that lor the pJ.ants t;rowJ..llg withlD 

tilE OautOoO stand ("'1)' lile sl.1ght reduction in 'the J:»t .co_ 

mQlation seen bEt1lleen 60 ana 70 I.;AS .lor the E1 cu.rve i. beeall.e 

01 ... roluse leaf shedd~. nanway ",ud lieber (1971) hay. 

iurr...i.shttd separf.te CUI'V".Iii iv, cu..tulatec dry "Wei.,htt ot soybean 

pl"nt parts cu.rir'!;, cL.l"f.:rent f'ta_.es ot ",TO..-tl), s("p"Jrat_ly for 

"at", I.i) 'lJithout incl<.i.':ine: the fallen petioles and leave. and 

(H) total, inclucJlr~ the fallen petioles !!nd I.eves. Whil. 

the curves for (1) sho" only sl1Lht declines after reach1.zla 

a max.iJJlWIl, a.nl) thus aor·e or lesa si&moidal in. ehl9pe, tho._ 

J:or \1i) exhibit a peak atter which UlEre is a IIteep fall. 
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Tbut! ob_naHan. about (11) apply to all. plant parta -

ate., petiol •• , leavea, pod •• and beaaa, witllout exceptioo. 

tbe pre.ant finding. agree with th ••• obaerwationa. 

As regard. the pattern of influence of the .,1g0tU' of 

the bamboo clumps (V) over tiae, it wa •• een that it wa. 

essentially the sa •• for both the 'l~ vigour' clumps (L) aftd 

'high vii3,our' clumps {ti) and they resembled the general curve 

for the 'within the bamboo stand' (E,) environment, very closely. 

The depressing Effect of the baEboo stand on soybean wa •• e.a 

in the curves for FO' P, and P2 .a a .function ot Ullle; all were 

more or less flattened curves. 

4.1.13 piota •• production 

(Xable 22.) 

The bio.asa yield/net plot waa recorded at the time ot 

harvest, tor all tbc tbree exp€riaents. This represented the 

fresh weieht of the roots, stem, branches, leaves, flower. 11 

any and the pods carrta~ the seeds, i.e., ,he whole plant. 

This. however. does not take into acc~t shed leave_ and 

floweree 

YOGi the three factors _tlolaied. only environment (E) 

exerted aDJ a.t.gni.ticant influence, and that too. OI'll.y 1D 

Exper1lllenta 2 and J. In &xpt.1. the bl ..... yield of s.,baaa 

growing wit bin ~e baabOo .tand (1;1) was 1~ lion tbaD that 

for tile open field (E2). but tbe difference wall not .tat1ati­

call;r 8isnJ,t1cant. But aub •• quently (Exper1llents 2 and J) 



t~2 !31au •• Production (Fruh Weight) at baMeat (t/l!a) 

m;w ~ liBl!.tJ 
1. Within the Bamboo stand (E,t (a) Im:luEncl!-*JliW-~ 

o.(J76 

0.462 

0.457 
0.495 

hS 

0.064 

(b) Inf~uenc. of vigour of ~boo clump (V) 

1.2" 
1.244 

1.5:5' 
NS 

0.272 

--- - --- ------- -------_ ---=-~:-------::-:=-;-------::--.-::-:---

.L a.cab 0.504 1.454 
H 0.637 0.439 1.220 

F 

Si:. 

CD 

Fe 
P, 
1'z 
f 

~r 

CD 

[1 

E 2 
l' 

S1' 

CD 

0.505 
0.610 

0.559 
NS 

0.052 

0.662 

0.558 
NS 

O.Oy! 

_------------_ .. _---
__ j_~Lln!llol~~ FnoaphoNIl 

Po 0.616 
P, 0 • .570 

Pz 0.645 
~ liS 
_at; 0.045 
CJ:) 

level Ii 

2.~'60 

2.614 

2.757 
t\l;i 

0.138 

0.471 

2.m 
... * ..... 

0.064 
0.164 

(1' ) 

1.711 

1.5.35 
1.626 

lIS 

0.078 

liS 

0.222 

6.,326 
7.252 
7.489 

NS 

0.65' 

1.'!JYl 
7.022 

*** 
0.298 
1.532 

3.781 
4.248 
4.510 

liS 

O.~, 
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tb1a adftlltage _niahH and the sorbitan pllU'lts P'GWUl& in 

the open (£2) recQrded .ore oiGlla •• rield. than thoH tor E,. 

and tbe differences, were statistically very highly sl~ticant 

(p.O.001). TAe diff.rence. were ~ a very high megnltude, 

aoybean plant. ~w~ in the open (E2 ) rec:orded. 48~ in Expt.2 

am; 4t2~ in :ii.xpt." l:I.1ama.s. yield as compared to th08. growinl 

w~tb1n the bamboo stand \~1)' 

It i~ obvious that ~be bamDVU $tand s€rious1y affects the 

,~ro .. t.h i:.nc tlJU3 iiIl'il bi0ll862 proouct';'on 01: the associated 

soybean pla!lts. It is true tl.!8.t ieave. &l1d al.lortEc.i .flowers 

were shed tiuring tne crop growth :pE<riou and the weight of .uGh 

10.... are not accoua'ted for DJ the O10118S. yield as rec~rded 

Ell: ilarv.st. AllO, 'tilat ext.nlSi •• 11QW6r at.orti01l (20 - 80}() caD 

occW' ",t «I1Y st&,,;e of oeveloj)llliwt truoa the t1LO£ 01 bOld initiat10n 

t", ,.."g oJln,elopw"nt, in 8u.\'I.. .. ".1. bali ;:US'" lIce.ll r·e.i'QI·ted {Hardman, 

1;",0; Vrm ,scMJJt aud :troDst, 1\;;10;. 'lhe liw.u-.titi.a of such 

5116" pla.r.t p8.1"t. c~ .. lie- 6I.1o .. 1."ati.o.l. ""'(;Kli (1 ;;/!;.j stated 

ti.lolt, 031; il;utW'1ty, ",:bOVIi; tirol.lllu ox·)' ..... "tex in .... y:;;ean. conaiat. 

ot ~p.i'r"x~tely 2~, leaves ~la~~), 1~~ p.t~"lli;s (tall_n). 

1h. stel..s. 11:;. poc.a aa" 29';. oe_d. t wrtber, .it is po"s1bl._ 

t.tla1. tile _ounts 01 J.ee.v •• a.acl 11","u'b &0 &ued ..... 1 (ii.lfer 

Det~ .. ~n tne 1. .... 0 e!lVirOfl!I!l>nta, :t 1 aoo E2• l.o t}'.e at.e.e1l.ee of 

data OIl tnj,a ~a~eet 1t .is diffieult to dr.~ aLI Qef1Lit. 

cOLclua1(ln OU tl ti eOll:J.ent1ve 'b1cca8as pl"oda.ct,h1tiea I)f the 

two EnYironr,lUl'tll; the data gathEred in this 1rovest1e.atiOil 

penni t8 the "1'8_1 ot concl.uaiona only OIl blaaaaa produetiOll 
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a. actually .een at harv •• t aDd net on blas.a. prod~ctl.lty. 

Howeve.r. sinee biOllla •• i. int1lllately rElated to DMP/plant. 

and since it was seen in the discusslon under the preceding 

section (i •••• 4.1.12) that the DMf of soybean is very s£rl~l, 

curtbil~d within the bamboo stand (L,). the dAta on the fiDal 

biomass prOQ~ct1on ean be relied upon to interpret the dl~te-

r-en1.ial in:f:"uences of the two €nvil"-onll>ent6 • 

.. ahWi <"ll' i'.iller (1~7G) reported hillnly significant 

ll"b'"':l.V& Ci,).cI'l.J.Ect~Oll. lXItween lresb w£itcht of the soybean plant 

11."l'I;E'w6nt witt. the aLove III!I1tiolled 1indinf,. The !lureriorlty 

ot k1 oVI;r b 2 , cv.utnou~h llvt Sieni1icant, Been in Expt.1 is 

livid",ltli Que to tbe V6neiicial e1:tect 01 partial !'hacle already 

tiiacull.no &.Kt&I,B.i.vely unoer leaf are~/p18nt (section 4.1.5) 

a.~ numb~r of pods/plant \s.ctlon 4.1.'1). Wahue and Miller 

(19'78) 1ou.1Q that €I. eli!!htly aut-normal liPht intensity was 

1Ulaiicial ae regards soybean u"P. 

A COIIlpariBon 01 tn€ resl!:t.te 01 tNI tl'.ree Ex:;:."rilllenta. 

reveals that WhilE ~ biOlllllss yield of soybean ur.der E1 _. 

U • .:,c.2 t/ba, it was reollCeo ,0 0.471 t/ha under Expt.2 and 

al>a.in ie.or.auG to reacb 1.3-'1 t/ba ~.r Expt .,. The initial 

h4t!8r yielu 01 i:.xpt., as compared to I!.xpt.2 illl easily .xpla1fted 

in I..:na. oi til. DcM.t1cial .i1ect of 'per'tlal .Mde' already 

mention.a. :Sut the •• cond incHas ••• en under l::xpt.3 appeara 

to ~. .tl"&4&&. 11 tc.. cloelnp. 01' the belllboo canopy "Dd 

axpana1an of the root .yet .. of the tIalIboo oJ.IlIIIp& led to • 
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reduction in the bi .... yield OZ aoyDean in E.;xpt.2. auch an 

effect muat then bave been .till more prnOUD~ed under Expt.3. 

but, the biomass yield of Expt.3 instead of decrea.ing. 

regiatered an increasE aa compared to that for Expt.2. Perbap., 

this arose because O! seaaonal ditference. between Expt.2 and 

l:.xf:t.3, and possibly alao because ot an interaction ot such 

seasonal conditions with the shau~ arw other microclimatic 

etrects caused by the bamboo at~.nd. This needs further 

elucid£:tion. 

4.1.14 bumber ot grains/plant 

(Table 23(a), 23(c). F1g.5(b) 

The data on the numbEr of grains/plant ~aa rEcorded on 

sin.,le sa;;lple plants at harvest. The TEaw. ts .how that environ­

ment (E) exerted a significant influence in all thE three 

o .. 'Perimenta. but. wile in Expt.1. the soybean plant. growing 

within tne balllooo stand (.E..1) recorded lli6Ilificantly more nlaber 

01 trains. (2~ more), the trend reversed after that. and ill 

i:.xperiments Z and .3 the open field environment (E2 ) was .1gn1-

!1cantly superior to E1 • This initial superiority of E1 , may 

be expected because of such a trend having been .een in a nwaber 

of growth attributes (number oZ leaflet., lea! area. aean l .. f 

area/leaflet. lenttb of taproot, biaaa •• production) and 1n 

the yield attribute, DUmber ot poda/plant. It 18 very 11lte1y 

that the ..... causes wh1ch led to a auper10rity ill all ~ ... 

attribute. ill Expt.1, which con,1ointly ba'Ya been call. .... tIIiIIII 

'"ndJ.c1al dlect 01 partial uad1n&'. ....t haft NeD re...-..l1 
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Table 23 ~ra1n pereaetars SotBEAR 

(a) lilllllo.r ot pw/Rlant (b) 100-Vain nipt (IJ'!!!) 

!!e.Ll ~ ~ Expt. 1 !!li!L& 
1. Witb1n tbe .Baaboo starJd_il;1Ltll.Llnflllenc. of Ph~horu ~ 
-- -._--- .. _---_._"----

Po '3,289 12.259 8.185 8.464 
P1 11.099 10.687 7.085 8.501 

P2 14.674 13.344 10.920 9.'72 
F NS NS )IS .. 
SE 1.491 1.950 1.746 0.272 
CD 0.819 

lb) Int~uence of v1£our of bamboo clumps (v~ 

1. 13.0;6 13.396 8.723 9.039 
H 12.966 10.797 8.737 8.652 
F NS NS NS KS 

SE 1.217 1.592 1.426 0.222 
CD ---_ .. _._---_._------

f 0 &.748 ?!l.Oy;.J 33.938 7.697 
F, 10.944 41.249 54.250 6.091 
1'2 10.696 36.889 46.125 7 .s:~6 
F .NS NS .. NS 

.. L 0.916 3.039 3.394 0.352 
c:r; 10.084 

t.1 13.021 12.097 6.729 8.846 
};; 

2 10.129 39.0;6 46.438 7.774 
J:o it .... ,,'t ...... " .. l<** 

SE 0.700 1.502 1.621 0.184 

ell 2.013 4.332 8.337 0.528 
------------ ----~--

(1:1) In:t'lilence ot Phosphorus levels (P) 
-'~"-'-~---" --.~-,,-.----"_ 

Po 11.019 24.645 23.563 8.081 1', 11.022 25.968 30.667 8.296 
P2 12.08; 26.117 28.521 8.554 
F NoS NS )IS lIS 

II 0.8'" 1.8)9 1 •• 0.22' 
"'" 

7.899 
7.632 
8.066 

lIS 

0.280 

B.083 
7.646 

tiS 

0.228 

-----~--.-----
10.086 
1CI.125 
9.836 

)IS 

0.133 

7.866 
10.015 

... -
0.12;1 

0.'55 

8.993 
8.819 
8.951 

illS 
O.1!SQ 
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Table 2~\& 

~~-
~~er __ O_f _F~ina/plant 

!l11'1~c. ~f_ t~_1.llte~c,,!,1_oA __ ~ __ U 
SOYBEAN 

P level. 

F test 
SE 

CD 

ConcluUon.: 
a) ? over ,I:; 

E1 F 2 

1-.2 P1 

b) :i:. over P 

Po • E
Z 

P1 Jj; 
2 

P2 !:,2 

Environment. (I:) 

Within th~ ballboo (E1) In the open (E2) 

.. .. 

.. 2.808 

• 6.099 

!'!o 
f 2 

E1 

j", 

:t.1 

8.187 

7.084 
10.917 

P1 

Po 

---------------

* 
.. 
* 



8.454 
8.501 

9.572 

7.6r;n 
8.091 

7.536 
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SOYBEAN 

- .---_._----------_._._---------_--------- ,_---
F test • * 
sc. '" :J.318 

C" ,. 0.915 

\,;onclu.s1ons; 
a) .. over ;; 

1:.1 P2 P l' 1 0 
., 

.... 
Po 1:2 .. r 1 .1:'2 

bJ .i:. OVEl r 

Po .. J!1 t2 

"'1 
.. .... 1 '~2 

F2 - E1 £2 * 



tar the significantly aort number 01' ~ina alao. That 

ehadi~ adverally attecta the number ot grains haa beln 

reportld 'by the other- workers also - in whlat 'by Pendleton 

l'", ;::~--
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and V;eibel (1965) and in pearl 1I111et by Rao and Singh (1980). 

,t,ut, in soybean .. 1Ii!y .!l J!l. (1901) found neither pre-anthls1. 

sbadir", li~r shading dur1n& uld !1111!l£_ pericd to affect the 

nutllbtr 01 seeda. 

,ttr1l:.ut.; unoer til.: tWQ envirOllCents over time. under E, • 

ciEclinill;,. trene in 'tI".€ nU!l1U€r 01 6r<l1r..3 was aeen tletweln the 

tl.i.l'e€ e::Q)eriIl'lUlt5, it lJeine; hi&1.est in Wc:pt.1, 1:ollowed by 

LX.f't.~ 'illC least iI; hlq:t.;:; \mich recoreea a IMi:l1n 13.73 6reina/ 

plant. :'n cQl:nr~st, UIlCEr 1:.2 ' tlll incraasin.!> trend waa ... n, 

wi .. n tile uumiJer oj' .,rc .1r.s l"eiI-'t, !eust in Lxpt.,. more in Expt .2, 
and beillE the rli_xillltUll in Expt.;:l (46.44 ~rain6/plant). ThWl, 

thE two environmEnts showed dll!111Etr.1cally opposite treads. 

"hUe the v<.!I'j,!,tion between the ttlree experiments, in so tal" 

as ~hE open field (E2) is concerned, may be the effect of 

setllsOn, the variation noticed in the 'behaviour of soybean 

within the bamboo stand (E,) is clearly eacribab1e to tbe 

deleterious influence of the bUlboo cluaps act1ng thrOUIh 

increasin6, closure of the canopy and expandini; root .1at_. 
the !act~T vi~~ur of tne aemboo clump (v) did not 

exert anI s16n111cant influence on the number of graina/plaat. 

eventhOUt.ll a e._era! trend of reduced DUllber of grains _. 



noticed undEr the 'b4,h vigour' (H) balllboo clumps. in 

£Xperiments 1 and 2. 

Aa regards the third factor, viz., P, signi1icant 

diffErences ~etween the three levels were observed only under 

the cpen 1i£ld (E2) environr1ent, and that teo only in one (Expt.,J 

O'..It of thE three experimt;nta. The level, 103 kg f20~/ha (i ••• , 

i 1) rEc;,rdec Si.~,Cii!it.2ntl) lIlore llumt£r ;:;1' 6raina/phnt than the 

co!,trol V o); wh11e thE, 20;) }t", f 205"ha level (i.e., f'2) occupi.d 

an iflhr!!:edhte pOfai(ltl, itself beiflt:; on a I'2ir ",.ith r 1 and PO. 

'r~lUS the CUrvE. of thE' respon&e to adced r inithlly rCise upto 

f1 level anc then fell. This trend of: initial riSE ~nC; lIubaeqllen 

fall, as seu., in IXjt.,. was tJotlcec: (,VEL in tne other two 

€Xferin.ents (:ex:;::t.1 ant' r~x.pt .2) also, Eivecthoui;h thl' difference. 

did not r£fCC'b l('vEls of st",tlEtical !:i~r,ifiv::r:ce. In tact. this 

pattern cf re~pcnse to added P 1n tr.E oren 1:1<ld u:vlronment 

(1:.2 ), viz., 3tl initial riEE frO!:, P" to f1 at:.' ~ liubEeq,uent 

fall lTOII1 Ie, to P2' 1s seen lmder !! num~r of Fl,relL£ters in the 

prEsEnt invest!, "ltlor" EivEatnough 1n ":c,"t C?,,£S the .:lifferenc •• 

Det",een the thre~ P lEVEl! lT€rE root £i",n1flC"lnt. Thl.:.S, sllcn a 

tnr.d was eoUced u!1der, (1) hEi,,)::t of pl;>nt (70 mel SO DAS 

01 i:;XI:t.3), (11) dismehr of st&:r. (3c, cO and ~C L.3 of Expt.'. 

:uld 50, 60 and 70 ~s Of ;;;~pt.'). (lii) number Of br~UJch •• 

(SO, 60, 70 l,na SO ;.)i;S 01 Expt.3), (iv) nUlllb~r ot lunata 

\40 and bO ;:';.S "'f J:.)q~t.1, and 60, 70 end go LAS of EXJ;:t.3), 

(vi ha1' area ~total)/plant (40 ::.lAS of Lx,;:t.1, and 70 and 90 

LilS 01 !:lI.p't .3). (vi) mean leaf 3Fea/leaflet (70 'lnd 90 DAS 

01 t~pt.,j. (vii) le~th of taproot (90 DAS of Expt.1, and 
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.}O, 40, 60, 10 aDd 90 DAS of Expt.,), <.11i) mabel' of root 

nodul •• (~. 50, 60 and 70 DAS of Expt .}), (ix) root, .boot 

ratio (:50. 40 and 50 DAS of I:.:xpt.,), (x) mabel' of fiwar. 

(50 and 60 DAS of Expt .,). (xi) _"bel' of pod. (60 DAB of 

Expt.1, 60 and 90 lJt.s of lI.xpt.2, anc! 70 and 90 DAS of Erpt.3), 

CiIllQ (xU) Ill',., (70 UAS ot Expt.,), AU thea. clearly indicate 

tr~t tne response ot aoybean to added P in the open f1eld (E2). 

Wld~r l..oimbatorE cOl1(;itions, can be expected to occur up to a 

14,1x.imum lEvel ot aro<lM 100 kt; [20';00. 

While P exerted a significant influence under open field 

conditiOn. (&2) atleast in one experiment, it failed to evoke 

any Bi&nificant response in 8oy~an. within the bamboo .tand 

([.1)' ill anyone ot the three experiments. further, the overall 

influence of P (i.e., pooling the two enYiro~ent., 11 and &2' 

to~ether) _a alao not si&Jli!icant in any of the three experi-

ments. 

As reg~rds interactions, only ~'E, viz., E X P in Expt.3. 

111"8 siE,r.ii'icant. 'While ... ith1n th. 'Ja:nboo stand (E1) all the 

tr.ree P levels ",.re on apr. in the O1;en :field (E2). P, waa 

sif!,!li!.1cantly superior to both F2 and PO' which were them •• l .... 

on a par (TablE 23(c». Thi. implies that the effeet of P La 

auPFNued wi thin the 1:,.ataboO stand. Th. physical explanat1_ 

for this 18, perhaps under the overwhelainc competlt1 .. 

1n.!luenee of the bamboo elLlllp8, the P tblot beC8lDe actll8111 

available to tbe .olllean iatercrop w. very .uch nchaoed 

tb.nll, ... okin& .ery little naponee. A. ftprd. tbe beha.10U1" 
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of the two envlronmenta UDder the dlfferent P levela, E2 waa 

.1&n1flcantly allpcrior to E" throughOllt. Tbe d1aa<twnt .... 

suffered by the aoybean planta wl thin the bamboo at and (£1) 

bav. already been explained In detaUa .a to need elaboratioa, 

which expla1Da the 8Ilperlor1ty of the aOYMIUl planta arowin& 

in the open fleld (E2). 

4.1.15 1ClO-min we1&!!t 

(Table. 23(b). 23(d), Flg.S(c» 

'file a .. ilable re8lllta (Expt.1 and Expt.2) reveal an 
a.s 

interesting featllra in ao terAtbe environment factor (E) is 

concerned. Wbile in Expt.1. tne soybean planta growing within 

the baaboo atand (£1) recorcled a 84nl1:icantly hil!.her .eed 

weight, in Expt.2, it waa the open Held-grown soybean plot. 

(E2 ) tbat recorded aignificantly heavier a •• da. 

That ISba de depre •••• the grain weight baa been report" 

in wheat by MOIlrai !!.I1. (1976). In aOYDeSD It.elf, C8te4ra1 

and Lantican (1977) obaerved the depreaaiDg influence OIl 100-

grain weight by "* .b8ding and Wahua and Miller (1978) found 

that 1QO-grain weight wa. highly .4nificantly and napti .. l, 

oorrelated with aha"e. Evidence ia to hand that the rec:lproeal 

effect doe. not take place. Thu, ,Johllaton Jl 11. (1969) 

observe. that the 1ex>-uain walpt of li&}rt-anrlobed aoybeell 

plant. to be 1"",.r than tbat tor nOl'lllll. untnated plaat.. Tbi. 

would laply that there appear. to exi.t an optillRla l1&ht 

intaaaity, any Intensity above 01' bel_ wb.1eb wUl act to 
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reduce the 100-seed weight. J'.ost likely this pbenOlHfton ot 

optimum light intensity was responsilUe for the heayier .e.d. 

observed under E:, in Lxpt.1 ot this investigation. In soyHan, 

seeda are physiologically maturE in about 65 - 75 days (Hicks, 

1978) and the linear seed-fUling phase start. trom about 50 

DAS. An examination of thE litJlt intensities prevailing during 

the pErIod 50 DAS to 70 LAS tor E.xpt.1 (Appendix 1 and f ig.2) 

reveals that the light intEnsity with1n the bamboo stand 

fluctuated between about 95 K lux and about 55 ~ lux while 

the ambient light (a8 measured under E2 ) between about 132 K 

lux and about 115 K lux at 50 DAS and 70 DAS r~8pectively. In 

sharp contrast, the light inteM1t1es d'lring Expt.2 _re 50 K 

lux within the bamboo stAnd and 77 K lux 1n the open Held !!t 

50 DAS, and about " K lux tor E, and 79 K lux for £2 at 70 DAS. 

It would therefore appear that approx1m~tely the range 80 to 9' 

K lux i8 ideal fro. the point of WEight of grain in soybesn. 

Further, the stage of crop ,;.rowth at which shading OCC\1J'S 

bas also been reported to be i.portant in detel"lll1D1Dg grain 

weight. Prin. (1960) noted the cr1tical1ty of shad1nc durinc 

the ••• d-f1llinc stage in soybean. In the present 1nYesti&&tiOl1t 

hOWEver, the question of sbading at selected st.,ea of crop 

growtb do.s not aria.; it was ie. C tiE at conti_OWl abedi ... 

rl&bt troll •• ed ellersene.. Still, there 1s a diff.rence 1Il 

the d.gre. of st.4d!.D& .l1ff.red by the aoybean plants d\u'1ft& 

the •• ed-flllilti phase, between Expt.1 011 tb. 011. band and 

ll.xpt.2 on tb. other tleoauBe of differences in (1) the extent 
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Of cloaure ot the overhead soybean canopy and (11) the prevall­

ing ambient ligbt aa dete:rm1ned 'by seaaonal condit1oaa. Aa. 

consequence ot tnese 'ftriations. eyen in continuous shading. 

variatiol18 would ari .. in the amount of light reachin& the 

soybean canopy. Such di!terltncea explain the d1.f!erence ae.n 

1n the 10<>-gra1n weight for i:xpt.' and that for Expt.2. 

Another feature worthy of note is the diapar1ty betwe •• 

the two parameter., 1OD-grain weibht and number ot ae"s/plant, 

as rebards their rESponse to shade. While the difference. 

betWEen E, and i:2 WEre ot the order of 14~ (i~.1) and 21~ 

(in Expt.2) as regard. 1OD-grain weight, vaster difterence. 

were noticed under the number of gra1na/plant, which were •• 

much as 29)0 in E.xpt.1, 6~ in Expt.2, and 8~ in Expt.,. S.e 

workers have stated that shad10a affects the nuaber of grains 

much more tban it aUecta the 1OD-grain weight (in wheat, by 

Pendleton and weibel, 1965; in lII&ize, 'by Ea.rly .s! y., 1961) • 

.Based on studie. on chickpea, Saxena and Sheldrake (1976, 1917) 

concluded that OYer the sbadioa reDie of 16-,"" transml.aioa 

there was no algn1flcant effect on the 100-ae" we1£ht, 'by 

ahad1n&. It wollld therefore appear that the attribute 100-

&rain we1&ht is IlUch more plaatic in ita reapol1M to .hadiq 

which explaiu the dUterenees in the I118grUtude. ot 1atl.ueace 

of shading on 100-grain weigbt •• compared to the number ~ 

&raina/plant. 

ViSQUI' ot the bamboo clump (l) did not ex.rci.e any 

aiif11!lcant 1.n1'1uence on the aeed weight. Aa re.ard., P, it. 
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efrect was si~ificant. only within the bamboo .tend (E,) aDd 

that too only in Lxpt.1. In Expt.1, it was seen th~t the 

pattern of response waR braded, with P2 recording the heevie.t 

Ir,ra1m, followed by P, and then by PO' P2 WIlS sign1flCl!!.ntly 

supErior to the ~ther two Ieveld, which themselves ware on a 

par. On tr.e other hand, the diiferences were not signi!icant 

in EXpt.2. l.s ret,'.::rds the r(:llponse t·.) r in t:le open field (E2). 

the diiferences were not sil;:.nificant under both the experiment •• 

however, a trend sho'lling the grain "'Iig:ht. to increa.se between 

£'0 and i'1' and then decreasing between Pz and P1 wall seen under 

both the experiments, sU6gestlng the existence of an optimum 

level f~r : within :he raIl6£ of dos£s tried in this investiga-

tion. Now we rley consider an explaMtion tor the significant 

responFe to P seEn in Expt.1 under E1• If thE existence of an 

optimum for P application 111 assumed and if it i. further assumed 

tl1Lt fUCI;. ortiLlUlll, in ttlE J;resent investigation, was somewhere 

around 100 l~b i 20!;/ha (i.e., p 1 level) t.s SUi;&l8ted by the 

results lor the open field (E2 ), then it stand. to reason that 

witnin the camaoo stand (E1), btcaus€ of competition for soil 

and/or added P, thE P avallab~e to the associated soybean crop 

was reduced ta sue!. Ii level u.. to Evoke a sustained response to 

added 2, OVfir DOttl tbe level. ,1,'1 ana "2. It eould then be 

postulated that tilE :;,csfrvEd ai6111.f1cant response was the re8Ult 

01 this initial mild com;,etit1on. Subsequently, with the further 

&rowt.h 01 the bsll.oOO clLllllPS and aggra"",ted competition, this 

lIIaderating in11uence vanished ~nd there was no ruponse to added 

P wbic:h apparently supplied P t(J tbe- soybean, but which in 

reality w • perhaps unavailable to the soybean. 
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The overall iDf'll.lenc:e of P (over both £1 and Ez pllt 

to&ether) wa. not .1gniflcant. However. the interaction £ X P 

under Expt.1 was significant (Table 23(d». While wlthin the 

bamboo stand (E1) P showed a sraded pattern of re.pon.e with PI 

being sibDificantly .uperior to the other two level. of P Which 

tbemsel ves were On a par. in the open field (E2) all the three 

P level. were on a par. Reprdiftjj; the perfonance of the two 

envlrol'llllnts over the three P lev.l., E1 W •• i&n1ficanUy 

superior to E2f llDder the 1'2 level only. The possible rea.on 

for these results has already been di.cue.ed in the precadinl 

paragraph. 

4.1.16 Siggle sample plant grain yield. 

(Table 24, Fig.5(d» 

Among the three :factors. oraly environment (E) exerted 

any &i~i.ficant iJlf:"uence. i'hi. was so in all the three 

tXrO£riments. However. the trend of results &IIong tbe experi­

~.nts was different. In Expt.1. the soybean plants growlnc 

~ithln the bawboo stand (£1) r.g~sterad Significantly hijb.r 

brain yi£ld/plant (~ .ore) tban that 10r those grow1n& 1D 

the open .field (£2)' But tnl. rever.ed and in kxpt.2, th. 

soybean plantl E,rowin& 1n the open (E2 ) out y1elded thoae of 

11' register1n& a :5OQ't. increase. In Expt., allo E2 out ,1eld., 

1:.1 ' but the dispv1 ty becaae IDUch .ore (69~ incr .... ). 
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';:.al!l,~,?,~. ~_.t,_Ilg1.e _~!:IJ!P;J.e_!'!~!l!_ C;r£.!!l____!!!_l~~nt) SUD" AN 

E!pt.1 Expt.2 ~.3 

1. 'Within ~l!I!!_.f::~l!!l:I_l!~_.t~l!9_.ll:,) (a) InnuEllc"_0t._P_h_~~E_t:!.<!.~!. level. 

1.139 0.998 0.51+8 
0.945 0.831 0.500 
1.437 1.111 0.724 

N~, NS NS 

0.150 0.199 0.145 

eL 
OJ) tii.{:L..ltinci -5t 'vl';;our-QI-ti"mooo-CICiiii~:-TVT-----

_. 

L 1.210 1.J96 0.577 
11 1.131 0.062 0.604 

1": E3 r.;s 
':;'- 0.123 o.16~ 0.118 

_.---- _._---_._---
p 0.691 3.740 ... 000 • l; 

'"1 0.922 4.186 5.310 

P2 0.828 ~.8;;1 4.734 
1 l·~':" !.f, f;;-· 

s:.. 0.097 0.310 0.393 

-. __ ._-----_._---_-_._--------------

CD 

'1.1'74 
0.813 

** 
0.072 

;).;206 

0.960 

0.153 
0.441 

0.591 
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0.306 
1.516 

--------------_._--------
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F1 

P2 
f 

SE 

CD 
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NS 
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----~--
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2.509 
2.411 

NS 
0.168 

2.214 
2.905 
2.129 

NS 

0.250 



Consider1n& tbe trend Of reau.l ta ... n Qpt1ll now UDder 

the different attribUtes, it ls Dot difficult to see the rea80ft 

for this pattern. Part1cularly UDder the three paraaeter. 

iAfluenc1na grain yleld, viz .. , DUaber of poda/pl!!nt, DUlllber of 

..raina/plant and 100-grain weight, it was •• en that wbile 111 

.i..xpt.1, soybean plants grolo~ within the baaboo abIld. (E1) 

conaiatently and a1~ficantly out~erlormed those growin, .1.. 

the apen field (E2), the situation was exactly the revers. in 

~xpt.2 with £2 outperforming E1, conaistently and significantly 

under all the three attributes, and this was repeat .. in Expt.:5 

(for lll.llllber of pods and IIUIIber of &rains). 

A scrutiny of the correlations presented in Appendice. 

6,9 and 12 revesls that the number of pods/plant was Wl"1 

highly significantly (p • 0.001) and positively correlated 

with the grain yield/plant, in the case of Expt.1 and Expt.' 

in the bamboo stand environment (E1). and in all tbe three 

experiments under the open field envtron.ent (E2); oaly in 

the case of " of Expt .. 2 waa the correlation not significant. 

AI! regards the other pare.eter. number Of graina/plant, whi. 

was computed for Experiments 1 and 2 only. all the four corre­

lations (2 enviroDillent. under each of 2 .xp.r1aent.~ were "I'Y 

h1&hly significant (JI • 0.001) and positive aDd U&ht. the 

correlation coefficients in all the four cas •• being 0.96. 

i'he.. realll U Blog.at the bi&b decree of iIIpOrtanc. of the .. 

attribute. in deciding the &rain field/plant in the pre .. ut 

.tudie •• 
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The equations tor the 'predicted yleld/plaat' aeparatelJ 

tor each ot the two e.nv1rolllDenh, ba.ed em the aw.t1pl.e reiJ"es­

sion analy.i. carried out, are fUrni.hed in Ap~nd1x 15. Ifbe 

.tr1k1ng ditference b€tween the two equation. i. in the .. ga1-

tude. of the intlrcept, it being •• ere 0.8091 for E1 ~e 

it 1.s a. bi .. h .s 14.605' tor E2 (18-lolds higher) Which vividl, 

portr" y. the deleterious influence of the baaboo stand on 

.00bean tl,rain yield. An e'lt8llination of the beta values for the 

two environunt revea18 that wbUe in the open filld aituatiOll 

leaf area acts positively and contribute. the maximum toward. 

soybean grain yield, within the be.boo stand it i. the wl1pt 

ot the .oybean roots, toll owed by the lell&'th ot the taproot 

aDd then by the mabel' of leaflets/plant that contribute 

positively towar •• &rain y1eld. These result. therefore 

.~est that the root. of soybean suffer a .erious .etback 

witbin the bamboo stand and thus perhaps al •• 1apl.y that the 

aoybean plants t.row~ below tbe bamboo cluap. are able t. 

adapt to the reduced light intenaity, tbough to a certain 

extent only. thrOU&h modifications in l.af area. Re,ardilli' 

L111f', 1t is seen that lInder both the envirouaents it _ke. a 

Deiatin contribution. However, it IIII.lSt be borne in aiM aU 

these prEdictions are ba.ed on the data for 30 DAa only, a 

per10d :Car reaoved in tim. froa the bane at sta,e. 

Reaarclin& P, though it exerted no aigJlirtcaDt intl"en_, 

it 18 wortb POint1n& out • tftDd seen in the 0)IeD field 

eAvu-o..ant (£2). The pattem of ri.e betweell Po aDd P 1 aDd 
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the fall between P, and P2 • aa a.en under 111&11.)' attribut •• il1 

this invest1&aUon was repeated as regard. graiD yield/plaat 

alBO, thereby sU&gesting the existence of an optiaum do •• for 

P lyi~ somewhere around 100 kg P20';ba. 

4.1.17 Plant population at harvest 

(Table 25) 

Among the three factors studied, only environment (E) 

exerted a significant influence on the final plant population 

of soybean. In all the three experiments, the open field 

env1rolllllent (EZ) recorded Bi~n1ficantly aore fWIlber of soybean 

plants/ha at harvest, than within the bamboo stanG (1, ), It 

is to bE remembered that even at the atart of eecn one of the 

three exper1l!lents. the soybean populstion under E, WI alwaya 

lesser than that for E2• becpuse of the apace occupied b,y the 

bamboo clump. Further. only at the commenceatent ot the aerie. 

of the three exp.riaente. could a un1:!orm population be _in­

tained within E,. Thull. at the tlale of sowing the aoybean iD 

Lxpt.1. a uniform number of 364 .eed hOles~net plot in all the 

plota in E2 and '58 •• ed hOl~net plot in all the plota in &, 
could be .stablished. Therefore, even at the caamence.ent of 

Expt.1, the aoybean population within the be.lllboo ata., (E1) •• 

oaly 98.41' of that tor E2• In other word., the bamboo cl~ 

occupied 1.6~ 01 tbe land area. Sub.equently. by the t1ae 

.li.xpt.2 cGlllllenced. the bamboO clumps bad expanded and occupied 

larger &round apace., thougb auch expanaion. varied with 

individual baaboo cl\mlpa. there_J redllc1D& tbe area available 

tor aow.in& the 80ybean crop. 
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SOYBEAN 

!!iL.l WY !!i1IJ 
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It i. tber.fore pertinent to neaine the data _ rete 

o! expa.na1on of the ballboo cluapa. It was po1llt.d out uader 

•• ction '.7.2 that a round of bioaetric observations was 

record.e! on the bamboo cluaps on 11t49 DAP (i •••• when they ware 

nearly 4 years of ... ) ane! 9 e!ays aft.r that (1 •••• wh.n the 

bamboo cluapa were exactly 4 y.ars old) the first soybean crop 

(i.e., ot Expt.1) wes sown both betwe.n the beaboo clu-.p. a. 

well a8 in th. adjacent open field. The data oa the bea'boo 

clumps thems.lves, presented in 'lable 32 indicates that, OIl 

1449 LA~, thE .otal num~Er 01 culms/clump ransed from 7.'" 

10r 'l~ vi6 01U' , (L) clumps and 11.833 1'01' 'hign vigour' (H) 

clUlllp.. :rhere.fore, thE aVEr&.ji,e total llUII"bEr ot culu/cll8lp 

works out to S .583. As rE&ards thE land space occl1pi~ by the 

clump, EVer,thol.\t,h the absolute spac1n& "bEtWEen bamboo clUIIJI. 

~n this study ~s 4.0 x 4.0 III ana thus a land erea 01 16 8Q'-, 

it has to bE noted that the bamboo cluaps were separated by 

bunds because of the P tr.atments, &nd by irrigation channel •• 

HenCE the net plot area as applicable to the 80ybean crop, ViZ., 

3.25 x 3.}O m. i •••• 10.725 sq •• (.1/932.4 ba), aI1st alone be 

reckoned :tor purposes of coaparisolUh TbUS, on 1449 OM>, i.e •• 

1.muiEdiately befo" the start of Expt.1, tbere were, on an 

average, 9 • .58' bamboo culas/net plot, occllpy1ng 1.~ of &J'OWIII 

apace. Connrt1ne; the total Dl8lber 0:[ cul .. to • Pft" beet .... 

basi •• tbere w.re • total of 9.583 x 932.4 • 89" oulas"'. 

Ev.nthOl.lgh troa tile point of crown spread, the baa'boo cllapll 

mal be cover1ni alaoat the .nti" area of laJId. tile gI'OUftd 
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apece actually occup.1.d 18 very amall, aDd at 1449 !lAP, a 

total ot 89" beaboo aula. occupied Gal)' 1.~ ot land area, 

or Just 160 sq... Therefore, the a.,erege grcnmd spa .. 

occupied by a s1nal. culll works OIlt to 160 aq ... + 893' CNlaa -

0.01791 aq ••• /cula. 

The BVera&e &;round space/culll a. coaputed above .. y be 

ll8ad for arr1ving at the approximate ground .pace. occupad bJ 

the bamboo clwapa as on 1558 DAP and 1681 DAF which dat •• 

represent the starts of Expt.2 and Expt.3. respectively, On 

1558 D~P there were an average of 13.167 numbEr of total 

culms/bal'lboo clump (the L clUllp. r~corditl& 10.167 and the H 

clumps rEcording 16.167 culms/clump) or 12.277 culma/hs. 

Similarly, on 1681 OAP there vere on an average of 16.666 

nUliber of total culma/bamboo clump (the L clumps ncord1nc 

13.000 an~ H clumps 20.333 culms/clump) or 15.'39 culm./ba. 

It must also be borne L"l aind that the ground apace 

occupied/culm 1s not a stable factor as tiM pa •••• , in the 

ea •• of young bamboo clump. Which are J'9pidly expanding. The 

reasons for the •• are two. Firstly. th. diaaet.rs of the 

successive culms that are produc.d are not the sa .. but 

proe;n:.aJ.vely increase. ev.ntbough at 80118 point in ti.. J. t 

.tab1lU... Tbia aspect ba8 already b •• n reviewed UDder 

•• ction 2.1., ..... The •• cond reason 18 due to .. ge .. tr1c 

property of enclos.d D1diaenaional spac... If the basal ..... 

01 a bamboo cllaP i. circular in .nape and conti .... to be •• , 
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OYer a period ot tlae, a. new culu are added OD alana the 

periphery of the clump. the diameter incr.a ••• at a at •• " 

rate wb.11. the cirCUJlference ot the bamboo clwap' ••• e 

increa •• a at a rapid rate and it. area at a very rapid rat •• 

b_boo Clwapa in ieneral bav. a circular configuration tor 

'basal uound area occupied by thea. A. regarda the apac1n& 

between individual culla. within a clump. it i. aore or 1 ••• 

constant in adult cluap., it being decided by the elongation 

and curvature of the rhizome. that give ria. to the culm. 

Ignoring the effect of geometriC configuration of the 

basal area of a bamboo clump on the numb€r of culll. that could 

be packed within such an area, and taking into account only the 

be.sal diameter of Single c::ulr:ts, the ne.d now aris •• to make 

adjustments in the average ground area occupied by a s1n&l. 

culm, at 1558 DAP and 1681. DAP with reference to that for 

1449 OAF. Data on the mean basal diameters of an individual 

culm presented in Table 28 show that it vas 22.731 am for a 

'low vigour' (L)clump and 22.414 am for a 'high vigour' (8) 

clUlllp as on 1558 DAP. with the average being 22.572 ";culll. 

This means that the culm diameter had increased by 2.180 .. 

or 14", by 1558 DAP aa compared to 1449 DAP. But, comparin& 

the average cro •• aectional area. o~ culm. baaed on baaal 

diudera t we tind that it va. m.~2 aq._ on 1 .... 9 DAP t 

400.1'1 sq._ on 1558 DAF, and 451.111 aq._ on 1681 DAP. 

This meana tbat the average crose •• ctional vea/cula increaaed 

by abOut }OJ' on 1.5~ DAP aDd 'by abOut 4." on 1681 DAP .. 

CQllllpared to 1449 DAP. 



It we consider only the average ero.s .ect1onal area. 

of culm.. the groWlCl spaces occupied by ba.boo clUlips BlUat be 

0.000307472 SQ._ x 893' culms • 2.7475 sq •• /ba 011 141.9 DAP, 

0.000400157 sq._ x 12.277 culms • 4.9130 sq •• /ba on 1558 DAP, 

and 0.000451711 sq •• x 15.5'9 culm •• 7.0190 SQ..II/ba. The .. 

areas are the irredl1clble Ilinimum jj;round spaces tor accOIIIIIIodat-

1Ili the total culms in a hectare ano assumes perfect paClt1D& 

of cul_s without any lntersppee. However. since the culm. 1n 

a clump are produced with sufficient interspaces between them, 

the actual ground space occupied will be much lIlore than the 

fl;:;ures shown above. Thus, while the absolute lIi1n.1mum ground 

space "'"ulnd for Elccammodeting the 6.935 CullllS/ha aa 011 

1449 DAF. as ~at.d above. works out to only 2.7475 sq •• , 

the Elctual ground area. as meesured by the area left oyer 

after accommodating the soybean plants. works out to 160 sq.m. 

Eventhou&h this 160 8Q.II. is very 8lHll in cOIIIparison to a 

hectare. st111 1t is 56.23 times of the total area occupied 

by the salle nWlber ot culms on a crOIlS sectional baai.. Hen .. , 

10£1cally. this mult1plying factor of 58.23 suet t. applied to 

the total cross sectional areas of culms for 1556 and 1681 DAP 

also. Though it is po_sible that the magnitude of th1_ corrao­

tiOl1 factor 1III!1 Dot remain constant at 58.23. but ., cbanc ... 

time passes and thE bamboo c:J.umps .xpan~ •• tlll, within a abort 

pEriod of l.u ':.Ilan an year i.8.. the period during which 'the 

three experiraEntll were run, there l118y not be much chance ill 

.Lts l118gn1tude and i& Y'llld as a cOJ"I'ectlO1l tactor. 
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Applyin& the above cornction, we ,et .... 91' aq .. X Ja.2) 

• ~.oa sq.a/ba and 7.019 X 58.23 • 408.72 Sq •• /ba for 1558 

and 1681 DAP respectively. Henoe the proportiou of aotual 

&round space occupied by the bamboo clumps, tntercropped with 

soybean, works out to 1.~, 2.867ii and 4.097t on 1449 !lAP, 1558 

DAf> and 1681 OAP respectively. This would in turn imply tbat 

the land area 8vailable for and thus the population, at sowilll, 

of th. soybean plants must have been 98 .... ~. 97.14~ and 95.91~ 

at the 'starts of Expt.1, Expt.2 and Expt.' respectively. 

Assumin& no mortality. the final soybean populations also .uat 

have been the aa •• at barYe.t. 

But the actual soybean populations aa recorded at the 

tille of barveat were as shown in Table 25. It ia seen that tbe 

soybean population even in the open field was not tbe .... under 

the three axperillents. furthar, they were far below the theore­

tically calculated soybean population of 3,39,39It plants/ba, baa •• 

on the spac1n& of 25 X 11.75 ca - (i.e •• 364 plants/net plot) for 

the open field (1:2). The actual soybean populations .. recorded 

at barvest. for the open field ~er •• 82.~. 65.~ and 71.~ tor 

Expt.1. Expt.2 and Expt.,. respectively. '1'h.s. deviations .troa 

the calculated full stock1n& ia the reaul t of natural cause. 

other than the factors of study, and Bloat pro'bllbly the .tt.at 

of the seasonal conditiona. 

As re,ards tbe aeyo.8n populations withia the beaboo at-., 
(1'1)' tbey were 75.5Jt, 61.2JI and 55 •• of the tbeoretioally 

calculahd 100> population for the ope fi.ld (1:2 ). A •• -.t.q 
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that the influence of the ae.80n acted UD1formly for 11 aad 

E2 we IIIWIt eXpect the 8_e pattern of chanae in the 8oyMa. 

popUlations lor E1 alao, aa .een under E2 •• mong the three 

experiments. of course proportionately reducing the popYlat1oaa 

allowing for the expanaion of the bamboo clUIIIP8 a8 IHnUoned 

alredcy. In other worda. we myat expect for 11, the followiQl 

popUlational for Expt.1, 9a.4~ of 82.6~ • 81.3%. for~t.2. 

97.1~ of 85.~ • 82.~, and tor Expt.,. 95.91~ of 71.~ -

69.ort.. assuming .0 mortality during crop growth. 

But. it i. a.en that the aoybean population. for 1 1, bad 

been much reduced than the above 8hown calculated value8. Thu •• 

at thE End Expt.1, there were only 75.~ plant. ae againat tbe 

expected 81.~, and at the end of Expt.2, there were only 61.~ 

instead of the expected 82.91. and finally, at the end of 

~xpt.', there were only 55.~ instead of the expected 69.~. 

'Ihe shortfall. were, thus '.81 tor Expt.1, 21.77' for Expt.2. 

and 13.~ lor Expt.,. 

In terms 01 a ~irect comp8r1son of populations und.r £1 

with those under E2• they WEre 'lable 25}, 91.~, 71.~ and 

77.6.,. lor t;xpEriments 1, 2 and :5 respectively. In other word., 

the ditferencea were Eo.no. 28."., and 2:5.~ for Experiment. 

1, 2 and , respectively. Theae actual differences do Dot 

oiliEr very much trom the thEoretically calculated dift.r ..... 

mentioned UDder tbe preceding paragraph, and anyway, they abow 

a 81a1lar pattern of change among the three expert.eQta. 
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The reduced soybean population obeerved within the 

bamboo stand (E1) is ascribable to aortality of soybean plants 

caused by the root competition and shading effect of th. 

associated ba.boo clUlllp8. In Expt.1. there was only an act_l 

reduction 8.~ in soybean population under E1 •• compared to 

£2 Which i8 not aubstantial. This was evidently because. dur1aa 

the tenure Expt .1. the bamboo canopy wes very open and the baaboo 

root developm4!!Clt was not complete. but. at the end of Expt .2, 
the reductIon in the soybean population reached a value as biah 

as 26.~ under E, as compared to 1"2' This is obviously due to 

the root competition from bamboo and its shade effeet which had 

intensified by then. At the end of Expt., also, the soybean 

population was reduced drastically in E1 as compared to E2 • 

HOWEyer. the reduction was only 23.~ and thus les.er than 

that for Expt.2. This d1i!~rence between Expt.2 and Expt., 

18 perhaps oue to the seasonal differenees. The .e.son dur1D& 

txrt.2 was conspicuously dry ~hlle that during Expt.J wa. 
relrotively 1oIetter. 

4.1.18 ~rain Yield 

(Tables 26. 26(a) ano Fig.6) 

AlllorJ.i, the three factor's studied, environment (i) a10M 

exerted any significant influence on the ,rain yield of aOfbeaa, 

and that too. only in the case of Expt.2 2nd £xpt.,. fhe other 

two factors, V and P did not exert any s1&n1:t1cant 1nfluenoe 

on grain yield. 

The 1nfllltnce of the enviJ'oruaent, bOWl,"", presentecl all 
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Tabl. 26 Graie yield SOIBB+! 
Y1elElun1t_~rea (q/ba) Me!!l_Q_~l!.l_"l..1.!el~LP.~~pt (grua) 

!!l2!.1 !!2!.2 !m., !!1?1.1 Exot.2 !!£i.' 
1. wltbin the ,i)_boo Btand (E,Li_~In!lu.nc. of PhosphoNe 1.ft1. 

(P' 

Po 259.8 182.0 174.8 0.995 0.850 0.908 
P, 201.8 158.1 18,.1 0.166 0.724 0.9:52 

P2 285.4 190.1 21,;'.0 1.159 0.960 1.098 
1< !'is HS NS NS NS NS 

SE ".'1 29.59 4#.82 0.115 0.124 0.211 
CD 
- .--~---.-.-----------_.---.----

lb_) ... IM1..~!-!:I~~ .o.!._!,,~~_~y-8_IJI_b~~ .. ~~P (!l. ___ . _________ _ 
L 260.5 191.7 212.1 1.016 0.891 
jl 231.4 161.7 168.0 0.930 0.191 

SE 25.61 
CL 

36.60 

l~S 

0.094 0.101 

1.0'71 
0.881 

NS 

0.173 

-------_._----------

_--._. - ------_--- - ----." -_-_- -- --_,_ ---.--~-.-----_ ..... _. __ .. _. .. - __ .. _"_.- ._------
f 166.4 1,074.0 1,2b6~, 0.607 3.725 5.406 0 
F, 242.0 1,000.1 1,504.7 0.635 3.753 6.4#3 
p 

2 194--1 1,061.2 1,641.0 0.706 :5.627 6.:52' 
1- ~ NS NS NS NS NS 

SE 27.51 55.82 122.86 0.008 0.211 0.512 

CD 
-.-.- -.------~.-.-----

,. p.~ • .!!.~~!~..! __ ... 1~n!1u.fmce 0;( Lnv1ronmenta (I::) 
'E'" .... - .... _-_ ..... _-._ .. -....... _.,.... ...... . _ ... _ ... -..... _ ..... _-- ................ _. 

1 24&.9 176.7 190.' 0.973 0.844 0.919 

L2 200.8 1,071.8 1.470.7 0.716 ';.701 

F NS 
_ ... .. ..... .. *-

Sl:. 16.9 26.4# 55.22 0.059 0.102 

CD 76.26 28'.97 0.168 0.294 
.-- ----.- - .--- - --_- --,.--"._- -------------------.---.~------~ .• 

~L...!n!lu.ncl 01 phoa.12horua levels (p) 

Po 213.1 628.0 720.6 0.801 2.288 

P1 221.9 619.1 SIt'.9 0.801 2.2'9 

P2 239 •8 625.7 927.0 0.9:5' 2.294 

F HS liS l'lS .NoS N8 

Sf; 20.74 32.)8 67.63 0.0'72 0.12' 

CD 

6.057 -. 
0.233 
1.200 

3.151 ,.688 
,.710 

liS 
0.286 



Table 26{!l_ 
Expt. 1 

f level. 

Conclusion!, 
a) P over E 

E t • 152 

E,2... 1'1 

b) .t. over P 

Po • :t:1 

P1 • £2 

;'2 • E1 

,!~i_l'!J..iel_!LlYl~ SOYBEAJI 

~~!_ueDce of ~be interaction E 1 P 

Environmenta (E) 

Within the baaboo (B1) In the open (E2) 

F te.t 
SE 

CD 

I'o t51 

P2 Po 

£:2 
, 
"'1 

&2 

. .. 

259.8 
201.8 
285.4 

- 29.3:' 
• 84.39 

* 

* 
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Expt.' 

1" level. 

i1ean Grain Yield/Plant (sma' 
Influence ot ~he interaction E X P 

Environment. (E) 
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Within the 'baraboo (E,) In the open (E2 ) 

F' tellt • * 
SE • 0.101 

cr; • 0.291 

CoPcludona: 
a) P over E 

Ei"~~ 
liz· P1 P2 Po 

b) E over P 

Po • E, E2 

1", • E2 E1 
1'2 • E, E2 

0.995 0.607 
0.766 
1.159 

* 

• 

* 

0.835 
0.706 
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intereat 1n& feature. In Expt .1, the s01bean Interorop II'GWIl 

within the bamboo stand (E1) out yielded the sole crop growa 

in the open field (E2), by nearly 24~. However, this diffe­

rence was not statistically significant. Subsequently, tbi. 

sUPEriority of ~1 over E2 reversed, the sol. crop of soybean 

&rowing under ~2 out-yield1n& tbose growins under E1, under 

both Experiments 2 and ,; and In both CAS.S the dlfferenoes 

wel"e stat1atically very higbly significant (p.O.OO1). In 

Bxpt.Z, the soybean growlng under E1 recorded only about 16.~ 

of the yield under E2 , and in Expt.3, 1t was still lower, beiDg 

only about 1'.0% ot that for EZ' In other woroa, the sole. crop 

y1elds were 607~ and 77'% .s cOIIIpared to the intercrops yhld, 

under EXpt.2 and Expt., respectively. 

These results indicate an apparent conflict betw.en the 

exper1Jlents in the same study. Thus. 1IIb1le :E.xpt.1 sugests 

thet soybean cannot only bE euccessfully intercropped within 

a bamboo stand, but also with, sOllIEtimes, a slibht y1&ld 

adv~nt~l!,e, the results of Lxpt.2 and Expt.3 negate it and 

BUQieat .evere yIeld reduction. to the tune of about 83.~ 

and 67.~, respectively. Ev1cences are available to ahow 

that soybean can be 8l.lcce .. fully intercropped betWEen clifferent 

tree apeuea. Thu.s, soybean 18 being grown in between tn •• , 

chiefly teak (TIPtop! jt8pdi.) dl.lrini tbe initial pba ••• of 

the tre. crop, ander the tauns)'ll .yata (FAO, 1978). L1y8.lllll&' 

.!l.!l. (1984) reported that soybean 18 one of the 1nterc:ropa 

comaODly grown in COcoDllt prdena in Sri Lanka. SOJbean bae 
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Olen rebed aa an interc:rop, for the first two ,..,... bet ... 

011 palla (neda '1).111 .. 9811) trees in Malayaaia (Chew Pob Soon 

and .11.00 Kay Til)," 1976). According to Couto .!1!l. (1982). 

80ybean intercropped between se.dlings of EucalYptss l!'!JM?iI 

treu, in the initial phases, ,ielded the .... as 110000000lly 

obtalned fQr a sol. crop of so)'bean 1n the reglon. 

~he 8uccessful interc:ropping of soybean in Expt.1 ill tbe 

pr.s~nt inveetlbatlon, agree. w1th .1a1lar experiences reported 

by the ;:;liferent ItIOrkers mentioned aboVe. Tbe sub.eQWtnt 

~uu~e towards yleld depresslon 110ted ill tb. present investi­

gation 1& clearly the con •• quene. of increased .hading by the 

bamboo canopy and root cOlllpetl tiOD by bOlboo roots. The nOll­

s4n,1iicant ,ield lncreas. seen under Expt .1, va. 1I000t likely 

due to the cene!1c1al effect of 'part1al shade', already 

tOl.lehed upon. It vas .een that a number of attr1butea 'Were 

bend.1ciell, influenced by the bamboo atand in so far a. 

~~t.1 is concerned. Thua. in Expt.1, the soybean planta 

e.row1ne; w1 thin the bamboo stand (E.,), had more IlUllber of 

leanets, more ].e".1 area. longer taproots and lI'Bater b1 .... 

production, and lIore nuaber of &l""ine per plant, besU •• 

heavier seeds. as cClllpered to tbe soybean plant. growia& 1a 

tbe open !leld {P,2>' And, in almost all tb ... attrlbute. the 

ditterence. between £, and &2 were .tati.tically .1gn1tloant. 

All the.. advan ~ie. naturally led to 81.a&le plant .... 111 

yield. record1n& a .1snificantly higher yield (bJ ~ extre 

yield) under E,. And, when we c0l181der the :tact that tba 
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t1n&l soybean populat101l wi thin the .. boo .tand (£1) •• 

not aaterially lower than tbat tor E2, the reductlO1l belQ1 

to the tW1e ot ollly 8."", it 1& not 8I1rpr1&1ng that th. aoybeU 

planta growing within the baIlboo stand (£,) out yield." tho .. 

growing in the open tielo (&2)' though not significantly ao. 

The benefits of 'partial shade' aaillly ariae fl'Oll a 

sl1c,htly reduced li€,ht intensity. Several workers bave repor­

ted that alight shading either doe. not depre.a yield or 

actually increas.s it, in the cas. of difterent cropa. Further, 

there are reports ?leo as regards tr.E influencI of the tille of 

shading with reference to the stabe of growth of the crop, which, 

in the tempore.l sense coUld be considered aa partial ahadiQl. 

lbus, Stanael.s!.!l. (1905) found that shading durina the 

vegetative stabe ot growth had little effect on the yield of 

rice, though sibDii1cant yield reduction happened if the shad­

iIIt> was applied during headin&. In tomatoes, Ed.ond .s! .!l. 
(1~b4) reported that thE maxillum y1eld was obtained oaly when 

the li8ht intensity was reduced to 4~ ot tull aunlight. 

Saxena and Sheldrake (1976) reported that in chickpea, thiD 

ahade not only did not eXErt any influence on one variety, 

but actually increaaed the yield 1n another va~i~ty. In tbe .. 

examples artiticial shaoina with 1aaniaate ahad.a had been 

experimented with. Hence, the Don-reductian in yield or eYeD 

• alie,ht increlOt.e in yield in the di1':terent cropa when tbit 

light intenaity 1s reduced upto certain levela, point to the 

advant.". of partial lIhadiQl. Further, dur1n& the temare Of 

Expt.1. the bamboo ol_pa were relatively yOWl&er and thus 
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aaaller)Poas •• a1ng a le •• extensively developed root .yst ... 

'"ence root compet1 tion must baYe been lliniaal and this al .. 

must have contricuted in not reducing aoybean 6~1n yield. 

The situation during Expt.2 changed with the rapid 

expansion of the root system8 Of the bamboo clUlDp. and .0", 

particularly 01' the bamboo canopy. The average light intensity 

within thE bamboo stena {E1) never fell below 7~ of the full 

sunshine. upto about 40 :.:.;AS. and averaged 67.7% for the entire 

crop 6rowth pEriod in the case of Expt.1 (Fig.2). On the other 

b:.no. il:. tile c~se of £xpt.2 the averate for the entire crop 

~rowth periOd was about 63.~ only of full sunshine. ~~e 

dUl"l.tl6 Expt.3. it was about 64.~ of full sunshine. Thi. 

relatively heavier shading coupled with incre •• ing root com­

p€tltion as it wust have incre~8ed by then. led to the .evere 

yield reduction in soybean seen under Experiments 2 ~nd 3. 

~vidences are not wantina to prove tbe deleterioua 

int:uenCE or shade, particulerly he:wy shade, on thE yield 

ot different crops (Rai and Murty. 1971. in rice; PendletOft 

and .eibel, 1965. in wheat; Early !1!! •• 1966, in maize, Pep~ 

and ?rae. 1972) and Palis and L;ustr1l1os. 1976. in 8orghua, 

Laton and E.rgle, 1954. in cotton; fandeY.!l.!1. ,1980, ill 

ChickPEa J and Hedley and Ambrose, 1979, in peaa). .In 80ybean 

itself yield ~juctions ~ith shading, often in a graded .aDDer. 

b<'1Ve been reported. Thua, Wider ~ intensity 0;( sunliaht, 

wb1l.e catedra.l and Lantiean (1977) observed an yield nduetl_ 

01 ~, Wien (1977) reported a reduction aa bigb •• !5OJ'. 
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Aaanlolllla (1977) reported that the effect of .hading ift ndue­

i,,& irain yield. were more pronounced wi tb bi8ber deare. and 

earlier applic~tIon of abading. Erik.en and Whitney (1971) 

and i'.rik..en (1978) reported yield decnase as the light inten­

sity decrea Md. The reaul ta of Wahue and Miller (1976) who 

tried , dlfferent level. of shading, vividly bring out to. 

pro",res.ive redllction in yield. At 47% shade (%ihic:h approxi­

mately corresponds to the level used by Catedral and Lantican, 

19771 and \\'1en. 1977) the yleld reduction lP'I. 2"'. and at 9'" 

shading, the yield reduction was .s Bever. as 9~. The average 

e~bIent illuminatIon in theIr study h~vlng been 124.2 Klux, 

the li~ht intensIty under the 4~ shading (i.e. the light inten­

sity recuced to 47"1< of full sunshine intensity) treatment, IlWIt 

have been 58.3 Klux. Tllus, if even at a low level of light 

intensity of .58.3 K lwc the yield reduction wes only 2"'. we 

must expect atill less yield depresslons for the 6~ and ~ 

light intensities of Expt.2 and Expt.3 of the present inve.ti­

i.tion. But the yiEld depressions w.re severer In the pre.ent 

stUdy which is aacrlb£ble to the root competition !rom bamboo 

clumps. 

In the present inv.at16ation. the 1ntenaity of sbad1n& 

was not controlled and held constant, aa no artificiAll abad. 

was Io1Md. The 1ntensitY(of shade cont1JwOl.lSly varied with 

cballge. in the development of the bamboo callopy over Ii! period 

of tille. The lLbht intensity at ground level within the bamboO 

stand (E1) during Expt.2 ranged frOll '7 •• to 69.~ that of 
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full sunlight. During Expt." it raneed 1'I'0Il 53 •• to "'.21'. 
The a"era8e value. ror 11&ht intensities that prevaUed within 

the bamboo .tand, are therefore 63.5%1or Expt.2 and 64.5Xfor 

hxpt.3. The nearest values ot light intensities to tho.e value., 

uaed by other workers are, 68 - 7~ by Popescu end Axinte (1977), 

50;. by Catedral and Lantican (1977) and '6ien (1977), and 4~ 

by \!Iahus. end killer (1978). Corr.p:;ring the yield reductioua 

reported by these workers, it is .. en that Popescu and Axinte 

(1977) found yield depressiona r&nginc between 6.~ to 13.~ 

depending on the Uae of appllC2tion, and Catedral and LanticaJl 

(1977) reported a ~ yield reduction while Wien (1977) obserYed 

a ~ reduction. Wahus. and Miller (1978) reported an yield 

depression of 2~. Thus, it is seen that pure shade bJ itselt 

can reduce soybean grain yide! aa Dluch 88 by ~ when light 

intensity ia reduced to half of full sunlight, and at a liglrt 

intensity ra~1n& between 68 - 75,. ot full sunlight the yield 

reduction i. aDOI1t 7 to 14)'0. l:.xtrapolatine; on thea. value., 

we l118y expect an yield reduction of about ,.". for an avera._ 

litolht lntendty of 6". of full sunshine. Such extrapolat101l 

may not be valid. particulerly aince Singh (1978) working on 

barley. bas reported that decreases in growth of the plant 

were not linearly related to decrea .. s in l1&ht intend tn 
still, in the abaenee of any otner yardsUek, the extrapolated 

value of m _y be taken lor lYaluat1n& tbe results of the 

pre •• nt inVEstigation. 
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Yield data for Expt.2 ahoww that tbe Jield reductioa 

waa a •• evere as 83.~, far in exce •• of the ,~ depre •• ioa 

sU6iEsted in thE preceding paragraph. In the ca.e of Expt." 

the yield reduction was SEverer still, it being 87.1". 'the 

reason .tor this deviation is traceable, again to the Mt~ o~ 

the .hade. All the experimenters mentioned above bad uaecl 

only artificial shade. wherein root competition wa. abaent. 

1ut in thE present investigation root competition wo. pre •• nt 

amI Which involved a largE net work 01' relatively shallow root. 

trow1rlg in more or less the same soil depth zone aa that ot tb. 

soybEan roots. LYidently the serious yield dej:-ress1ona soon 

in thls study ware a cOnBequence 01 not only overhead shading 

but alEo of root competition, pErhapa pos8ibly also with the 

two !s.ctors intEractil"li. in SomE complex way. f'artition1nc 

the root &filct and shade effect 01 living and grol;in& .had. 

like the ba~boo clumps. 1s rather difficult. This aspect need. 

1urther elucidation. 

The contributory factors which led to yield reductiona 

seen 1n Expt.2 and Expt.3 are not far to ••• k. A peruaal of 

all the discussions so fRr made under the various ~owth and 

yidd attributes would reveal, how the open Held-grown soJbean 
il'l. plants have been superior to those ,grown with..< the baIII'boo stand, 

consistently and often statisticallY significantly sO. A 

brief suamary ot the rea~ltB, in notation. tor certain •• lect 

.ts.,es of orop growth, sr. furnished 'below, to explain thia 

point. 
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ParaJteter Conclusion and 1 ... 1 oL 

st'"t1stical aign1t1-
canoe 

Ex",t.2 Expt., 

1. Dia.eter of stem 30 DAS E2 £, £, £2 

." * * ." 

60 DAS E2 E, £2 £, 
." .. * • • * 

90 DAS 82 E, E 2 E, 
* • • * • * 

2. Number branches 60 DAS E2 E1 $2 E, 

" * • * • * 
90 DAS E 2 E, E2 E, 

• * * " * * 
.. Number of le":!lets 30 DAS E2 E1 E, ;E; 
__ . 

2 

• * * * • * 
60 DAS E2 E, E2 E, 

" * * " * • 
90 DAS E2 E, £2 E1 

* • • • * 
It. Leaf area 30 DAS E1 E2 

• 
40 DAS £2 £, 

• * * 
50 DAS !2 &1 

• • 
60 DAS X2 &1 

• * • 



Parameter 

10 DAS 

90 DAS 

5. f/,e'ln leaf area/lea!- 50 DAS 
let 

40 !lAS 

50 o;.S 

60 DAS 

70 DAS 

90 nhS 

6. LEl16th ot tap root }O DAB 

40 DAS 

60 DAS 

~r 
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CelIcluaiOll and 1..,.1 01 
statistical 81gn1!i -

un .. 
Expt.2 

E2 E1 

* * * 
X2 E, 

* * * 
E1 :12 

* * 
E2 E, 

* • 

E2 E1 

* .. 
E2 E1 

N.S. 

.. * .. 

* .. 

• * • 

E2 E, 
.. .. .. 

Ea E, 

• * .. 
:12 I, 

N.S 

E2 I, 
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Para.eter Concl~10n and leyel 
of statisUcal 

significance 
Expt.2 Expt., 

90 DAS :E.2 E1 E2 E1 

.. .. .. .. .. .. 
7. HUIIlber 01· pOdS 60 DAS E 2 E1 82 81 

.. .. .. .. .. .. 
70 DAS E 2 E1 

to to .. 
90 DAS E 2 E1 EZ £1 

.. .. to .. .. .. 
8. Biomass (final) E2 E1 E2 E, 

'" .. .. .. .. 
9. z.iUlllber of grains £2 y.;1 E2 E1 

.. if to .. .. 
10. Seed we1li,ht E.2 E 1 

.. .. .. 

It 1s seen from the above table that in alaost all 

jJ.atancea, E2 was statistically very highly aignificantly 

(p-O.OO1) superior to £,. cuiot a total of 45 conclua1oD8 

pruented above there are only 4 inlltc ncea wherein :&, baa 

COlI. out ."per l.or to £2. !h,overwhelm1Jlt; .uperior1ty of Ez 
1. elear. It 18 then not aurprisint that all the.e ,ot 
reflected in the &rein yield of s1ngle aaple ttlant. whoae 

.. 

.. 



results were, as could be expect.d, E2 E,. ***. in both Expt.2 

and l::.xpt.3 ('table 24). Soybean plant population also repeat.d 

an identical pattern which finally led to the aign1!icantly 

superior &rain yield or EZ' seen under both Expt.2 and ~xpt.,. 

In thia connEction 1 t would be fruitful to examine the 

correIa, ions between the diiferent plant attributes and grain 

yiEld, presented in J\ppendices 4 to 14. The implications of 

these have already been discussed under 'single sample plant 

~rain yield' (section 4.1.16). 

As regards the next factor. the vigour of the bamboo 

clumps (V), it is seen that eventh~h it did not exert any 

si&n111cant influence on the grain yield of soybean, still a 

de.finite trend is patent. In all the thr ••• xperiment., the 

.oybean plants trowing under the 'low vigour' (L) bamboo clump. 

recorded numerically hieher yields than those growing und.r the 

'hif',h vit;_our' (H) clump., the increase ranging .frca 9.n. in 

}!;xpt.1 to 18.~ 1n Expt.2, and 26.6% in Expt.,. This trend 

1s explainable in the saIil. manner a8 was done Whil. cGlllpariq 

~1 and }!;2' Evidently the 'L' clump with l.sser crown deYelop­

ment and thus l •••• r shading and with a l.s •• xtensive root 

syatem resembled the open .field envlrQbBent in .0 far a. it. 

in.fluence on soybean grain yields an concerned. Henc. it. 

auperiority. 

Finally, tne third factor, .1', al.o did not exercl •• any 

.1sniflcsnt influence, either within the bamboo atand (E1) or 

in the open Held (E2) or even in ita ov.rall effect, c_b1n1., 
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tbe two emrirOJaerrt.. Thi. i. Dot aurpri.iq aince a.enee of 

reaponse to P applioation ill .oybean ba. bun r.ported by 

.everal work.r. (patra.coiu .!1 .!l •• 1976; Lawr.nc. J1.!l. 1977; 

Phillip. and Bartl .... 1979). In the pr ... nt study. the 

responae to P applioation showed erratic trends, thOUih tha 

dUterencea ... re not sipiticant, in so far aa ita inflaac. 

within the bamboo .tand sa well ill its 0"'1'8.11 eff.ct (pooliq 

E1 and EZ) are concerned. However, a definite trend. thouch 

th. d11terenc .. _re Dot statistically .1p1f1cant. _nit •• ted 

it •• lf in .0 far as the r.sponse to P in the open field (E2 ) i. 

concern.d. It was ••• n that ill ExpEriment. 1 and 2. the P 1 

level of application gave nu.erlcally higher graiD yl.1d than 

both Po and PZ' therebT ahowing a reaponse pattern of ri •• fraa 

Po upto P1 and then a tall upto Pz. It 18 pertinent to poiJrt 

out here that a .1111181' riae and fall pattern was ob .. rved 

under several attribut.s ill this atudy, lNt 1I0re pertiau.lerly 

under the _lIer of graina/plant, 1<X>-&raill _igbt and s1n&1e 

aample plant graill yield. In the ·ca •• of Expt.,. GIl the other 

band, the pattern of re.pons. W1i18 one o:f continuous increa •• 

with Pz r.cord1n& _erically higher graill yield, :followed __ 

P1 and then by PO' 

Wh1l.e DO reliance can be plac.d on theae DOD-a~leant 

re.ult., .till they are indicative of the pr •• ence of • patten 

01 response. It b likely tbat the elfect of add.d P could 

BOt be ••• n ill the .... year of appllcatlO1.l. Th..,._ &ad 

.Brow.n (1967) reported that tbe Ja1gb level. f.rtilizer lIixture 
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contaiJUlli P and It applied lty th_ did not 1acna.. .oyMu 

yield. durilll the tnatalent year. but ,en.rally 1Dcrea.ect it 

in the .'ibseqllent year&. The trend 0: • riae in grain y1.1d 

Ilpto F1 (i •••• 100 k& P20~ba) and therean.r a :all ••• e.n 

in the first two exper1aent. (Expt.1 and Expt.2) which .Ilbo­

s.qllently cban&.d to one continuOllB ris. in ,rain y1eld upto 

the P2 level a. se.n in Bxpt.,. 1S s\l&lestiv. tbat the dela, .. 

response to add.d P ia qll1te plall8ible aa reporte. by T~.an 

and Llrown (1961). S1a.uarly. thl trend ~ an initial ria. ill 

'the grain yield IlPto the £'1 le.el and a 8IllNtlqlllnt fall a .... 11 

in Kxper1menta 1 and 2 would auga.at the .xi.tlnee of a peak 

tor the reaponae. It waa already pointed GIlt Wld.r .. et1on 

4.1.1, '100-&I'8in weight' about the poaaib.uity tor the ex1a­

tenee ot alleh an opUIIIWI. centred arOllnd 100 k, P20,lba in the 

prl.ent inVIstigation. In this eontext it .Ilat be remeaberef 

that .ost at the Indian worker. had .ecured the b1gbe.t ~1n 

yield at around. or rec_ended a do.e ot 80 to 120 kg P20~ 

ba; tor exaIIple. S1n&h and Sil1&h. (1968); Jetbaalan1 .!1.!l. 
(1969); SiDiU and .saxena (1969)1 TOIIar and DeY (19'''>' 

Ravankar aDd Badbe (191.5). Agarwal and NanDi (191.5). Raaa 

and Chand (1971)1 and Haapa1h and S1nba (1919). Furtb.r. 

fauconnier. a976) bad r.port.d that the yi.ld incre.'" Gal7 

upto 100 k& P20~M. atter which it d • .,.. .. ed. Ba ... an all 

'lb... evidence. and the tread of HaW. ta a.en in th. preaent 

invuUpUon, it _, be .. t.ly cODClud.d tAat an appl.uati_ 

le.el of alMNt 100 kg P20" ...... to lie the opt .... t .. opu 

t1eld-srown .. ,MBA lUlder Coa_tore .... iU_. 
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As reprds .oybeaa arown 1naide • ba.boo .tand .... t1a1t. 

coneluaiOD i. po.si'ble to be drawn with the results .ec~d 1a 

this investigation. However, a general trend tavour1n& the 1'2 

level is vi8i'ble when the trEnds of ylelds for all the three 

exper1lllents are exaa1ned. In fact, in Expt." a continuoual, 

increasing trEnd in &rain yield 'lllSa .eell, with P1 recordi.Q& • 

numerically superior yield to PO' and P2 in turn outyield1ng P1' 

though the di.fferencea did not reach Inel. of atatistical 

significance. These trends would then aUoSest that an appli­

cation level of 200 K& P20,/ha (i.e., P2) il more beneficial 

to a soybean crop when intercropped within bamboo cluapa. 

It is thus nen that while a relatively lower level of 100 q 

P20';ha appears to be the optlmum for open fleld-grown soybean 

(as mentioned earlier), a still b1bher level, viz., 200 k& 

"20';ha appears to be beneficial to a soybean crop grown within 

a bamboo stand. This means that the response of soybean grain 

yield to added P i8 extended to higher I_vals of app11cat1OA 

when the soybean i8 jrown within a bamboo atand, though the 

rate ot response may be much lower than tM,t for an open f1_ld­

irolllft soybean crop. Putting it 1n another _nner, it lillY be 

ar,~d that the deleterious influence of the base crop of 

baaboo on Illl intercrop of soybean, apJ)4tara to be m1t14p.ltad. 

aU_ast partially, through P fertilization. 'I'M. iDfenaoe 1. 

strengthened "y the conclusions of Tarlla .!1 11. (1m> wbo 

atud1cd the 1ateraction between light inten.it, and P autr1t1aa 

1D cowp.a aDd report.d that P cOYld ba uad to O1'l'aat ... til 

tbe .d •• rae effecta of low llpt int .. 1t, .. well •• to _at .. 
iJ'OWtb and .. turatlon. 



Aa re,arda inter ,etioaa, only tbe * 1at.raot1_ .... 

ataUstical.ly aign1tiC8llt in '.Expt.1 (l'aJie 26(a». Wblle add' 

both the environaents, );1 an+2' all the three P level. were 
I 

statiatically on a par, the .ituation waa dittarent vbell the 

two levels wera coaparec:l WIder aach one ot the three P lev.l •• 

l'he 80ybean plants grow1D& within the bamboo atalld (E1) weI'. 

signif1cantly superior in grain y1eld to those growing in the 

open field (£2) undar Po and P2 leTel., while under P1' &2 

recorded a non-significant numerically auperior grain yiald. 

These resUlts lend partial BU:tlPort to tha inierence about tbe 

beneficial iniluence of P application to a01"an int.rcropped 

within a bamboo atand, already cliacuBed ill the previoua 

paragraph_ But, it lIu8t be noted tbat WId.r Po (i ••• non­

application oJ: p) all1O. 11 wall significantly auperior. Furtherl 

OlIl.y in Olle out 01 thE thru experillenta, and that too ODly 1ft 

tbe exper1ment representing the initial stage. of the pre.ent 

inv&st1&ation. viz. i.xpt.1, hs.s this interaction been 

obaerY&d. The availabl& results do not w rrant further 

interence •• 

In conclusion, the foregoing d1a;ussion could be 

summarised aa below: 

1) It is agronOll1c:ally posaible to raise !l aucce.atul. 

intercror of aoybean within a bamboo stand Of 

ptgdr091!.l!lMl! !'triotu.., with the 'baaboo u .. a apeeed 

at ,. X .. a, provlded tb. ballboo cluapa are yaunS. 1 •••• 

Ilpto an age of • ,.ara and, aontha (1.e. 'I:atabll .... at 

tnt.rcropp1n&') and further prOYlde4 tMt tbe .. .... 



OAnGpy bas nat cloaed completely but casts only 

a partial. sbade J 
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11) Serious yield depression in intercropped soybean will 

ooeur 11 such intercroppi~ wi thin a b_boo stand i. 

carried on uyeond the above mentioned age of 4 years 

and 'months. The c uses for such reduction appear 

in ooe :i)art dUE to the prilll/).ry Effect of thE stade cast 

by thE bamboo ccnopy and on thE other part through 

inhnse cO;;1:.;etit1on froll! thf! bamboo roots of relatively 

ol~lr bamboo clumps. It therefore appe~rs. that ' •• tab!J 

ment intercropping' of soybean and possibly other annual. 

also. within a bamboo ~t~nd. atl.,st for 9nother period 

of about 4 to 5 Ylnrs beyond the first 4 1/4 year. 

lIIentioned above. (1.e., upto an "8oe of 8 to 9 years) 

is possible. pr'ovided the bamboo canopy 1s suitably 

llIdnipulated through crown trimmiIlt, and through partid 

p~ of bamboo roots "udiciously. through dig,ging 

the soil. howeVer, the resuits c! the present investl-

gatlon do not perm! t of any forecaat as re carda the 

1Iamed1ate and 101\il>-rso,e consequence. on U.e yield fd 

bIlIIboo o\llJu of sucb manipulations. This aspect need. 

flU"tbu study, 

11i) The in!lutonclfS oS: vi&ourously growing bamboo elUllp • 

.!.!!~-.!!I lus vit;ouroualy grow1n€ bamboo Cluapa OIl 

the performance of an inte:rcrop of soy"an. dO!..not 

appear to be l!IuDetantial. However. there appea ... to 

be a trend favouring the lea. v1g0W'0USly grow1Al beIIbo4 
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clumps :tram the p01nt 01 soybean' B performance, 'Wh1le 

more v160roualy 6TOw1n6 bamboo clumps are to be 10&1-

cally preferred fram the anble of maximizinG bamboo culm 

yields. This conflict may perhaps be resolv.~ throUjh 

adoption of a wider spacing of the bamboo clumps, .. y 

at about 6 X 6 m or more when the severity o:t comp~ti-

tlon between the vi€orously €rOWinb bamboo clumps and 

the intcrcrop of soybean could be €~:ected to be min1ai&ed 

fic'lnt influence in this stucy, there appears to exi.t 

a trend 1~1.vourlng its af-plication at a rete of about 

100 ki f'"Pr/ha for open :f1€lo-erown Iloybean and at a 

rate of about 200 kg pzo,/ha lor soybean intercropped 

within a bamboo stand. 

4.1. ~::> ~)eoll. r2>i!1 Yisle/plant 

(T2bles 26 and 26(b~ 

This is a par3meter derived 11'011 the date OIl -srain yield/ 

n.t plot, and the soybean plant population/net plot at the tiM 

01 harVest. '.i.'his parameter 'Was calcu.lc-ted so alii to serv_ a. a 

cross-check on the single sampl£ plants grain yield data 

(alre~dy discussed under 4.1.16) which was collected lDdepea­

dtntly. ano presented in Table 24. While both the paraaeter. 

measure the same attribute. Vi~ •• the grain yield pr04uced by 

a sinal. plant 01 soybean, they are of lndepan~ent origins aDd 

thwa ai.tinct. It W8t be r~lII4I!mbEred that thE I slr.o£,l._ ... pl. 



plant grain yield' represents the actual graln yield .... ared 

on single sam~l. plants ~nlle the 'menn graln yield/plant' 1. 

an estimate of the same quantlty bnsed on all the soybean 

plants ot a net plot. Theoretically, thEre must be very close. 

it not pertect, agreement tKtween the two parAmeters. However, 

in prc1ctice. this may not be obtained. Large devhtions betweell 

the two i,arameter.!l, if seen. would imply the existence of wide 

ViIi-tiona in the groin yields 01 s1'1,,1e plants, i.EI., randOli 

errors, and thus help in evaluating the results. 

L efore ;;r;;;cEedl:"l{; ttJ discuss the influence Qf the three 

:factors on the me3n .,-rnlr. yield/plant, as h"ls been done :Cor 

.. 11 the p~r"meterE uptHl no,., it would be .fruitiul tD fint 

01 ~ll com];"re thE results secured ur:.dEr t::£ two p'?raweters, 

I single sample pH.nt ~rain yiEld' and 'IIlEan grain yield/plant'. 

A compari8on of the data for the above two parall1eters reveala 

that thert WIilS a fair degree of aj;l'EeKnt between the, not 

only in B~ far as patterns of response, but eV.n as regard. 

the magnitude. of ira1n yields in absolute teras. Further, 

as regaros ~tatlBtical sl(nificances, thE concordance weB 

LXBl!lininL the l~,;ttlErn ot rEsponse (Tables 24 and 26) 

11r'e't, we find t:.i1t out of the 15 pl.'irs 0:' com:r'~risona (1.e., 

5 COll:y. riso;ls - vi~., t ar.cer 1 1, V undEr E1 , P under E2 , E1 

vs 1:.2.' r undu' both L, an,) E2 - X :: exp€rlments) thEre wen 

only two instances \vl~., lniluErce of F under 61 in Expt.3. 
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and oYerall in!luenH fd P 1n Expt .2) where the patt.1'll fd 

reeponae to the applied le •• l. of the factor concerned was 

d1fferent between 'a1n&1. sa.ple plant cra1n y1eld' on the 

one hand aM 'uar.. grain yield/plant' on the other. In all 

the other ca.e. the pattern of re.pon.e. were identical. 

A. regard. the agr ... ent in the value. between the two 

parameters, however, the differences ranged from as low as 0." 
(in Po UDder E2 of Expt.2) and •• high •• 86.4~ (in P, under 1t1 

of Expt.3). Yet, as far as Expt.1 and Expt.2 are concerned, tbl 

ditference DIver exceeded 24.~ and in many instance. were far 

less. Only in Expt.3, large difference. were met with, and 

that too only under the bamboo stand environment (E1>. The.e 

res\.llts indicate thet by and large the uain y1eld of a single 

sample plant reflects the grain yield that could be expected/ 

plant; though the concordance 'between the actually observed 

value and the estillSte was of a tairly high order under Expt.1 

and Lxpt.2. it was poor ur~er Expt.3. One reason for this poor 

concordance seen under Expt., could be due to an unknown 

interaction between the seasonal condit10ns and the bamboo 

stand environment (E1) which .ieht bave led to wid. var1ati0D8 

in the yields of 1ndividual plants. It is pertinent to po1llt 

out here that the microclimate within the bamboo .tand, parti .. 

cularly the light relaen, IIWIt have been vastly cbangod 

during the tent':-e of Expt.' as cOIIpared to the condit1ollll 
• 

that III&lst have prevailed durin& the course of Expt .1. A. 

regards the t bird aspect, Yiz.. concordtUlce in Btatist1_1 

.1&ni!icano •• , it has already been pointed out that both tbe 



~eter. were identioal. 
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Now, we lIB)' take up the exa.1Dation of the influence of 

the three factors studied, on the .. an grain yield/plant. 

Table 26 shows that only the envirOftllent factor (E) exerted 

an)' .ioDificant influence, the effect. of the other two factora, 

V and P being not ai&ni.ficant. Re,ardill& the influence of the 

environment, it is .een that while in Expt.1, the .oybean 

lllants ~rowill£ lIIi thin the bamboo stand (E1) recorded a aignifi­

cantly sl4perior mean grain yield/plant, the trend reyer.ed 

subsequent.i.y such that uncier both l::xpt.2 and :t.xpt.3, it waa 

tne open field-p-own soybean (E2) that rEcorded very bighl., 

si6nificantly (p.O.OO1) superior mean brain yield/plant. Aa 

l'figards differencES in the mean grain yield/plant betweell E, 
anC E2 • they WEre aLout 36%, ~ and 84~ for Expt.1, Expt.2 

and Expt.3 respEctively. This patterr, of E1 'being superior to 

E2 undEr EJ!p t.1 aJ'll.l latEr on E2 becoming superior to E1 1s an 

exact repEtitior. of tbe trend seen under single sample plant 

brain yield (Table 24). event hough the magnitude. of diffe­

rences between E1 and E2 were much more under single sample 

plant grain yield, where they were 44", ~ and 69~ under 

I:.xpt.1, Expt.2 and Expt., respectively. The progreaai .. 

increase in the magnitude of the difference between E1 and 

~, .. time passed on, is indicative of the dhersen" in tbe 

conditions that prevailed, both aerially and undersround. 
_tween the two environments. 



Tbe arguaents pre.eated WIder secticm 4.1.16 '81agle 

.-.ple plant grain yleld' apply in entirety bere also, for 

explaining the obs.rYed responees under the two environaents. 

Similarly, the .r~ents made under the discussion on the lack 

of influence for applied P, bold good for this para .. ter also. 

SIgnificant interaction arose in one instance aaly (Ezpt.1 

The interaction E X P (rable 26( b» repeated an alliost aLaUar 

pattern seen under grain yield (Table 26(a}), the only difte­

renee being that in the ca .. of .ean graln yield/plant, the 

ditterences between the three P levels under E,. reacbed level. 

Of statistical significance (~ • 0.05), .uch tbat P2 was superi. 

to f'1' with Po OCCllPyine: an intermediate position and bein,& OIl 

a par with both P2 and P1. flUs sill1larity ia expectable aino. 

grain yield/aet plot ... s one of the cOliponents in the co.puta­

tloD of the •• an grain yleld. Hence the explanatlons turn1abed 

under grain yield hold good in this cas. al.o. 



4.2. EAMl>OO 

(Table 27) 

The vigour of the cluap did not exert any significant 

effect on the height Of the aula at any one of the 7 ata,e. of 

growth for which .ea~remcnt. were recorded - be it for the 

tall .. t cuJ.AI in the clump (1171 and 1355 LIAP) or the mean hei&ht 

of cu.lra (baaed on all the culma in the clUlllp) recorded on 1422, 

1449, 1558, 1681 and 2152 DAl-'a. Ji'urther the hdght of culm. 

ranged from 2.611 • (for 'high vigour', i.e •• H-cluap .a at 

1422 llAP) to 3.m • (for H-cluap as at 1558 DAP). 

The reporta of .everal workers indicate that the beisht 

of culas in D!pdrocal!!ua strictu. varie. within wide l1a1t., 

depending on the looality. For example, 4.57 to 18.29 • by 

Leogun (1977) 6.0 - 7.5 to 13-15. by Dutta and Toaar. (1964). 

6 to 16 • by A.la. (1971) and 6.1 to 15.2 • by Wint (1978). But 

then, all the.e estimate. pertain to culma produced by fully 

grown adult clUlllps. At Coimbatore itself. 16-year old cluaps 

01 j2. 'trictut ban been reported to bave culm lengths ranc1n& 

frca 5.30 to 7.35 m 'by Sbanmuganatban.!!.!!. ('&80). However. 

Deogun (19'7) report1Di a 1927 experiment atated that culll 

height ranged between 4.02 • to '.09 • for 5-year old cluap. 

and 1rom 4.91 • to 6.10 • for 6-year old cluap.. The height 

of culma in the present investigation (in whiCh, the age of 

the bUI'boo clUllpa dur1n& the period of obsenatiOD. l'IUI&ad 



1. 

2. 

3. 

over all the cul.. in tbe 
cl .. p 

Days aZter plantinc out 

,-"'S 'j , 
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'5,. 111' 21'* 
Influence of Vigour of tbe Clump (V) 

1. 3.31- 3.391 2.913 2.698 3.859 }.060 3.221 
11 3.248 3.479 2.611 2.924 '.977 2.980 '.147 
f NS NS NS NS NS NS NS 

SE 0.230 0.226 0.189 0.204 0.213 0.112 0.1". 
CD ,_ -- ---_---- --_._-,---- - -- - --.. - .. - ... _-- -_ .. _.-----

Influence of Pboaphorua le.els (P) 
._-. -- .. ---.---.------._ .. -_-- - -. __ ._.-._. -_--_._._------_. 

Po 3.261 3.~2 2.674 2.748 '.781 ,.~ 3.259 
P1 3.520 3.662 3.120 3.147 4.156 3.038 3.269 
f' 2 3.063 3.282 2.792 2.839 , •• 18 2.928 3.024 
F' NS NS NS NS IllS NS IllS 

SE 0.282 0.276 0.231 0.250 0.261 0.137 0.1851 

CL 

Inter action V X P 

F NS NS NS NS NS NS RS 
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between' 1/. y ..... to .bloat 6 yeara) thOU&h aligbtly lower. 

agree o1o .. 1J with theae ~lue •• 

Scrut1llJ of tbe data nveala that the bdght of culma oyer 

the periOd of oba.~t1on (2 3/4 yean) waa alaoat constant with 

an overall avenge of 3.2.3.. Tbe reductions in the bei&ht • 

.. en at 142.2 aDd 1"9 DAPa aa c_pand with 1111 and 1355 DAh 

11 explained by the fact that, while the foraer two (1422 and 

141.9 DAP.) pertain to ' .. an' culll be1&ht. which were ba.ed _ 

all the culJul in eacb cluap, the latter two figure. repreaent 

tbe bdght of only the talle.t culII in the cluap. As n,ard • 

•• an he1ghta, WbUe the data for 142.2, 1449 and 21.52 DAPa U'e 

practically a1a1lar in mat,nitudea, thoae for 1558 DAP ahow 

relatively taller culms I.a dUferenC8 of about a lIIetre). The 

reason for this i. that bamboo cu.laa grow rapidly and a few 

culll. in a clump .. y attain relatively great heights .0 that, 

even if a few sucb tell culms are prOduced at about the .... 

tille, the avera .. _ cula height for that o1Ullp at that stage will 

be boo.tad up sub.tantially. Another reason 11 that the 15,. 

DAP .eaaurements were _de durinj lat_ Hovealler Wbicb i. pre­

ciaely the aeasOil when new culII. can lie expect.d to baft 

attained their .. ld_ beicht. 

Phosphorus application did not exert any s1&lUfloant 

influence on cw.. )leicht, at any atage dur1n& the perlod of 

obae~t1on. .But a general trend of initial In ...... in oulII 

height tnw the Po upto the 1'1 1 • .,.1 and thaD a .fall 1D beJ4bt 

fl'OII th. p 1 to the P 2. le.,el wa. notlcee'bl •• 



4.2.2. jaw c!iaaet,r of C!Ula 

(Tabl. 28) 
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The vIgour of th. bamboo cl~ dId not .xert any signi­

fIcant illflu.nce OIl the basal di_.t.r of the culla. 'fbI dla­

.. tIl'S ranaed froa _ a1D111U11 of 17.673 _ (H-cluap, 1171 DAP) 

to _ IIIlxl_ of 27.554 _ (L-clWlp, 1960 llAP). Culla di ... t.r 

steadily increas.d ov.r time, at a alow rat. though. Takiq 

the average of L-and H-cluapa, It is a.en that the avft"ll'. dla­

.. tel' we. 18.102 _ at 1171 DAP, and 26.956 _ at 2087 nAP. 

Thus ov.r _ .pan of 2 y.ars and 5 months the cui. di ... t.r bad 

iner.as.d by about~. This would lIlean an incre .. e of ~ 

in ero.s sectional area of cul... Slnc. the culla of R. rtr1ct'" 
i. practically solid, and also 8ince it ¥s, already ••• n UDder 

s.ctlon 4.2.1 that the height Of thl cula r ... ined praotically 

unChang.d over the perIod of oba.rvatiOll8, 1 t 18 to be .unala.d 

that durilli the .ald perIod of n.,'rly 2 3/4 year. the valuable 

pulpwoocJ which is the most lIIportant ecoDOIIic product of 

bamboos, lIore than doubl.d. 

The rani' of cula d~t.r. .a ob.erv.d in thia atudy 

&&re" very closely wIth tho •• for clump. Of .lallar _,. 

r.port.d by DeolUD (1937). Tn. alight r.duction in cula 

d1aaet.r ... 11 UDd.r L-clUllp. _t 1422 DAP in thi •• tUlfy i. 

explained by the fact tbat the dIaaetera for 1422 DAP 1. a 

lIeU value .sed OIl all th. cula. of a cluap and hence 1& 

auaoeptibl. to auffer cban&'. 11 a f.w d.ad oulaa are t.ll .. 

ill clUllpa aa waa '0111 t.lediat'ly prior to 1422 DAP. Evid •• oe 



ble 28 :Basal Di8llleter 01 CUlJa, . 
BAMI;OO CLUMPS 

Mean dUJtet.r ~. the culu in the cll8p 

of the talle.t culm Day. alter planting out 

1111 "" 1422 1449 "58 1681 11'.152 1960 2087 2 

l.uenc:e ot V4.;oW" of the clumE ~Vi 

L 18.532 19.847 18.814 20.148 22.731 24.341 26.083 27.554 ?:7 .4:58 22. 

H 17.673 19.019 19.115 19.424 22.414 23.62; 25.358 26.623 2c).474 21. 
F NS NS !is NS NS NS HS NS ~;S N 

SE 1.210 1.010 1.068 1.01} O.98iI 0.8(f'f 0.813 0.867 0.615 o. 
CD 

-----_._._. 
~11.nc._.of Pho8~horWi level. ~P) 

Po 17.748 18.927 16.13} 19.266 23.513 24.928 26.788 27.962 27.611 23. 

P, 20.28e 20.954 21.671 21.64, 22.952 23.987 25.638 21.322 27.321 22. 

P2 16.272 18.419 17.084 18.4lt8 21.253 23.033 24.738 25.963 25.937 20. 

r NS !is liS NS NoS I,S NS NS NS N 

SE 1.482 1.236 1 • .508 1.241 1.205 0.989 0.995 1.062 0.999 1. 

CD 
-------'----~-----

traction V X r 

F NS NS l~S NS t,,s NS NS rs Nt:: II 
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far aucb reduc~iona 1ft ~ dia.etera oyer a ~i.. span when 

Mana an couidered and wben tell.ing. of culma takes plaoe 

dvina the intenenina period is provided wh.n we ccaper. tb. 

data of Deogun (1937) wilen the c:llllp. conc.rned were of 5 year. 

a,.e. 8DCI ~bat of ltadalllti and Rawt (191+9) for the .... o].gapa 

wIl.n they were of 10 y.an a,.. Ccaparin& the two .et. of data 

we find that • reduc~ion in the .. an cula diea.t.r to the tune 

of 1~ (1ft the ca.e of clWlp. de •• loped fl'Oll rhiz... trauplant.) 

resulted oyer a period of 5 y.ar •• i •••• betw.en '_"ear age to 

10-1ear age. 

rho.phorus applicat10n faUed to .xert any aigniticant 

influence on cula d~ter, throughout the period of observa­

tion. Ueda (1960) who tri.d the application of NIt, PK, NP aDd 

NPK combinations on a.edlin&a of Pl.ioblastua pube.cenp baaboO, 

oDserved that though the fertil.iz.r treatments failed to 

influence culm diaaeter the control treatmEnt record.d the 

least diaaeter. Nuaata and Ogawe (1959) who tried N, P and 

K singly and sa NPK combination along with Ca. on Pbyllo.lac!!YI 

l;)aab!:\f01d., baapoo. 1ft a field exp.r1.ant, found wbil.. N indllO'" 

faat e,rowth. P and K fertilizer_ faU.d to give a nota'ble 

positive .tf.ct •• en though tbey proaoted good quality in the 

ttalter. Ueda (1960) who _tlldied the inflU.nc. of NIt, I'll, NP 

and .NPK treat .. nt_ alona witb an unfert1lizecl control, GIl tbe 

.... 'bOO PhYllo.ta!lv. t!t1oylata in a field ap.r188nt fOUDll 

that all tb. tU"tUizer treatm.nts wet! alIIoat a1llllar in 

tbeir reaponae tbOUlh t!cQrdina • al.1gbtl.y Mabel' d.1uleter 
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tbaD tbe control. All tne •• report. indicat. that the CIUla 

d1aaeter i. not .DCb iDfluenoed by fertilization, .venthOU&h 

• ali&ht iner.a.e ooour_ a_ o_pared to the unf.rtiliZed 

control. Hovner, Catll (1980) workinc on Denetro_let 

'kist!!! It •• U, report.d that the application of fertilizel1l 

(NPK in combination) inorea.ect tn ... an ctl .. eter of oula., lMrt 

it i. to be noted the.e results are ba •• d on bamboo .eedli~ 

of le88 than 2-year age. It _, therefore be concluded that P 

by itself doe_ not aaterially intlQance culll dia .. tar in beaboe 

aa seen frOll tbe re_ulta of the present inve.tigation Which 

agree with the earlier report •• 

The d1aaeter of the lIiddle-moat internode in the cula 

wa recorded on the oulaa that were selectiY81y felled on 2152 

DIU-. i. e ., when the clumpa were alaoat 6 years 0:C aga. The 

reaul t. showed that neither the v1g~ of the clump nor P 

application exerted IlDJ n&nitlcant influence on the ln1d-cula 

diaaeter. The llid-oula diaMter J"IlDged trOll 14.85' _ for 

'low viaour' (L) cl..apa to 14.}0'7 _ for 'high vigour' (M) 

cluap.. the aV.l'8&e be1D& 14.581. _. 

The ab..... of reapona. in th. aid-oula diaaetar to 

either the vi&our of the clump or P application 1a a repeti­

tion of th. ruulta a •• WId.r 'ba .. l d1aJl8tar of 0IIla' 

(aaction 4.2.2). Ft:rrthar, n8l1 tb. pattU'DS of dUfaruo •• , 



wbic:b w.re. h .... yer. not a1gDit1cant. betw •• n the differ.nt 

l..ftla uncleI' each eme of th. factors. V and p. were alao 

aauar to that obaen.d under 'basal. d1a_ter of culJa'. 'l'bU 

in both the paraa.ters. it waa the cul.a troll 'l.ow y1&our' (L) 

clwapa that record.d a alightly larger diaa.t.r (with but OIle 

.xc.ption in basal. diaaet.r). Under p. the Po lev.l "cord" 

the largest .id-cul.a di_.ter followed by P1 and then P2 • 

That the 8id-cula d1aaeter should raflect the basal dia­

.. t.r of the cw.. 1. to be .xpected .ince the 'fol'll factor' 

(1 •••• the quantity which gi ..... an idea about the tap.r along 

the length ot the maln .t ... of a tre.) tor any particular 

specie. of tree or bamboo is lIore or 1 ••• constant. 1"l'OII 

Tabl. 28 it is •• en that the basal. di_eters of the \labl. 

culms f.lled at 2152 DAP were 22.4.59 _ and 21.802 _ tor the 

L- and H- clwap. reap.ctlyely. Th. aYers,e therefore, worka 

out to 22.nO II1II for bas.l di_etar. Coapar1n& the ..... :ra.g • 

• 1d-culm diaaet.r with the ay.rage basal diaa.t.r, it ls .een 

that the :foraer was 66" of the latt.r. 

(Tabl. 29 and 25{a» 

The number at nodes/culm (for the pEriod upto 1681 DAP 

1 •••• OIl staDd1n& cW.u) I'8DIH fl'Olll 20.991 (H-cl.uap, 1422 DAP) 

to 28.12' (L-cluap, 1558 OAF). For 16-y.ar ol.d cl._r- ~ 
Ptf¥!roca1 •• s .tr1ctya. ShIuIIIutianatban.l1.!ol. (1980) bad 

report.d that the mabel' of internode. rena." fJ'OII 26 to ItS. 



Nuaber of Nodes/culm 

Mean over all the cullls in thE clu.p 

Days after plant1.ng out 

1", 1422 1449 1'~ 1681 2152 
~~-- ~-- ~ --.. ------------------ -- -----!.-----------

1. Influcnce ot V1&our of the CllaJ) (V) 

L 
H 

F 

~ 

CL 

25.917 

2'.583 
liS 

1.530 

23.875 
26.750 
23.625 

1.874 

NS 

21.192 
20.997 

NS 
., .CYl9 

23.257 28.123 
22.579 24.630 

NS NS 

1.248 

20.532 21.554 22.444 
24.04} 25.}93 29.209 
19.609 21.808 27.477 

N$ NS !\S 

1.322 1.528 

tIS NS NS 

24.592 18.980 
26.115 17.630 

NS NS 
1.187 0.854 

25.083 17.712 
27 .577 19.701. 
2,.401 17.501 

1m NS 

1.453 1.046 

* NS 
---~~---~------ -----~----------------------------

v • Square root transformation done before analysis 



BAMBOO CLUMPS 

Table 2~ lieu. N_bel' of Mod •• /cllla a. on 1681 DAP 

InflIHDCe ot the Interaction VXf 

P lneM 

F test 
SE 

CD 

~oncll.l.1011!1 

8) .f' oyer V 

L . f'o 

H • P1 

b) V over P 

V!&our ot the 

L 

Z7.8OB 
23.955 
22.013 

• tt 

• 2.056 
• 6.194 

P, 1'2 

Ip pi 
2 0 

tt 

Po • r--li 

£'1 • H L tt 

Pz • lrl: 

clua~ ~V) 

H 

22.358 
31.198 
24.788 
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The data for the pr .. ent 1RYe.t!&ation fall near the lower 

lim1t of the above raD&e, 0"101l.1), becauae the clUllpa wen 

three t1lll. .. younger tban tho._ of SbaDIIUgaD.'ltban .!l!l.. (1960). 

Nel ther the Yi&oUJ' of the clUllp nor P applicat10n exert" 

any a.t.¢ficant 1Il!ll.1eDCe at ally of the sta, .. durina: the per10d 

of observation. However, the interaction V X P we. significant 

at 1681 DAP (Table 29(.». It _s .. en that wile under tba 

'low v1&our' (L) clump. all the three levels wen on a par, 

wader the 'high V1&our' (H) clump., the lev.l P 1 recordacJ 

Bigniticantly aore ftUIIber of node./culm a. compared to Pz whiob 

wa. itself on a par with Po (control). Coapariq the two V1&our 

levels under each one of the three F level., the H-cluap. wera 

Significantly superior to the I.-clumps under the P 1 leval, 

there being no significant d1fference aDder the other two P 

levels. While 1t IIUst be adll1 ttacJ that it appears that the 

ftUllber of node./culJD is pre-:Uxad by genetic factors for ally 

particular .pecie. of bamboo, and while it i. al.o true that 

only the visibl.. node. an counted in culJa enuurations, 1t 

i. 8].so likely that the mlllber of .uch visibl.e node. to be 

infll.l8nced wi thin certain 11111 t., by the aanipulatlOD ot tba 

environmental factor. such a. application of chemical 

fert11izer •• 

It lII.l.t be borne in II1nd that this interaction ..... 

ob •• "ed .t 1681 DAP which fell 1n between Expt.2 and Expt.) 
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of the soybe&D exper1llenu, which implies that by then P 

fertilizer had 'been applied twice, i.e., after application 

of a total quantity of 200 kg and 400 k& P205"ba, to the P1 

and P2 treat.ent. respectiYely. Viewed against thi8 background 

Of heavy aDd ContiDuOWl application of P, it is clear that 

there b a response to added P, though the re.ponse is delayed 

because of a necessity tor the pre-acc~ulation of available 

P in the 80i1 before a responae could be noked. The re .. _ 

for this is perbaps that all the applied P cannot be utilIzH 

by the lAIIIboo cluap8 1uIediateln 1t bad to wait for the root 

.ystem of the ~boo -cl~p. to progre.a1n1y expaDd in apa.e, 

over a span of time. The resIdual effect of applied P ferti­

lizers 1s well lulown in other crope. Alao, the 'blah yigour' 

(it) clumps appear to be more responsive to the added tertIl.1zer. 

4.2.5 NU!o,r of priman Pr_nchu/cul. 

(Tabl.es 30 and 30(.» 

The v1&our ot the bamboo clU!ps did not exercise aDJ 

.i&ni11cant 1n.tluence on branching. The IlWIbar of prillary 

branchea/culm rane.ed from 21.94:5 (H-clwap, 1661 flAP) to 61.348 

(l.-clUlllp, 15~ IlAP). Since 'branebes ari.e only at node. the ... 

is a relationship betw.en the IlWIber of nod._ in a ow.. &ad 

the IlWIber o.f branches borne by it. The expre .. ion 'prilDal"J 

branch' •• waed in the pre.ent lnYestigation, refer. to 8I'1y 

lateral. wanch er1au-4ll fl'Oll • cula node. One or ........ ell 

branch .... y al'1.. troll the .... node depend1n& on the cutt~ 

treatment. &inn to culma or the fint forsed 'brancb a. report .. 



MelUl N_ber of Prll18ry Branch .. / cul. BAMBOO CLUMPS 

Day. after Plantin& out 
1422 1449 1681 1958 • -->----->------------>--------"'--------

1. lntluence of Vigour of the cllap (V) 

L 28.813 44.,,0 61.}48 19.568 
H ",.010 44.943 56.244 21.943 
F NS NoS NS NS 
SE 4 • .}S1 }.162 1 ... 284 
CD 

2. Influence of fhol!)Jborus lev,:"s (pJ 

1:'0 32.488 45.988 57.68'; 20.127 

f1 33.105 47.604 67.862 23.106 
;2 28.642 40.348 50.841 19.0~ 

F KS NS NS NS 

SL .5.}78 }.87} 1.513 
CD 

,. Interaction VXP 

f· NoS NS * 
@ .. .;jque.re root t~ns:forl'rl<',tion d(m before analy.1. 



Table 30{"~ Mean NUllber o~ Frim llranches/eulll 
A. OIl 166 DAP 

Inflwmce o~ tbe interaction UP 

HMBOO CLUMPS 

P level. Vigour or tbe cluap (Y) 

F test. * 
SE • 2.22, 

CD • 6.704 

COS§!ua10B!1 
a) P over V 

22.613 
19.048 
17.043 

L . 150 1", 152 
H . P1 Pi Po 

b) V over f 
Po· L H 

P1 .. E L 

P2 • H L 

* 

* 

17.64.0 
27.163 
21.025 
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by Xadubl (1949). Tak1D& the data on the _bel' of aod •• / 

culII already diac:ua.ed aDd the _bel' of Pl'iIIary brancbe./oula 

for corl'e.pOIId~ tim.. of ob.ervation and the vigour cla.. of 

the cluap, it i •• een that the averag. _~er of braDChe./~ 

work. out to from a. low a. 1 • .}22 for an L-cltap •• at 11J22 DAP 

to •• milch •• 2.28' for a H-clwap a. at 1558 nAP. It i •••• '0 

that the H-cllllllp. alway. bad .ore IlIlIIIber of pr1llary braDeb •• / 

node then the L-clUllp.. In other words, the deMity of branch­

ing was 1II0re in H-clUlip. then in L-clUllp.. It i. qll1te likely 

that such difference. ari.e due to difference. in the geneti. 

make-up of the dllferent cllllllp.. Hence the idea .er,e. that 

Even though all the Clump. included in the present .tudy 

phenotypically belong to one and the 88IIe category, viz., th. 

'normal type' a. det1Ded by I?t0&Wl (19'7). the po •• ibility for 

the existenc. O! genotypic difference. cannot be rul.d out, 

with reauI tant expre •• ions in brsnch1ne... Henc. t the cla •• i­

fication of the Cltap. into two vigour cl..... ..... to be 

appropriate and valid. 

A lot of thougtU:bas be.n bestowed by earlier work.... aD 

conge.tion in buboo cluap. a. relate. to branClb1n&. RaG (1975) 

ob.erYed that in I?tndroall!!UI .trictU! the clwap. look .acb 

COB£e.ted with a lot of dry thin cul8a by the 4th year Of 

plant1n& ... dll!l&'. ClUllP cong •• tion 18 aD a.pect of econ~o 
-e. 

1IIportance 8ince i t intetJe~ wUh the .... of f.U1n& culu 

aDd thI.l. affe.t. labour co.t. Wbicb in tIP'll 1A1'luenc •• the 

oo.t of explOitation and tharetore ult1aatel, the ... t Of 

production of cullla. Of course. llI'allChh ... 1a 0'4l1 .. of 
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the tw factor. Of CIlUIIIP ooq •• tion, the oth.r be1A& tlae 

'denaity ratio' (i •••• number of culas/clroumfer.ac. Of the 

c:.llBllp) a. suue.t.d by Cbakravarti (1949). Still, 'branch1n ... 

couots. 

In the pre.ent inve.tigation there was a spurt ln the 

nuaber of pr1mary branch .. on '558 DAP a. compared to the ~rlod. 

Of observation t.medlately preceding it (1449 and 1422 DAPa) as 

wall immediat.ly after lt (1681 DAP). TbUs, if the average ..-beI 

of pr1mary branches/cula (44.646) for 1 .. 9 OAP is considered •• 

1~, tben the mabel' ot. brIlnchea/culII at 15!J8 OAP rose to 1~ 

and then fell to 4~ at 1681 DAP. Two entirely different 

reasons were responai'ble for these ahifts. 

It mllst be rellUlbered that immediately after 1449 PAP 

and Jllat before the cCImIHnc"ent of Expt.1 on .oybean, tile 1 .... 

'brenc:hes occurrin& "Pto a he1&ht of 1., • froa ground 1e ... l waft 

cut off as part of the pre-treatment glvd to the beaboO CJ'OWDll, 

so aa to faci11tate the aowing of the soybean lnte:rcrop. The 

s..H1at. cODaequence Of tb1s _s the production of 1DOI'e mabe .. 

of fresh branchES, eventhough they did not seriously interefers 

wi tb the SI.lDaeQueAt cl.ll tl.ll'al operation. on the aoybean inter­

crop. JtaduD1 (1949) bas drawn attention to th. r.Actloa 01' 

ballboo clups and s~c1ficalll DellfrocalMU str!stU, to 

cutt1A& heights Of culU. Eventbough he bas not addllced UlJ 

pbyaiol0ilcal reason for the production of ald. branolles wINta 
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• eul.a i, _t upt. tbtt 2nd year of its ....... nc., it _, be 

Werred that tbia is • JIIltural reaction .. u .. d 'by the d1 ...... 

slen of the t.mediately available ••• 111118te. to branch prMuo­

t101l inat.ad of to new cul.a product1oa. ainc. DaW aula prOduo­

tioa is relathely a lOB&-ctrawn out propo.ition wbieb involve. 

the production of a uw ..hiz .. li1'St. In other words, tbeft 

i. an acute need for creat1n& sufficient sink immediatel, 

after clllla Clltt1ng. and the 1auDediate aolution 1a the produc­

tion of new branche.. It than stands to reason that e e1ll1lar 

_.onelli __ "st operate if branches also are reaoved wh1eb would 

explain the sP\lrt in the nu.ber of 'branches seen ~iat.lJ 

after branch reaoyal and tr1ma1ag of tops of a few oulas, in 

the present investisatlon. 

As rei-erds the sharp fall in the .. an naber of priMry 

'brenches/culm at 1681 DAP, thls resw.ted fro_ the fact that 

between 1558 DAP and 1681 DAP, the llUIIIber of liY1n& cw.u/clUIIP 

bad increased by en avera&. of }.58' (i.e., differance between 

155(:) ancl 1681 £;APs avera&ed for L- and H-clUllps) as seen :froaI 

Table ,1. Thi. increase represents the new oulII. produced 

end their _xUn.uB a,e at 1681 DAP IIWlt therefore bSv. beaD 

hardly' _ontbs (i •••• 1681 - 1558 • 12' day.). Since Kadaabl 

(191t9) haa reported tbat in tbtt dry pla1na the upeon of 

.. ercence of DeW was 1a aay ti .. between July to October, 

for LiJl!9roca1e.' .tricty, and Dutta and TOIIIlU' (1964) had 

reported _XiINII "'1I'&8J1ce dv1n& I.\l&ut, for the .... .pecies. 
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it cOUld ... tely be pre ... d that theu new cullla tbat wre 

recorded betwem 15!J8 aDd 1681 DAPa, muat ba"e .. erB" betwen 

Au&uat - I.Ictobcr 1919. Late .. erlence alao i8 quite poaailtle 

aince the bulk of the annual l"81nlall recd".d afoiabatoroe 18 

only dur~ the NE .onsoon and the peak rainfall uaually occura 

dur1.ng Nove.ber only. In tact, it was dur~ the period 12tb 

to 25th NOV_bel" 1979, wbich oornsponds to the period iaae­

diately preced1n& 15!J8 DAP ot the preunt investigation, tbst 

the 1118x1aua aaount of rainfall, "h., 577.2 .. was received 1A 

Just 9 rainy day. (Appendix :5 aDd Fig.,). This quantity ot 

ra1~1 represent. 921' of the a"erage annual rainfall ot 676 _ 

for Coimbatore. Hence the new culJu observed at 1681 OAP auat 

bave .. ar",e" late 1n the .eason, al"OllDd October-No" .. ber 1979. 

Elongation of the new cula. i. coapleted in 2-:5 .onth. 

(Deogun, 1937J Xad_bi, 1949) during wh1ch pbsse, it i. 

leafless and )tranchea. Var.ah and babadur (1980) ba .... tated 

that ~rancbes develop only atter growth 1n h.i&ht is coaplete. 
DAP 

rimce the newly e"rae" 4Nl.aa ob.erved at 1681,.<vere branchle •• 

and vh1le other cula8 which bsd .. erged auch earlier, COfttri­

\:lUted to an Increa.e in the mabel" of culaa/cl.UllP, the reMnt 

culu that had ....... " dur1.n& October-liOY .. ber 1979 did not 

contrl'bute to the total _bel" of branChe./clap aad thu the 

.. 811 _bel" of pr1ael"y bJ'anch •• /cula, vbo •• Cl~putat1on 18 

•• ed on botb the total mabel" of CUl.aa a. w.ll a. the total 

..oar of branches in the cl.uap, wa. deena .. d. 



Pho.phoru. appli0<1Uon al.o falled to infilleDCtl the 

n_ber of pr1llary brallCbe •• ijD1f1cantly. How.ver, the 1.Dtlr­

action V X P .a •• ignificant. The pattern ot interaction was 

alao.t idenUoal to tbe on •• een und.r the mabel' ot node./ 

cw.., tbe OI.Ily difference bei.l1&. under H-clwap. tbe P1 leftl 

whil. tat111 being maerieally .uperior to both P2 and PO' va. 

on a par wi tb the P2 1.".1. The arguaents put forward while 

di.cu.sing the auaber of nod •• /cula hold good for the ~ber 

of primary branch.. a. ...11. 
4.2.6 !i_bel' of liy1pg sull!ls/cWe!p 

(Table '1 and Fig.7(a» 

All the living cw.as of age 1 year or aore were .nuaerat .. 

on 11 different occa.ions encompassing a total period of about 

2 1/2 yeara, starting from the t1ae when the cluap. were 3 1/4 

year. of age to 5 '/4 year. ot ag.. It auat be noted that 

~ .. in the nuaber of living cul.aa/clwap truly reflect the 

rate of production of new oulm. since only the living culu 

that bave exi.t.d atl •• st tor 12 .onths atter ... rglnce .re 

included in this parameter. All \Q!!11. and sl11a. of le •• 

than 1-ye&l' ... which are generally leane •• aDd are uauall, 

deaignated .a 'new recruit.', botb of whieb, ... ~. _, 

periah at any .t ... atter .. r,ene. and tn ... whoae ...... ratl_ 

a. a _aure of new cula production Is very unreliable, be ... 

bean exclude4 fr_ this perueter. NewlJ produced oWJu w.b101l 

beVl .uco ... :1111y cro.sed the age ot 1-, .. 1' ba.... . fair d ...... 

of probability of c0llt1Dlliq to 11 .... and &J'OW int. _turtt culaa. 



Table 31 Num~er of Living Culm./cl~p (1-1ear and more aged culm,) 

~~~ttEl:'~;.L~~:t 

1171 1355 1422 1449 1556 1681 1812 1852 
---, ---- -----.--~----~-- _.----- - _._. -- _ .. _----_---_._-------- --------_._---- - ------.--.-~. 

1960 2087 2103 
(v) 1. Influence of Vifiiour 01 tbe clUIII~ 

L 2.083 }.OS} 2.8" '.8" 7.083 10.000 17.411 13.667 18.667 19.167 19.167 
H 2.667 5.417 5.250 7.083 12.83' 17.083 2.7.917 23.667 29.250 29.917 29.667 

F NS .,- , ... ti • ** .... "* "* .... * * 
SE 0.'56 O .. 5Bl) :>.,518 0.690 1.244 1.400 2.394 2.098 2.5~ 2.62, 2.599 
C!) 1.766 2.158 2.aT1 5.186 5.833 9.g75 8.142 1::>.569 7.90' 7.8:52 

----------------_._---_._--- -"'-- _---------- ---------_._----_. 
Average of L and Ii 2.375 4.250 4.041 5.458 9.95E:I 13.541 22.667 18.667 23.950 24.~ 24.1+17 

Difference ("') 179% -~ 13'" '162% 1.36" 1673{ -16~ 12(!~ 102')( -0.", 

Total difference 

Leni,;th of interval 
(days) 

~ ______ . ____________ . ___ .. ______ . _____ 1.028'}t 

164 1 109 131 

---------- ------~ 

40 108 127 16 

Averae.. rate 01 
11 vino; eulms 
ex1stint.lday 

O.0101S -0.0;)0)1 O.«:C24:; 0.04128 0.02913 O.0696E -0.10000 O.048~9 0.00460 ~O.00781 

-~ -"" __ .- .- --'-'.~ ._----------_._ .. _._-- -_. --.--------~ .. ----- -.--- -- .. --.,--- -----~--.-----. 

2. Influence of Phosphor,us leve!!.J!') 

Po 2.37$"' 5.125 J..750 5.b75 10.500 14.500 2::1,625 20.250 25.000 25.7~ 2'.62~ 

P1 2.125 4.125 4.12' 5.750 10.375 13.62.5 23.375 1~,625 24.375 25.125 25.12 

P2 2.625 3.500 ,.250 4.750 9.000 12.500 21.(;JO 17.125 22.500 22.750 22.50 

r' NS N::; NS I-:t, NS NS "'~ " NS ~s IS 
-~ 

~,:) 

51:. 0.436 0.718 O.b;,il 0.845 1.524 1.714 2.932 2.569 3.106 :;.212 ,.u 
eli 

-- ----------------.----
3. ~~J.0l1 V x P 

F NS HS NS tiS NoS NS liS NS liS 

~----------~-----.-----~-------------------.---------
-.-~---.--.. -----_-



rable ,1(a) NUllb!r at l.!,!~~ Culma/cll.llllp i 1-year and lion age cuJ.au;) 

Ln!l~~~~J?_~ze OIl New CulII F'rClduct1~ 

D4y .. _~~_~:r:!.'!~t1n& out 

lMMBOO CUJMPS 

-~---- -- ----- -. ----- ---~- ---------
- -- .---- -- ---_. ~ ... - .. -----,-.-~-- ------,-------_._-_.-

1171 1;55 1422 1449 1558 1681 1612 1852 1960 2087 
.----_ .. --_-_ ... _'.'- --- -_. ----,. -.. ~ - -.--- _._------,._-_. 

--"-~-'-- ~ .. --- ---_._--_.-_._ .-----

1. L-elUllp 2.06; 3.083 2.833 ,.8}' 7.08:5 10.000 17.417 13.667 18.667 19.167 

Change (~) ~ ~ 
,,,. 8~ 41~ 71.(, -2~" .,70/. '" 

2. H-clUlip 2.667 ,..417 5.250 7.08; 12.8;; 17.083 Z7 .917 23.667 29.250 29.197 

Cballfle (7b) ~ -3), }5). 81,. 33)· 6~ -15% 24~ ())i. 

210, 

19.167 

Q9f. 

29.667 

~ 
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It 1. propoaed to d18ou. the mabel' of l1"iDa oulaa/cl_p 

UDder the follow1Jl& .841111&a aDd 1n that order - 1. cbIlq •• 

in tbe mabel' of 1l"1D& cw.aa/ cl_p averaged OVal" both the 

'1_ .,igour' (L) aDd 'high .,igour' (H) cl. .. pa, ..,er tbe apea 

01 t1ae dur1D& Vb.1ob the obaerntiona were recorded, 2. 1R­

filleRCe of tbe 'Vigour of the cllapa, and 3. responH to P 

application. 

4.2.6.1 Chlllll;es in tbe "erage llI8'ber of 11v1n& Culms/clU!J? 
over t1a., 

He 
It _y be noted thatl.10 intervals of tiM bet"un the 

successive paira of stages of obeerY8tion, were not of a UDifora 

length. Start1n& with the period tt-oa 1171 OAP to 1355 DAP Well 

the internl waa 184 daya, the other interval. in strict order 

were 67, 7, 109, 123, 131, 40, 108, 127 and 16 days. Thi. 

IMllIl8 that 8 straightforward coaparlaon of the _ber of 11v1a& 

cw.aa recorded 8t d1ltereat t1aes will be .ialeadiDI, 1f we 

cons1der only the nuaber 01 l1v1ng culaa in absolute teras. 

While percentabe dillerencea between two ata,es of obs.rwatlOD 

may help in coapar1aon, still they do not tau into accOURt 

the var1abll1 ty 1n tbe t1ae interwala. Hence the quantity tbll 

'a.,erage _bel' of living oulas preHnt/ctay/cl_p' .. 

_l.culated which is tbe equivalent of 'pu- day production' ...., 

ill annual c:r'Ope rea.arch. 

It 18 ... n that, ccapariDa th. 8'NJ'1l,. _lMr of llY1nc 

GIala.tol..ap .. at 1111 DAP wltb that for 210, DAP, then .. 

.. iIl ... aa. of 1018J' "'.1' S period of sMut 2 1/2'_". ate 



.te., 1ftcrea .. iDdioate. the rapidity of cluap expandOll la 

tbL. 1ftv .. ti,atiOll, wbUe it .. y Dot be ao WIder tare.t coadi­

tiou. DeogUll (1937) baa atated that, 1ft art1t1c1ally raia .. 

pPdrocalu.... ,trictS' pl.anta which are ragularly _tered and 

waded, the tae reqlol1red for the f01"lll8t1on 18 about after , 

.... ons arw that the cluapa ... y be workable atter 6 .... ou, 

while natural •• edling. develop much more alowly. 

The data presented in Tabl. 31 reveal. that thOU&)l in 

general the avera,. auaber of living culm./c1uap cont1aued to 

acrea.e throughout, there w.re three ceca.10na when there wre 

deereas.s a. compared to the iBm.diately preceding .t .. e .f 

obaervation. 'l'hws there were reductions of "', 1~ and 0.'" 
at 135' - 1422 OAPs, 1812 - 1852 OAF., &lid 2087 - 2103 DAP. 

respectively. Theae reductiOD. were cau.ed b7 the reaoval of 

dead and _lformed culm. aa part of the c1e.D.1ns of the cluapa 

durin& tile above IHJltioned periods. 

Aa regards the inerea ... in the average DUllber of l1viq 

cul •• /cluap between .ucce •• ive .tag.a of ob.erY8tion, they _re 

1m. 13"'. 1~. 1367'. 16"". 12a,;. aDd 1~ during the tiM 

intervala 1111 - 135' OAPa. 1422 - 1449 OAP •• 1449 - 1'58 DAP •• 

1'58 - 1681 OAh. 1681 - 1812 OAP •• 1852 - 1960 OAF,. and 1960 .. 

2081 IlAPI. It 11 .... that the inere •• e. varied !l"OII a. low 

... 2)0 (1960 - 2087 OAP.) to •• higb a. sa (1449 - "58 DAh). 

The data on per day procluctioc of livina oul.u 0"" tbllt it 

raDied !rca a. low a. 0.00,1 for the laterval ,," .. '422 DAPa, 

to aa bLah •• 0.2024 tor the laterval 1422 .. ,,.,., IMP.. ApIlI"t 
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fraa th. higb rate of production juat .. DUon.d, there were 

4 otbar interY8.1s also wherein the rates of productIon of 

11vi l'l& culms were of a relatively biSh order. Thus, rates of 

0.0697, 0.0490. 0.0413. 0.0291 living cullaa/day were produced 

during tbe tiM intervals 1681 - 1612 DAPs. 16~ - 1960 DAPs, ". 

1449 - 1.558 DAFa, and 15.58 - 1681 OAPa reapecthely. 

Earlier workers bev. reported nr1.8.bl. Dumbers for IlIW 

culII prOduction. '1'h •• e bave alway. been in terllla of IlIaber of 

IlIW culms produeed/cluap/annua. So sa to facilitate the ca­

parison of theae figures'with those of the pr •• ent 1nV •• t1gatI~ 

the !ii-ures of the ~arl1er work.rs, besid.s being reproduc..s 

bere 88 reported by them, have a180 be.n conv.rted to '1lIa"1" 
of culm. produc.d/day' which is ahown within parenth ••••• 

Kadambi Nld aawat (1949) reviewing an early exper1llent on 

Dendrocalaaqs .trictus conducted at the Foreat R.search IDati­

tute, Debra Dun, r.port.d tbat clumps •• tablished by three 

different mEthOds. 1 year. aft.r planting produced an av.rage 

o! 2.9 new culma/clump/annua (i •••• 0.0019 culm./day). Rao 

(1975) r'ported that in art1f1c1.8.11y rai .. d plantations of 

ptp.<!rocala!!l! strictSf. clumps of 5 or mor. yeara of ag' 

produc.d 5-6 n.w culms/cluap/amwa (O.O1}7 - 0.01644 OUla./clay). 

TIle.e figure. agre. in ganeral with the reaul t. o'bMrYecI 111 

tb. pre.ent iDYe.t1&atlon. 

The iDer.a .... entiol1ld already result.d from diff.rent 

caUl... Takin& the highest rate of increas. of 0.202. l1viaa 

cullls/day ob .. "ed dur1D& the tiM interval 1422-1449 OAPs 
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first, we note that tllia occurred just before the startina .f 

the series of the three soybean exper1lunts. It is aign1ficaat 

that this per10d corresponded to the later two-thirds of Jul, 

and the 'first week of August 1979 during which the S'W aon80OD 

rains were recei"ed. DeogWl (19}7) reported that rainfall 

is an i.portant factor in Cullll production. Besides, a general 

cleaning of the clwaps _s carried out during th18 period, 

and dead culas were reaoved .s part of the pre-treatment ii"en 

to tile claps beiore start ina the soybean experi .. nts. It 1& 

clear that the .. two tactors, viz., rainfall and clwap cle.Z!.S.q, 

were reaponaible for the steep increase in the rate of produc­

tiOJl. ot llving culllla. That, years of plentiful rainfall 

generally produce. a larger DUlllDer of culas than those with 

scanty or deficient rainfall, haa been reported by Kad8llbi 

(194Y); be had also reported that the aere cleaning of the 

clumps li.e., cuttin& a_, all dry Gulaa) results in an increaaecl 

production of culm. in the years followin& this treatment. 

It was during the succeeding period., "iz., 1449 - 1558 

1..Afs, 1556 - 1681 DAP., Ilnd 1681 - 1812 DAP., that Expt.1, 

Expt.2, and ~xpt.3 on soybean, respectively were conducted. 

The correapondin& rates ot living culm. produCed/clay were 

0.0413, 0.0291 and 0.0691. During the period 1852 - 1960 

Dl\P. the rate _. 0.0490. Subs.qlolently, the rate tapered 

ott to very low Mte. of 0.0046 ano 0.0078. The .. ret •• 1! 

expns .. d fOJ' an year, reveal tbat tor the lowe.t rat. ot 

1nore& .. , .een dur1n& the soybean expar1llents, "iz., 0.0291, 
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the 1lDnual. addiUon of lhiD& cW.as worka out to 10.6:5 oul.u/ 
at 

year/clUilp. S1allarl,,;(tbe _x1aua rate ot 0.0697 tbe aruMIIll 

rate works out to 25.4, culIIa/,e.r/clUllp. 

It 1a evidant tbet the.. Digh dally rates of productloa 

of llviD& c:ulIla result.d trOll tbe agr'ODOilic _Dipulatiou 

carried out within the 'baaboo atalld OIl the soybean 1nhren" 

wDich inCidentally benefl~d the a .. ociat.d baaboo clu.p •• 

Tbe Bgronoaie I118Dipulationa _re. soU d1uiD& thr1ce in the 

interapacea between tbe cluaps for aowiD& the soybean, boe1»a 

thrice, provision of irrigations alaoat every week over a 

continuous period of ODe year, and systematic .. eding. Be.1de., 

the posaible contribUtion of the intercrop ot soybean by .. y ot 

of the fixat10n of atllo.pherio nitrogen baa alao to be taken 

into account. 

The subsequent reductions in the rate. of per day liv1n& 

cula DUllber froll 1960 OAP on_rds lends .upport to the fore-

10111& ar&Ullents. It _y therefore be conclw:led that better 

man'"ie.ent of a stand of D.ndr09'l!l!U! ,trictU,f (.oU workiDC. 

provision of periodical lrriJ8tlons and .y.te .. tic .. edinl) 

conduce. to increased produ.ction of aurvi ... ble cu1U, be.14 •• 

the known tact ot h1&h!r rate. ot Pl"OChlCtiOll of DeW cula. 

dur1n& the wt •• ason. However, DOth1.ac can be .. id _'bout t ... 

advanta&e or otbe: wia. of rai.1n& an lIlt.J'CJ'OP, partletalarl.:r 

a 1..... cro, like aoy'beaa, in a. _0 there ... DO provla1_ 

tor oeap&l'iaon with _ sole crop atand of l?!JMtroelre 
etriotM _.~ in tbe preaent iJlveetiptl_. 
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Vigour of the ba.boo cluap a1sft1ficantly lnfluenced the 

_bel' of culae/clump' at aU .ta, .. of o'baenation .. eptinl 

only at 1171 DAf. Thws, initially, when the cluapa _" alJoat 

, 1/4 year. of a&e (1171 DAP), the cluapa dld not dlffer IMlOb 

in the number of llv1n& culm. they bad. But, aOOft the a1tuatl_ 

changed. and by 1355 DAP difference. ln the mabel' of 11'v1q 

culms/clump atartea appearlng and tbey were .1gnificant, 

even thOU&h the cluap. bad not been cla •• lf1ed into the two 

Vl&OI.II' cla •• ea at that ti... Tb... dUference. were .1&n1ficant 

at p • 0.05 leval. 

At 1422 CAP the dU!erencu got accentuated and were 

highly .ibnificant (p • 0.01). Similarly. tbe difference ... 

at 1449 OAP were I11gbly aJ..gniUcant (p • 0.01) witb tbe 'low 

v1gour' (L) clumpa recording a _an mabel' of living culm./ 

ClumP of 3.S}3 while tbe 'biib v1&our' (8) clumps recorded a 

.. <<ft of 7 .063. It was only after tl11s en_eration that the 

clas.U1cat10n of the 24 experimental clumps into the two 

v1gour cla •• u was actually e!fected, witb 5 or le.sel' _bel' 

of 11v1o& culaa/clump as tbe d1vldina line. 

During all the subsequent .ucce.slve stsg •• of o~­

tion, the d1tferenc:e. between the L- aDd H-cl.uaps were .tatiatl­

cally .ignificant a.sides. the difference. betw._ tbe two 

cla .... of clumps pro,re •• ively increa.ed such that at tbe tiM 

of the last observation (210' DAP). wb1le the low tngour' cl ..... 

(1,) oluap. bad • aean naaber of l1v.1Q& oulaa of -.1,. 19.161. 



.33/} 
33S 

t.. 'bigh vl, ... ' (H) clapa r.cord.d ...... n of ... blab ... 

29.667 11 .. 1111 CIIlJu/cl_p, th.reby show1n& • dUt .... nee of ''''. 

That. 'cluap siz.·. i.... tbe IlUIIber of oula. pre •• nt 

already in • eluap, 1ntlueneea the rat. of product10n of new 

CUlas baa De.n point.d out 'bJ .arlier work.ra. 'I'tu. in •••• n .. 

ia the 'initial capital' ph.DOII.non. Thue. DeOCUil (19)7) 

studied the patt.rn of n.w culm production by individual clu.p • 

•• related to 'eluap ai •• •• baa1n& hia atudy on .. v.ry la,... 
population of 2.650 ellJlllp. of Dendroc:al.aaua lI$rictua baa'boo 

apread ov.r 5 .tate.. For the th.n Madra. province (pr.aentl, 

Tam11 Hadu) he foUild tbat a eluap hav1n& 10 clillJl. already. 

produced 1.7 new c~/annua (1 •••• 0.~7 CIillaa/day), .. cluap 

of 15 cula. produced 1.9 new CIillas/annua (1 •••• 0.0052 oul.aal 

day) etc.. &&pto a cl.uap slze of 50 culJlla which produced ,.0 
new culm./ann1.lll (i •••• 0.0082 culm./day). Evid.ntly the cllalpa 

includ.d in ttu. study were not of identical ag.s and benoe 

compara'b1lity Duet au1fer. H. concllilded that althouch bias.r 

clUllips \i •••• tb. oaes havina a large DLllllDer of ex1at1D& eulae) 

produc. more new GUlma .. nd the retio bat_en the DeW and o1d 

0\ll.U in b1&&er cluapa talls off with Inc:r .. ain& au. of ol_p 

.. that two .... 11 cllalpa produee .or. new cul.a. tban ... '-1& 

cl.-p of tbe aiz. of the two c_binad. H. furth.r ooaelHed 

that cluapa of 20-40 oulma should be the Ideal fro. t.. .... •• -

.. nt poillt of viu. Kadaabi (1_9) ... ported that lillIE!­

!A]eEt' aSUsty, with incnaain& ai •• of cllllp, Qto .. eertala 

upper aiz. l1ll1t. tbe production of new oul.M al •• 1 ......... ' 

ttMUI for .. cluap aize of , CIIlIIa I DeW oula. prodtaced ... ..... 



fl'Ga 1.0 - 2.5/aDllUlll (i •••• 0.0027 to 0.0068 culaa/da,). f_ 

8 .iz. of 10 culm. it raaged fra. 2.25 - 4.00 new culma/aaaua 

(i •••• 0.0061 to 0.0199 cUlm_/day) .tc., upto a _iZ8 of 75 

oulm. wh1ch prOduced 9.0 - 12., !tAIW cullia/aJ1DQll (i ••• , 0.0247 

to O.O~ culma/day). Dutta and TOIIar (1964) who _tud1ed 88 

clump_ of IlsDdrosalaau- ftricty' concluded sLaUarly and atated 

that the perc.ntage of new sua prOduction 111 higher tor ... ll 

clUlllpIl a. COIIpared to the lar,. ones. H. added that. the yi.ld 

of cUlaa ... Ul be more trOll an araa conta1ning aaaller clap. 

than troll an area hav!n& larger cl_pa. 

In th. pre_ent inve.t1gation alao, it va. tile 'low Vigour' 

(L) clumps, 1.e., cluapa of ... ller .1z •• that recorded a 

alightly higher rate ot production of new culm ••• coaparelll to 

the 'h16h vigour' (H), i.e., larger clumps. Dutta and '1'_1' 

(1964) .~e.ted that the re.aon tor tile perc.nta~e of new 

culm production being higher tor IIIII&ll clap. as caapared to 

the lar&e ones, w. proba.'bl.y due to the fact that the _.1ority 

of the .new culma are contributed aa1lll.y 'by rhiz ... of 1-2 

year-old culaa; further. a ... ll cll.Wp cons1&t. moatly of 

culJu 1-2 year-old, a. compared to • large clump whera there 

i. comparatively a h1&her proportion of more than 2-ye.r-ol. 

culm •• which are not proba'bl.y Yery eftective ao tar a. JtAIV 

cull! production 18 concerned. 'they alao lJU&&.ated tbat tM 

higher peroenta&. of new cula production in _aller cl.-p. 

_, alao be lllue to more cluap-peripher:r area .a well ...... 

utll1aallal. area/cula beill& aft1la'bl... It 1a ".,.,. liJrel.7 
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that th... wen tb. _oath. _.cbaAi.. tor the aliptlJ 

1ncr .... d percenta,. 01 prod IlCtiOD of new cula. by the 'low 

viaour' (L) cllaps s •• n in tn. preHnt innstiS.HOD. The 

1A1tial apurt in one group of clUlliPS (th. H-cl.Ulllpa) II1ght ba". 
or1&1nat.d from. g.netic superiority. 

4.2.6.} Re.ponse to P applicatioDl 

Phosphorus application did not exert any s1gn1ficaat 

influence on tbe mabel' of l1v1n& cul.aa/cllap, througbout aad 

_ore spec1.tieally dur1n& tbe period followin& it. application, 

vu., after 1449 DAP. Watana .. (1972) who tried d1ffennt 

dOHS 01 8 fertilizer III1xture conai.tina of N, P, K, Ma and Si. 

on young 8 .. d11.1l68 of l'hJ!'!oatachYJ .i ... nait balaboo, concluded 

tbat tile new culaa produced were .ore in the fertilized pots. 

U.cia (1960) who tried tn. oOlibinationa NX, PK, NP and NPK iD a 

field experiment on Phyllostacbx. reticulata bamboo, concluded 

appl1c tion of NPK COIIbination _. the best trOll the poiDt of 

new cula production. Whil. the.e report. indicate a general 

reapQnae in new cul.II production to application 01 chelll1cal 

l.rt111&.r. they do not proVide evidence 'pecifically bear1llg on 

P f.rtiliZation. 

The aba.nee of rupoDte to the added P ob •• ned ~ tbe 

pre.ent iDYe.t1&ation, perbap. ..pba.la.s tbe fact that .ome 

otber plant nutri"nt is _ore iIlportant iD the nutriti_ of 

ballbON. It is .st lik.ly that Ait1"08an i. the el ... at tut 

playa a "i tal role in culII production in beaboos, particularl)" 
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eo when w collai4.r the fact. that cullu repr •• ent the _jor 

a.rial vagetative part. and constitute the _jor portion of 

the dry IIStter of baaboo •• and tbat it ia well e.tabliahed 

that the influence of Il1 trogen is the ,reete.t on the vece­

taUn part. of plant. in ,.neral. Ue4a (1960) from a pot 

.xper!aent on .eedliDg. of the baaboo specie. Pleiobla.tUf 

P\ll!e.S!!l!f concluded that N ia the ele .. nt moat required by 

bamboo., followed by K and then b, P. ThI.la it .. , be interred 

that application phosphatic fertilizer. alone without any 

addition of N or K, to cluap. of D!Pdrosalaau. strictu. baaboo 

i. not advantageous frca the point of new culm production. 

4.2.7 Nuaber Of cylma (total)/clUlP 

(Table 32, Fig.7(b» 

Aa alr.ad, explained under .ection 3.7.2.1, the distinc­

tion between the para .. ter t number of livinl culllla/cluap' aDd 

the parameter now taken up for di.culllsion, viz., 'maber of 

culmlll (total)/clump' 1& that the latt.r parallleter inclilde. 

all the existing culm. (i.e., living cula. of age 1..,.ear or 

lIore) plua all the t potential t cula. (i. e., kOlllll1! aDd 'new 

recruit., both of which are 1 ••• than 1-,.ar in a,e + oulaa 

which bave already been cut and reaoved~. 'thl.l., this pa .... ter 

.... ur •• the potential productivity of th. cluap., i.e., bow 

aaJQ' culaa would have been produced bad all the kwl.1t and 

'new recruit.' tLat em.rged frca the around aurYi ... and ~ 

to .. turity, be.ide. taking into account the culma tbat dried 

up, died and r .. oved., In other word.. thia .... u.re. the 

theoretical productioa. 



lIay. after .. Plant~. ~t 

----~----

0.816 

7.}~' 10.167 .".000 16.000 1&.083 23.000 

11.S}; 16.167 20.}3' 28.&67 29.58' ~.417 

• • • ". ** 1'15 

1.408 1.628 1.994 2.;23 2.606 7.680 

4.243 4.905 6.010 10.513 10.867 

1. lnlluence of~L~ C1Ulip (!) 
1. 4.667 5.9'17 6.}'} 
H 4.667 7.917 9.000 
F 1'15 1'15 liS 

(a) NWlDer of 
Total culJla 4.667 6.91'1 7.666 9.583 1}.167 16.666 23.333 23.833 '£7.706 27.458 

(b) NWlber of 
Living CUllllB 2.3"75 4.2,0 4.~1 5.45& 9.958 1~)o541 22.667 18.667 24.542 24.411 

(8) Difterence 
(a-») 2.29, 2.567 }.625 4.125 }.209 ;.125 0.666 5.166 3.166 ,.041 

Percenta<i,e 
duterence 4g,. ~ 4n. 4}11. 24" 1~ 3Jo 2~ 1'" 1'" 

(eI) Cban6-
_ nlllllber 0.375 0.958 0.500 -0.916 -0.*4 4.4;9 4.5\:<) 2.000 0.125 

_ percentage 1~ ~ 14~ -2~ -". -7':fr. 576" 39to -4Jt 

_____ ._ ••• _~. __ e'_ 
-- -----.---~--------.-.-~ 

----" "_. -----

2. lnfluEnce ()f_ Phoa'ph~I'\l.._!!!.~· (~) 

Po 5.625 &.000 &.625 n.}7; 14.625 18.000 24.50 2.5.125 29.000 29.000 

P, 4.500 7.250 7.875 9.675 1).62' 16.7'C 23.750 24.250 28.500 n.875 

p~ }.87' 5.500 6.500 7.500 11.2,0 15.250 21.750 22.125 25.625 2,.,00 

F lIS tIS IfS NS liS t~S NS NS tiS lIS 

BE 1.079 1.000 1.214 1.724 1._ 2.44} 5.090 3.194 9.;67 ~.692 

CD 
-~-----""--- -------,. InUract1CX1 V X P 

f lIS NS liS liS NS NS NS 
NS NS NS 

------- -------~-
..---------- ~---

_--, ,--,~--.--.---
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A _crutla, ., tbe data lor the total ou1aa .howa that 

thO\a&b the 11&1Ift_ were hl,bar than that for the '_bar 01 

livlng cula_/cl~' at all _ta,a., a_ it should be, the 

patterna of CbaDi._ over t1aa were .1aUar. Hence, all tbe 

diacuaaiorsa .de uader _ectlon 4.2.6 will bold good for thi_ 

paraaatar al .. , aDd It 1_ Dot propo.ed to d18CUII. tbl_ .epact 

furtber. 

The total DUIlbar of cW.aa/ clump increa.ed frOll an everag. 

01 4.667 at 1171 DAF to an ave",e of 27.458 at 2103 OAP. The 

d11'terence betwean the avera,e (aean of 'L' aDd 'H' cluap_) 

IWIIIbcr of total eulaa/clUilP and the average nuaber of liv1q 

eulIII./eluap. "Diad fro. Il8 low a_ 0.666 oul.rIIa/elUllp at 1812 

UAP to as b4h .. ,.166 culaa/clUllp at 1852 DAP, In t81'118 of 

DUIIIbcr 01 cula.. A .ore .eaningful .. thod of COIIIpari.on would 

be to expre.. the.e dlfferene.. •• percentage. of the total 

nuabcr of eula./cluap. The percentage dlfference. betwe_D 

the total nuabar of eula./clUllP and the _ber of l1viDJ eulaa/ 

eluap, were 49f'. ~, "7ro, 4"'. 2~. 1~, "'. ~, 11~ and 11", 

at 1171, 13'5. 1422, 1449, 1558, 1681, 1812, 1852, 2081, aDd 

210' DAP. re.pectively. Thi •• eau that the 'would-be cul.aa' 

that were lost, "Died from •• low aa '" to •• hip .e .... 

The data alao revaal. tbat initiall, upto and 1Delllal ... fd 

1449 nAP, the lo.t oulIIIa raDiad betweeD :59 to .. ~ wblCb' _ubn­

ql1ently reduced progree.haly, tbough aligbtl, arraticaU" ... 

reachael a value of 11" f1J11l11,. Thi_ 18 Dot .urprlll1n&, 81Doe 

duriDJ the initial at&&a_ of clUllP dav_lopa_at when there wra 
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Galy a ~ew oula./~t the loa. of even a .ingle 'would-___ 

oula' tbl"Oucb tb. death of a .l!!!!M or deying of one cula 

would repre.ent a au~.t8Dtial percentage of the total. Subaa­

quently wben the oluap bad developed al.o.t to it. full sl~. 

and the rate o~ productlon of DaW oulaa and rate of 10.. of 

culaa stabllize, the loss of a single cul. would repres.nt 

only a 811811 pel"Oenta&e of the total. In conclusion. lt _y 

_ inferred tbet, by the tiM the clUlllps attain the age of about 

6 years. a total ot only 11~ of the total of ell the cula. or 

cul.a precursor s lik. k0ll8.l1. or 'nEw recruit.· are lo.t. gpto 

that point in tille. It therefore illplles that if care 18 

exercised to llake all the k.l18 and • new recruit.' to .urviv. 

and to prEvEnt early death of culm., an additional yield of 

cullla of about 1Ql1i could be expected. 

Regarding the influence of the two factors of study, 

the argument. pre.ented under 'Dl.lllbEr of living culu/clUllp' 

(sections 4.2.6.2 aDd 4.2.6.3) apply tor the total nuaber of 

culms/clump alao. HeDce the.e are not discussed here. Howe..r. 

a QUst be pointed out that while under the 'nl.lllber of living 

culas', the differences between the 'low vigour' (L) and • hlp 

vigour' (8) clumps were statlstically .ignificaDt at all ataga. 

except1n& 1171 DAF, a. reiards the 'total cu1ms/clUllp! the 

difference. did not reach level. of atati.tlcal aigniflC&DOa 

during 4 .taae., viz., 1171, 1"" 1422 aDd 2067 DAPa. 

Further, in i.enanl. the level at which the dlfference. were 



.1&n1flC1Ult _. p • 0.05 Wld.r 'total naber of culIII./alu.p'. 

Thi. difference .etween th. two para .. ter. •• relard. the 

aen.itlvity to the F-te.t, aro.e becauae of difference. in 

the percent... loe... between the two vigour cla..... While 

initially (when clump. were 3 1/4 year. of age) Doth the L­

and ri-Clumps had identical nuabEr of total clllm./clump, Yiz., 

4.667, they differed very much at 2103 DAF, with the L-clump. 

r.cordili& 22.750 and the H-clWllp. reCording 32.167 DWllber of 

total culas/clump. Pho.phorus application al.o failed to 

exert any aign1!icant influence on the total nuaber of cu1aa/ 

clump. 

4.~.6 Number of uaabl. cul .. narv •• t.d (i •••• culm yield) 

(Table 33) 

A. already .. ntioned in •• etion 3.7.2.1, culm. w.r. 

SElectively harve.ted foLlowing certain specific felling rul.s, 

when the clumps had .ttained an age of almost 6 yeare. 

'l'he vif,our of the clump .xert.d a significant influence 

on the naber of ueabl. 0111_11 harvested. '_'hi1e the yield of 

uaab1e culaa/clwap _s as low as 9.500 in the 'low vigour' 

(L) clumps. it was 16.917 for the 'hibb vigour' (H) clumpa, 

and the difference was highly .ignificant <p.O.01). 'fbi. 

clearly d8lllonstrates the superior culm productivity of vigo­

rously growing clWllp. of bulbco. 



TaQle 3' Final harve.t data on .electively 1elled culm. 
(as em 2152 W) BAMBOO CL\JIIlJi'S 

Naber of M ..... MeUl Frellb Frellb ,a, .. 1al Total 
uaa'bl. Mid-cula Wel~t/ weight B1a.a •• / CU1a 
cu.l.aa D1aut.r culm (alOft.) or brUl- eula "lelAl 
blilr'nated/ (-> (q) oh •• + (freu c.1: 
clUlllP l.av •• + .. l~)(Fre 

.beatba/ (q) wt~ 
cula (q) 
(q) 

1. In.tluence of Vilour or the clUIIl! ~V) 

L 9.500 14.85' 0.965 1.080 2.029 9.821 

H 16.917 14.307 0.895 0.90;' 1.792 14.746 

F ** NS iSS lIiS ~S RS 

SIC 1.727 0.784 0.096 0.1;,6 0.217 1.92'1 

CD 7.197 

2. InnuEnce of Phollphorua 1.".18 ~P) 

Po 14.000 1.5.020 1.007 0.996 1.998 1,.-

P1 1,.500 15.006 '0.983 1.126 2.099 1,.,,1 

P2 12.125 13.716 0.802 0.853 1.6". 10.1" 

F NS 1<5 N5 NS NS .S 
SE 2.115 0.960 0.117 0.161 0.266 2.)6C 

CD 

}. ~t!lt!!l!!l! Y ~ P 

r NS NB NS .HS NS 
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The avera, ... ber of Il .. bl. 0Ul.IuI barYeated (1 •••• 

aYeraged oYer tile L- and H-cluapa) works GIlt to 13.2065 tJA1J.M/ 
clurap. At the planting apacing of It x It at the populatlon 

works out to 625 clumps/bII. Ass!la1q. 1~ stocll1ni, and 

tak1.ng the nerage of 13.208, culaa/cluap. a total yield of 

6.25' cul.u/bII cOllld be expected when the clap. reach 6-yeara 

of a.e. 

From Tab1e '3 It 18 s.en that th .. e uaat.le Cl.\laa that 

were banested, had .id-cula diaaeters of 14.855 11m and 14.30'7 

_. for the L- and H-cluraps respectively, the average WOI'kin& 
to 

out~14.S81 ma. Si&11arly, the average height works out to 

}.1a4 .. (Table 27). The •• aiz •• are not the lengths and dla­

.. tel's of the culaa of commerce where still larger CIlla dia­

.etera and longer leQbths are expected. Thus, if tbe ..... 11-

sized cullllS harvested when the cluraps are 6-years old, tbogp 

.. lesbJ.e, will fetch relatively low prices only. Still they 

are usabJ.e and tbiu saleable, because of the solid1ty of the 

CI.\lms. It tbl.\S appears tb6t since aoat of the cul_ barvested 

IIIWIt bave been of aore tbaD 1-,ear age, anci perhapa "Pto abotrt 

3 yeara of age, 1f the next harVest i8 carried out after 

another, year8. 1 •••• wben the clumps attain tbe aae of 9 

years, cCllllllerclaJ. sized culas _, be expected to be ylelded. 

as alol1:Ucient ti_ l10uld then bne ilecoaa avallable for the 

culm5 to reach .. aturity. 

Pboapborua appUoat1on did Dot exert &IlJ slp.1tlceat 

1n!lueDce oa the _bel' of uaallla ou.la. barve.ted. Tbe 
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conai.tent fa.ll.w:-. of P to 1n!lu.nce the mabttr of culm_, be 

it the numb.r of living culm. or the total aula. or the usabla 

CI.ll.I1a bana.tad, indicat •• that it is not advantageous to 

apply ~ .inaly, from the point of culm yields in terms of number. 

4.2.9 wei6ht ot individ~al culm. 

(~l'able ~3) 

'Ihe lIlean !re.h weight 01 a single CUlII ('Witho~t 'branchea, 

ltiaves ltO she ths) ran&ed trOlil 0.895 kg for the t high vigour' 

(Hi cltmlps to 0.965 kg for thE '10O! vigour' (L) clumps the 

averabe \Vorkillg out to O.9}O kg. The d1fference, hOWEver. __ 

not si&nifi~ant. That thE culm _eibht is slightly h1gher ~.r 

tils L-clum:.:;s cuuld be expec.ted i'l'OlIl .... he tact tbi't these cul •• 

in general were slightly longer ('l'able 2:7) and thicker (.id-c~ 

diaml;'Ur ~ndtir Table 3}) at 2152 D.'-.1', as cOl4pared to the cul .. 

harvested trom \;oe I h1li.h vigour' (H) clumps:. 

'lih116 mature culms n:.ay \Veie;h several kllo~ralD., generally 

}.o to }.S kg/culm at exrloitable age, 1t 15 not surprising 

that the culm 'Weight in the present investigation 1s far leaa, 

when we consider the fact that the clumps were very younCe 

Phosphorus applic-tlon did not exert &ny .ign1!icant 

in!luenee on the fresh wei&ht of individual culms. 

~.2.10 _.ilnt 01 braBch!s. l.aye.! and aheatna/cyle 

(Table }3) 

While the non-culA aerial veg.tativ. part •• viz •• tile 



1:inuIol»., 1 ..... , and oulII aheatha ba •• no ~rc1al YIllue. 

st11l, an ld .. aDout their relative proportloaa to the eoon_ 

lII1eally valuable oul. proper, w111 help to ...... the efficiency 

Of conv.raion of .olar elMrgy into saleable produce. 

The fre.h weight of the non-~ .erial vegetatIve part. 

was 1.080 kg/culm tor the L-olump., and 0.903 kg/cula tor the 

h-Clumps, the average theretore workJ.ng out to 0.991 k&!oula. 

It the weI~ht of • single culm as •• en und.r section 4.2.10. viz., 

0.930 kg, 1. compared with the weight ot the non-cula part. 

associated with the culm, .iz., 0.991 kg, it is seen that the 

ratio works out to 1:1.067. If differences in the moisture 

contents of the dift.rent plant parts are ignored, this ratio 

of almost unity would i.ply that approximat.ly halt the dry 

matter (IJo'I) produced by the baaboo cluap is ti.d up in non­

saleable plant parts. E •• nthough this inferEnce 18 based on 

6-year old clump. of Dendrocalamu, strictu" it is very likely 

that thie lIIay be valid for still old.r claps aleo. and perba~ 

to tbe other speci£s of tropical bamboo. al.o. Incidentally, 

the ratio of unity for culml non-culm aerisl v.g.tati .. part., 
obs.rved in this 1nv •• ti~ation bears a .tronc r .... blanc. to 

the grainl.traw ratio of .oat higb-yielding varieti •• of annual 

careal crops alao being about unity. 

Neither tb. vi&our of the cluap nor P application 

affected the fresh .. liht of the non-cula a.rial "Ietati" 



350 

part. aigniticantl,. 

4.Z.11 A,rial b1o.as. 

(Table 33) 

The a,rial bia.a •• represents the fresh weight ot all 

th. a.rial plant part., vi~., culms + branches + l.ave. + aula 

aheath.. In the pre.ent investigation, the average fresh w.ight 

aerial biomass worked out to 1.910 kg/culm (avera!!" ot L-end 

11- clump.), When the clump. were a bout 6-ye •. r old. Th1s data 

ia based only on the selectively felled culm. and thus, strictly 

speaking, is not applicable to the remaining culms leftover 1Jl 

the clump itself, since sel.ction had been exercised in choaa1q 

the culaa to b. felled. However, if it is assumed that (1) 

the aerial biomass of culas is the same 10r dUfer.nt culas in 

a clump, and further that (ii) substantial changes in aerial 

biomass could not have occurred within a short period of about 

50 days (i.e., 2103 D.H;"· to 2152 LM') , then we can us, the above 

avera6' ot 1.910 kg/culm and the average of 24.417 number of 

l1vi~ culas/clump record.d at 2103 DAt- (,rable ,1), for arriv­

ing at a roush estimate of the total aerial biaaasa/hectare. 

MulUplyilib the above two fic,urea tOgetber, and then b)' the 

population of 625 cllapa/ha <at tb. spacing of 4 X It .) ••• ua­

ing • 1~ stocking, '1ft! t,et the .stillated aerial bl_s. yield 

of 29.148 toan •• /ba at tbe end of 6 years atter plantiDa 

Degdrocala.Y .trictv buboo aeedl1ll6a. E;V.+hough thb 

uana that the average annual production of a.rial ll1_aa 

wa_ only of the order of about , tonne_/ha/y.ar, which is tar 

1 ••• tilan that for • c_ .. asonal tuber crop, it .. t lie 
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bonw ira ail1d that th .. e data pertain to baaboo cl.UIIP. wblell 

were in their foraativ. ata,e. 

Neither the v1gour of the cluape nor P application 

.1gnUlcantly 1nfl~nc.d the aerial bioma... This pattern 

01' reaulte is a repetItion of thoee e •• n und.r the component. 

constituting the aerial blomaes, viz., fresh weight of cula 

and fresh weight of the non-culm aerial vegetative parte. The 

lack of response ot the aerial bioaass to P applIcation ••• n 

in the pre •• nt 1ov.stil.tion is in contrast with the re.ult. 

of Fatil (1980) for the same species of bamboo. of course. 

as reported .for dry matter DM) accumulation. He cbserved the 

OM accUlDulation to 10crease with appllcp>tlon of M,P,X ira ooabi­

nation. The abs.nce of reaponse not1ced 1n the present 

investigation is perhaps aacr1bable to the application of 

only P, Inste~d of N, p. and K, together. 

4.2.12 Total cula Yield/clump (tresh weicht) 

(Table 33) 

It was already po1oted out under section 2.1.7 that the 

yield of the .conaic proc:luct frOli 'banilloos, viz. the culu, 18 

of tan .xpr •••• d Oft • weight basi. also. The data reveal that 

the total fr •• h wei~ht of all the extracted culaa/cluap, 1 •••• 

the 'uable culms'/clUllp, wa. 9.821 k& for the 'low v1&our' 

(L) clap., and 14.746 ki hr the I hi&l;1 v1gwr' (H) cl_pa. 

the avera&. Of tAe two be1n& 12.28}5 q •. Xbe .pac!D& betw .. 

the baalloo cl .. p. 10 thi. imeaUp.t1on "10& It X ,. at the 

calculated oaaboo population worKS out to 625 cluaps/bectare. 
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A.~ 1Q0. .t.aiDa (Whlch 1a po .. lbl. wader f ......... 1-

tlena 1D contrBdl.t1actien to foreat condit10aa) &ftd ua1Dl 

tbe ayers •• y1eld of 12.28" k& of oulm./cl~p calculated 

.bov., the tbeoretically proj.cted yield work. out to 7.617 

tonne. of &re.n Cul .. /MotU. at the fir.t banest. troa 6.,. .... 

old clUllPS of IlendroC!la!u! .trictU! ral •• d partly UDder 11'1'i­

gation. under Colabatore conditiona. 

While the estimates as resar~a cula yields expr •••• d .. 

a WE1iht basis. for Ren4rogala.us strictu. bamboo, by th ... r11el' 

workers (OslIaston, Ii.C., a. reported by DeogWl, 19'7, CballdbaJ'1, 

1966. Seth and Kharbanda. 1972, Watanabe. 1972, Seth, 19781 aad 

Verman and Babaour, 1980) are very low, re.ngin& .fT .. 0.173 t/ba/ 

year to 4._5 . tiM/year, 1 t JIIust be rueDlbered that the .... u­
mate. were based on baaboo cl.Ullps growing naturally it iore.t., 

and further that. the .. are .sU._te. Of .ustained annual. 

yields, aJ:ter the clwaps had ii;rown to their tul.l .1&. and the 

yields bad atab111zed. On the otber band. tb. b1ib yi.ld. of 

culm. secured in the present invest1cation are a.cribabl. to 

(i) the artificial. elondi tiona of raising the cluap. Mndar tara 

situationa. and (11) the accumulation of cul •• over a perl04 

o! about 6 years tr .. plant1n& the .eedl1ni;s. It 18 <ltd.t. 

likely, that in subsequent barYe.ts, the annual yield. _, 

not be the •• ae 7.68 tonne. Of green cW.as/hectere, lIut _, 

be lower. Rao (1975) bed predict.d that in artificial1.7-

ra1 .. d plantatJon. Of Dendrpl..,. strict". bamboo, U1 
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~_t1o oula ,leld .~ 4 t/be for the flr_t cut oeD '­

expeoted. He bad alao foncaated that. oYer a ltfe oyo1. 

of 32 year., a total yield of 74 t/be, wbich work. out t •• 

.. an IlIlDUal yield of 2.' t/ba. The re.ult8 of the pre.ent 

investigation lend support to the above view. 

The vi,our of the clUllp did not exert any dgn1ficant 

In!l.llence on culm yield. This 1. contra at to the a1gD1flcaJrt 

differenoe .een UDder the .. an number of Ilaable clllaa barYe_ted' 

Clump, 1.e., culll yield expressed in tel'll. of DUllber. In thi. 

context, it mIlst be r .... bered that the .electively felled culIuI 

from the ·1 .... vigour' (L) clullp. were _lightly lOllier and thickq 

and thus slightly heavier (0.965 kg/Cul.) as coapared to the 

clllma felled from the 'high vigour' (H) clumpa, .a vaa pointed 

out UDder section 4.2.9. 'rhus. eventhougb the mean number ~ 

usable culms barYe.ted wen aignificantly lower for the L-clUllp. 

(9.500 culma/clUllp) •• ca.pared to the cula yield from H-clu.p. 

(16.917 culaa/clump). the slightly heavier weight of individual 

culm. of the L-clUllpS, cOIIIf'ensated for the reduction 1n the 

1'lUIIlber of culJaa/clUIIP. such that the difference in the total 

wel&ht of ha ....... ted cullII./Cluap .from the L-and H-clwapa narrowd 

down to such a level that the difference va. not statl_ticall, 

significant. 

Pho_pborua appllcation &1_0 did not evoke aQ1 811nlf1caat 

reapcmae. It .. y therefore be conclllded that neither the Yi,OUI' 

of the clullp nor P appl.loaUon influence_ the ,ield Of oulu _ 

a wl&ht "baala, and tbat an yleld Of abo\rt 7.7 tonnes of an_ 

culaa/ha GOuld be expected dlD"illI the first banest. 1.e., at 



tbe eDd of 6 1ears aner plant1n& DendrooalYN strlcty 

seedl1nga. 

4.,. LIGHT INTENSI'IT 

(Appendix 1 and Flg.8) 

The data on da~1 light intensities a. recorded botb 

within the bamboo stand and ln the open field, at 12 DOOD looal 

tille, and at ground level, were su.aarls.d by coaput1D& the 

weekly .. ans for standard week. and are presented in Appendix 1. 

The data reveals tbat the ligbt intensitie. ln tbe opea were 

6enerally very high durlna tb. ilrat thr.e weeks ot Ootober 

1979 (Standard weeks 40 - 4,), ranging fro. 132.1 to 167.1 K 

Lux (which was the highest value recorded during the obaena­

tion period ot 11 aoaths). l'be lowest 'fIll1.11 of 21.9 It lux ._ 

recorded during tbe period 12th - 18th Hovaaber 1979 (Standard 

weak 46). 

4.,.1 Light tnt,naities in tb. opens 

A. regards the pattern of chenge. of aabient light, the 

intensity which was very bigh, thOUgh fluotuating rather wldely. 

during the lIIonthS of September and October 1979, fell sharply 

to low levels during the first weak of "oveaber 1979 and reac_' 

the lowest 'f8.l.ue ~ 21.9 It lux during the third week of Hoftliller 

1979 (Standard weak 46). Thereafter the li&bt intaft81ty pr0-

gressively iacreased and reacbed the peak of 115.2 K lux durLac 
the second weak of May 1980 (Standard weak 19). Atter ttd.., 

the light intanalty tell very abarply and to\lUed the low 
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.... lue of ,.,.1 It lux duriq the period 3I'd - 9t1l .JUDe 1980 

(Standard week 23), followeCS by • spurt of incre .. e to 84.] 

K lux durina the next weelt, aDd then. tall to 32.7 K lux 

CSur1Dc the l .. t .. ek of Jane 1980. nere.fter the 11&l:lt 

int.nai ty .tarted to incr.... onc. qaill. 

In the aboVe patt.rn of Ghana", 1! we ignore the slldd.n 

apurta and fall. notIced as random nuctuationa, • clear tread 

o! movement of ambient light intensity .. erge., Which say be 

atated a. !ollowa. The _reh of 8Jlbient light intenaity over 

an year .nova two peaks and two troughs. The first peak oocrura 

during the third week of October and the aecond peak Whlch 1 • 

.... ller. occurs durint; the aecond week of May. The trougba 

which are aore or lesa s1aller in magnItude occur during the 

third w.ek of Novellber and the laat week of June. Further, 

the rate of rise of light inh1l81 ty :!rom the trough ot 

November to the peak of May, is very slow. 

The hi"h light intensity during the aonth of May la to 

lie expect.d .s 1 t 1a the peak of aUIBer when cl.ar skie. and 

l:Ir1&ht aunsh.1lle preyall. But it is a.en trOll the data that 

the 11&ht intensity wa. .till higher during the firat tbr .. 

weeks of October. The reason tor this i. that tb1. period 

correapOACl. to the lull between the two aon.oons vu., SV and 

1'&, and whil. the rairdall dur1Dc this 1nter-liODaoon 'break 1a 

relatively 1 .... the aky 18 generally dominated 'by larae cloud 

........ Th. weatber data tor the periOd 1-21 October 19'79 
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(AppeD.clix 3) rneal.. that dur1D& thi. period a total. quaatit, 

of 69.4 _ of rainfal.l _. rece1.,.d in ,. day.. Tbus, there 

were 17 non-rainy da,. dur1n& thb period, which were cloud, 

blrt not overca.t. The reflection of .l.lDli&ht by the tat ..... 

increa.ed the diffuse akyl1&ht cOlipOlUlnt which account. ,. 

the very h1&h 11&ht intensitie. recorded during thi. periOd. 

The .® .... Ilent .harp fall 111. liiht intensitie. wa. due t. 

heavily overca.t akie •• 

4.,.2 Light intensitie. within the bamboo stRnde 

A. CQuld be expected, the light inten.ities within the 

bamboo .t",nd were alway. lower th81l that in the open. But tbe 

d1fferenc~. between the two varied, thouch in general the 11Cbt 

inU.nsi ty wi th1n the bamboo .tand followed clo •• ly that in tbe 

open. The lUgh .. t light intensity of 120.0 X lwr for the .. boO 

.tand wa recoreted during til« firat week of October 1979, aDd 

the lowe at ot 17.2 K lux duriDi about the thirct week of 

Novelllber 1979 (Standard week 46). In tenu of perceatq. 

tractions of the light intensity in the open, it ran&ed ~ 

aa hi&b aa 91.Z7io (Appendix 1) (St&lldaret week 36) to •• low .. 

'5.'" dur1ng the period, - 11 Nov_ber 1979 (StllDdaret week 4'). 

In general, the relative percentage light intenaity 

wi thin the baaboo atand .a capered to the open _a h1&b 

dur1n& SeptUlber and the firat week of Hoveabcr 1979. Tber. 

were two reaaor.a tor thi.. Firatl,. the ... boo O8IlOPY we 

relaUn1, .ore open at tbat .tqt because the cluapa WI'tI 



co.pan.t1vely 10U11&er' and their crowaa bad 'Men triaed •• 

part of a pre-traataent carried out dvilli Auguat 1979. 

aence _0... 11i;ht reached the ground. S.condly, the bamboo 

clumpa be1ft& relatiYe1, young.r poa ••••• d lea. foliage end 

thus contribut.d lIOI'e •• reflector. of light than •• acreen. 

for ahutUn& out l1tt.ht. S.ek1 (196') b ..... ported tb8t when 

direct .unlight i. blanked otf fro. the .eeaur1n& 1natrua.nta. 

the direct sunlight is di!fuaed b7 fo1iag. and branches with1a 

a wooded ar.. and thus 1i&ht i8 incident on the lIIeaauriq 

1natrUlleDt fr_ a IllUcb wider angle tbe"'b7 .... ultiD& in .n 

increa.e in the relatiY. li&bt 1ntenaity accompac1ed bJ a 

&hift in tbe apectral composition of the abade liiht in the 

wood. 

From the last week of October 1979 oDWarda upto the end 

of the third we.k of December 1979, the percentage light int .. -

81ty within the bamboo .tand was r.leth.ly very low, barr1q 

one exception (Standard week 46). Thie, it would appear, 1a 

because liGbt attenuation within the bamboo canopy follow. 

the exponential model propo.ed by Davidaon and Philip (1958). 

Ho",e"er. the higb relativ. percentage nlue of 78.", recorded 

dv1ft& standard we.k 46 1a d1:ff1cw. t to explain. 

In tieneral, the 11Gbt intensity within th. be_boo .tand 

was in tbe r~e of 6~ to 7~ of the .mbient 11ght. It-7 

therefore be cODC.iuded that, about a quarter to ~. fd 

the ambi.nt 14M is cut out by the baaboo cenOPl when tbe 

c1~a are about 4-, y.ars of aie aDd apaced 4 X 4 _ apart. 



Thi. 1a ia coatra.t to lJ.ibt tralWliaaion nluea of 50 - '''' 

for cocomrt .tanda reported by Litacher and Whiteman (1982) 

and YEry .harp1, .0 with thE 28 - '" ralatiye 1iaht inteaaity 

for forut noon reported by Monai and Saeki (19"). 

4.4. MICROCLIMATE 

•••• 1 Air te.P'1'8tm 

(Appendix 2.1(8) and (b), Fia.9) 

4.4.1.1 St.aanal Change.: 

The Ogerall behaviour of temperature showed that it va_ 
Ye1"y low during the aontha of December 19'79 - January 1980 aDd 

.tarted ri.ing to reach the higbest waluea for the ye.r •• a 

whole, sOIIIetllle during the month. of April 1980 - May 1980, 

after which it ",tarte" to 1'a11. Tl2u.s. there was a peak 01' hi&h 

temperature during SUIIIIIlEr and a trough of low tempe1'8ture dur1Jaa 

the cold weat,.er period (Appendix 2.1 (a) !lnd (b~. 

Though the march of temperature as descr1bed aboVe .. a 

81m.llar for both the X-epoch (1 •••• ao:rn.1n,;. 7.22 houn) and 

the N-Ipoch (i.e •• afternoon, 14.22 bours). the perioda ot 

occlUTencu of the aruwal ... xi.lla and mln1aua temperature a tor 

the two epoch. were not coincidental. 

TbI.la while tor the X-epoch. the lowest temperature for 

the year wea recorded during tbe bat week of Jamaary (Standard 

wuk 4) at all the, altitude. (15,SO. and 250 CIIl .boY. P'ouad 

len1). and under both tbe envirODllent a (bulboo atand and op •• ). 
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1'01' the N ... pocb, it was duril'll the period 5tb November to 

25th Monllber (Standard weeks 45- 47) tbat the loweat tape ... -

tur .. were recorded. 81l1118%'1,. the JUpest t_pereture. o~ 

the year, were e.enerally recorded duri1'l& the period 6th - 12th 

May (Standard week 19) for the X-epoch. at all the 3 altitude. 

for the open field environment and at " and 50 Cm altitud •• t .. 

the bamboo stand, whUe 1'01' the 250 em altitude the max1aua 

temperature tor the bamboo .tand w~. recordea during 15th - 21~ 

April 1980 (Standard week 16). In addition, there 'A. another 

peak of the HIla l118gn1tude durl1'1& the first week of April 1980 

(Standard week 14) tor the 50 CIa altitude within the 'buINo 

stand. 

A. regard. thE N ... poc.b.. the loweat tnperature. were 

recorded during 5th-25th Nove.ber 1979 (Standard weelul 45-47) 

tor both the environment. and at all the 3 altltude., while 

tbe hiihe.t t .. peratur .. were recorded during the period Btb-

21.t Aprll 1980 (Standard weeka 1, and 16) tor both the 

environaentB and at the 3 altitude •• 

Thua, it is Been that while for the X-epocl'l, the lowe.t 

temperature. were reached during the typical cold weather 

Beaaon, Viz., the last week ot January (Standard week 4), 

for the N-epoch, the loweat taperatures were reached INch 

earller and recorded durlng the last phaBe of the NE .0IUI00I1, 

Y1z •• -J+rt of NOYUlber (Standard week. 45-47). 8111Uarly. 

a. relard. tbe JUgbeat temperatures also there 'AS no oo1aoi­

dence. For the ,_X-epoch, the lIaxillla U..,.retun. were 
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reaChed, in &eneral, dur1n& the .eoond week ot May, whJ.le 

for the N-epoch, it was one .onth ahead ot it, viz., tbe .eooad 

week: of Aprll, in all cas .. excepting the 15 em altitude ot tbe 

baaboo stand, whos. highest temperature al.o was reached in 

the immediately followins week. i.e., 15th - 21.t April 

(Standard wuk 16). It DIlly therefore be concluded that there 

exist. 8 precession pheno.enon .s regards temperature behaviour 

in the N-epoch. The coldest period of M-epocb appears to precede 

that for the X-epoch by nearly 2 1/4 aonths and the waraut period 

by about a month. ihe rea.ona for such nOD-coincidence betweeD 

the two epochs are traceable to macro-climatological chang •• 

in weather elements and hence are not discussed here. 

As regards actual temperature., the lowest temperature 

recorded durint the period of obaervation, VdS 1,.S·C tor the 

o;?en field e"lvironment at 15 CIII altitude for the J:-epoch 

dur1ne; 22M-28th January 1980 (Standard week 4). The highest 

temperature of 37.1·C ~s al~o recorded by the open field 

environment at 15 em altitude, but during the N-epocb, duriDI 

6th-14th April 1960 (Standard week 15). The range in te.pera­

ture between the highest and lowest was more (11.4·C) duriac 

the .{II-epoch than during the X~voch (9.S-C). 

4.4.1.2. Diurnal var1atio~, 

The createst dif!erencee in temperature batweea the two 

epochll (X-i.e., morning, and !i-i.e., aftemooD) occurred dur1ac 

the third _ek 0" tll8.rch (Standard week 12) and wa. in the rang. 

01 14.8 - 16.,·C for the thre. dUferent altitude •• Tha 

minimum differences betw.en the two epochal (X- and N-) 

t.llpertltur •• , on the other band were recorded dur1na two 
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period., v1z., the period o~ 12th-25th Noveabel' (Standard 

fteka 46 and 1+7) when the clUference. l"IUl&ed between ,.6-i.e-C, 

depeftd1n& on th& atlvirolllllent aacl the altLtUlde, and again dur1q 

the period 1.1. - 11+th ,july (Standard ftaka 27 and is) when the 

d1t~.reDCe. ranged between 2.8 - 7.4·C depend1ng on the env1rea­

III4Int and alUtlAde. 

It Is apparent that; while the maximum diurnal d~ferenoe 

between N- and X-epochs occurred only at one t1me. Viz., during 

the third week of March and further tt~t the difference. between 

the different environments and ~ltitude. was within a very narrow 
of: 

rDD&e/,.7·C. the m101mua diurnal difference occurred dllring two 

perio'II, once during November, ,."h,n the differencea, between 

the different environments and altitudes were only 2.I+·C and 

thus narrow, and !It,8in dllrlng ..;Illy, when the difference. between 

the different environments and altitude. were a bit wider, to 

~he extent of 4.6°C. 

The.e dillrnal variations also being macrocl1matological 

phenClll1enat they are not discussed here any fllrther. It i. 

8u.t!1cient to note that these data bring out the point that 

heat atre'8 i8 likely to be experienced by annual crop. during 

the .onth o~ March, particularly dllring the third. week, under 

Coiabatore conditioaa. 

Fr_ Appendix 2.1(.) it i8 seen th.3t the t8llpentuZ' .. III 

the open tield, tor the X"'pocb. ranged betwen ".8-25.6, ".9-
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2,.6. Ud 16.,..25.7·C, ~or tbe altitude. 15,50, and 2!iO_ 

reapectively. It h ... 11 ~I"OII tile data tbat, wbll. at the 

two hi&her altitude. (,a aDd 250 _) tile t_peretUN. in tIM 

two envlrolllllents dld not differ IlIlcb, near tb. &J'OUDd .~ .. 

(15 c:m altitude), the bulboo .tand tel!peraturu wen ,enerell.J 

hie,her, to the tune of .... an 1.2·C durln& the cool aeaaem ( ... iz., 

the third week of February 1980) a. corapared to the open field. 

'l'hus, in beneral, the air layer near the ground surface was 

slijbtly wan.r within the b4IIlboo stand as cOII!pared to the opeD 

11Eld. l'hi£ agreES with the tindings ot Debl'!1l .!1.!!. (1969) 

who studied tht microclimate within a 14-year old stand of the 

same species ot bamboo used in the prEsent investigation, viz., 

I!enorocalall!ls strict!.!.!, and planted at almost the 8B11e SIMlc1n&, 

v1%., 12 ft. X 12 ft. (i •••• ,.66 X 3.66 mJ. Th.y also reported 

that the ~roUDd surfacE remained warasr inside the bamboo ( •• 

well as chir pille) plant8tio.!UI, 88 cOIIIpared to the open fi.ld, 

anC the effect was more pronounced during the cool se.aem. 

'l'hia effect of the air layer nE~r the ground beiDa waraer 

within a bamboo stFM waa attr.1~ted by Dabral .!l..!l. (1969) 

to tbe abelterin& and blanketing • .ftecta of the bamboo cover, 

vh1c:b effectively c:becked the outfiow ot beat. 1I"0Il the vi .... 

point of rei sing intercrops of annuals within a bamboo .taad. 

this 1apl.l •• tbat the growth condiUona tor anmaals, who.e 

stat","_ are not very h1ib and thua li. wi thin the air layer 

near the iJ"OwV. are aore f-!vourable within a baaboo ataDd 

tbaa in tAt open. particuJ.arly durin& the cool •• .".on, wtwa 
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the ret. of iJ"OWth of the aDDul iAtererop. 18 bowad to be 

rather 81ow. ThwI. WbU. 8 baaboo .tand MY 1Jap08. a .t ..... 

on an ... ociatad amual. intercrop by _y 01 .badillc and roM 

competition. it also conren 8 bent,!1t by keeping the zone 

near the iround waJ'lller. dul'1n& the chUly Ilomint ,bours. 

A. regard a the N-.poch (i •••• afternoon) the pattern was 

dl1ferent. the temperature diff.rence between the two enviroa­

mEnts beil1& very much accentuated. with the bamboo .t',!1d ala08t 

invariably rEcording a lo~er temperature a8 compared to the 

open Helel. at all Ua. three alt1tudea. Froa Appendix 2.1(b) 

it is seen that the bamboo stand tempEratures rensed within 

the limits of 26.1-}4.7. 26.4-35.1, ana 25.7-34.5·C. for 15,50. 

aDd 250 CIl altitudes respectively. w-bUe the correapondlDi 

temperatures in the open field were 26.5-37.7. 26.2-35.9. and 

26.O-~5.2·C. This clearly shows the cooler t.mperature. that 

prevailed wi thin the bamboo stand, the ral1&" in the 11a1 ts fd 

the t~per3tur. depresaion b.ln& 0.4-3.0, 0.1-0.8, aDd 0.3 -

0.7·C for 15, 50, and ~50 em altitud •• r.spectively. The.e 

oii1£rencea are. of course, betwe.n the extra.ea which _turall, 

WEre recordEd dur1n& .ntirely aUferent period.. llut, .till 

they serve to h16hl1&bt the 000110& effect of th~.boo .tand. 

Restricting the consideration only to particular period. 

of the N- epoCh, tbe IlII!IxilIua difference. in te.perature bet .... 

tlse two eny1rOJllll.nt. (baaboo .tand alway. being oooler) ... ft ,.~C 

dur1D& til ••• conu week of April 1980 (standard _ek 15) for tbe 

15 _ altitude, 2.3Q C during the th1rc:l .... k of .Jul.y 1980 
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{Standard week 2~) ior the 1S em and 50 .. altitude.. Thu., 

th ... x~ cooling by the Da.boo stand to tbe tune of ,.2·C 

occurred around Ilid-AprU very nEar the ground surface (1, .. 

above ground level). precisely the ZOD& where any low-stature' 

a.arwal intercrop wUl be ,rowint.. Radke and Hag.troll (1973) 

also bad obaened an air temperature difference of 1.5·C 

between an unsheltered stand of soybean and a soybean stand 

sheltered by a windbreak. 

That the COOling eUeet of tbt; bamboO starid should be 

IllaxillUil during the hot weather period of the year (April and 

Uuly). which Lncidentally is the periOd wben dissipation of 

heat i. most needed, is not aurprisin~. During the wet a.aaon. 

the nigh latent heat 01 the water comes into play and the 

temperature diiierence oetween tne two environment. 1. not 

much, while during the hot we " tiler period wbich is L1Sl.lally 

dry, this fector does not operAte ano the coolin& effect of the 

shade cast by the bamOoo canoiY wan.ifesta itself in a pronOWlced 

lIIenner. 

~rQIII the point ot intercropping witl"..J.n a bamboo stllnd tbia 

cooling effect. particularly during the hot weather period of 

the year, i. a welcome feature. Sunalng up, it is seen that 

the a1r layer very near the ground wi thin the ba.boo stand, 

while beiD& warJHr c:lur1ni the cool period of the year, 18 cool ... 

dur1n& the hot weatbe!' per.Lad t thws moderatiq the IliCll'OOlillat. 

in !~vuur Q! any associated annual intercrop. 
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The ~su1ts of the prEsent investigation, in so tar sa 

the ~J1r being cooler within the ~mboo stand neer ground 

sur-tace. 115 in conflict with those ot Dabral .!!.!l. (1969) 

who recol'ClEd hi~.her tempf'rGtures within the bamboo stand as 

compared to the open, during the hot seasons. They explaiDtd 

thE hi,;;her temperr ture in terms of the b":mboo detoliating 

itSElf durine the hot aeason thus allowing more heat to reach 

thE ~rour~, while the culm. continued to p~vent the tree 

11I0VElIIEnt 0.1 air. 'I'he anomaly between these tinclinEs is due to 

the iuct that wh1le under the conditions ot DEbra Dun, which 1. 

in ,he extreme north ot India, Dendrocal!!U! stricty. baaboo 

may defoliate it.el.1 during hot ae~80ns, it is not ac under 

.he conditions 0.1 COilllbatore, which is tar down soutb. At 

Coill!batore, dur-ill<!, the hot weathEr period Degdroca18.!!!Ul! 

atrlctija o~boo, while drying up its leave. with accompanied 

colour change. does not shed it. leave •• the~b7 shadinG the 

Ground substantially. .it mwst be remebered thet as far as 

6round shddi~ is concerned. it is immaterial whether the 

s~de 15 deae or livin6. 

&.4.2. Rdnt1ve Humidity 

(Appendix 2.2\.) and (b).Fig.10) 

4.4.2.1 Seasonal chaP&e.1 

The marcb of ~lative humidity showed the usual inter.at­

ing feature of differEntial patterns ot change between the two 

epochs. While .:he X-epoch (Jaorn1ng) re18ti.,. bua1d1 ty we. 
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1I0re or le •• coutant aDd at a hi&}t le"el. alllo.t tbrou&bout 

the year. the l-i ... pocb (afternoon) relative bumidity abow.d two 

peaka and two trouabe. thereby fluctuating within wid. lia1t •• 

This wa.a the ,e.raJ. pattern tor all tbe three altitud •• 

{Appendix 2.2(a) and (b». A_ regard. the !'i-epooh. the !tnt 

peak which was lIore pronounced and ratber .harp. occurred 

durine the period 12th-16tb Novellber 1979 (Standard week 46) 

when tbe relati"e humidity ranged between 70.~ to 8'." d.peDd­

ing on the enviroDlll.nt and altitude. The aecond peak. wo •• 

amplitude was l •••• r a. compared with tbe firat peak. ocourred 

dur1n& the period l*d-9tb Jun., the relative hUllidity rang1nC 

b.tween 74.Th and 80.1". Tb. trough_ interv.ned b.tween th. 

two peaks. 

As reaards absolute values, inT8riably the relative 

humidity was higher during the mornings (X ... poch) •• compared 

to tile afternoou (N ... poch). Dur1n& the X"'pocb, tb. _xiaua 

value. tor relative humidity, whicb rang.d b.twe.n 9'.~ aDd 96.1, 

d.V.nding on the .nvironaent and the altitude, w.re recorded 

dur1n& the pEriod 22Dd October to 2nd D.c_ber 1979 (Standard 

we.k_ 4~), wbich correspOnded to the wette.t part of the 

year, i •••• tbe HE aonaoon raina, which tbu. explaiAa tba 

very hiih relative bumidities. Tbe lowest valu._ of relati". 

huaidity tor X-epocb, occurred during th. £ir_t w •• k of JU1, 

1980 (Standard week 27) and "qed between 73.27' aDd 81.1". 

It Gan be .. en that the _xiIIwI diU.renee in relath. buaalditl' 

Ntween the extra. .. w. ODly 22 •• wb1cb indicat •• that the 

fluctuation w. not vary IlUch duriD& the X-epooh. 
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DuriDa the N-epCHl.ll, the DiaMst .. er relatin bwli41titt., 

which ra ... d between 19.,* and 83."', occurred duriDg 12tb-18tb 

November 1979 (Standard we.k 46). whUe the loweat values. wh1c1t 

r&nied between 24.6~ and 31.9% depending on the environment ... 

the altitude. occurred during 19th february to 10th March 1980. 

'XhwI, the maxi •• d1fference between the extelll" wes 58.'" 
which shows the higher magnitude ot awing in relatin huaiditi •• 

durlns d11terent aeaaons. 

Thia pattern of the .orning relative humidity being 

hie.ber and lIIore or lesa constant, and the afternoon relati .. 

humidity being lower in ~l.1e and fluctuating widely over tiae 

is well known, aa to need an explanation. Further au.eh ditte­

rencu are du.e to IIIlCFoclimatological phenOilena. 

4.4.2.2 uirunBl variational 

The ditlt:nal dHference between the X- and N-epocha wes 

the Ilaxiaua during the period 19th-25th February 1980 (Standard 

week 8). The d1fference., i •••• the awing. in the r.lative 

huIII1di ty "tween the X- and "'-epoch, vere 58 .1", 61... and 

59.1", at 15. 50, and 250 _ altitude. reap.ctivcly. for the 

open field, whUe, for the baIIltoo .tand, the cOlT8apond1ng 

~uea were 47 .~, 56.6", and 56.". The.e .bow that the 

dbtnnal tluctuatlona in relative buaidity v.re aore wUd 1. 

tbe open. a. ccapered to wi thin the baaltoo .tand. The bu.tter1a& 

ettect of the .. boo .tand on the daUy nllctuationa ot relati" 

buaidity. 1. aaari'ba'ble principally to 1ta abadlq ettect _lola 

nOlle •• the amw.en't t .. peratu.re al.lgbtlJ (a. va. .een UDder 
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.ectioo 4.4.1.,) tber.bf .uppre •• tng eY8potranap1rat1onal 

10 .... to the at.oapher. be.Ue. pre ... ntiq ad_et1on 111 lot. 

blanketing effeet. 

The altitudinal differences 1n relative hu.id1ty were 

Tery 1ruIigniticant, be it tbe X ... poch or the N ... poch. 

4.4.2.3 Coapariaon of relat1ve bumditie. within the two 
envirol'llHnt •• 

·.L'be differences 1n the relative buIIIidit188 between the 

open 1'1e1d and the bamboo .tand were fluctuating wideln tboup 

certain definite trend. ware discernible. In general, the 

dilierence. in the relative humidities between the two enviroa-

ments were not very much during the X-epoch; they were .or. 

or less the same for the two environment. at all the , altitude •• 

.!Jut, during the N ... pocb, the bamboo .tand generally recorded a 

higher relative bumidity than in the open Held, at all the , 

altitude., with one notable exception during the period 18tb 

f'l.8.I'Ch to 7th AprU 1980 (Standard wEeka 12- 14) wen the open 

iield recorded a hi&her relative hum1dity than within the 

bamboo .tand. The difter.nc.s were mo.t pronounced du.rin& the 

last week of M.rcb 1980 (Standard week 13). 

The aaxj.u. difference. in the relative humiditie., at 

all the' altitude., between the bamboo stand and the opea 

field occurred dur1na the periOd 29th January - 4th Febl'W!l.r1. 

1960 (Standard week 5). The aetual d1fferenoe. were 1'.~, 

1'.~, and 11.". for 15, 50 and 250 _ altitude. re.peet1ft17. 



In all cases, it was the bamboo 8t~nd that recorded the higher 

humidity and these Dk'ximum differences between the two environ­

IIIEnts arose only during the hottest part of the day, viz •• the 

~-epoch. 

Though the maximum difference occurred during .;anuary -

i ebruary which are the cooler parts of tbe year, still, the 

same trend Of tne 'bamboo stand recording a hi!;her humidity even 

(Juring "tne hot we,1tl~Er period (later part of April through July) 

is seen, which will be beneficial to any associnted 8nnual crop 

raised as an intercrop within the bamboo stand. The higher 

humidity observed within the bamboo st8nd is due both to the 

shading effect by the cano}'y which reduces evaporational loslIes. 

ana to the tlar*eting effect 01 the culms which effectively 

reduce the advectional losses of moisture in the Pir. 

lhe Singular exception of the period 18th Marc~ to 7th 

j,!?rll 1:"80 when the open 1ield recorded hi~.bEr rebtive humidi­

tiES as compared to the bamboo stand - to the extent of even 

.c3.1~ at 250 cm a1 ti tude durin" the period 25th - 31st l',arch 

1960 - was caused by a uniqUE combinetion of circumstances. 

It must 'be remeu.b"red Lh?t soybean was intercropped during the 

,kriod when microclilll3tic observAtions were rE corded and the 

soybean crop W;'8 provided with weekly irrigations excepting 

ourifli!, periods of rainy weather 'Ina durin€ the last sts"es 

of illi:lturity of the crop. The soybean intercrop of "txpt.2 "". 

harvEsted on 6th i'larch 1980. and the next soybean crop (loxpt.3) 
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was not sown until 18th April 1980. Thus, during the interval 

between the last irrigation for the soybean crop of Lxpt.2, 

which w-s ~iven in February 1980 and thE sprout irrig tion 

5iven to the soybean crop of L~,t.3 on 18th April 1980, the 

soil was not wetted. Durine this interval (26th february to 

14th J'pril 19&Oj, a total llMntity of only 28.2 mm of rainfall 

_s received in 4 rainy oays, while the pEn evc>poration during 

tk,i~ eriod amounted to E',S r:.uch cs 49.2 mm (Appendix 3 anci 

""iL.',1). Under theSE concitions of evaporation exceeding very 

mUCk, tl,E precipitation, with no irrigation to supplement the 

soil moi~ture. the rfsidual soil moisture must have been 

dE,:lEted at a VEry {,"st r"te by t!le lar!£E t",mboo clumps ",ith 

tneir exten::!ive root systems, which soon led to a relatively 

drier solI within the Lamboo stand 211 cOUlperecl to the open. 

V,ith nv soil moisture for ev?poratio", the re18tive humidity 

wi thin tt,,, bamboo stPflCl fell to v:lues lower the.n th~t for open 

4.4.3 Uverall c" .. 'lusio~s t bo:;.t rr.icrocllm;'te. 

'rhe Lam'boo stand 'lmelior"teE both thE air telll';er" ture 

(by rEoudn& it) ana the rel,tive humlcHy (1;)y lncre Sing it) 

tl",€reoy recucine the heat load on an associated annual intercrop 

nd reducing evapor" tional loss 01 soil moisture, both of which 

1IIill bene1it an Bssociuted annual intErcrop. On the other hand 

the bamboo stand deleteriously in!lueflces the annual intercrop 

throueh reducing ttlE light intensity available for ;~hotosynthesill 

and through root competition. 



4.5 SOIL l'iOIS1UhE 

(Ta,le 34) 

'~- -
v I ~; 

:ihe significant fact that strikes the eye -,:hEn the data 

on the fiuCtuations in the soil moisture status of the two 

• nVironments is examined. is that the soil mOisture content was 
~u 

tl1I7OU,,~t hit-her wlthin the bamboo stand as compAred to the open, 

eXCt,tin" on three OCC sions (Table 34). 

heckonifi£ the solI molfture in the open field as the 

sVmd:,rd, it is seEll that the increbse within the bamboo st','nd 

ra!l~_Ed from '9.7~, at 47 LAS to 30.1?, at 26 1-ilS. for Lxpt.1, the 

r"'r~e thus beillb 20.4~,. Lxpt.1 was conducted during the Dlonths 

oi i,utust to mid-i,ovember, 1979. During this period. there 

was one oc..cLsion (68 IN,::;. i.e., 25th vctober 1979) when the 

j)c'ttErn was inverted, and the bamboo stand recorded F\ lower 

fLcisturEo content. the deprEssion teirlt: - 15.47'. 

,. s ree,ard s Expt.2. thE increE, sed soil moL ture wi thin the 

ba.1iboo stcJnd as compared to thE' open, r3nged from as low 8S 

31.0;.. to as much as 162.~. the ran(';.11 thus being 131.9%. 

Lxpt.2 was conducted durillt trJE monthE of Lecember 1979 to 

early '-larch 1980. In t.his case also, there 'liEre two occasions. 

~hen the bamboo stand recordeo lower soil moisture contents aa 

comparee to the open 1illld. in tne 1irst instance l76 0AS. i.e. 

21st febru"ry 1980) to the tune of - 15.1", and in the second 

instanCE (63 lJj,$, i.e., 28th February 1980) to a still gre.oter 

extent. viz., -32.~. 



't,!_bJ:.e_~ t:..4!!!~y_~~g_~~o_i_!_t_~e_ .flu~tue!!o~~_~_d.!E_two hn'!.1,_r_~q_ments 

E1 • Within the bamboo st2no; E2 • In the open field 

Experimtllt 

L-.xrt • 1 

: "llow 

tallow 

StaeE of samplinf, 

12 liAS 

19 DIIS 

26 " 
3:; n 

40 

47 
:;4 
68 
76 

1 

" 
h 

!' 

" 

6 ,,"~;;, 

14 
2,) U 

27 n 

30 ,t 

n 

" 
69 n 

76 II 

1 DAB 

30 AUj!, 1:;(19 

6 Sep 79 
13 :oef 79 

12.4f:l 

13.08 
16.65 

17.70 

10.2;: 

14.41 
15.74 

10.53 

20 ;;;£!= 79 

27 [1ep 

4 uct 

11 (;ct 

2:; Oct 

2 i'ov 
9 bOY 

17 r.ov 

30 ~.)V 

I' l €c 

13 Lee 

7S 12.51 

'19 G.03 1.;,2 
79 ~1.bj 1~.36 

79 1-:-.b? 1·~~·.E7 

79 15.60 1~.42 

79 20.06 18.45 

7~ 2;.2C '1:':;.7.: 
79 19.08 19.J1 

79 16.09 13.4J 

79 21.86 16.69 

27 ;. r,e 7'1 12.31 

12.77 3 J'J.n 1Y80 22.06 

24.-..;an 

7 jet-

:.>0 17.67 

0(.) b.)5 

an 14.32 

G.?? 
j.bj 

13. 7~ 
10.42 

2!>. 
27.S 

3<.;.1 

12.4 
1f:l.6 

9.7 
11.7 

16.2 
1.2.1 

17.6 
0.4 

20.0 

;1.0 

34.2 
36.9 
72.7 
8'1.4 

162.9 
1213.8 

60.7 

37.4 
14 ::Cet so 21.4E. 9.59 12;.8 

21 ieb 80 1~.S7 15.19 (-)15.1 
28 1 &b eO 7.'.)3 10.j9 (-)32.3 

60 7.23 6.1'4 7.2 

------------- ------- ----_---- -------- --- ---_ --.. -------- -------------



'_{"""" 
d I ( 

The h1bher 8011 aOisture noticed within thE bamboo 

stnnd was the direct consequence of reduceo eV8potrenepiration 

due to thE shading f!!fect of the ba,;,boo canopy and the w1nd­

I.>reak e.Uect. Aa8e ane; ;';1ddoway (1976) hud ahown that w1nd­

bre8Ks 0:1 tall whea t e;raslI (Ar,rOpyron e10n/:\atUIII) reduce 

EVap?r,.· t1 on frow tile e011 surface. 

Yadav .!l.!!. (1963) studied thE p,?t tf'rn 01 cl'li'nce. 1n 

the 1i011 ;01sturf cor;'lEntlo at 4 oili.rent cleo tlls (0-1', 1'-2', 

2'-5', an,- }'-4') 1.1to1n a 16-YfO"r old st!'nc vi l,,€ndroca1amut 

,tr1ctutl, spaced 12' x 12', ano cOllip';:red 1t witn an adjt>cent 

trr,Sfl pl(;t. This study 1£ cOICikr,ctl€ ""i th the prel!€r.t 1nvest1-

t"t10n ii, cert,,1n aspects - the' ",ress plot' would correspond 

to te,e lopen fiElc.\'. Ult' r1-1' ct';"tt rout:h1y COrTHll'OnCI! to the 

U-1!/ em sc11 oe,.'tt, 0.1 sau;~,linu of thE present invef'ti€/ltion, 

Ciftwfen the clu::up; "Ire elnlost same. ho""eVtr, thE 3teS of the 

t.all.boo clumps d1i.:.er very much ane; whilE ill the stU(;y of Yadl'lv 

.!l.!!. t 196;,) tbe b8l1.000 stand W<'.s entirely rair.led, in the 

present invest1bat1oll. the Lao.bo .. clull:, s received the benefit 

o:f wHkly irrihations r..ace tv the Boyte( n intercrop. tbove all, 

in tH .tor;ner stu".> t~)fre W':f no intercrop to cowrl1cate inter-

prft,"t1un~. Yatlev.!.!!l. \ 19{,3) Aleo nporteC tlet tht' 5011 

moit,ture content ,t<,,, Lenerelly 01 1! hi[her oreer undEr bamboo 

th"n under brass (JUt! 1,,1'l,;e1y to less evaporatlonal 10ssee and 

l"ut,her wl'lter ret in1nt; po"er of !tIl! 5011 ullder the fOnlEr. 



lhe instances where the soil aoisture content of the 

bamboo stand WEre lower than that of the open field may now 

be exalllined. Ia Expt.1, when the soytean crop _s 68 LAS old 

(i.e., on 25th October 1979) the bambOO stand rEcordf14i1 15.4,., 

less f,loillture than the open !if.lo. An Exalllination of the 

weather data (Appendix 3 and Fig.11) reveals th~t during the 

perioo 22nd-28tb October 1979, a total rain!~ll of 88., ma was 

received in .. rainy days. 'r,hile this repruente" the higheat 

ever received upto that stage 01 soybean growth, and thus 

su11iciently .o~ked up thE soil in the open field (with only 

the soybean cover). it was not hitch enough to penet~-\tE the 

bambuo canopy 8u1f1ciently aa to add a similar quantity of 

water throUbh drip. bulk of the rainfall was intercepted ~ 

the ba~boo canopy. Hence the soil within the bamboo stand 

whilE bei~ wet was not 3.S wet as in the open fifld, whicb 

explains thE anomaly. Subsequently (12th-18th November 1979) 

when !!I very heavy rainfall of 263.6 mill was received in 5 re.iny 

days, thE rainfall wae :far in excess of the In:Hltration rate 

for the soil and thE run off 10S8 was bight while the bamboo 

canopy moderated this and prolon;;ecl tthro~h leaf drip) the 

period of addition of rain water such t~t the soil moisture 

content witbin the bamboo stand was once again hi~her than 

tnat for the open field. 

In ~pt.2, the two consecutive acceasions when tbe 8011 

moieture within .ne bam1)oo stand vas le.8 than that for the 

open field, occurred during the last phase of crop growth of 



to. soyb.an crop (76 - 8' lJAS). wbe" irrigations bac been cut 

out. Tiles. two PEriods of SIllll'lpJ.1ng, yiZ., 21.t February and 

28th h'bruary 1980, corresponded with the rainleaa period of 

the year (Appendix '). With no irrigation to supplement the 

80il lIoisture, and the weather be1n& dry, the root campetitloA 

for soil moisture from the ballboo clUllP IlUst have been so 
tfle 

intense thatA80il mOisture reserve V? quickly depleted within 

the bambOo stand .uch th~t it recorded 8 lower soil moisture 

aa compared to tile open field. 

~1'1le di1:ferEncES clurillt, the fallow periods were relatively 

not much and hence lend support to the infErences drewn aboye. 

however, it must be pOinted out that further work is indicated 

ior re80lvir~ tne com,lex inter-relations between weat~er, the 

shelterlAb effect of the ba~boo canopy. root competition for 

soil moisture bEtween bamboo and an associated intercrop, and 

above all the efiect of super-imposition of irri6Btlon. 

Aa rei!>arda abllollolt. lIoistllre contents, it r-nged trOll 

8.0"", to 23.20';1 for the bamboo stand and trOll! 7.32'!< to 19.7'" 

lor the open field, during Lxrt.1. In this expEriment, the 

times ot occurrtnce 01 the lo~eat soil moisture content <4th 

vctober 1979) and the hien.at s011 aoistllr. content (17th 

l.ovembEr 1979) were the saa. tor both tn. environment •• 

During ~xpt.2 the soil moisture contents renaed fro. 

7.0};t (00 28th fr'bnlary 1960) to 22.1,* (00 "st January 1960) 

tor the baaboo .tand and tr_ ,.6". (on 24th January 1980) to 

16.6~ (on 13th .lJecember 1979) for to. open Hdd. Thus, t.mlike 
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ill Lxpt .1, the t1 .. s of occurrence of the lowest ss 'Well a. 

th. h1~htst soil molsture cor-tent. wert not colncidental in 

k,x.t.2. The reason for thi. 'W88 that whl1e Expt.1 'WIle con­

ducted durine the wet season, txrt.2 'Was conducted dur1ng the 

cool drf season, so that a t1m. la& developed bet'Ween tbe t'Wo 

f:flvlronments as far II.S soU moisture Chargill2, and olrpl_tlOft 

are ccncerned, due to the presence 01 the bamboo canopy chiefly 

anI the consequ£nt dHterence introduced. Yadav.t1!l. (196') 

observed a dm.1lllr phenomenon in their study which 'WIll conducted 

under entirely rain!eo cond11:ions. lhey found th"~whl1. the 
I 

minlmWll loll moilture values were rtached slmul tan_oualy or 

8 little later In the &ra8. plot a. compared to the bamboo 

stand in 0-1' 8011 layer, they were recorded much earlier in 

the o£eper layers of so11 under grass plot. lh. ti .. lai 

Observed in the prEsent invest16 stlon may be due to a tnerael 

1:::6 w1thin tbe bamboo stand cau.ed by an inErtia of the all' 

I118SS withln the bamboo stand to respond quickly to temperature 

char~e$ in the atmosphere. 

Comp,<rillf, the two experiJDf:nt. lExpt.1 ana E.xpt.2) it ls 

seen that the so11 moisture difference. bet .. en the two tnvirOD­

ments were more pronounced 1n E.xpt.2 than In li.xpt.1. The 

reason for this 1s that while Expt.1 wal conducted durin& the 

wettest part of the year, Expt.2 was rua durine; the cll"J. 

thOl.l&h cool .e.8Oft. It i. obv10\d1 the heavy ra1ntall. 4ur1DC 

~xpt.1 marked the protecti .. .ulob e~tect ot the ~ ate .. 

and thus reduced tM dlt~e"noes bet __ tbe two ... u...ata. 
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It may therefore be concluded that trom the point ot s011 

moisture conservation. under irrigated cOnditions. the bamboo 

stand is superior to the open field. acting aimil?r to a mvlch, 

by redUCing eVI.'potrFu!!,irational lossell. This ~dv'1ntl'lge ll\l!Iy be 

useful in reduclI~ the irrigation water demand, and possibly also 

in increasine the w~ter use efficiency (WUE) as reported by 

i·cadke and L urrQWS (1970) for sheltl!red 80yb.8n. 

'.thOU.,)l hoeing and weeding was carried out (Jnce, wh.n the 

soybean crop was YGUnb. subsequently the weeds were not removed, 

in "the case of Expt.3, so as to observe the pPlttern of weed 

infestation, as juuji,ed after the harvest of the soybean. 

,rom Table 35 it is seen certain clear-cut differences 

ewer"e betWEen tt,e two environments. firstly. the weE'd popula­

tion wss substantially lower within the bamboo stAnd (Han 

i"cioence of 2Jt..4weed plant.I.2) as cOllp<:red to the open field 

(mea:l incidencE of 34.' weed Plants/1I2). Secondly. whUe 

aonocot weecs were very abunofJnt in the open ;field (48.64~, 

illcidence) as cOCIpared with the bamboo stand. l14.0';, incidence), 

the reverse was the case with the bamboo atand. where dioot 

wuds dam1nated \l:l5.951t incidence) •• cOIIIpared to the open field 

(51.30,. incidence). Thirdly, there were difference. in the 

floristic COlll.poS~ Uans 01' the weed populations, between the two 

enviJ'orllllent.. TbulI, wbile certain spedes like Corcb9fU' 

olllor1ya and iyphorbia ~ were very abundant and more or 
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'raele ;;5\a) 

l.x.ptd 

Hatura~-order wise distribUtion 01 'Weed flora 'dEEDS 
- l:li "tw_o_ !,ll!!r:"'J'!!!l~~b 

..; .l~o. l~atural order \ithL<t tne In the open 
bamboo stand field 

(1. 1) (f_
2

) 
_._--- _ __ O"_, __ ------,_,-_ -_--_._- _. __ . --- ---~-. 

i.Wllbu' 
,., ot: 1h.lIlber 

!I(. of 
total total 

. --- --------
~ 

A1z.;)aceae 2 0.28 2 0.19 

"- ... mar:mtI.lil.cea" 34 4.68 14 1.}6 
7 Con:psoi t(l€ 1<22 25.0r 1~0 10.70 J 

4 Convol vulaceae 8 1.10 2 0.19 

5 .t;;uphorb1aceae 168 23.14 184 17.90 

6 La:t;1ateae 26 3.58 2 0.19 

7 ".blv·"ce~e 12 1.65 10 0.97 

d Nyctag111aceae 12 1.65 18 1.75 

'3 Paf111onaee',e 30 4."\3 24 2.33 
10 t .... biaceae 30 4.13 14 1.}6 

11 1iliaceae 1'12 15.43 146 14.20 

1£ ¥erbenaceae 8 1.10 2 0.19 

;1C!j,,~,.t.: s 

1 ~oGw.el1.J.'la ceae 3& 5.23 0.00 

2 Crbmiuae 64 8.81 5()O 48.64 
_---- --- -- .--.--.---

latal 726 100 •. .)() 1,J2& 100.00 
- - ---- _, "_--_"_._-
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~:.t;_J._E ,.2§ .':io ... ass ,irEsh 1HE1"ht) of "Eids under two envlrQnmen_!_. 

Exp"t. 2> ~t bcrvEst 21 _",o"y\jea~L_g:'!£_l~[~) 

F lEVEls 

L 

150.0 

270.0 

122.5 

72.5 

85.0 

536.2 

460.0 

493.7 

£,iean 

255.4 

227.' 

~82.9 
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1 ••• aillUar in incidence Wlder both environments, speci •• 

like "earanthu. ap •• Lat.,uca ll:911ia. ~ aapera, Ibmo.1a 

~, ete •• were more abundant within the bamboo .t~nd tban 

in the open. tn. maximum di1fer.nc. being aeen in th. ca.. of 

~ ase.rs which recorded a 1::1-!old incre<l., wi thin tb. 

b&mboo stand. 

'l'hat the w.eel population within the bamboo stand is 

lesser could be Expected, aince it wns seen th~t the intercrop 

01. soybean. particularly in j"xpt .3, lII8.l1 deleteriously influenced 

by the bamboo shade and root competition. It stands to re~.on 

that the weed plants aleo .ust have been s1milarly affect.d. 

'iakifl€, the mean wuo incid.nce tor the open field (34.3/.2) a. 

the standard, it i8 .een th2t there was a reduction in weed 

popul2tion within the bsmboo stand. to the tune af~. Thi. 

be(~rs a very clase resemblance to the reduction in soybean 

papul«tion. where it _s 2~ llable 25) at tbe end of Expt.,. 

~he ~.d population h~vir~ auifered wanton removal once (i ••• , 

hoeir't- and weecii:16) unliKe th!: soybean. can naturally be 

expected to shaw a populatioll reduction hij:lher (~) tban that 

for soybean (22~). 

ViEwed from an €ntlrely dliierent aagl" the presenee of 

a 8ubstantiel number of weeds (2.42.000 popul~t10n/ba) within 

to. bamboo stand 11 indicative of the fact thillt inapite of 

the adverae conditions for ple.nt growth within the bamboo 

atand, still. many annual green plant. app.ar to thrive. Thi. 

conclusively establish.s the tens1b1lity of reiainc aome 



economically uselul annual crop within a bamboo stand of 

siailar a~e (upto about 5 years). the only lacuna be1ng the 

identl1icetion of the ideal crop specie. which will effeetiyely 

compete with thE bamboo roota, adapt itself to thE reduced ligbt 

conaitioM, and thrive to ."Itl.lrity. Though soybe~n perbapa HY 

not be the ideal intercrop wi tt.in a bamboo stana. there may 

exist other crops adapted to the conditions j:Tevailint; within 

tlv bamboo stand. 

'fhl! predominance ot dicot weds within tht! bamboo stend 

SUt,gEstS II superior adaptation on their p<'rt. It i8 known 

that thEre are dbtinct differencn between monocot end dieot 

plants in so far ~s sorption of mineral nutriFnts is concerned. 

ihus d1eot plants sorb cations much more th~n anions. As 8 

corollary. in a mixed stand of both monocots and d1eots, there 

may not ~ competition for the same nutrient el ... nt. Thus, 

bamboo being Ii monvcet must differ from thE cicot .. eda in its 

nutritional pref£rences, which would explain the predominance 

o! aioot WEeds anc the suppression it not total exclusion of 

monocot weeus. This. differential behaviour. incidentally, 

would simplify choice of ~eedic1des in chemic~l weed killing 

t€QaUSE ot the d1s~1r1ty b€twe.n bamboo, a monocot, and the 

aicot weeds. whietl is a practical advantage. 

If we examine the composition of we.ds in terms ot the 

naturel oNers to which they belong{'labl.e 35(a» it is seen 

tOit 1t is Eupho. bi.ac:eae that dCll1nate. both the envil'OlIIHnts 
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followed by Tilicea.. but cOlllposltae, while belng dOll1nant 

with1n the bamboo stand was not so in the open Held. 

Thi. 11ne of discusslon cannot. however. be extended to 

tile lIIonocot weeds, slnce therE are not lIIIiny natural orders 111 

monocots as comparEd to dieats, a8 to effect any meaningful 

comparison at the natural order lEvel. 

IihilE discusainB; natural orders of the weed., It ls 1ntenat· 

~ to note that i-apllionaceae, to which soybean also beloll&s, 

accounts for only 4.1~ In the bamboo stand snd 2.3'" in the 

open field. Perhaps these low percentages are the result of 

les8 abundance of "J~lionaceous weeds, as a whole, 1n the eco-
A 

10Lloal envlrolllllEnt ot t,he present investigation. However, the 
e 

hi6her percentabe 01 ~ap11onac.ous veeos s.en within the bamboO 
A 

stand would perhaps .u£gest their natural adaptation to low 

libht intenslties. Lore particularly, the 11-!01d abundance 

of the ?apil1onaceolUl wud Rhyncosia ~ wi thin the bamboo 

stand lends support to this line of reAsoning. 

As re6arde individual spECies, 8S already mentioned some 

",eed species like C.orChOTlUI olltoriu. which recorded the high .. t 

Bbundance (about n.s!» 01' the total weed population) for any 

one WEeo specie., in this 1nve.tiiation. occurred equal.ly 

abundantly in both envirofllllenta. It i_ very likely that this 

specie. is _hade tolerant and adapt. itaelf to the reduced 

litlht conditione prevailing witb1n the bamboo et;>Dd. That 

auch adaptat10na on tbe part of one and the aaae specie. ill 



both o~n and abady habitata exiata. baa been reported bJ 

uri_ (1968) a .... n in Acer.l:!!.l!!!l!!. III contrast th. 19-fo1d 

abundance of the La'b1at .. e weed ~ .!.!21£!. wi thin the bUlboo 

st;'no .u" •• ta tnat it i. a ahede plant rathEr than a .un-plant. 

Table 36 pre.ents data on the biomas. of WEeds. It 1. 

aeen tn'.'t the 1nsh weights u:f whole weed plants WEre 496.7 kg/ba 

in the open 11elo while it was as law as 134.6 kg/hft within tbe 

bamboo stand. 'l'hi. dra.tic reduction in weed biomass within 

the bamboo stano to the .xtent of 7~ highlibht. the adver •• 

conditions prevailini therein. Cowparing this with the .oybean 

biomau yields crable 22) for !:.xpt.3. it is Bun that soybean 

biomass was depressed much more, to the extent of 61~. within 

the bamboo stand. lhese reductions within ttle b'!mboo .tand 

were caused by tr,. sh<,de etfect 01 the bamboo ,..hlch must ha". 

seriously curtailed the pl,otosynthesi. of the weed planta and 

the root comlfUtion from the bamboo cll.lllps. Thi. i8 further 

h1bt~i~hted by the dilferentisl behnviour among bamboo cluap. 

tr.el&selves. Thus. whUe the ,.'.ed biomaS8 was 175.8 kg/ha 

under 'low vit;our' (L) clUlliPS. it was as low as 93.3 kg/ha 

under the 'nigh vieour' (h) clum~s. On the other hand, P 

level. did not i,ni.uEnce the weed 1nfestation materially. 

It may be summed up that, like the intercrOPt the .. ed 

flora also .ulfer serioua setbacks in growth. within the ba.boo 

stand. This setbeck _niteat. itself aa reductions in weed 

popul'tion and lIIwed biOlllaa.. Such a aetback while !ocuss1nl 

attent10n on the adVer •• conditions for green plant growth 

within the baaboo stand. 1. a welcome feature in 80 far a. 
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weed auppr •• sion is concerned. S .. epeeie. of .. ect. thri.e 

equally well in both environment. while yet others thrive 

better within tile bal.Iiboo stand which points to tb«ir shad. 

ada~tation. between monocot and dieot w.ed., the latter pre­

...,onoerate within the balllboo stand, 'Which l118y be taken advantage 

o! in Chemical weed control in sol. crop bamboo plantations 

since oamboos are 1II0nocot. and thus selectivity is ensured. 

4.7 ' .. C">'iiJ!';lCS vt 1M'l LCE'~' ?H", j;'/'.I',h00 SH.);m; ;. '" hS; l£TS CF 
Pf,ACI I CAL I'J,; I\Gi.NLf,;r 

In evaluatifl6 the coatI benefit ratio ot raising ,annual 

intErcrops between woody ~erennial crops, like bamboos, certain 

constraints as listed below, need consideration. 

1. The 1IIoody perennial crop which b the b"ule crop, is of 

relatively very long duration aM its yield 18 realisable 

only terminally at the end of several yeara after plantina. 

,iowever, in the case of ba.boos thE wood yield is repeti­

tively realisable, usually onCE in three years. Still, 

even in bamboos it takes more than a decade belore the 

tell1!lt cycle yiElds stabilize. Hence, judging bIt.boo 

culm yields based on a yount. crop o! about 6 yeara will 

not be realistic but only indicative. 

2. l urtner, tba culms harvested !rom a young crop will be 

__ ller in .ize to that obtained froa full-B,J'Olm alld 

yield-stabllized clumps and bence will retcb very low 

prices in tne market. 



3. liuril'l£ the first 5 tor 6 yean of establishment of • 

sole crop of bamboo, no rfturn i. reali.able. On the 

other hane expenditure i. involved in establishing the 

cror. 

4. 1he coets ot establishin& bamboo plantations have been 

estimated by sEveral forest officials. Unfortunately 

these estilll3tea are not directly applic';ble to farm 

situations because, 

i) the estimates pertain to large-scale plant.tiona of 

several hundreds of hectares with attendant economie. 

of sc:!l.; 

ii) they pertain to ~ov.rnment-owned lands and hence 

include ch~rges tor supervision, protection, and 

intErest on capital EtC •• 

ili) they pertain to torest situations where certain 

Ufl'voidEtole expenditures like acarinl; away of wild 

life. cost of transport over long leads and difficult 

terrain etc., arise, which are absent under tarm 

situations; on the other hand, the rlantation once 

established 1s invrjriably rainted and practically 

unw< eded Wb.ich in turn reduce thE cost ot 1118io-

tenance of the crop., and 

iV) they usually assume pro-rata costs tor exploitation. 

the harvesting beins usually carried out by contrac­

tors supply1n& paper mills. 
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5. Re~ardin& costs of cultivation of intercrops between tree 

crops Illsc, practically no pUblished infon,!!'tlon is available 

as 01' dl'lte since this agroforestry practice i. yet to gain 

momentum as many of the problems of such 8 system remain un­

solved. Even if the cost of cultivation under .£!:!!!!!1 cultivation 

cond! tiona for a['flu,l int ercrops r::.ised betwee;<, yount; trees are 

b"t~H'red H,rQuc:,L ar;y SurvEY, tbe.,' cun dt o:::st be only indicative 

for the iollo'Nin,< rl'al!0nS -

i) tId, kumridtiar uses only 1:111.11y l'lbour sine€ he lives 

inside the lorest; 

ii) th. forest soil is more fertile, ~eing richer in humus, 

"'no hence c8!mot be COII1:cared witt. the f8rm sol1; 

iii) 3.11 operdtions are rr.sn;.1ally c"rried out l'i:1CE' no bullock 

power is [1vailat-J.E within t!1c i0rest; 

Iv) lIlainte:.::mCi; of suil fertility "no sustained levt'ls of 

proCluctiolJ oi annual CI'v:e: yields are llut Lced by the 

KUIl1riohar, who is only a sh1!t1ng cultivator; 

v) ConJilonly no fertilizer!' or agroche.,1czls [Ire "pplied 

ty him end henc~ the cost£ are rEduced; 

vi; iUbl.i.tutiollal fill<,nce ilS n·_,t t1(:edn: by him, for he 

procl ... cEs tl,e crops gem:'rally tor his own consUlIIptlon 

ratter than lor UiE dist,:nt :: :~rk€t; 
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Vii) part ot tb. cost 0: r"ia1fl£ th£ baae crop (aeedling 

pr\)duct1on ancl tr,nsport to aite) aa well as maintenance 

ot Established tree crop art borne by the roreat depart-

IIlEnts; and 

viii) his annual crlTi" are e.enerally reinted, the rorest c11-

1iI"ta beint, vastly dHferent from that at the plains. 

6. LVEn during the 1nJ. t.t. "'1 pha!'E!! of t;rowth of thdbas. crop, 
I 

when' eat,) :'liahment Intercro;;"plng' 1s pract1cable t bullock or 

IDEcol:.n1c/l power 111&1 not b4t uaable unless th .. spacing betw.en 

the tru crop 111 very wide; hence manual 18 bour costa will be 

incrt'ased es compared sole crops of the annual crops concerned. 

i.itn these conetr,'ints re&aro1~ arr1v1ne; at an accurate 

esUm·te of costs of cultivation in mind, the situation l18y 

now be examinee. Andlyappan and ~;ilson (1963) reported that 

t:.e cost of raising a bamboo plant':!tion in Tam1l Nadu. even 

on a larbE seal., will be not less than ks.5rn) per hectare, 

unoer reserved forest conditions. N •• lay (1972) estimated the 

cost of establishment ot bamt oos under l'ln, hye f'rad,sh re .. "ad 

forest conuitlona at n5.243.90 soc 349.50 p>r hEctare for 

6.0 A 6.0 • and 4.5 X 4.5 spacings respectively, tor the first 

year a.lone; subae~uent maintencillce cost. were R •• 100 and 

i-.a.200 per hectare for the above two spacing., and for the 

second and third years. 
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Venkatakr1shnan (1972) Who stud1ed departmental 

u.pIo1tation Of bamboo plant"tiona 1n cert!lin r.s.rwd fore.ts 

of 'ramil .. adll. reported tbat the cost of r31Bing iii 'bamboo 

plantation ano llaintainine, it upto 10 year. (1960-1970) worked 

out to only Ke.1.844 for 16.6 hectares. which i8 Re.111 per 

nectare. Vn the other hand. the .~pendlture incurred on 

extraction. conversion (i •••• cI.~ir~ and trimm1~ to a1z.) 

and transpurt "f the culms to thE nearest depot w"s Ls.15.620.50, 

which works out Ra.941 per hectare, while the total r£venu. 

rE~li8Ed by sRIe of the extracted bamboos was ka.34,670. which 

worka out to hs.2.009 per hectare. 'l.'hus. baaed on the total 

.xp.~viture of ha.1.052 per hectare, the cost:titnefit rptl0 

works out to 1.~~. 

'Ine exp~ri.nce t.ained in est~tli8hint commerci~l planta­

tions of bamboos by the w.st Coast ~apEr Mills Ltd., at Dand.li 

(Mlrnataka State) has bun reported by (.haudhari (1966). H. 

has lurnished the cost of raising ,lant'tiona of BambUI! 

arunoinacea bamboo; this con does not include coat of rel.ina 

the seedl~s aince tbEy were obtained from natur~lly re~ener8-

ted seealine.. HOWEver, costs 01 fertiliz.rs. thEir application 

and manual weeding are includ.d. though certain costs like 

supervision, tire protection. inspection roads, and watch and 

ward are also included, which do not norm?lly arise under t~ra 

aituat1ona. he reported !"~r hectare (converted fl'OII the per 

acre fi~ures) ex'-'.nditur.s of l\a.247. Ra.74, Ra.12.,S. and 



395 

RS.~ for the 1st. 2nd. 3rd ano 6th yeara of eatablishment 

rupectively. no expenditure being incurred during the 4th snd 

5th years. The total expenditure thus worked out to Rs.432." 

per hectare. 

Siva Prasad (1sao) froll :'ndhra "'raduh. reported that 

~endrocalamH' strictu. pl.nt~tion8 with clump specine' of 5 X 6 II 

havine:. a stoclt.1llt; 01 around 140 c:lumps/acr. \ 346 clumps/be) w111 

come for first tell1~ on the 7th year when 20 culma/cluap (i •••• 

2.800 culms/acreJ wUl 'bE re~oy lor .xtraction. out of which 

only 2000 culm. will be exploitable to maintaln the lit. cycle. 

fie assumed a rate of '.s.2/culm for the 7th y.ar telling and 

thus calculated that a total return of hs.4.oo0/acre (i.e., 

1'5.9.000/ba) will result. whUe, accord1ne; to b1ll tb. coat of 

develof1nL and ~air.ta1n1c~ such a plantation will not exceed 

r.s.5OO/8cr. \i.e., Ka.1235/ba). And, in another 2 year., the 

S",llle pla.ntation will yield anotber 1'.8.5000-6000 {i •••• R •• 12.,50 -

1.8.14.820/h8). he also stated that lntercropping of dry land 

vetoetable, pulSE or coar •• graln crops ",i th thE bamboo. is alao 

possible UVto , to 4 ye<:ra. 

l~atnan (19&0) countered thesE estillat.a and baaed on the 

expErience or cultivation of D'edtocalaaus strictu! on tn. 

alluvial s01la of thE 'l'1'lan;j8vur delta (Tamil Nadu Sta't.j \lIUIer 

farm 8itup.tion., stated that the culm. attain their mexiaua 81z. 

only by about the 12th-15th year after planting after which 1t 

stabilize.. Thus, though the !1rEt felling can be done atter 
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7 years, fair-ai&ed culma can be had by the 12th year only. 

he !urther stated tnat even it 140 clumps are planted to an 

acre, thr0l.l&b a process of natural •• lection, only 40 clUillpa/ 

acre (i •••• 99 clumps/be) will survive 10 yeArs aft.r plant1n&. 

ne recommended thet 1t i. vetter to limit the clu.p size to 

a~out 4D-50 culms/clump ana stated that Every year new culm. 

'Will be added at tne rete ot 1/4th of the cll.llllp siz., while 

every alternate yef>r 1/3rd of the culma can be cut away. He 

reported U",t the th.n (1980) prevailing market rata for a cullIl 

01 40' (i •••• 12.2 .) length and 5- (i •••• 127 -=) diameter. was 

j,s.10. ana added tbat Hs.4.000/acre (hs.9.660/ba; can be reali.ed 

every alter~'te year. 

A survey conducted by the staff of the Department of 

lorutr) of the Tamil Nadu Ae;rlculturel Univerdty, Coi.batore 

\I.nony.ous. 1975) in the 1'i'mnjawr distric:t (Tamil Nadl.l State) 

snowed tn;,t the revenue realisable by s81. of the b.'lrve.ted 

culu.s (19'15 11eures) ra~ed frOll ha.34.580/h8 for 5-year old 

clumps (at en averatl,e of 40 culms/clUllp out of which ~ are 

felled, and at 4}2 clumps/be) 8t the tilll of thE first harv.st, 

to ha.2:;;,640/1Ellilliil., a1'ter the yield ahad stabilized, tor 

2D-year old clumps. Seshactri.!.1!l. (1977b) t based on ths 

exptrienCE of rai.ir~ bambOOS under ferm conditions and under 

.ci~ntl!iC .(thoca of manaGellent, furnished a detailed pecka,_ 

Qf pract10es for be.boo cultivation. They stated that an yield 

01 2,500 culaa/ha can De expected from aiddle-ag.d cluapa. aDd 

that .scb cula will retch Rs.3-5 in the r.tail .arket. 
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From the fore£o1n6 di.cus.iOll it 18 .. en that the coat 

of Establishment of bamboo stands and tbeir maintenance upto 

the first felli~, a. reported by ditterent workers, veri •• 

1'rot:l il.a.111 - 500/hII under reserved forest conditions and 

about Rs.432 tor commerci',l plant<>t!ons. Nathan (1980) reported 

that the annual expenditure on interew.t1vatior., trashing, 1'enc­

in{, aOO SOUl. propping ano cullint_ is tully lIet by the price 

obtained tor the bAmboo 'thorns' (i.e., the branches) that 

are tr2.shed anc aold. under farm situ~tions. 

It may therefore be safely assumed th~t under farm condi­

tions and at presellt day (1985) costs, the cost of establishment 

and maintenance u1" a stand of nendrocalalllus strictu! bamboo, 

U,l:to the 6th year would work out to about h5.75O pEr hectare. 

In addition, th~ cost ot fellini, cleaning and transporting of 

culms fr~ 6 year old ~amboo clumps could be satey assumed at 

1.8.1000 per hectare. Similarly, the culms as harvested at the 

End ot the 6th year, being slII-·ll, cow.d be assumed to :fetch 
I 

OlllYha.6/culm, which is a conse" the estilll"lte. l'akint, the 

avers(.,e yield of 8,255 culms/ha, which is based on thE data 

trom actual narvests made in tr,e present invEstle;atlon (dis­

cussed under section 4.2.8), the revenue realisable by sale ot 

harvested culms works out to hs.49,530/hs at the time of the 

tirst harve.t (i.e., 6 years after planting). 

he6ardi~ the soybean crop used in the present inve.ti ... 

toetion, the cultural details WEre identical both :for the 801. 
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crop iro"" 1n the open t1eld as well a. for the 1nterorop 

.rolfn witb1n the bamboo .tand. aence, the costl of cultivatloa 

were the aame. Any di1terence 1n labour costs on weeding that 

could have arisen due to the reduced loybean populatIon wIthin 

t~A bamboo Itand was otfset by the increased difficulty of 

lIIoving about 'Within the stand, IUob that weedine, coats were 

the same. The coat 01 cultiyation of sole CIIOP of soybean 

raiseo under irrigation, works out to about ~a.750/h.ctar., at 

tr.€ presEnt tilDe (1S;d5) costa. 

".7.2. l:.conomiC! 01 1ntercropp111;'; 1n 'bellboo 

l:lased on the above I1Lurea for bamboo and soybean, and 

rEstrlctine, the yiEldS of both the bamboo and soybean to the 

actual figures obSErved 1n thE present inveattention, the 

iollowine, balance shEet 1s worKed out. 

(8, .L.~l!~l_~a. __ o_1 cu,l,,~l!!l~!~_.I!. __ s_~le cr~.E._()f__~oybean over 1 

hE5:~~~_~_t_l~_~~!:_~_ 6-l~~ p€ri~ 

(vide Table 26) 

i) Cost 01 cultivation for 16 

crops, at thE rate of 3 crops/ 
year X 6 years .lI. hill. 750 per hEctare 

11) Yield 01 brain/year 

1st crop • 201 kg 

2nd crop • 1,072 kg 

.'5rd crop • 1,401 k& ------
Tot ... l • 2,674 kg ----
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111) 'lotal retl.ll'n by Ale of Eraa 
at the rate of 2,674 kg/year 
X 6 years X hs.,/kc ft •• 1ta,132 

---------
h) ~et profit tor 6 year. • Rs.3lt,632 

-----
v) Costs beneiit ratio 3.56 

(b) LClonomics ot el.ll.!}.!!!!l~ a ~ .. ~.~r:o~_.o! buI~~t .. ~t!!: 

cropped wlth soybean, over 1 he.eta.rel .. anc2 ... o!.e:r .. 8I ... :§ ... .lClar 

perlOd. 

1. base crop - hamboo 

i) COst 01 cultivation of bamboo up to 
the 6th year 

il) Coat of harveatin& culma ~t the 
end of tllE 6th year 

2. lntercrop - Soybean 

ill) Cost of cultivation for 18 crops. 
at hs.750 per crop per hectare 

iv) ·rotal expenditure for 6 years 

3. hEturna 

VJ rotal return from bambOO by 881e of 

8,255 culms (Tal..le 33) at Rs.6/;:uJ •• , 
at tt,e end of 6 yesr. 

Yi) Y1£ld of grain of soybean/year 
(Table 26) 

1st crop 
2nd <:TOp ,rei cr"'p 

Total 

• 249 k& 
• 1n k& 
• 190 It, 
• 616 It& 

hs. 750 

Ra. ',000 
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v11) lotal return by aale of grain at the 
rate of 616 kg/year ~ 6 Yllars X Ra.3/kg 

vi11) Grand total return • 

ka.11,oea 

Rs.60,618 

I\s.45.:568 ix) Net prolit tor 6 years 

xi i;oatl l endi t ratio 

i) lntercroppillt system 01 bamboo + soybean 

11) SolE crop sYEtem 01 only soybean 

iI.1fference in rro:Ut over a 6-year 
period 

Thereiore, 

• 3.97 

r\ •• 45,368 

hs.34,632 

• Hs.1,789/ha 

It is eviaent !rom the above calculations th2t the inter­

crOi"ing system is more profitable (11.~ hift,t'r coat: benefit 

TJtio) tt~n raising a sole crop 01 either soybean or bamboo, 

as JUcl&ed over I:l 6-year pt'ricx!. i or period s less than thls, 

the returns .irem the intercrop,in& system will obViOU.lly be 

lowlEr tnan those from sole crop soybean. Undoubtedly, the 

return lram the 80ybllan component in the lntercroprin& syatem 

will be very poor 8S compared to that from a 801e crop soybean, 

dl.lE to severe yield reduction. But the average extra inCOllle 

01 fls.1,789/ha/year derivable from the intercroppin& syst .. 

• ore than oftset· this disadvantage. 
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4.7., V~J,d~~...i'~ o.f~~lla.~_P~!~_<lll!C!~~I1.!te~~l_1Iltive balance abeeU 

In the fore&oil'l& calculations certain aalJWllptiona, a. N­

~arda rates ru, .. been m~de though actually observed yields bave 

been uaed. While cult1Yation costs, tor both bamboo and soybean. 

have been estimated r'thEr accurately and the prewiling market 

I'('te fvr soybean tr<~1n baa been used. the Sill. price for the 

produce trom the bas. crop (i •••• hs.6/culm) assumed is 8 very 

C0n8El'Yat1ve estimate. In the "t·.'11 mark£ts, the price for a 

well-sized culm ran&.a tram Ks.1S-20. These prices are, of 

courSE :for bamboO used as timber. However, when bamboO culauI 

are sold aa pulpwood raw material to paper mills, the price 

oltered w111 be very low. Tak1r~ the avera be y1eld of cul .. 

of 7.677 tOllm:s/ha <as discussed Wlder section 4.2.12) and the 

CurrEnt ~19a5) price of Ra.350/tonne of bamboo offered by the 

paper mills in tt_ Stat. (their actual buyiD£ rat. !rOm the 

vuverlllllent 10rests beiCifi; IIII.1ch lOWEr than tr,is), the total 

return from bamboo. if lIold on a wei6 ht basis. will work out 

to only hs.2.687/ha at the end of the 6th year of plantin&. 

L venthout,h. tbis lev.l of returl: would still {'in a profit, 

slnce the cost 01 cultivation of bambOO ia just k •• 1.750/ha 

avEr a ~-ye8r pEriod. it cannot compete with the profit 

realisable throue,h sale of bamboo culms a. titllber. 

Another assumption ma4. i. the un1fora rat. of annual 

yield of 616 k6 grain/hectare for the soybean Wben grown a. 



1ntercrop. lhia i8 baaed on the actual yielda .. cured duriQg 

the period 5th - 6th yeer a1'ter planting the bamboo, by whicb 

ti_ bamboo clumps had l.rown very :DIlen as to seri Qual}' curtail 

soybean yields. It stands to reason tw·t durlnt the earlier 

yean (i.e., u.,to the 5th year) at1ll higher yielda could be 

flX'i't'cted tor toe so/bean, since the bamboo plants would not 

haVE Even developed into clUlllpS. hene., the actu,'!.l prof 1 ts froIa 

the bamt.oo + soybean int.rc:rop;:ing system Will, in pl""ctice 

be ilIucn more than ab01llIl under .ection 4.7.2. 

r urtr ar, t.hE soybean as well as bamboo yields used 1n 

tr,ese calc:ul,,'tions have been secured under condi tiona uf non-

3!,plic;. tion of 1>1 and K fertilizers. In actual practice, when 

these iertilizers a180 will be applied, the yield. are bound 

to incre8sE furthEr ane thus increase the profits. 

l';oreover, th~' yield lor bamboo in theSE c?lculation8 

pt:rt"'inl3 to that obtainable .?t the first b."'Irvest. Subsequent 

harvests mUEt yield much more than this yield and thus ineree .. 

tn' l~t yrollt£. ~1multaneously soybean y1elds are bound to 

decreuse .;.urther as tbe shadi!l;i, am root e;Clects of the bambooa 

increase, and intercroppl~ may become t.posaible. at the 

existing apacin~ of 4 X 4 m between the bamboo cluapa. Thus, 

tllfl nEed :tor further research work on opU.iaine'. the &pacine 

between the bamboo c:lumpB. ane canopy _nipulation thJ'ou&b 

tru.ill£ 01 Ule bamboo crowns, BUch that bamboo y1elda will 

not sutter while the yield of the 1ntercrop will be maXiMised, 
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is brOUtl,bt out. WhUe such research will be 8 100& clrawn-out 

one spreHcl perhaps oyer a continuous period of III decade fr_ 

the timll ot lllant1llf:. the bamboo, the reaul ts secured 1n the 

present in,"stigetion haVE brout,1lt out the feet that economi­

cally pro11table intercroppiQi within bamboo standa is a 

practical proposi t1on • 

... u1tE! epa,rt fTv", tn. lIIonet«ry ndv:'llt"'ie of the bamboo .. 

soybearl intercrop"i~ systelll, slre'ldy discus!!ed under aection 

4.7, tnere are CErt~in othEr adv?,nta~es also, IilS sLown below. 

1. lhe intErep<"cesOetWEen the l,amboo c:.lI.llllPS are utilised 

more e1iicitmtly. As ..,as indic'etec:! Wider sect1Qn 

4.1.17, ttlE actual e,rounc space occUj:ied by the clumpe 

was estimated to be ,,!.let about 409 set.1II in a hectare 

by abollt 4 1/2 years, which implies th?t ne;rly 96" 

at the land area i5 lOCked 'If. in the interspl.'ces, when 

the c:.lumpa at" p.l.anted ?t 5pBCi~ 01 4 X 4 m. 

2. The mix1n~ Of two entirely ciff~rent crops on the .. 81. 
land eontcr! t';( IH'V'tnt< e ot insur"nce C!(,airu:t risks, 

particularly we"thEr hazards. :altboo bellll; Ii hardy 

crop and Lendroealamu, strictu. in r"rticular be1na ao. 

retllrn trQ/II the land i8 assureo, though alter 8 few 

years wait, while the annual intercrop earns money 

dllrillb tile lntervenifli, p*, dod. 



3. The m1x~ ot two dltterent crops ",1 th entirely 

dltterent end uaes - lood and wood. ofters a sound 

cOlllb1ruAtion trom the lIlarKct1r .... f.oint of vie ..... in 

contrdBt to the ccnventlonal mixturef: of annual food 

cro~s with other 3nnual food crops. 

4. i.eed suppress1on, so11 conaerv:·,t10n and mo1sture 

utilisation .... 111 be ~ore effective if Intercrop. are 

Fclised w1thin bamboo stand •• 

It mcy tberefcre be c.lncluded th?t a lIystea: of bl!1I11000 + 

annual IntereroJ: cl.01tlvatlon oUere ::eny !ldV?ntE1~,es as COIIIpared 

to sale crops of either bamboc or ~tmual crop. 



.summary and Conclusions 



1.hree field exper1ments dur1llti. three d1fferent seasona 

(AUSuat - November, December - ~1arch, e.ncl April - July) were 

conducted 1n the fields of the DEpartment of Forestry of the 

Tamil Nadu Agricultural University campus during 1979 - eo, 

to explore the feasibility of rBising soybean (Glycine !!!) 

as an intercrop within a stdnd of 4-5 year old clumps 01 

'solid' bamboo (Depdroc:alamus strictus Nees) planted at a 

spacing of 4 III ei tiler way. The intercrop was r: ised under 

irrigation. A sole crop of soybean was raised in an adjacent 

open field for comparison. Besides a cOlllpi4rison of thl! per­

formance of the soybean under these two environments ('within the 

bamboo stand' and 'in the open field'). the influence of the 

vi~our 01 the bamboo clumps on, as well as the response to 

tr~ee levels of ? application (0, 100 and 200 kg F20,/ha) by 

the soybean were also evalusted. Additionally, the growth 

ot the bamboo clumps over a pe:rioo of 3~months (from age' 

years and 3 months to 5 years and 11 montha) as well a8 their 

culm y1elds at the end 01 this perioci werE evaluated in teras 

0;( the effect of the vi~ our 01 t[,e clump and response to tbe 

alorementior.ed throe. levels of f aF]:llcation through data 

collecteo on 12 occasions. Besides. data were collected on 

light intensity, lIIicrocl1m8te, .soil 1Il0i.ture and weed 

in1estatlon. ~hE conclusions bAsed on thEse studies are 

pre.en1Ed below. 
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.L....2.2.lbtan 

1. Plant he1"ht was significantly influenced by the environ­

mEnt. Soybean plants growing within the baiilboo stand were 

taller as compared to the open field, and significantly 80 

in many instance •• 

2. Stem diameter, in fc,eneral, was thinner in soybean plants 

growing within the bamboo st~nd. as compared to thOE. growing 

in the o~en field. 

}. The number of "t)ranches were sit,nificantly more in the 

soybean plants &rOWing in the open field. 

4. The number o:f le<Hlets/plant 'WaS sibnii'ic;!ntly inLuenced 

by the environment. while in l.xperiment 1 the soybean plant. 

growing within the bamboo stand always recorded more number 

of le,;flets. the opposite was true duri~ the subsequent two 

experiments \,ith the open :!1£ld-grown soybean plants recording 

more lea:!lets. 

5. The total lea! area/plrlnt _5 significantly influenced 

tLrou"hout. Initially (Lxperiment 1) the soybean plant. 

browiniO within the bamboo stnnd had hi.,her leaf ~reas. But 

:"3ter on (,Lxperiment }) the open field-grown soybean plant. 

recorded hic..her lea! areae. 

b. Mean leaf area/leaflet was s10niiicantly influenced b7 

the enVironment. Initially (hxper1ment 1) the soybean plant. 

~win& within the bamboo stand had lar~er leaves, but later 

on \hxperiment }), those 6row~ in the open field had larger 

leaves. This _s explained in terms of the shade bEiIl5 only 
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partial initially and thu. optimising the li~ht intensity, 

and tne shade deepenin& Sub5f4uently. 

7. The length of tN! taproot was ini Ually (Experiment 1) 

not infLuenced by any of the three factors studied, but later 

on (l:.xperilllent 2) was influenced by both environment as well 

a8 by phosphorus application, and finally (Experiment 3) b.r 

only the environment. In gener?l, the soybean plants growing 

in the of-en aeld had l~er taproots. 

B. The number of root nodules/plant was more in the soybean 

plants grow-int. within the l:amboo stAnG upto 60 DAS. but subse­

qUEntly it WE'.S the open field-grown plante that ",corded more 

number 0:1: nOdules. 

~. f~oot: shvot ratio was "ener-dlly intJ.ulinced s.1.e;ni:Ucantly 

01 two enviroDml1nt upto about 70 U,S. Hieher root, shoot 

ratiO was recurded by soybean plants growing in the open field, 

throu&hout. 

10. The number of flowers werE consistently more in the plants 

6rowi~ in the open field. 

11. The _ber of pods/plant was significf'ntly influenced b.r 

environment. While initially (~eriment 1) the plants 

growing within thE bamboo stand had significantly more number 

of peds, sub.equently (Experiment. 2 and 3), it was the plants 

gro'WinI. in the open field environment that had more peds. 

12. Dry aatter production (DMP) was significantly influenced 

only by environment. Open field-grown soybean recorded more 



DM than those grow1n& with1n the bamboo stand. 

n. J:liOlllBSS yield was in.fluenced Bil!,ni!1cantly only by 

environment, anti theJt too in Experiments 2 and 3 only. 

Initially (I:;xpLriment 1) the plants grow1n& w1thin the bamboo 

stand recorded a non-significant increase of 1~ more biomass. 

but sUbsequEntly the plants Lro\-l~ in thE' open fif'ld recorded 

siLnifil.C"nt:i.y hiLher biom~8S (Lle9}, in i'X"pEriment 2 ,.nd 425'" 

in lcx!'cr illlt;nt 3). 

14. The llUlilOEl' oj, "l'iI!Ul W:_ 5 siu.1ile ,n1:1y lni~uEnced by 

t!!LV_i r">r.r!l€llt, It:i ti:1l1y (i.xl',"rilllent 1) 'the soybean plants 

,Jowing l'iithin thE. 1;C:Llboo et~l1(' he'd C'i.:.ni1ic"ntly more number 

ul ,.r.::-,j.nF t1.'21: th~)s£ t:,ro\)l.r!i 11; tnt: Opfll .tit-ld. i:.ut later on, 

in t'otlJ : x}u'.lIDcrts 2 ::nc :-, t.he uFer, i;,.,ld-Lro\<'!l plants were 

ci, l:j :lc-_,ntly SUP,,! ior' -to tbvSE sr:J\dr..,; wi ttin tte tlimboo 

~t(ind. 

15. 'In. 'I JO-gr3in weisht was sil!,niiic"'ntly 1nf:"uenced by 

the ET.vironment. "Mlt! initielly (lxpu'iment 1) the plant. 

t;rowil~ within the bamboo stand ik,d sie;nific"ntly hEavier 

gr-'ills subse<",uElltly \i-xperireent 2) it W 5 the open field­

grOWll soybean that recora,,(J "iEniiicantly hEavier grains. 

1G. Or_in y1e16/ j )ldz;.'; <scl.!iple ;Ls.t) W,iS inf:aEnced 

si;i,r>i!lcantly cr.ly ty eflvirollll,er.t. Initi3l1y (£x~erllHnt 1) 

tLe sOybe>n j:l 'nts t1."O.vi':ll dti,ir: t';€ tilfLboo sLnc r~glst.red 

!l si:,nificantly hl,)ler (44;, !.1I)re) .:rain yield .. 5 c(;mpared to 

those (rouinG in the open field. But later on, thE :;lants 



,rowing in the open field out yielded (bf ~ in Experiaent 2 

and 69~ in Experiment ,) those 6rowi~ within the bamboo 

Itend, ano the differences were si~nificant. This pattern of 

results was the result of the beneficial in11uence of initisl 

'partial Shade' that prevailed during Experiment 1, which sub­

sequently changed to heavy shading, and which, along with 

possible root c~p&tition, led to the yield reduction observed 

within the bamboo stand durine the subsequent ex,:eriments. 

17. 'i.'he number of pOds/plant was very hi£ihly Significantly 

(p=O.OO1) and positively correleted with grain yield/p1e.nt, 

throu~hout (in all the three experiments) in the CBse of the 

open :ield-grown soybean plants. and in £xperiments 1 and , 

in thE C3se of the soybean plante Crowing within the bamboo 

s~,·nd. The number of grains/plant also. _s very highly 

sionificant~y tpc O.001). positively ~nd closely (r-O.96) 

corrcbted Vlith tMln yield/plant, under both the t>nvlronments. 

18. hultiyle regression analysis brout;ht out the disparity in 

the values of the intereert, which was 18-[01d8 higher for 

the open field environment a8 compared to the bamboo stand 

environment. ~h1le in the open field situation leaf are. 

appearea to positively contribute the maximum toward. grain 

yield/plant. it was the weight of the soybean roots. followed 

by the lensth of the taproot. and then by the number of leaf­

lets/plant that contributed positively towards grain yie1d/ 

plant, within the bamboo stand. 



19. Neither the Vi60ur of the bamboo clumps nor phoaphorua 

application exerted say 8ie,nHic,o;nt in.f1W1nce on ain&le sa.ple 

plant grain yield. 

20. ~he soybean plant population at harvest 8tage signifi­

cantly differed between the environments, with the open field 

environmEnt always rEcordi~ a hie-hEr pOlculation th?'b the 

bamboo environment. While even at the start of the invest1-

bations {i.e., ~t 80wing of bxperiruent 1) the poruiation within 

tbe tJamboo atond was only 98.4}. of tr.at for the open field, due 

to th£ Ground space occupied by the bamboo clumps, the final 

(at harVEst) populations were 91.3), 71.7$i and 77.6), for Experi­

ments 1,2 and 3 respectively. 

21. 'lhe cr'in yif'ld/ha was s1~:,nHiclJnt1y lnt:luer,ced only by 
too 

the €nvironr:;ent ["ct,'r and thnt,<_ only in the If,ter two experi-

1Il<:nts, I;hile initiAlly (:txperiIllEnt 1) the soybeSln intercrop 

r"liE€d within the b:>.mboo stand Qutylelded by 24,., the sale crop 

"rown in the open field, the difference not being signi:Ucant, 

in the two 5ubse~uent experiments, it was the sole crap that 

out yielded the intercrop, and very hi[hly significantly 

(p,.O.001) so. The 80le crOl' grain yield was 6075. and 773'fo 

compared to the yield of the intercrop, in Experiments 2 and 

3 respectively. 

22. The initial (Experiment 1) non-sibnificant yield increase 

observed, was dUG to the beneficial influence of 'p~rtial 

shade' which led to a 44~ (8i~rdficant) incresae in single 

plant grain yield while at the same time reducing the final 

soybean population only a little (to the tune of 8.~) .a 

compared to the sole croP. 



Subsequent severe reductions in grain yield/ba of the 

intercrop (to the extent Of 6".~ ana 87.Q5I, in ExpEriments 2 

anv , respectively) were the result of heavier shading coupled 

with possible inereasin& root competition offered by the bamboo 

clumps. 

23. 1hf: e;rain yields were 249,177 Bno 190 kg/ba for the 

intercrof; grQ>,;n within the bamboo stano, ano 201, 1072 and 1471 

kg/he tor the sole crop I',rown in the open field, in i.:xperimenta 

1, Z and 3 respectively. 

;':4. hventho~h the vibour of thE bcli:lboo clump did not 

exerciEE any sibIliticc.nt imluencf: on the !sTAin yield of the 

"'.&s0ci~'teCJ intercrop 01 soybean. a trend of the g%'l'lin yield 

b€ i1"lt. sli!,htly hi5her under the 'low vic our , bamboo clumps _s 

noticeable. 

<:5. ..hos:t;I,(Jrus <l!'ylic<;·tio£l .:.ls,; .Liled to .voke ;,ny sign1.fi­

cent re .. "OIl&e. "itber witbin tl,e "amboo stand or in the open 

jJ.e.i.d or eV6n ill "EI'IlIS of its oyeri'll effect poolill6 both the 

Ellvironu..€Ilts. ,;owEvEr. base\] on thE trends it apPEars th"t an 

CJppllcaUon level of 1;)0 k~ FZ05/ha appeprs to be the optimum 

dOSE for a sole crop of svybean 6rown in thE open field. 

;;iimilar .. y. a trano 1avouri~ tile !!i'j:.lic2tion of 200 kg P205/ba 

for soybean grown as an intercrop between bal&bo05, W'lS notice­

able. wllich indicates th- t tbe deleteriol.1! influence exerted 

by the bamboo cll~PS on the associated intercrop of aoybean 



could be mitigated, atleaat partially, thro~ phoaphorus 

fertilization at bigher levela. 

26. Baaed on all the forlgoi~ results, it was concluded 

tnat it is a~ronomically possible to practice -establishment 

ir.tercroppillji,-. Within a young stand of Dendrocalamua ,trictu. 

bamboo. and raise a succes.tul intercrop of soybean, when the 

bamboo clumps are spaced 4 x 4 m, and Uf,to tne abe ot about 

4 1/4 yeiilrs for tile bamboo. provided the bamboo canopy haa 

not closed completely but casts only partial ahade. Summing 

up, toe study demonstrates tl,E feBsil.lility of intercropping ot 

a~~ual crop witnin a camboo stand. 

27. Serious yiEld depression i,~ soybeen will reaul t if 

i~tercropping of soybean is attempted inside a more older 

b. mboo at,mel. 

20. It intcrcropping of soybean. and possibly also other 

a~~ual crops, is aimed at within still older st8ndS ot bamboo, 

it is evident tnat the bamboo canopy has to be suitably mani­

pulated (throuji,h crown tri_ing) to open it up so flS to increaae 

.h£ libht intensity reachi~ the ground, besides pertial pruning 

of the bamboo roots tbrough judicious di"ging of thE 80il. 

Under such conditions, it may then be pose1ble to pr~ct1ae 

intercro~ping within a balllboo st nc! beyond enn 4 1/4 years 

of a~e, perhaps upto about 9 years of age. 

rlowever, tt . .l information collected in the present investi­
I 

gation does not permit ot any forecRst as regards th~1maediat. 
i 
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and long range conaequence. on the yield of ba.boo culms by 

such manipulations. This needs further study. 

29. ~h1le viborously growing bamboo clumps adversely affect 

an associated soybean crop than less vigorous clumps, the former 

( Ih1~h vitour' clUlllpS) are logically to be pNlferred from the 

angle of maximizing the yield of bamboo culms. This conflict 

may perhaps be resolved by increasing the spacing. Letwfen the 

bamboo clumps frOlll the 4 X 4 m used in the prE'f'lmt investiga­

tion to about 6 X 6 m or a still wider spHcin"" if intercroppiq 

13, Bamboo 

30. '~hE hei",ht of culms was nat influenced by either the 

vit,.our 0:( tile clump or by phosphorus application. lhe mean 

heit;ht 01' culms over the pEriod of observation {i.e., about 

2 3/4 yecit's; rem&in€d C(')llstant ",t "ll aVEr,,(,E "f 3 .23 II. 

31. :n,e basal diameter's of eulms ranged from an averl'lge of 

18.102 mill (3 1/4 years aBe) to 26.956 mID (5 3/4 years age). 

but. while the basal diameter of the culms progressively 

increased as time passed. at no staf=.e were the differences 

between the 'high vigour' and 'low vigour' clumps. significant, 

fhosphorus afplication also failed to Evoke any si"nificant 

responSE in the Casal diameter of thE culm throughout. Sia1-

larly. the mid-culm diameter, as measured on culms ielled when 



clump age WR. almost 6 yeare, was not slbni!ic~ntly In!:uenced 

either by the Vl~our of tho clump or ~ rhosphorus application. 

i'he avera"e 1Il1d-culm diameter W". 14.581 mil. i.e., 66,: ot the 

basal dlalleter. 

3
_, ... 

Zc.;.1. 

C;:he num'~er 0;[ nodes/culm rf'I1gFd from ['tout 21.0 to about 

NEither tne vi,;;our oj thE clump nor UhOFj'bOrus applica-

". l'he number oJ pr'l.mary branches/culm raked from 21.9 to 

01.3. '~hE 4uanti ty • aVErae"e IlUlIIbEr of pr1lllary branchea/node' 

WdS coo.};uted "'hicb r,mi!,eo from 1.322 to 2.263. The vigour of 

t •• € clum~ oie; not EoX&l't <'Iny l:!i£,l1lfi(.;ant inl~uenc:. on the number 

"1 priu;ar} br&nCfles/culm at an} staLe. Similcrly phosphorus 

,-,pplication also t211eo tr.; evoke any responu. Clump cleaning 

,brollt';t. removal 01 a few bram:hes resulted in increased 

branclline &5. 

)4. 'lht numlJEr ot livir>e culrus 01' a~e 1-year or more/clump, 

Fro~reHslvely increo>sed from lin c,vera~,e 01 2.;'75 (at 3 1/4 

yHTe clump AcE) to 24.417 (at 5 3/4 ye"'rs clump agE) an 

increase of 1,028{'. Tbe Cc't3. c:.;nv€rtec into the qu"'ntity. 

'a.ver"'. € number of livilli;C culms pru,ent/day/clump' brought 

out tLe :,enel1cial inf.d.tEI'1Ce'S of (a) monsoon raina, (1:) clump 

cleanin". and (c) U,;ronoLlic manipulations in the lr,terspace. 

betwEen the bamboo clum~s, on ne~ culm production. 

35. The increR~es in new culm production ranbed between 

0.0291 culms/day/clump (i.e., 10.6, culms/year/clump) to 



0.0697 culu,s/day/elump (i.e., 25.43 culms/year/clump) when the 

clumps were betwEen toe acES of 4 - 5 years. The agronomic 

lIlanipul"'tions were, die;t!,1ng the soil for sowing the intercrop, 

soil stlrrit~ throU&h hoeing, periodical irrigations, and 

WEEdint, tesides ttlE raisint, of the l€tcume 1ntercrop itself 

I',hicb possibly conduced to addition ot nitrogen. 

36. 111€ viLour oi the tcn.boc. clWllI' sie,niii(.r:ntly 1nf:iuenced 

t:,€ economic attribute, HIe 'm.l1If~Er Qf livint; culuul/clump'. The 

I hiti. vit_our' clumps recorded 5i"n111c8ntly more numbEr of living 

culms, tl.rol.le,bout (excepti.n& 1ni ti,'llly, at 3 1/4 ye"rs Age), •• 

comp<:reo to the 'low lit-Our' clumps. H.e difference in the 

n~nb(r of culmE, which was initially small, increased progre.­

sivelJ as time p;>sseo, Euch tn;',t when tn€ clumps were About 

5 3/4 jenrs v1 abE, the 'hie:,h vigour' clumps had 557. more number 

01 livir~ culms as cJlllp"red to tne t lo\; vicourt C1UDli:S. 'Ihis 

C:i.V€rt_;EncE c,(;L di6y;rit:, WClS ascrioeo to the inflUEnce of the 

, cluru size'. 

:-7. i'huspborus applicctior. did not significantly affect the 

nUIntiEr of livin" culms/clump. rt was inferred ttet applicetion 

of phosj.,hatic fertilizers alone, without any additior, of other 

pri:,,:ry nutrients (N or' l\. or both; is not advantageous from the 

point 01 n(1II culm production. 

38. 'ihe 'total num(;!;r of Culllls/clump' (1.e., all l1vinc; culu 

of ace 1-year anc n,ore + all koma11s and I nEW recrui tat. both 

of which, are living but not fully formed culms and arE ot a~e 

11 •• than 1 year + all cut and removed culms, either LEcause 
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they died or WEre malformed). like the number of living cuimst 

clumps. C()lIt:'nuously incrt!B!!ed frun, en !lVe~i'e of 4.667 cul.s/ 

clump ('It :; 1/4 ye".rs clump "t e) to an averete of 27.456 culm.'; 

clwap (at 5 3/4 years clump age). At 5 3/4 years of age. 

32.167 and 22.75fl total cul::;s/clUl.'~ ,,'ere rec:;,rcHi Ly t;.{· 'hilh' 

}9. Vigour 01 ttJe bamboo clumh thoui_;h initially did net 

if'i.;. ... ence HJE total nl.!lllt>.;r ... f culr,,!';/ eltoG ... startee to influence 

it £lgrJ.fic"ntly iro:!. t)lf tin,!; \,r.€l, tr.€ c:;'"llIJ[,P ~;.r{i 4-}EOlre 

010. fhospl.vx'l.o.:;·_ pplic;·. ticm L ileo to exert "'-ny slgnlfic>'lnt 

ini.i.uer.c€ on tUE tot ... l nWll[-Er' :;,f cul s/e:iulip. 

harvested "'hen tne clumps werE! 6 years old, WH'e 9.500 for 

the 'low vibour' clurups and 16.',17 for the 'hjth v1., our' clum.ps. 

';:i,e cifferliocE w-·s ~,i[nly sie;ni! iCAlnt (p & 0.01). 

in", a '! OJ" stOCKinf lor .Of 625 balllboo C1UIllps/ha i. '!It 4 X 4 m 

s"::cint ,, q t0t;:,l yielo . f c,255 u3.:blE c;;l::s/hectare is 

ttleorEtic' :ly ~::os£n'le when the clUe,'·!; ~ttain the Ie, e wf about 

6 years. Th"U£1l suen cul:I1E ;,,21' not fetch '" hie rl price in the 

as co.up"rEQ to thE b~lIlbooll 01 eO'llillerc:IE, still they are saleable 

b~CEI.lS(i 01 tile Eo:"i.dity 01 1::J€ culrr,s. 

42. The frl!sh ~. i;l1t 01 a cleaned culll! '1.e., without 

uranches, leaves. ano she~ths) ~n~ed from 0.895 kg for the 
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'hi!:>i! vi",oux" C::;'I.IIIlj,)li to 0.965 ko for the 'low v1e,our' <:lUEPS, 

thE aveTab" , .. orUrl6 out to i).9}0 k~. The difference, however, 

was not sit,lli;t:;;'cant. .'n",:sj,iIloTUS application did not influEnoe 

tae iresh WEill.h1. 0... tile culm. 

43. The ratio between the fresh wei~hts of the non-culm 

aerial vegetative partE (i.e •• branches + leaves + sheaths) 

anc: thE cu1:.; ];:ruper, was 1.067: 1. 'i'he "verabe iresh weight of 

the aerial biomass (i.e •• culm + branches + leaves + sheaths) 

was 1.910 kb/culm, and it was estimated th2t the st?~d1ng aerial 

bi~~se was 29 tonnEs/ha when the clumps were about 6 years of 

86e• 

44. Culm yields. expressed in terms of weitt,ht, for the u.sable 

culllls selectively felled, were 9.821 kg/clump tOT thE 'low 

viG,our' and 14. 746 ~/clUlllf for thE 'h1bh Vie our' clumps, the 

averabe be1ne:. 12.283 !I.e/clump. iiith a popul2t1on of 625 <:lumps/ 

ha \at th.: spac1ne 01 4 X 4 III and aSliuming 1~ stockine:) this 

1m9l1e5 that the total yield of cleaned green c~m5 will be 

7.677 torules/na i~r a D6ndroC&lam~s strict us plantation of 

6-:iEJrS abe. r..;;i.seu pc.rtly wiuer' .l.rribation, on a brown <:lay 

iw.lJI ;;oil vi _;,ll ...,.'1 ,,;i:tc. a rainidll 01' about 600-700 _, and 

unOir 13TlIl c(#n;;.itions 01 wauageillent. 

C. Environmental aspect, 

45. Luring the period of observation (i.e., ever about 1 

year), the amb1er. ~ lie:ht intensity fluctuated between 21.9 K 

lux anc 167.1 K lux, while within thE bamboo stand 1 t ranged 



between 17.2 K lux an ... 120.0 K lux. In general, the light 

intensity within the bamboo stane 1118. 6Cl-7". o.f that for the 

open iield. Libht intensity within the bamboo stand was high 

durinf, SeptemtEr and l'iovember 1979 aim:e the barr. boo clWllPIi 

'Were younger tben, and since a part1l!ll prun1l1$ 01' the bambOO 

crowns was carried o~t during August 1979. Under such condi­

tions, the bamboo leaves acted more as reflectors than as 

screens. leadiI~ to an increAse in the diffuse light component 

within the bamboo st~nd. 

46. The re1;;tive1y very hl~h ambient li,_ht intensities 

observed during the wet month of vctober 1979 was because ot 

the increased skylit;ht component due to the ~eflection ot 

sunli;)lt by the huge cloud masses of October, as compared to 

the ory and cloudless month of NUY 1980. 

47. As rE8aros microclimate, air temperaturee within the 

bamLoo stand were LEnerally lower as compared to the open 

lield, the maximum depress10n being 3.2·C recorded near the 

grouno le~el (15 em above) during aid-April 1980. ~he coo11ng 

ei!ect of the balllboo stana was therefore, more pronounced 

during the hot weather period. It wall therefore concluded 

that this i8 a ~ositlve advantage from the point Qf rAising 

a lOW-8tat~ed annual intercrop within a bambOO stand, since 

the heat load on the annual crop is reduced 'by the bamboo 

canopy. 

48. The relative humidity did not differ much between the 



two environmentf in the morning, but showed wide ditference. 

in the afternoon, with the bamboo stand, generally recording 

a hieher hUlllidi ty than the open !idd, excepting during March 

April 1980 when the reverse was true. 

49. The hieher relative humicity observed almol!t throughout 

the ye~r within the bamboo stand resulted from the shading 

dfnt ot tbe bamboo canopy which reGuced Evaporl"tional lossea, 

and due to the blanketing etfect of the culms wbich reduced 

adVEctional losses. 

50. ~oil moisture content was almost invari~bly hiiher within 

the bamboo stand 8S cOIlIpared to the open. 'rhis ..,as dUE to the 

snadint;. by the balllboo canci Y and the windbt'eak effect of the 

bamboo culms which reduced evaporationel loss of soil moisture. 

The di:t1'erence I)etween the bamboo stand and the open field, aa 

rebards soil moisture con"ants rangui from S'. 7-30.1)'. during 

tbe WEt EE3son, and from 31.0-162.9;, ciurifl& the d"y sea.on, 

tt,e soil llloistlArE ,.ithin the bamboo stand being almost alway. 

hibher. Thus, thE differences betweEn the two environ~.ent. 

WEre more pronounced during the drier part of the year ~'.D 

the 1lJ' skir,~ inn uenCE of rains was absent. 

51. WEed in!e15tation was less within the bamboo stand (mean 

inciuenCE of 24.2 WEed plants/m2) as compared to the open 

1ield (mean incidence of }4.} weed plants/.2). While aonocot 

weeds were very ~bundant (4B.64~ inCidence) in the open field, 

dicot ..,eeds dominated (85.9~ incid~nce) within the bamboo 
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stanO. weeda of the Datural orders ~uphorbiacea. toll owed 

by liliaceae. dominated in both environments. £ut Compositae. 

while bein& dominant within th(' b-'lmboo st",nd. \omS not so in 

the open field. 

52. rihlle sorne s1,eci£8 oi weeds occurred equally RbwldClntly 

1n both the er:vironIDf'nts. some :)thcrs apper,red to preteI' a 

particulpr environment: Thus. ..'bile Corchorus 011 toriu8. which 

recorded the hie;:hest abw:d!lnCE (1':;;.55%) for c'ny wHd speCies, 

occurred equally abur,cantly in both the envirol'llunts, the 

~~~ionaoeous w~ed hhyncosia ~ ~s 11-fold more abundant 

wHe';'n the baJLboO stand. and the Labiateae weed ~ aspen 

recoreed the lI.aximum difference between the two enVironments, 

it l.;eine; 19-1010 more al,wwant within the bamboo stand. 

53. \','eed bi.OL!' 5:0 Wi.S drasticz.lly r€ouced ... itbin the bamboo 

st<;r.a (1:;.4.6 kE.!h2) lOS comFreo to the open field (496.7 kg/ha). 

i urther. amo~ the baJl.boo clUlllps themSElvEs, thE 1oIel'd biomass 

was l!It'VEnly curtailed by thE 'hie,n vigour' clumps i.93.3 kg/he) 

as c .. mfi2reo tv the 'low vigour' clum.:"s (175.6 kg/ha). The 

re~uction i£ weed biomass seen within the bamboo stand was 

tr.e 01rect COnS(F.uence o[ tr.e snade-and root-e:ffects of the 

bamboo clumps. l'hos;;horus application did not exert any 

material influence on weed iniestation. 

54. Compc;ring the econo'llics of cultivation of sole crops of 

soybean over a period ot 6 years, and a crop ot bamboo inter­

cropped with soybean, over the same period of 6 years. it was 
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Been that an extra proUt of Hs.10.736/ha over a period ot 

6 years {or an average extre profit of hs.1.789/ha/year) 1s 

obtainable. The cost: bene.!i t rl"t10. computed i.or the entire 

pt:r1CJ(j '.f 6 years. worked out to 3.56 and 3.97 for the 801e 

crop soybean and bamboo -t soybean 1ntercrop:'ill6 !ystel!l res­

pectively. In these estimates. the actual yi£los of the inter­

crop of soybean when the barr,boo clumps WErE 4-5 years old. 

have been used. Since intercrop yield of soybean raised 

ouring the still earlier years of th+ambOO clumps will be 

("UC!! more than thiS, the actual monetary benefit !rom the 

bamboo + soybe'3.n intErCrOPi,lng system durinb tne first 6 years 

d1ter plantin& 1.1;e bamboo will be still hic,ner than the esti­

mhteo iis.10,736/ha. i.enee it 101313 c.lrlciuded tt:-lt tne bamboo + 

so,» t.ean intercroj.}:;:in€, sy stelli is IIIl)re ,0ro1i ts ole than raiSing. a 

sole crop 01 so/bean. 

:;5. besioes the monetary aovant3,e. certain other advantaies 

like incre~sf!d Ian':; utilization in bambOO pl nt3tions (the 

inter-spaces between the b,'1mboQ e1Wllps accountin.~ for about 

96" 01 thE land area). insurance ag',inst risks, particularly 

weather hazards. advantaiEs in l1l'lrketing through mixing of 

two crops hith entirely different end u"es (food and wood), 

better weed sucprE5sion. better soil conservation and better 

ut11ization 01 soil moisture also accrue from intercropplng 

a bam~oo stand with annual intercrops. 



56. Hence, the raising of an intercrop of soybean between 

clumps of pendrocalamus strictus bamboo, upto the first 6 year. 

of plantine the bamboo, is an economically viable system qnd 

thull ll'.P.y be recoDlmended to the !al"lllers for wider atioption. 

~. lutqre lineS 01 rEsearch 

57. All valus'tlle annual crop speCiES will have to bt screened 

101" their comp<:>titilHy as intercrups bEtwEen OOLlboo clumps. 

58. 'I'he full ecOnC);;;iC6 01 the 11rst phase thE in1 tial 6 

Years B~tEr plantlr4 the bamboo cl~ps must be stuoied to 

arriVE at an accurate estimAte ot thE monetary bEnefits. 

1 urtb€r, " soh cro!, of bamboo also lLay bt incl.uded, along 

witt a sole CZ""f, ;;;1 thE c_rmual crop concErned, besides the 

bLn.i:;oo ... ar.rlllEu. era): intercr(;Pl·1n", system, in such studies. 

5S. lhe influence 01 oiife~nt levels and methods of mani­

pulation of U,E Lamboo clumps on thE yields aI, not only the 

associatEO armual intErcrop, but also the bamboo clumps 

tnElIls~lvEoS, will l.\o.ve to be studied in depth. Sucl'J mani­

pU:8tions ~y involve tryinL d~flErEnt wider Epac1r~s and 

di1!€Tent pLn,til.t t;;€omttriEs between thE b['rlboo clumps, 

tl,1nn1ng/peri her'al prunillb of the i.:',mboo crowns. di!ferent 

It'vEls 01 },runinL tt,e roc.ta; of thE bamboo clumps etc. The 

long-r&n~e effects of such manipulations on the bamboo clumps 

tl.em.sel yes will nave to be studied. 



60. J.hE :>ene1ielal ini:"uenee of 'partial shad,' lIIust t. 

inV{I;tibcteu further sno the lir,ht intensity for d11ferent 

I!r.nual interero"s ... ill have to ... optimised. 

61. Tr.e study 01 the effect of light enrichment through 

re!ltJc1.ors at thlii ,a; Ci "Nn level of ttlt: o:::.mboo clump!!. and 

(b) e,TJund .i..evti.l. on the 8.,llIWl intErervp .)Ii<ll1 holds promise. 

,,2. ·,fn. lnr.i..uence ot vtner 1ert11i .. er elements like I, and K 

els<.l ,.'ill hove to be Iltuciied on tbE il~lds 0.1' tilt be",boo clumps 

as >;Ell as any associated e:,nu<>l intErcrop~ir4!; system. 

6~. '"1-.11 beneficial inL.uencfl 01 a bamboo stEna on the micro­

climate 'HI'_; so.i.1 moisture in so !p.r D. n .'lnnual intercrop 

is concfr!l€d, must OE invEstirated in det€,ll. and irrl"c,tion 

5cLecul1nb 01 t::,., b'm>boo + annual crop system lIIust be l're­

ci!;eJ.Y restruc'turec. ;":UCI' • .l!tucii<!s _y b" cOI.cucted under 

.u:."l" r'lnl'Er.J <-,'neltion" "lso, to d.ESESS ttl!' :'enelits of the 

,,1 tertiO ;~icroclima te. 

64. ;;)j.ml1;,r stu:ics on t;-J€ ,;,thu important SPf'Ci€f of b,·mboo. 

viz ••• 2mbus<' !'J.r;_';~j(;in"cf!· cl:o ;,;i11 h:-ve to bl! initi·,tecl. 
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Plat. 1 Visit o~ Dr.M.S.S1ram1.natbaD. then 
Director-Genera1. ICAR aDd Secretary (Agriculture) 
to the GoverDlllent o~ IncUa. and now Director­
General. International Ric. Re •• arch Institute. 
Th. l'hJ.1ippine.. to the exper1lllental fi.1d. 
on 30th October 1979. Wben Ezpt.1 _. in progr •••• 
'Dle author o~ the pre.ent 1nv •• tiption (,to the 
1.~t) explain. the work to Dr.SWam1nathan (to the 
right). 'Dl. Chairmen o~ the Advi.ory Collllll1tt ••• 
Dr.Y.B.Morachan i. at the extreme 1.~t. 

,./ 



P~ate 2 Another rt.., of the abo_. 



;at. 4 Pre-treatment (ccmt­
Ill.K P1'Ullingl b.iD6 giTen 
t the bamboo nMslrPGt1Wl1 
~) crowna betor. the 
~art ot the inve.tigationa. 

Plat. 3 W.thod o~ r.oor41D6 
A.aman psychrometer read1D68 
U8J.Dg the pol. device d ..... l­
op" by the author. 
( 'vi thin the balllboo .tand· 
environment) 



Plate S Pre-treated bamboo (PepVPWMM 'YistM) 
clump., at the start ot BZpt.l. Note the shade 
butter strip at lett bottoa corner. (soybean 
lntercrop not sown). 

Pl .. te 7 It. olo .... up vi_ ot the .oybean lDtercrop . 
• trugsliq to 61'0". Tfl7 clo •• to a bamboo 
(a_rRwMY' .t;r&ctU) clu.p. Photo taken durins ----..... _ .....___ _______ t.....-.."" ... ___ -... .-# ______ 



nate 6, W1th1n the bamboo (llMdrpp1.,n. mS,swa> st_d. 
Start o~ Expt.2 (sowing of the eo7~ interorop, in 
progress}. Not. that th.£ bamboo canopy bAe atarted 
closing in. 

Plat. 8 A general vi .. of' the two envirolllllenta., 
taken tm.ed1ately af'ter oa.pletlon of Ezpt.). 
Note the o~l.te closure of the baaboo 
(p'PdrPcAlMW! at;r! stw!) canopy ('bamboo atand' -
1. 1n the backgrouad _d 'open 1'l.ld' 1s in the ~oregroUDd). 
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AFPENDIX 1 

LIGHT INTl:.~,NSITII:;S tK_ VAIUNG AT Noar, IN TWO ENVIRONl1ENTS ------
Standard hriOd 

Light intensity 
(in k1lo lux) week 
W1thi~the bamboo In the open E .a a 

stand field pe1centa,. 
(111 ) (E2 ) over E2 -_---- (,.) 

1m! 
}6 Sep 5 -- 9 99.0 114.3 86.6 
37 10 --16 91.4 111.9 81.7 
38 17 --23 92.9 101.S' 91.2 
39 24 --::;0 89.0 117.6 75.7 
40 let 1 

-- 7 120.0 151.8 79.1 
41 e --14 94.3 132.1 11.4 
42 15 --21 110.~, 167.1 66.1 
4} 22 --28 ::;4.2 75.8 45.1 
44 29 _.- 4 illov 55.0 114.5 48.0 
45 I:ov 5 --~1 27.6 78.1 35.3 
46 12 --18 17.2 21.9 78.5 
t..7 1') -25 30.6 57.2 53.5 
48 26 - 2 ~.ec 46.1 99.7 46.2 

49 Dec 3 -- 9 48.:: 100.3 48.2 

50 10 --16 37.9 61.9 61.2 

51 17 -23 46.4 80.3 57.8 

52 24 -31 38.7 61.4 63.3 

1980 

1 Jan 1 -- 7 50.5 80.0 63.1 

2 8 - 14 47.4 75.7 62.6 , 15 -21 43.2 65.0 66., 
4 22 -28 51.4 80.0 64., , 29 - 4 Feb 47.1 70.0 67.' 



Ap'Dendix 1 ,S:getd 11 

Standard 
hriOd 

Light intensity 
week (in iUlo lux) E1 •• • 

'011 thinthe bal8boo In the open percentag_ stand field 
(E1) (E2) over EZ (,,) 

------------_._--,_ --- . - -,_ "--~-.--
6 hb 5 -- 11 54., 82.1 66.1 

7 12 -- 18 54.2 78.3 69.2 

e 19 -- ~5 59.5 93.8 63.4 

9 26 -- :5 "'lar 60.5 91.4 66.2 

10 14ar 4 - 10 66.2 100.0 66.2 

11 11 - 17 63.1 90.5 69.7 

12 18 -- 24 66.9 104.3 64.1 

13 25 -- 31 62.4 96.4 64.7 

14 Apr 1 -- 7 65.9 100.0 65.9 

15 8 - 14 79.5 109.8 72.4 

16 15 -- 21 69.8 93.2 74.9 

17 2':' -- 28 73.1 97.1 15.2 

18 29 5 If.ay 7£..7 102.1 13.2 

19 hRy 6 12 80.0 115.2 69.4 

20 13 -- 19 78.1 112.9 69.2 

21 20 -- 26 66.4 97 .1 68.4 

22 27 - 2J;m 37.4 57.9 64S 

23 JUll 3 -- 9 24.8 37.1 66.9 

24 10 -- 16 52.7 84.3 62.5 

2.5 17 -- 23 }2.1 '3.2 60., 

26 24 -- 30 18.9 }2.7 57.8 

2'1 Jul 1 -. 7 .34.4 64.0 '3.8 

26 8 -- 14 '7.5 68.6 54.7 

29 15 - 21 43.9 76.9 57.' 

30 22 - 28 }9.5 67.9 58.1 



AI!2E.adix 2 
MlCROCLIl'lATlC DATA FOR TWO El~VIRONMENTS 

1. TU-.PERAT'l.1tX (.c) 

<a> at 07.22 hours (X - epoch) 
£1 • ~ith1n thE bamboo stand; E2 • In the opEn f1eld 

---
Stand-

fEr.iod Altitude above ground 
arc! 15 em 50 em 250 em week t:1 E2 £1 E2 E1 E2 

,---.~-- ~--.. ----
~ 

36 Sep 4 - 9 21.1 23.3 23.2 23.3 23.0 2'.2 

37 10 - 16 23.3 23.2 23.3 23.3 23.0 2,.1 

38 17 - 23 23.2 23.0 22.9 23.1 22.9 23.1 

39 24 - 3:) 23.4 23.6 23.5 23.6 23.4 2'.5 

40 vet 1 - 7 22.9 22.7 22.6 22.7 22.5 22.7 

41 8 - 14 23.4 23.4 23.5 23.5 23.3 23.4 

42 15 - 21 21.7 21.5 21.2 21.6 21.2 21.9 

43 22 - 28 22.6 22.4 22.4 22.5 22.4 22.5 

44 29 - 4 Nov 22.7 22.5 22.1 22.6 22.1 22.7 

45 Nov 5 - 11 22.5 22.3 22.4 22.3 22.1 22.3 

4t., 12 - 18 22.5 22.2 22.5 22.5 22.4 22.4 

47 19 - 25 21.9 21.9 21.7 21.8 21.8 21.7 

4B 26 - 2 Lee 22.5 22.5 22.5 22.6 22.5 22.4 

4~ lJee 3 - 9 21.8 21.5 21.5 21.6 21.4 21.6 

50 10 - 10 22.2 22.0 22.0 22.1 21.9 21.9 

51 17.- 23 21.1 21.0 20.9 21.1 20.8 21.0 

52 24 - 31 1S.5 18.9 18.9 19.0 18.8 19.0 

1980 

1 Jan 1 - 7 18.5 17.9 16.0 18.0 18.0 18.3 

2 8 - .4 17.9 17.3 17.6 17.6 17.6 17.9 

, 15 - 21 18.7 18.2 18.5 18., 18.5 18.' 

4 22-28 16.8 15.8 15.9 15.9 16.2 16., 

, 29 - 4 Jeb 16.6 18.2 18.5 18.4 16.7 16.9 



-_- A22!!!dix 2 ~Conts!sl 1 Cl 

Stand- Altitude aboVe &rol 
arc! Period 15 em SOCIa week £1 E2 £1 £2 ---- -- - -_ --~ _- - ----. 

.Jm 
6 reb 5 - 11 19.9 19.4 19.5 19.3 19.5 19.6 

7 12 - 18 18.2 17.~ 17.8 17.7 17.8 17.7 
8 19 - 25 18.6 17.2 17.9 17.4 16.0 18.1 

9 26 - 3 Mar 20.2 19.2 19.5 19.2 19.8 19.9 
10 i'iar 4 - 10 21.9 21.7 21.5 22.0 21.5 22.0 

11 11 - 17 20.6 20.4 20.2 20.7 20.3 20.6 

12 18 - 24 19.1 18.9 19.5 19.1 18.8 19.2 

13 25 - 31 22.2 22.3 21.9 22.2 21.8 22.2 

14 j~pr 1 - 7 25.1 24.9 25.0 25.0 24.7 24.9 

15 8 - 14 25.0 24.8 24.6 24.9 24.4 24.8 

16 15 - 21 25.1 25.1 24.7 25.1 25.6 25.2 

17 22 - 28 24.8 25.0 24.7 25.0 24.6 25.0 

18 29 - 5 i~ay 24.4 24.4 24.3 24.5 24.2 24.6 

19 hay 6 - 12 2[;.4 25.6 25.0 25.6 25.0 25.7 

20 13 - 1S 25.0 25.2 24.8 25.4 24.7 25.1 

~1 20 - 26 24.0 23.8 23.6 23.9 23.6 23.8 

22 27 - 2 JWl 23.8 23.9 23.8 23.9 23.7 23.8 

23 JWl :3 - 9 23.4 23.5 24.7 23.5 23.2 23.4 

24 10 - 16 24.1 24.4 24.2 24.5 24.3 24.5 

25 17 - 23 24.2 24.3 24.4 24.4 24.2 24.6 

26 24 - 30 24.2 23.7 24.6 24.0 24.0 24.3 

27 Jul 1 - 7 24.3 23.9 24.4 24.3 24.5 24.8 

2t! 8 - • '. 
23.7 23.0 23.1 23.0 22.8 23.' 

29 15 - 21 23.3 23.0 23.2 23.1 23.0 23.2 

30 22 - 28 24.2 23.9 24.1 24.2 23.8 24.2 



A£e!ndix 2 ,Contdzl 
1. TF.."PUVl'UI:ili (.C) 

(b) at 14.22 hours (N - epoch) 
E, • within the bamboo stand, );2 • In the open field 

Stand- Altitude above ground 
arel Period 15 em 50CII 250 CII week E1 E2 E E2 E E2 
-""""---"--"-~-

, 1 

,6 Sep 4 - 9 31.8 30.1 31.7 31.5 30.9 30.9 

37 10 - 16 29.9 31.0 30.1 30.6 29.9 30.4 

3a 17 - 23 28.1 28.8 28.3 28.5 28 • .3 28.3 

39 24 - 30 30.0 30.9 30.0 30.4 29.7 29.7 

40 Oct 1 - 7 31.5 32.2 30.1 30.1 31.0 31.2 

41 8 - 14 29.9 30.7 29.8 30.7 29.9 30.3 

42 15 - 21 30.9 31.4 30.8 31.8 30.7 31.2 

43 22 - 28 28.4 28.8 28.5 28.7 28.3 28.3 

44 29 - 4 t~ov 28 • .3 29.8 28.7 30.0 26.9 29.7 

45 Nov 5 - 11 26.7 26.5 26.9 26.2 26.9 26.0 

46 12 - 18 26.1 26.6 26.4 26.5 26.2 26.0 

47 19 - 25 26.5 27.8 26.8 27.8 25.7 27.5 

4a 26 - 2 Dec 26.6 2B.0 26.8 27.8 26.5 27.1 

49 Dec .3 - 9 28.0 28.7 27.9 28.3 27.8 27.9 

50 10 - 16 26.6 28.0 26.7 28.0 26.6 27.7 

51 17 - 23 27.8 28.8 27.9 28.8 26.2 28.7 

52 24 - 31 26.8 28.1 27.1 26.0 26.9 27.6 

~ 

1 Jan 1 - 7 27.0 29.4 27.5 29.0 27.6 29.0 

2 8 - 14 27.3 28.6 27.3 28.3 27.4 28.3 

3 15 - 71 27.6 29.5 27.6 29.1 27.8 29.0 

4 22 - 26 28.7 30.1 29.3 29.9 29.0 29.5 

5 29 - 4 Feb 26.2 28.8 27.0 29.3 27.8 29.2 

Coat •• 



Appendix 2 - 2(a) Continued 

Stand;.:--------~-------------
ard Period Altitude above ground 

week 15 CIIl 50ca 250 _ 
E E2 E, E2 E1 E2 ______________ 1 _____ 

6 feb 5 - 11 82.0 87.0 86.0 66.6 85.4 85.4 

7 12 - 18 83.5 86.5 84.8 86.8 85.0 84.4 

8 19 - 25 79.1 89.0 84.3 89.0 62.6 83.7 

9 26 - 3 Mar 76.9 87.3 80.6 85.3 78.3 77.6 

10 l18r 4 - 10 84.6 84.9 67.6 84.7 87.6 83.7 

11 11 - 17 90.0 90.8 91.5 88.7 89.8 88.8 

12 18 - 24 84.9 88.0 84.1 64.9 84.3 84.3 

13 25 - 31 82.7 d1.6 133.4 83.7 83.3 83.9 

14 Apr 1 - 7 131 .7 ii3.1 £,2.6 83.7 61.0 84.6 

15 8 - 14 86.3 1i7.1 89.6 80.7 88.4 86.0 

16 15 - 21 8;-.4 83.4 84.3 82.0 84.1 80.0 

17 22 - 2b tsB.3 87.9 89.0 ~/.O 89.5 81.9 

1b 29 - 5 1,,,y 9;>.& 94.4 91.9 89.6 92.7 88.6 

19 l'lay 6 - 12 91.8 90.8 95.3 91.3 92.3 89.0 

20 13 - 19 92.1 89.6 93.3 88.6 92.7 88.7 

21 20 - 26 BY.';' 9104 92.1 90.6 90.9 89.6 

22 27 - 2 Jun 90.6 91.1 92.7 90.7 91.3 89.2 

23 JWl. 3 - 9 Y" • <-'J 92.3 91.7 91.1 91.1 90.4 

2 .. 10 - 16 84.0 8lI.1 83.9 83.6 82.6 60.2 

25 17 - 23 81.9 82.0 80.8 83.7 80.3 78.1 

26 24 - 30 00.0 82.6 79.7 80.1 78.3 75.9 

27 Ju.I 1 - 7 75.7 81.1 75.6 77.4 73.9 73.2 

28 8 - 14 81>.6 88.7 88.4 88.9 88.6 84.1 

29 15 - 21 90.7 97.8 90., 92.4 89.4 90.6 

30 22 - 28 77.6 81.1 62.3 79.4 81.0 78.6 



Appendix 2 (Continued) 

2. Rl::U,'l'In HUMIlITY (,,) 

(b) at 14.22 houre (N - epocb) 
E1 • within the bamboo stand; E2 • In the open field 

st~~d:'------------" Altitude above ground -----

w:~: Periocl 15 em 50 C1II 250 em 
___ . _____ .. ,__ E1 E2 E1 1!.2 E1 E2 --_._'_ .. _---------_. __ __::_ __ --=:__ _ _:_----=:.... 

12Z2 
36 Sep 4 - 9 !i5.8 

64.4 

77.1 

5t,.9 

60.7 

37 

3B 

39 

40 Get 

41 

42 

43 

44 

10 - 16 

17 - 23 

24 - .30 

- 7 

8 - 14 

15 - 21 

22 - 2& 

75.0 

46.2 

29 - 4 !>lev 6"'.7 

45 l'Vov 5 - 11 77.7 

46 

47 

4B 

12 - 1S 

19 - 25 82.7 

26 - 2 Dec RO.4 

49 ~ec 3 - 9 

50 

51 

52 

10 - 16 

17 - 23 

24 -- 31 

.12§Q 

1 Jan 1 - 7 

8 - 14 

15 - 21 

22 - 28 

53.D 

58.0 

56.6 

47.4 

54.0 

36.0 

2 

.3 

4 , 29 - 4 Feb 64.3 

54.7 5.3.5 

59.1 61.6 

77.1 71.6 

58.9 ~6 • .3 

56.2 52.3 

(.5.3 58.6 

44.4 1"5.4 

69.9 57.4 

?O.9 6;.9 

75.3 74.2 

92.7 83.0 

77.8 81.0 

75.4 77.1 

63.0 64.6 

62.oS 66.9 

42.1 44.1 

39.7 47.; 

~1.8 ~3.8 

72.1 68.4 

56.3 55.7 

61.7 55.1 

55.4 6Q.4 

4~.1 41.1 

6 •• 7 65.0 

53.0 59.1 

72.3 72.5 

83.0 79.0 

69.0 76.2 

70.7 76.9 

62.8 62.4 

60.0 62.4 

49.0 51.2 

51.6 53.8 

42.7 49.6 

39.4 42.0 

39.6 41.7 

32.1 31.4 

4'.3 52.0 

56.0 

70.0 

71.3 

60.0 



~P~d1x 2 - 2(b) (Continu.d) 

Stand-
ard hriOd 

Altitude ebcrn ground 
week 15 c. 50 GIll 250 OIl 

E., E.2 E1 E2 E 1:2 ., 
6 Feb 5 - 11 43.7 42.4 40.0 41.1 38.4 36.9 
7 12 - 18 49.8 34.8 41.2 35.7 :56.8 32.8 
8 19 - 25 31.9 30.9 27.7 27 .1 25.9 24.6 
51 26 - :; Mar 33.1 30.9 34.1 29.0 32.7 28.9 

10 Mar 4 - 10 31.9 29.0 31.7 29.9 32.4 29.9 
11 11 - 17 60.4 59.3 55.9 56.3 56.6 55.6 
12 18 - 24 46.0 54.0 52.0 56.4 :;6.8 57.6 
13 25 - 31 51.9 73.0 55.3 70.6 57.0 80.1 

14 Apr 1 - 7 53.1 51.6 54.6 63.0 54.9 63.3 

15 8 - 14 51.7 40.4 46.7 43.1 47.1 44.4 

16 15 - 21 57.3 39.9 44.0 42.3 45.0 42..7 

17 22 - 28 60.7 60.4 54.6 53.7 55.7 52..0 

18 29 - 5 May 62.9 57.9 60.0 53.0 !9.3 49.0 

19 i'lay 6 - 12 69.9 64.7 66.1 61.0 65.9 60.7 

20 13 - 19 65.1 53.3 59.0 53.9 58.7 49.0 

21 20 - 26 76.4 7".0 72.4 56.0 69.0 6'.7 

22 27 - 2Jun 79.9 76.6 75.7 72.9 67.1 69.0 

23 Jun 3 - 9 80.1 79.6 76.0 74.7 75.3 75.0 

24 10 - 16 67.9 1')0.1 66.6 55.4 66.6 51.7 

25 17 - 23 70.8 71.8 70.3 67.3 10.2 64.7 

26 24 - 30 67.6 69.4 66.7 66.0 67.' 63.9 

27 Jul 1 - 1 72.6 75.4 69.7 69.8 66.7 67.1 

28 8 - 14 66.6 67.4 65.' 63.9 66.1 62.1 

29 1; - 21 65.7 61.0 62.3 57.8 61.0 56.1 

30 22 - 28 70.6 70.6 69.0 69.1 69.9 67.7 

-



A}PENDIX 3 
WEAThL1\ J:jA'l'lI F:_,f\ TNAU. COIKbAT~ 

--- - - - -- - (for the period ot experimentatiOft) 
- - -- ~ ~-'-----<----"' .. ---. 

itan- flain- No.of Temperature Relative Houra Eve-lard Period fall rainy (·c) Hum1d1ty of br1- pora-,eek {1DIIl> day. Max. lUn. <") ght tiOll 
en .22 14.22 sun- (-> 
bra. hra. shine 

(bra.) 

1m 
.~. -.~-.--. ,---~-~---_...---

32 Au!'. 6-12 15.7 :; 2\1.5 22.2 77 S9 5.S 7.3 
33 13-19 33.6 21.1 81 49 7.8 9.2 
34 20-26 0.8 3.2.1 21.5 90 49 5.4 6.8 
35 27-l!Sep. 1.0 ~2.2 21.7 91 49 4.'1 S.6 
3c oSep 3 -'::) 4.3 1 32.2 22.0 89 56 5.1 ~.2 

37 10-16 28.6 4 32.1 22.1 92 57 5.5 5.1 
38 17-23 68.4 3 20.9 21.9 93. 72 4.0 3.8 
;:;' 24-30 30.7 22.1 81 54 5.7 7.2 
40 (Jct 1-7 19.8 32.5 20.9 88 50 8.8 7.3 
41 8-14 46.2 2 30.S 2'2.3 94 59 6.7 4.3 
42 15-21 3.4 1 31.2 20.5 fr1 43 10.2 5.4 
43 22-2a 88.3 4 29.1 21.3 93 70 4.1 4.0 
44 29-'+<'.ov 56.4 .3 2';.6 21.0 95 60 6.6 3.7 
45 Nov 5-11 21.7 .3 27.7 21.3 94 75 3.0 2.0 
46 12-18 263.6 5 27.3 21.2 96 84 2.7 1.3 
47 19-25 293.6 4 27.4 <'1.1 94 75 2.7 2.1 
40 26 -2l,;ec 15.2 ~8.3 21.6 94 65 6.0 3.0 

4S Dec 3-9 0.7 2&.2 20.5 93 61 6.7 3.3 
,50 10-16 3.7 1 2E.2 20.8 91 60 5.2 3.6 

51 17-23 2S.5 19.1 91 45 8.9 4.5 

52 24-;'1 0.4 2f~.5 17 .,~ 90 49 8.7 4.5 

1980 

1 Jan 1-7 29.4 16.6 85 43 10.3 5.0 

2 8-14 29.0 15.7 89 37 10.0 5.3 

} 15-21 29.1 17.4 85 38 10.0 5.6 

4 22-2& ;:J.n 14.7 85 30 10.8 6.1 

5 29- 4Frb - 30.13 17.1 81 ,1 8.9 5.5 

6 Feb 5-11 31.5 17.8 85 31 9.6 6.6 

7 12-1& 32.0 16.8 85 29 10.0 6.4 

COIl'td. 



Apyendlx , (Contd.) 
.stan- Rain- No. ot Ten.t>ereture Relative HololJ'a Eft dard hriod tall rainy {·c) HUllldlty of Dr!- por well<. (lila!) daya ~lax. rUn. ( %) ght tio 

07.22 14.22 aWl- <-
hrl. hrs. shine 

-_- - --- (hra.) -_.-. <,-"<- -,-_._--._-. "---

8 f !lb 19-25 33.3 16.5 81 23 11.2 8.C 
9 26-3 l'le.r - 3£..7 16.3 85 32 10.6 1.!. 

10 har 4-10 5<19 1 34.9 19.!; 84 32 9.0 6.9 
11 11-17 19.0 2 32.3 19.9 86 36 9.8 6.1 
12 18-24 34.9 17.2 75 21 11.1 7.5 
13 2~-31 34.4 21.9 76 37 9.2 6.7 
14 apr 1-7 3.) ?A. :3 23,6 77 41 7.0 7.! 
15 8-14 3!i.7 23,1 84 40 10."- 7.Li 
16 15-21 16.9 2 34.8 23.2 76 47 7.7 7.! 
17 2<:-28 63.~ 4 34.8 ..,., " ,_ .. - ._.,., 88 48 7.2 5.S 
18 29-5 nay 2c.1 32.8 23.3 87 47 8.1 5.:! 
19 hay 6-12 10.7 35.4 23.5 87 45 8.7 6.; 
20 13-1<;' 47.a ;,3.1 22.9 89 47 8.4 6.1 
21 20-26 "7 • 34.8 23.3 83 48 10.2 6.7 _,,_, 

22 27-2 Jun 1': ,: 2 32.1 22.3 89 59 2.6 5.C 
23 Jan 3-9 11.2 2 jO.6 2.2.5 e3 62 4.3 4.~ 

24 10-16 2.8 1 ~3.1 22.2 74 50 4.4 8.t 

25 11-23 s.7 2 30.5 23.2 77 66 5.0 6.~ 

26 ",4-3'J a.1 1 30.4 22.8 77 67 2.1 6.< 
27 Jul 1-7 21.5 3 2~.7 23.1 81 65 5.1 7.; 

20 ,-,-14 1.0 :;D.9 .22.6 84 56 6.2 1.'l 
'>{, 
'-~ 1,-21 1.7 32.1 21.0 87 47 5.2 6.; 

:;)0 22-28 1.0 31.5 22.5 10 52 4.2 7.! 

-----.-~-.. ~.-------.--------



Expt.1 Appendix ,. 
Corre18tio~ Coefficient. 

Sill!i.!!_ S8.I'Iple ~lanta Data aa on 30 DAB 

y • ~ra1n yield/plant 
»1 .. !1ei,,;ht c1 plSlit 
X2 • DiBJl1eter of Eten: at b"SE 

X~ • Number of leaflet. (Totnl)/plant , 
X4 • Lear area (Total)/plant 

(as on 40 L:,~) 
- --- --"'--'--- .. _-_._ ... _-------------------

X 2 X4 Y 
--.---,.-~- ---,~,-- -------

, 
"4 

y 

x 4 

y 

G.2231 C.25tl2 

0.5347 

~* 

0.4138 0.5448 

r.s 
0.0016 

tiS 
0.3150 

NS 
0.0669 

1 

;t-*, 

0.5662 

.... 
(.i.6000 

,.-** 
0.7379 

1 

!liS 

0.1808 

.. 
1.5066 

...... 
0.6547 

NoS 
-).0368 

1 

NS 
0.3781 

.. -
0.6500 

,..". 
0.8448 

* ... 
0.670$ 

1 



A>,opendlx 5 
C_l)~~iOZl_ __ C~_!t!,~ 

SOYBEAN 

SiD61. sa,pla Plant. Data •• an 60 nAS 

Y • Grain yiala/plant 

X1 • lie.l.t;ht ot plar!t 

X2 • D.l.ameter 01 stell! at ba •• 

X, • ~uwber 01 le&fleta (Tctal)/plant 

X4 • l.eaf aree ('Iotal)/plallt (aa on 80 vAS) 

Xs - i.umber of pods/pll1nt 
------ -------_--------------------------------
_____________ A__!_ _______ _!-_2____ )..3 ____ X_:.4 _____ x_5=--_____ y __ _ 

(8.) ~_~!_il_g,. tile _ bamboo atand (L1 ) 

.. 
X 1 0.4851 

.42 

X3 

}(4 

X, 
y 

. ,,*, 

0.5390 0.6169 

'**'* ** 
0.-147':1 0.6147 

,,*-
1 0.6920 

.-** it-

0.6470 -0.5142 

1 NS 
-0.0762 

1 

~ .. ... 
0.5262 0.5405 

*** **-
0.6939 0.7374 

" ... it** 
0.7610 ~.n94 

.. ' .. it 
0.5592 0.'537 

1 
....... 

0.7513 

1 

~ ** «.«. 
0.8240 0.6016 
... * *** 

0.7293 0.7452 

*- ••• 
0.6465 0.814, 

-O.~~56 NS 
-0.2866 

.. ** 
0.8602 

1 



ioXpt.1 

(a) 

'12.-

X3 

.x4 

X5 

X6 

Y 

(b) 

X1 
X, 

L 

X3 

X4 

Xs 

~ 
y 

Appendix 6 
Co~lat1on CO!_tf101.nt. 

S_1nd. Sample Plan~._pata aa OIl 90 DAB 

Y • Grain y1eld/plant 
X1 .. lieil,ht o;f plant 
X;:: • D1al!lEter 01' stell! at balil. 

X3 .. Number of l.~flet. (Total)/plant 
X4 .. Leaf area (Total)/plant (a8 on 80 DAS) 

Xs • Number of pods/plant 
X6 .. l'4umbc;r 01' grains/plant 

X6 

*** 
0.<'934 -0.0('38 0.6;35 0.5009 0.6588 

.. * " **" « .. 
0.5171 0.4775 0.6723 0.8321 

;)$ : .. 8 * 
1 0.2045 0.3396 0.4096 

"it ** 1 0.6051 0.6203 

*1t* 
0.6901 

Xl 

** 
0.6069 

"** 
0.7576 

}is 
0.32" 

** 
0.55" 

*** 
0.6593 

""* 
O.96Yl 

1 
--~"-- .. ~--

Il~ 

1 

tl!E op~[' n~!~ (L..Z) 
*it * tJS 

0.6199 O.u5BO -0.1710 
O!:~761 -0.7tt2 

j\S 
-0.1311 

*** 
O.84}3 
*** 0.6895 .. 

0.4882 

N:: 
-8.3495 

1 

... * .. * .. 
0.8501 0.7'0' 
*- ** 

0.6972 0.6063 .. • 
Q.4352 0.4321 

1'45 NS 
-0.3382 -0.2966 

"' .... *-0.9826 0.9346 

,,*. 
1 0.961. 

1 



Appendix 7 

Correletion Coefficient. 

~~~~~~Sa~ple_Plant8 Data as on 30 DAS 

Y • Grain yield/plant 

X1 • He11,ht of plant 

AZ • ~1ameter of stem at base 

x} • Numbe~ 01 le~flets (Total)/plant 

SonEAN 

- _._---_._- -- -_. __ ---_ --------------_-_._----
""1 X 2 

y 

(9.) ~1thin bamlJoo stand ( f 1 i 

,.S 
X 1 1 O.W72 

"'~ 

"'3 
y 

"- ._-.--- - . 

( DJ In thE OrE!! . He.!-.o_ IF 2) 

X1 'I "g 
o.J7&4 

A2 

x} 

i' 

NS 

-0.1992 

NS 

-0.0049 

1 

t's 
-0.0275 

... 
0.4527 

NS 

-0.3096 

0.0402 

. --_-_._-- -----

..... 
-0.5596 

i .. 5 
0.0519 

NS 
0.3352 

1 

,----... --.--~.-.----



X .2 

(a, 

Appendix 8 

Correlation Coefficient. 

S1<.l>l_e Sample Plan ta Data aa on 60 DAS 

Y • Grain yield/plant 

A1 • Height of plant 

x2 • ~iameter of stem at baa. 

SOYBEAN 

X;," Kum-ofr 01" lEailets {'lotal)/plant 

lI,ithin the bamboo stand (£;1) 

i~;;; 

-0.1097 

1 

'S 
0.0003 

x .. 
~ 

~jS 

0.1730 

NS 
-0.2267 

1 

hS 
0.34:59 

:'<s 
Cl.2141 

1 

y 

* 
0.4570 

NS 
0.2289 

NS 
0.1120 

1 

NS 
0.1812 

NS 
0.0164 

* 
0.5155 



x 3 

/4 

ApPEndix 9 SOYBEAN 
Cor .. letion Coefficient. 

~~!_l?~ Sampl~~lants Data as on 90 DAB 

y. Grain yield/plant 
X1• Hel~ht of plant 
X2- D13meter of stem at base 
X,. Number of leailets (Total)/plant 
x4 - Num::-er vi FoOG/pl(~nt 

X5- Number of i::-'~lns/plant 

X4 ____ x.,_ 
(E1 ) 

NS )"g 
0.2543 0.3262 

i;S t:(' ~, 

::1.3008 0.0726 
1;5 .1..0:;: 

1 -O.}316 O.226u 

* 
1 0.4071 

., 

y 

NS 
0.401. 

NS 
0.0764 

NS 
0.2018 

NS 
0.340, 

*** 0.9615 

1 
----_._-_. _. - ------ --_ .. __ .. _-_.- .. _-----

i\t;;:. _~S 

0.1581 -':'.0216 

1 G.4&63 

1 

~s rlt:.~ 

-0.2<:>25 -0.2468 

... " tL" 
0.6055 0.3229 .,. J"'= 

0.5907 0.5467 
.. *« 

1).7583 

1 

NS 
-0.2421 

NS 
0.241, 

NS 
0.3932 

* ... 
0.7255 

*** 
0.9626 

1 
.- ._. - .. _._-.--- --_ ... _---,----



A 2 

x 5 

}.7 

Y 

Appendix 10 
CorrelatiQn Coerf1eients 

. S ~~.~~ __ fl.~'p'!e _~!a~t~. _l)a_~! .a_~ __ ~_3Q_ DAS 

Y • Grein yield/plant 
X1 • Height of plant 
X, • ~iamEter 01 stem at ba •• 

A3 • NWllb"r 0:[ leaflets/plant 
X4 • Lent area ('.lotal)/plant 
A5 • Len~th of taproot 
X6 • ;'Ulaber of root nodules/plant 
}.7 • Lry t:atter Production (~, : )/Plant 

._. __ ._._ ..... _--_._._------
(Rj l'iith1r. the b'<mboo stand (Ii:.,) 

1 

.... _ ... __ .•. _. _ .. _ .. _ .. _._-_ .. __ .... _----
}. 

3 )'4 )'5 X6 x., T 
-~--.---

. ~ .. ---_._------,---
1:S ~'S NS NS 

-(J.~G2C 0.W&4 0.1496 -0.236~ 
}'-S i'C· .,C' :'JS r:~ NS 

0.1864 0.3145 0.1550 0.0765 0.3257 0.06~ 

!;.., (,~ ~* NS 
0.75<>6 0.,;407 0.2782 0.5482 0.19& 

~~ !~S l.S NS 
0.;>029 0.3465 0.4'54 0.~8~ 

hS ** .. 
-0.0557 0.5203 0.542: 

~:S KS 
1 0.1155 -0.269 

* 
0.492 

1 



A~endlx 10 (Contd.) 
Correlation C~~!iciGnt. 

Si_Il£de S~'lw}1e_ll~!",t~l:J':.t8. 28 on 30 CAl! 

(b) in tLe o:pEn :t:iEld OI'2) 
----------_.---------

X 1 

X 2 

y 

1 0.0;)49 0.3157 

H~~ 
).()569 

X5 1'.6 x., y 

--- ----------------
r,~ NS """ NS NS 

0.2~55 -0.2422 O.69J+8 -O.13E3 -0.11 

** HS· KS NS NS 
0.5730 O.~J66 -0.1%9 0.0512 0.2S 

.;rt N!:i KS NS NS 
;).5597 0.3986 O.16~O 0.0879 -0.21 

*... NS xs m 
0.6165 -0.0444 0.1624 0.31 

1 it NS Nfl 
-(,.4778 0.1652 0.07 

'I NS NS 
-0.2671 -O.1f 

1 



.... t') 
o .. 

;.. 

'" :t' II> 
.0 .... 

9 <II 
2: ..J 

• • 

\. 
I 

...... 
r 
~ ,.'P ._, ~ ...... 
'tl 
;:; 

" ... 
III 

: .... ,x 

lR 
o 

.)~ 0 
~o 

I 

.... 



It\ . 
i 

I) 
i ' 
i 
I 
1..0 
1>< 

\ 
i '" I i>< , 

i 
I 
,-.I 
1>< 

I'll: 
1>< 

"8-
:~ :~ • • • • o 0 

~ I"-
... "­

rIlC:O * C 
;~"! ~ 

o 'C) 

C " \.l)lt\ : '1 f''''\ 
:zr;; :z:~ 

C( c 

.... 

... 

n 
o 

.0\ 
• ..0 . . 

o 

I"­'" '.[) 

:~ . 
o 

,.. 

~ 
*..0 
.10 • • o 

T'" .... 
*Ol\ 
" J\ o 

... 

.J 
• o 



,\() 
IX 

I >("" 

~ ~ 
(I) Q) '" C\l 
~': L:~ 

o 0 

... ' ... 
X 

o 
* ~ *0'1 *'" . 

c 

... 

'8. 
• .:r 
.1:--* • o 

.... 



I 'oR 
... \I~ 

I • 
I 1 0 

\ ! 
I~II~§ , . 
I 0 

I , 

N 

.~ 

.. «I .. . o 

!.~: ~~ : ~ 
"'; .r. ~ 
o 0 

o 
",. 

\ 
tn (~:<'\ 

:>C:':Z:N , . 
~ 

'\ 

o 
4" 'I ... 1: t-­

iI<!2;'" ... . 
9 

o 
I 

C\I o ..... 
~ . 
o 

'" «) 

* 0 -1' . 
o 

... 

... o ,. '" 
~ . 
o 

~ 

.. '" . '" ... .. to-. 
o 



Appendix 13 Correlation Coefficient. SOIL MOISniRE 
So11 aoisture during different atate- ot crgP 

sf01'1h_~~~~_.rlel_a of -01 an 

Y - Grain yield/plant (a1ngle sa.pl. plant) 
x,_ S011 molstur. 8S 

X2- • 
X,. " 
XAt- " 
)(5- n 

on 3' DAS 
47 DAS 
54 LiAS 

68 liAS 

76 DAB 

--------_._-_._----
X1 X2 ;'3 X4 X5 Y 

,· ___ • ______ c --- --.~---... --.---- -_. 
(a; '-i thin ti1~ tlamboo stano (L,) 

X, tt: lL~ ns !'" NS ., 
1 0.2809 0.0'01 0.0317 0.0315 -0.2112 

X2 u,;,) hS N~ NS 
0.2221 ':.0582 0.3064 0.13;,6 

X NS *- NS .3 0.0018 0.6440 0.0209 

)\4 NO:; NS 
1 0.1428 -0.0658 

X5 NS 
1 -0.0392 

Y 1 

(bi In_ ~r~E__~~r~!.~'Old (r 2) 
NS NS NoS NS NS X, -0.2675 -0.133:- -0.2230 -0.0417 -0.3400 

X_:::: ~LC: NS ~;~ NS 
1 J.2Sn 0.1116 0.4265 -0.0589 

~'i.; * NS .. ::-
0.0651 0.5126 0.,135 

.);.4 NS NS 
1 0.2580 -0.1875 

X, N3 
1 0.3487 

y 1 
-.~~.- _- -- -. -_- ... __ . ~.- - .--



Appendix 11+ Correlat1on Codt1c:ient. 
~oil moisture during dilterent 8tft, •• ot crop 

growth and graIn yIeld ot soybean 
-. "-"-~~'---'- -

y • lIrain yield/plant (single sample plants) 

X1 • So11 moisture as on 36 DAS 

Xz • " 48 IlJ;S X, • " 55 llAS 
XI+ _ n 69 DJ\S 

X5 • " 76 PAS 
- - - ------------ --, ------------

X 1 liS NS I;S 
0.4042 -0.1098 -0.0188 

!\IS NS 
1 0.1298 0.3290 

NoS 
J.<711 

1 

Yc 
.I 

0.~~26 
NS 

0.1715 

};S 

0.;346 
NS 

0.2230 

1 

SOIL MCIS'l' 

y 

NS 
.. 0.1096 

NS 
-0.2584 

NS 
0.2352 

... 
0.4126 

,;S 
0.2452 

1 

,,'--,--- -------, ----------------------------------

X 4 

x 5 

\:: I ~~:_._!lL~?.LE_:].__!. i'~~£.J.E.:2; 
*Ji.* ** NS NS .. it 

iJ.oi26 0.3721 -0.3161 0.5988 
-- NS , ~ 

0.3228 -0.5281 0.4004 

HS NS ** 1 0.2230 0.0231 0.51+3'+ 
"it .. 

-0.58$11 0.4446 

NS 
1 -O.1B~ 

1 

-'- --- --- --- '- ------- _------------



SOYBEAN 

iJ 

Mul!!plE linEar rEgression equation fitted 
(attrib\&tea .a on 30 !)ft,S) 

Y • Predicted grain yiEld of soybean (grams/plant) 

X, • He16ht of plnnt (em) 

A2 .. D1ameter of 8~em at base (mm) 

)\, .. Number of llnflets /pl8nt 

X4 • Leaf !'Ire'" (Tot!'!l)hl'-I~t (cm2 ) 

A5 - Lenpth of t~proot (em) 

X6 .. lIltlllDl'r 01 rO'Jt nOdul€~/pllmt 

)'7 • u.~ .• ¥Ei"bt vi rO;Jts/pl'l.:.t (cr'mt» 

)~8 = Dry ili"thr j,['c«)Uct:.')I; (.1l'iI'j <torams/plr'nt) 

• rediSited XiE11l 
I-
Y • 0.6091 - 3.0712 X 1 - 0.1308 X 2 + 0.0239 

+ 1.5~')v J. 4 + 0.0266 }. 5 - 0.1191 

+ 't.5~~V A 7 - O.2~1 X 6 

BEta X 1 • -0.1664 

"eta X 2 -0.0060 

:beta X :5 0.2538 

heta X 4 .. 0.0093 

ret!! A 5 0.2785 

EEts }, 6 • -:l.34l.:; 
< 

X :5 
X 6 

Beta X 7 

Beta X 8 

(1.5240 

-0.3593 

:'(:! _ \~oS"ll­
'.~\(~ , 

111) 'ultl~le COef!1~1ent of Determination 
n' • 0.5090 

,,~ 
... 
-­. " 

) " 
_ ~-: ..... 4, 

it '::' 



Appendix 1S (ContinwuS) 

1v) Correlation bet_en th! .. predicted and actWll yidels 

R • 0.7138 

{O) ~1).!' .. ~~!.l!viro.!lJllent _~.ClE!!!...!.ield' (E2) 

i) Predicted Yield 

~ • 14.6053 - 0.0486 X 1 - 0.5672 X 2 - 0.6050 X , 

t 0.0295 X 4 - 0.3147 X , - 1.0066 X 6 

- 6.6814 A 7 - 1.8499 X 8 

Beta X .. -0.1212 

Leta X 2 .. -O.OO;.:t 

beta X 3 • -0.4576 

l:.eta ,. 4 • 1.0207 

beta A 5 .. -o.28ti~ 

beta >. 6 .. -0.2175 

beta X 7 .. -0.2057 

Bet.. j, & .. -c.a:J74 

iU) "'1.11 tiple C,1)f:;f~ci~nt of ['lItEI!Jip.a1:i_()n 

,\2 .. 0.£;195 

iv j COITel?tion ttT'f'E c; H,f ['rEcic~ed ~rlcl __ ~C~.~~.!_J:1ddS 

R • 0.6477 
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