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ABSTRACT

INTERCROFPING OF BAMBOO (Dendrocalsmus strictus Nees) VWITH
SOYBEAN (Glyeine max (L.) Merrill) - AN AGROFORESTRY STUDY

By
P.Seshadri, K.5c.(Ag.).,
Degree 3+ Doctor of Fhilosophy (Agriculture) in Agronoamy
Chairman ; Dr,Y.B.Morachan Registrar (Retd.),
Tamil Kedu Agricultursl
Univeraity,

Coimbatore 641 003
Year ] 1985

Three field experiments (Experiments 1, 2, and 3) were
conducted during three different sessons (August - Kovember
1979, LDecember 1979 = March 1960, andé April - July 1980) at
Coimbetore, Indis, to explore the fessibility of reking
soybean (Glyecine max) as an intercrop within a stand of 4=5
year old ciumps of 'selid' bemboo (Dendroczlamus strictus

Nees) planted at a spacing of 4 x 4 m. The intercrop was
raised under irrigation. A s80le crop of soybean wos raised
in an adjacent field, for coapsrison. GBSesides a compariscn
of the performance o0f the soybean under these two enviromments
{i.€., 'within the Lamboo stand' and 'in the open field'), the
influence of two vigour levels (low, and high) of the bamboo
clumps, a8 well as three levels of F application (0, 100 and
200 kg on,/hn) uwn the psrformance cf the soybean was studied. -
Also, the growth (from age 3 1/4 yeare to about 6 years) and



oculm yield (2t about 6 years after planting) performance of
the bamboo clumpe (bese crop) were elso studied with reference
to the two vigour levels and the three P levels. Additionally,
the fluctuations in the 1light intensity, microclimete and soil
moisture as well as weed infestation were studied under both

the environments.,

1n soybemn, attributes like plent height, number of
branches, number of lezilets, total leaf area/plant, mean leaf
area/leaflet, rpot: shoot rotio, number of pods, DVMF, number
of graing/plant, 100-grain weight and grain yield/plant were
significantly influenced by the enviromment, The plants
growing within the bexboo stend were taller, thinner, had less
branches, shorter taproots, recorded lower root i shoot ratio,
less number of flowers and lower DiiP. However, the patterns
ditfered between the first experiment (Expt.1) on the one
hend and the two aubsequent experimenta (Expts.2 and 3) on
the other. vhile initfally (Expt.1) the plents growing within
the bamboo stand bad more number of le¢aflets, larger leaflets,
and thus more leaf area, more pods, and recorded e higher
biomass, more number of grains/plant, heavier grains, and
yielded more grein/plant (44% more, significant), as compared
to the plants growing in the open field, the pattern reverased
in the subsequent experiments in favour of the open fleld,
ag the bamboo canory progressively closed up and the root
eystem of the barboo expanded. While in the first experiment
the intercrop soybeen cutyielded the sole crop by 2% (not



significant), subsequently the sole crop grain ylelds were
607% and 77% under Expts. 2 and 3 respectively. Partial
shade (Lxpt.?) thus exerted &8 beneficial influence on the
performance of the soybean, while deeper shads seriously
curtailed its ylelds. The infiuence of the other two factors,
viz., the vigour of the btamboo clump 2nd P applicstion were

of legser importance.

48 regards the base crop of bamdoo, neither the vigour
of tke clump nor F application exerted any signific-nt influence
on the heizht of culze (3.23 m average), basal diameter of
culm (18.10 mm at 3 1/4 years and 26.96 mm at 5 3/4 years age),
nunber of primary vranches, and welght of culm. However, the
nusber of culms/clump was significantly more in the 'high'
vigour clumps (5% more at 5 3/4 years of age). The number of
livin; culms/clump increased procressively over time, from
24575 at 3 1/4 years 2pe to 24,417 at 5 3/b years age. The
toial nusber of culms/clump behaved simllarly end increased
from 4,667 to 27.458 culms., At the end of 6 years an average
¢f 12,208 usebie culms/clump of 3.1€ m length and 14.6 mm mid-
culm diameter, aor 8,255 culms/ha were haorvested. The fresh
welzht of a culm belng C.870 kg, culm yleld by weight is
thug 7.877 tonnes/he at the end of & years after pleating.

Ambient li ht intensity, microclimete, soil moisture
and intensity of weed infestation differed betweern the two
environnents, Wwithin the bamrboo stand, the light intensity



wag 60-75%, alr temperature was cocler, the relative humidity
higher, and the soil moisture higher, and weed infestation
less, as compared tc the open field.

Camparing the economics of cultivation of sole crops
of soybean over a period of 6 years, and a crop of bamboo
intercropped with eoybean over the same period of & years, an
extre profit of Rs.10,736/ha 1s realisabvle over & period of
6 years (i.e., i8.1,789/ha/year)}. The cost: benefit ratios
over & years work out to 3.97 for the bamboo + soybean system

as compared to 3.56 for the gole crop soybean.

Summing up, the study demonstrated that the raising of
an intercerop of soybean within a stand of Dendrocalsmus
Strietus bvamboo during the first 6 yeers is technically
ieasivle and economically viable, which practice may there-
fore be popularised for wider adoption by farmers, Through
wider spacing of the bamboo clumps and Judicious manipuletion
¢t the wemboo cancpy, it appears that the period of inter-
cropiping could te extended further,
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CHAPTER 1
INTRODUCTION

The bamboos are plants of enormous importance to the
rural people in severul regions of the world, but nowhere is
their usefulness as great as in South and Southeast Asia, It
is indeed difficult to imagine what people in Asia would do
without beaboo (Lessard, 1980). Bamboos are used for house
construction, scaffolding, ladders, mats, baskets, fencing,
contalners, tool handles, pipes, toys, musical instruments,
cooking pots, furniture, handicraite etc, It is also used as
fuel, food (i.e., bamboo seeds and tender sprouts) and as fodder
for animals., It is an important raw materiel in the paper
making industry, Several authors (Deogun, 1937., Me Clure, 1966.,
Subba Rao, 1966) have furnished exhaustive lists of the diverse
uses of bamboos. Several species of bsmboos are widely culti-

vated in many countries, mainly in Southeast Asia,

India ig endowed with a large number of bamboo specles,
and perhips the world's largest reserves of bamboos exist in
this country. Of a total of nearly 1000 known species (exclud-
ing the herbacecus bambusoid gresses), about 100 have alreedy
been recorded in India, and at present the total number of known
taxa, both wild and cultivated, in Incia is adbout 113. A conser-
vative estimate 1s that the forest erea under bamboos in India
(including plantations) is 9.57 million hectares, ror about 12.8%



of the total forest area of the country. The estimated annual
output of bamboos (air-dried) 1s 3.23 million tonnes, one~-fifth
of the country's total wood production, which 18 utilized for
conventiona) as well as highly sophisticated purposes. More
" than half of the production (about 2 million tonnes) is consumed
by the paper end reyon industries alone. Bamboos, therefore,
constitute one of the most important renewable n=tural resources

of India (Varmah and Bahadur, 1980).

In Tamil Nadu, the aggregate gross area of forests in
which bamboos and reeds occur has been computed as 6,229 square
kilometres (Aslam, 1971). The demand of bamboo for pulpwood
purpose in Temil Nadu, has been estimated v-riously, as 50,000
tonnes/year by Bhoja Shetty (1973) and as 60,000 tonnes/year by
Balakathiresan (1973)., Since no statistics are available on the
exact area under bamboos in this State, it may be assumed to be
about 3 lakh hectares, based on the above demand figure of 50,000
t/year of aire-dried bamboo culms, average molsture content of 50%
and average yleld oi 1 t/ha of green culms, and 2lso a felling
cycle of 3 years.

In Tnnil Nadu, the two common bamboo species of India, viz,,
Dendrocalamus strictus ('solid’ or 'male' bamboo) and Eambusa
arundinacea (the 'thorny' or 'hollow' bemboo) dominate, ocourr-
ing both within the reserved forests under the coptrol of the
Goverrment, and ocutside, on farmlands. Eoth species are culti-
vated by farmers as farm crops, perticularly in the districts of
Thanjavur, South Arecot etc, Such cultivation is rather extensive,



even though no statistics are availeble as regards arees and
production, Between the two species, while Basmbuse arundinages

is adapted only to moist situstiocns, Dendrocalamus strictus is
very herdy and thus widespreed in its cultivation.

Fermers take to the cultivation of bamboos, more particularly
Dendrocalsmus strictus, because of certain needs, demands and
advantages. bambooa ;row very fast, yleld small timber almost
continuously over a falrly long reriod, reguire lezst attention,
perform well under rainfed conditions, meet seversl of the needs
of the farmer (fencing, temporary structures, mets, baskets, pipes,
containers etc.), and fetch high prices in the local retail maerket
(being in great demand for construction purjoses and for the

hendicraft industry) and thus readily saleable.

In recent times attention has been focussed on encouraging
the cultivation of trees outside the reserved forezts. This
£41ip has stemmed irom several ressons - to counteract defore-
station, to amelior=te the climate, to augment wood supply, and
to provide & variety of other benefits to society, Such sctivi-
ties have been called by different expressions with different
shades of weanin., such as 'soclal forestry'’, 'coumunity forestry',
‘multi-purpose of forestry', 'all-purpose forestry', 'rural
forestry’, 'integreated village forestry', 'multiple-product
forestry', 'smell-scale forestry', 'agroforestry', 'silvagri-
culture', 'silvipasture', 'forest faming', 'tree farming',
Ttree crops farming', 'multi-tier cropiing', 'multi-storeyed
cropping!, 'three dimenszionel egriculture’, etc. Whatever be
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the name, the basic objective of these activities ia the growing
of trees outside a typicel forest environment, chiefly in the
agricultural ecosystem (i.e., rurel areas), and to a limited

extent in urban situstions.

0f great importance among these activities is the recent
development of the concept of 'agro-forestry'. 'Agro-forestry'
has been defined &8s @ sustainable land management system which
increases the overall yield of land, cambines the production
of crops (including tree crops) and forest rlants and animals,
sizultaneously or sequentially, on the same unit of land and
aprlies mansgement practices that are compatible with culturel
practices of the people. Essentially 'agro-forestry' is a collec~
tive name for land use systems in which woody perennials are
deliberately grown on the same piece of land as agricultural
crops and/or animals, sither in some form of spatial arrangement
- or in seguence. In agro-forestry systems, the woody comi-onent
interacts ecologicelly and econcmically with the crop and/or
animal couponents, Such interactions will takes m:ny different
forme, both positive and negative and they need not remain stahble
over time (Singh, 1983).

The objectives of agro-forestry systems are (i) diverasified
and/or more sustalnable production at & higher level from the
available resources under the prevailing ecological, technological
and soclo-economic conditions; (1i) enhancement of lamd producti-
vity in marginsl lends, (1ii) econonically superior land use on



fertile soils of small farmers, and (iv) production of the baaie
needs of the farmers, viz., food, fuel, fodder, building materials
etc. The urge for attajinment of one or more of these objectives
brings woody perennial crops into the picture of conventional
farming prectices wedded to purely annual or seasonal eropas.
Agro=-iorestry systems, therefore, offer the best asclution for
improving the agricultural economy of a country like ours, where

the majority are small farmers.

¥hile many tree species of grest economic importance suggest
themselves for inclusion in sny projected agro-forestry system,
bemboos which are pereanial woody plants even though they are not
trees in the strict botanical sense, are the best choice uncer
Indian conditions. The importence of bamboos in Indien economy,
as well as its entrenched position as a traditional farm crop,
have already been brought out in detall as to need no reiteration,
In addition, bamboos are superior to true tree crops in several
ways as pointecd out by Ueda (1560) 2nd as modified where necessary,

as shown belows~

Comparison of a tree woodlot with & bamboo stand

Eeature Irees Bamboos
1. Growth A single individual Froduces several culms
thickens annually. annually, each ons of

which thicksns within
several months after

amnergence from ground.



Eeature
Volume of annual
growth (per ha)

2,

3. Propagation

Cuttin; age

5. Yearly growth

percentage

6. helght (fresh)
of single log

7. Yield

Irees

Total increments of
the single individual
3-30 Cu.l/ ha,

Artificial or natural

regeneration

Long (over several de-
cades) and only once,

terminally.

2-5%

Heavy (over 300 kg).

Harvested after acou-
mulation of annual

increaents.

Banboos
Total volume of annual
new culms are 3-30
cu.n/ha,

Mainly by ssexual
propegzetion

Short (within s few
years) and thereafter
at regular intervals
over & long span of
tine.

10 = 30%

Light (below 60 kg).

Productivity is higher
1f culms sre harvested
annually by cutting
(the amount of yield
is equivalent to the

annuel increment)

The interspaces between tree crops, generally are left

vecant, and in the case of bamboog, which are relatively wide

spaced, the interspaces between the bamboo clumpa represent

a substantial land area.

One way of utilizing this otherwiass

lost space, is to ralse intererops in betwesen the bamboo clumps.
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However, the species chosen for the intererop must be relatively
short-statured as not to interfere with or being interfered by

the bazboo eanopy. Annual crops answer this requirement. Further,
the annual crop species chosen must be such, that, while it is
cajable of thriving within the bamboo stand, itself does not
affect the growth of the base crop of bamboo.

¥hether annual crop syeclés c2n ever be grown economically
under woody perennizls, itself is by and large an unsettled
gquestion, W¥hile it i1s commonly thought thet no herbaceous
annual crop can successfully thrive and yleld uncer trees,
because of the so-called root-effect and shade-effect, there
are a2lso examplesa for the nixed cropyring of trees snd annual
crops, as trrditionally prectised by farmers, in severel parts
of the world, perticularly in the drier parts (for example,
Seshadri et al., 1977). Regarding bamboos themselves, conflict-
ing opinions have been volced. Yhile Sive Prasad (1980) stated
th;t intereropping of any dryland vegeteble, pulse or coarse
grain crop with bamboo is possible upto 3-4 years, Nathan (1980)
contested this and stated that nothing, not even the common
thorny weed Frosppis julifiora will thrive under the shade of
bamboos .

The reason for these apparently conflicting views could
pussibly be traced to the cholce of the crop species and/or
varieties that are combined as well as to the methods and levels
of their mansgement. It stands to reason that, given the right
combination of the tree crop and the annual crop, and the correct



sethods of management, intererorping annual crops between tree
cropa, including bamboos, muet be an econamicelly viable pro=-
position. The lacuna exists only in finding out such successful
combinations and ideal methods of management suited tc both
crops. No seriocus research work has been done on this interest-
ing line of work, offering immense promises for substantially
boosting agriculturel production of both food and wood, in any
part of the world, up till now, The reason for this paucity of
information appears to be the dominance of the entrenched notionm
that trees snd annual crops are mutually incoupatible, and the
insu:ferable, though surmountable difficulties in the research
methodologles themselves (for instance, the long=drawn out

nature of such reseerch, as they are bound to be).

Among the possible cantenders for being chosen as a
suitable intercrop between bamboo clumps, pulse crops su.gest
themselves foremost. The rezsons for this are four - (1) there
are reports that legumes generally tolerate shade better, (ii)
there is an urgent need for augmenting pulses production in
Tamil Nadu State, (iii) they mature within relatively short
periods, and (iv) leszumes are known for improving the soil
fertility, & need which arises particularly when growing &
graninacecus crop like bamboo. Among the pulse crops, soybean
appears to be the best because af its high nutrients conteat -
43.2% protein and 19.9 oil. The oil is useful both for edible
and industrial purposes.



Through common observation it iz known that individuel
bamboo clumps in a stend differ in the vigour of their growth.
Such differsnces nmanifest chiefly in the nmumber of culms present
in the clump at any point in time, VWhen even the very question
of the possible success or fallure of raising annual intercrops
within bamboo stends remains unanswered, it would be superfluous
to point out the paucity otitnformation on the possible effects
of such vigour differences in the bamboo on the growth of any

associeted annual intererop.

Another aspect that needs research attention is the influence
of added plant nutrients on the intercrops growing between trees.
Since, the so~called root-eifect 1z basically a phencmenon of
aggressive root competition on the part of the superior coampeti-
tor (i.e., the trees) for plant nutrients and soil moisture, it
nay be exiected that when plant nutrients are supplied so as to
meet the needs of both the crops ~ viz,, the base ¢rop of trees,
and the annual intercrop, the annual intercrop must not show any
adverse effect bein, suffered by it, provided soil molsture is
adequate, The plant nutrient so applied could be one or more,
depending on crop preferences. Since it is fairly well established
that lsgumes in general respond to phosphorus spplication better
than to either potassium or nitrosen, and more particularly
nitrogen, it would appear that it iz worthwhile to study the
ameliorating infiuence of phosphorus application on soybean in
an intercropping situation.



In any study on intereropping annual creps within tree
stands, the study of the light climate becomes imperative, since
the so~called shade effect ls in essence & reduction of the
ambient light by the canopy of the tall growing erop. Simtlarly,
a tree stand inveriadbly develops & :i:icroclimate of its own and
thus may influence an associated annusl intercrop, positively
or negatively. Finally, the soil moisture a2nd weed infestation
are woet likely to be influenced by the shade-effect of the trees.
While 211 these aspects Lear directly on any attempt to reise
annual crops as intercrops between trees, precious little informa-
tion is available on them, even which, is lying scattered in
studies not specifically aimed towards such intercropping.

Hence, with the objective of investigeting the feazibllity
of reising soybean as an intercrop within a stand of relatively
young (4-5 years old) clumps of Dendrocalamus sirictus, the
present work was undertaken. The detailed objectives of the

present investigation ares

1. Study the growth and yleld performance of soybean
raised as an intercrop within a stend of young (4-5
year old) eclumps of Dendrocalamus strictus bombeo, as
coupared to a sole crop of soybean;

2. Investigating the influence, if any, exerted by differences
in the vigour of individusl bamboo clumps on the per-
formance of the associated soybean plants;

3. Study the pattern of response of soybsan to applied
phosphatic fertilizer at differemt levels, and under




4.

5.
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8.

9.
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1.

11

both the enviromments, viz., 'within the bamboo stand’
(1.e., the intercrop), and ‘in the open field' (i.e., the
sole crop);

Study the rate of growth of young clumps of Dendrocalamusg
strictus over a period of nearly 1 3/4 years, from age
3 1/4 years, and also assess the yileld of usable culms
at first felling, carried out at tie end of the 6% year;

Study the growth of the c¢clumps and yield of culms as
influenced by the vigour of the eclumps

Study the pattern of response of the bamboo clumps to the
phosphatic fertilizer added to the associated interecrop

of soybean;

Elucidate the pattern of changesa in the light intensity
and 1ts infiuence on the performance of soybean, both within
and outside the bamboo stand;

Study the pattern of changes in the microclimates prevailing
within the bamboo stand as well as in the open field and
attempt to correlate these with the performance of the

soybean cropj;

Study the pettern of changes in soil moisture over tiae,
under both the environuents;

Study patterns of weed infestetion in the two enviromments;
and

Campare the econocmics of the agro-forestiry aystem of
banboo + soybean with the sole crop of soybean, and
based on it, formulate recommendations for adoption by
farmars.
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CHAPTER 2

REVIEW OF LITERATURE

Unlike in conventional studies, very little published
information bearing directly on the topic of the present
investigation is available., Thie is understendable since the
present work ig of a pioneering nature, seldom touched in
depth by earlier workers. However, & lot of information on
connected aspects is available which have & bearing on the
subject of study. The availlable information is reviewed

under the following headings.

1. Bambooj

2. Intercropping;

3. HMicroclimate and water usej

4, Light relations in soybesan; and

5. Influence of phosphorus on soybean.
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2.1, BAMBOO

Bagbooe are glant woody type of grasses which develop
into clumps, by habit, Two components can be distinguished,
viz., (1) an underground rhizome system 2nd (11) an aerial shoot
system made up of individual shoots called culms, Culms are
transformed terminal extensions of rhizomes and they depend

on the rhiromes for their growth, vigour end spacing.

There are 1,250 specles of banboos distributed over 47
genera, in the world (Subba Rao, 1966). Of these, 113 species
oceur in Indie and some 40 of these are cultivated. Lendrocalamus
gtrictus Nees, cosmonly celled the '‘male bamboo' or 'solid bemboo!
is cultivated throughout Indie in the plains and foot hills
(Varmah and cahadur, 1980). It is one of the two most important
species of Tawil Nedu, the other being Lambusa arundinaces (the
‘holiow bamboo'!), It cccurs not only in forests but also in
cultivated fields, being treated as a2 farm crop, particularly
in the Thanjavur district o#!‘amn Nadu where it is extensivaly
cultivated by farmers on ralsed portions surroundeéd by rice
flelds. Andiyappan aud Wilson (1953) have furnished en account
of bamboc cultivation in Thanjawvur district. It is cultivated
by farmers, to a lesecr extent, in the other districts also,

No pfeclu statigtice are available.

S5ince bamboos are comparcotively less familiar as farm

erops, & brief account of Dgpndrocalamus strictus is furnished
below,
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2,1.7. A general description of Dendrogalamus strictusi

Deogun (1937), Sahi (1943) and others have furnished
detailed descriptions of the morphology anmd biolcgy of thia
bamboo, It is a medium-sized, densely tufted bamboo generally
deciduous, possessin; strong, thicke-walled or solid culms,
varying much in size according to the locality. A clump is
compoged 0f several culms which may grow to lengths of 5-12 m
and diameter of 25-125 mm with a nunber of internodes whose
length va=ries from 25 ~ 35 cm (Leogun, 1337). Below the ground,
the culms are interconnected by & network of rhizomes provided

with buds and many fibrous roots.

The seeds when husked resemble wheat. ¥hen germination
takes place the plusule rapldly develops inte a thin wiry stem.
A tufted form coumences to show itself at an early stage. This
comes about by the production of zn underground rhizome beering
successive rointed buds from which develop branch rhizomes,
which curve first downwards and then upwards as aerial shoots,
80 thet, successive shoots besices being larger than the preced-
ing ones, arise from rhizomes deeper in the ground. (Troup, 1921).

The rhizome ig woody, arched slightly and upturned with a
narrow ‘neck' at the proximal end where it is attached to the
mother culm and bears a culm at the distal end (Kondas, 1980).

The rhizomes have tw., kimnkis of buds - numerous, small buds

which give rise to roots, and one or two, rether flat ‘rhizome
buds' or 'culm-buda' (‘eyes’) which give rise to daughter rhizomes.
The rhizomes baing comparstively short and thick (pachymorphic)



in this specics, give rise tc r-ther closely spaced culms which
sventually leads to congestion in the clump., Clump congestion
28 seen in this species is &n important aspect as it makes it
difficult tc harvest the crop ('working of the clump'). This
ampect has been extensively reported upon by Deogun (1937),
defined afresh by Chakravarti (1549) and exrerimentally studied
by Kadambi and Rewat (1949) and Gupta (1964). Rao (1975) stated
that clumps of this species look very much congested by the
fourth year of establishment and a cleaning is essential.

The daughter rhizomes from the mother rhizomes start develop-~
ing and as successive rhizomes are added to the clump there is a
progressive increase in the size of individual rhizomes and
a corresyonding increase in the size of the subsequent culms
till they attain normal size. Thereafter there i2 no increase
in the size of the subsequent culms and it stabilizes. The
size of an individu=i culn is thus proportionate to the rhizome
from which it emerges (Kondas, 1980). This is the clump forma=-
tion stege and it may take, for this species, 12 years to reach
a commercially exploitable sta,e under natursl conditions or
6 years in the cese of artificial plantations (Deogun, 1937).
Rao (1975) estimated this, to be 8 years for plantations, and
that, from the fifth year onwards explditable size culms become
aveilable. This species is hence s2id to be a ‘clump~forming'
or ‘sympodial' type of bamboo.

The reotstock thus consists of a dense mass of short and
thick rhizomes provided with clusters of ssall rootlets. The
oot system is aupsrticial and does not penetrste more than
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0.1 = 0.9 metre below ground level. Owing to the superficial
root system, changes in soll molsture have a marked effect on
the growth of the culms (Leogun 1937). Reo (1975) reported
that it was observed thet the rhizomes grow repidly in the
direction of loose soil.

As regards the zrowth and development of the culm, three
phases are recognisable, viz., (1) culm elongation, which, on
nearing completion, trisgers (2) branch emergence, and finally
(3) leaf appearance. The tender culm emerges from the ground as
a conical structure, 30~40 em high (called Komali in Tamil)
and completely covered by sheaths, no internode being visible.
Initially, the growth is slow. The komali is suscertible to

fungal attack with serious cunseguences on yield of culms.
After this, the growth is repid and culm elongation takes place
in spurts, by the elongation of individual internodes (there is
no terminal bud in a culm), anc after reaching & pesk, which is
maintained for a few days, the growth rate falls oiff.

The growth rate in bamboos in general, is rem-rkeble in
that, it 1s the highest among all plants. Maximum daily (24
hours) growth reates for other specliecs of bemboos have reached
values 8s high as 91.3 cm for Bambusae arundinacea in Kew Garden,
England (1855) anc &8.0 om for Ehyllostéchys sdulls obaerved by
Shibata, K., at the Koishikiwara Botanic Garden, Tokyo (1898),
recently, even values as high as 119 ea for w s9ulis
(1955) and 121 cm for Phyllostachys reticulata (1956) have been
reported (UVeda, 1960), The growth rete for Dendrocalamus strictus
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though not as high as these, 1s still remarkable. An averege
dailly growth rate of 9.12 ca (Naragizmhiya, 1919) and minimum
and maximum values of daily growth retes of 6.3 cm and 27.2 em
(Tomar, 1963), 18.4 cm and 26.9 cm under Coimbatore conditions
(Shanmuganathan gt 8l., 1980) have been re;orted. Ueda (1960),
reported thnt the maximum daily growth for R. strictus, in Indias
is 30 cm.

The main perioo of growth of culma is generslly from 2 or
3 months (Deogun, 1937}, brandis (1899) mentions this to be even
less then a wonth. Kadambi (1949) reported that the rete of
growth for bamboos (in general) starts with a minimum, continues
to tncre:ge till adout the end of the 3rd week of emergence,
remains at a high level till the end of the 8th week, and slowa
down gr-dually, and falls to about half of the original rote dy
the 10th week and comes to 2 clos#by the end ¢f the 12th week.

After culm elongation is complete, it passes into the
next phase, viz., production of side branches. Eranches develop
only after growth in heizht 1s complete (Varmah and Bahadur,
4980). During the last phase, leaves azppear and the culm becomes
fully leafy in about 5-6 months, Then silicification takes place
end the culm hardens. During the following rainy season. (1.e.,
next year) vegetative activity restarts with the commencement
of the development of daughter rhizomes (Kondas, 1980). The
development of lateral branches takes place during the second

“kisate
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season except when damage to the terminal portion of thsa culm
deflects the growth into branch formation (Deogun, 1937).
hadambi (1949) reported thet in case the culms ars cut before
their side branches have been formed, i.e., before the second
growing season is comuleted, the side btranches vwhich emarge are
stronger, much thicker and grow more or less eractly upward
(apogeotroyic) and net horizontally like normal side branches.
11 the culm 1s cut at the end of the second growing seeson after
the side branches have been fully formed, thin, long branchlets
eRerge on the culm on both sides of the insertion in the upper
whorl(s) of branch(es) forming more or less a cluster. When &
culm more than 2-year 0ld is cut, it does not normally develop
any more branches but dries up gradually., The side branches of
b. strictug do not develop into pointed thorny structures as in
the case of Bambusa dinacea, and hence ig referred to as
‘unarmed bamboo' also. QD. sirictus is deciduous, shedding its
leaves cduring summer, adding profuse quantities of litter to
the soil (4.83 t/ha in & months, as reported by Seth et al.,
1963). An interesting observation about the differentisl
behaviour in fcliage developaent betwesn plantation - raised
B strictus clumps apd those growing neturalily in the forest
has bsen reported by Rao (1575). It was seen that the branches
and follage borne on new culms in a plantation are heavier as
compared to matural clumps, Consequently, peripheral culas
bend down and almost touch the ground. '
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These processes repeat year after year and & clump

develops, consisting of a subterrenean network of rhizomes
running in all directions along with a matting of roots, support-
ing & variable aumber of aerially borne culms whose ages, ;rowth
and specings end locations in the clump vary. As elready
mentioned clump formation is complete in scbout 6 years, after
which culmg can be harvested. The clump grzdually spreads from
the centre outwards by the formation of new rhizowes from which
spring new culms. Varmeh snd Bahadur (1980) observe that most
young culms are in the perirhery of the clump because of the
centrifugal manner ¢f clump expansion. Deogun (1937) reported
thet in a fully .rown clump, new culms generally arise from
rhizomes of last or previcus yeasr's culms, or, under fzvourable
climatic conditions (rainfall being the most important) they even
arise from rhizomes of 3 or & year old culms, but rarely from
still clder culms. It 1s also possible that a rhizome may
branch and produce 2 or more culms in the same season. The
new culms thus genernlly spring from these rhizomes which ecarry
culms in full vigour. Generelly culms begin to show signs of
deterioration in their 5th yesr; hence new culms cannot be
expected to arise from rhizomes of 5 years or more of age,
Varmeh and sehadur (1980; summed up that the ag+f 1wl maturity
of the culm for D. strictus is about 3 yeasrs, the lifeof the
culm is about 78 years and the felling cycle falls between 2
and 6 years, adding that, while too short s felling cycle brings
about the deterioration of the clum;, @ long felling cycle may
" result in overcrowding; hence a felling oycle of 34 yeors is
gensrally prescribed,
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The culm of D. strictus has a comparatively thicker
wall, Deogun (1937) says that the hollowness varies from a
pinhole to 25 mm in diameter, and that, completely solld

culms 8i80 aceur,

After a variable number of years, (20-65 years), depend-
ing on the locality, fiowering occurs, leading to seeding
and shedding of the seeds, with the eventual drying up of the
culms and ultimate dezth of the entire clump. Thus, the life
cycle is completed.

241.2. Ade;tation ufggndrocalanun strictus

This is the bardiest of all Indizn bemboos (Mc Clure,
1966). In India it occurs up to an altitude of 3,700 metres
in the Himelayas (Varmah and Bahadur, 1980) within a tempera~-
ture range of -5.6° C to 46.7°C and a rainfall range of 760 am
to 5080 mm per annum, thrivin. on practically all types of
s0ils provided there is adequate drainage (Deogun, 1937). Thus,
it i3 found throughout India in deciduous forests. Three note-
worthy features of this species are (1) i1ts high degree of
drought tolerance as compared to the other bamboos and many
other trse specles, (2) its sensitivity to high atmospheric
humidity, and (3) its intolerance of water logging.

Its ability to withstand drought remerkably has been
well documented (Deogun, 1937; MNc Clure, 1966, Rao, 197%).
This makes it a boon to fzrmers and forestere. Atmospheric
humidity is aaid to be one of the determining factors in the
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distribution of this species. Thus, in Orissa, it flourishes
well in drier tracts fir awey from the influence of the sea
(Nicholson, 1522). It withdraws from areas where the more

moisture loving species of bamboo, viz., Bambusa arundinacea
grows.

It 18 intolerant to bad drainage (and thus of cleyey s0ils)
(Kadambi, 1949) and does not grow in waterlogged or heavy soils.
Hence the resson of its occurrence along alopes of hills whers
drainage 18 better., Its presence in the Thanjavur delte i»s
explained by the fact that it is alw:ys grown in raised bits of
land even though such pieces of land may be surrcunded by swaap

rice crop,.

The characteristics of the soils on which D. strictus
occurs, under forest situations, heve been reported by Mooney
(1933) and extensively so by Yadav (1963). He concluded the
solls are low in total as well as availeble phosphorous. Ueda
(1960) based on his investigations on soils of Ehavanisagar
(Tamil Nadu) growin. the other important species of the State,
viz, besbusa erundinaces, conciuded similarly.

D. gtrictus is & lizht demendins species and does not
tolerate heavy overhead shade as borne out by field studies
(Chaturvedl, 1928; Kadambi, 1949).

2.1,3, New culm production in D. strictus

A. Rate of Productiont
A study of the rate of new cula production (i.e., the
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number of new culms produced per clump per growing season)

s a very importsnt spect in t:muoo lnvestigations, because
it i: a measure of rite vi addition of culing to the clump and
thus of the wltimste yield of culme per clumr. 7The production
of wew culas varies from iocclity to lueslity, tetween clumps

in the same locelity und frum year to yesr in the same locality,.

veogun (1937) sng .ogamidi {1545, have licted s=veral
fectors =ffecting the rote uf rew culn rrocuction (i,e., the
nucber of new culmg produced ser clumr per growing sersonm),
viz., (1) soil, (2) climate, (%; eize of a clump, (4, method of
working (5) method of estzblishiry the clumpe, (4) morch of time,
(7) overhead cover, (v) fire, and ($) .razing. Under form
situatlons only the first six factors, perhaps, are si nificant
as the rest are more or less well under control. iven among
these six factors, the influences of soil and clim=te 2re more
or lesg fixed lor any p rticulsr loc2lity. Hence the rem=ining

four f:ictors alone are reviewed below,

(1) Clump size:

by "size of clump' is mezsnt the total number of old (more
then 1-geason i.e., 1-yezr of age) culms present in the clump,
The inf.uence of the existing number of culms in a clump (i.e.
clump size) on the rate of production of new culms has been

investigated by several workers.

Leogun (1937) based on a study of 2,650 clumps of D.strictus

spre=d over five States (Orissa, radhya Pradesh, Funjab, Tamil
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Kadu and Uttar Predesh) reported that the average number of

nevw culme produced per clump per year ranged from 1,2 for a
clunp size of 10 eixsting culme (Uttar i'radesh) to as much

as 13.0 fur clump size of 70 existing culms (Madhya Pradesh).
Thus, in general there was a progressive increase in the
ausolute number of new culms produced as the clump size
increagsed., However, he found thest the veristions in new culm
production between clumps ¢f the some size, to be considerable.
For example, a scrutiny of Deogun's data reveal thzt, the vories-
tions within the same clump size, renge from 176% (for clump
size of 10 culms)} to 350% (for clump size of 50 culms). Deogun’s
data for Tamil Nadu show thst & clum; size of 10 existing culms
produces 1.7 new culms, that of 20 culms produces 2.0 new culms,
etc., urto 50 culms producing :>,0 new culme. Deogun concluded
that although bisger clumps (1.e. larger clump sizes) produce
more number of new culms, the ratioc between the new and the old
culms in bigger clumps fzlls offwith incressing size of clump,
80 that two amell clumps procuce more new culms than one big
clump of 2 size equal to that of the two smell clumps combined.
Lased on these considerations, he concluded thet clumps of

size 20-40 culms should be the ide2l from the management point

ol view,

Kadambi (1949) termed this relationship between the
existing old culams and new culms produced as 'nunerical
relationship of culms in a clump’', Based on investigations
in Karnetaka, he reported that this ranged from 1 to 12,5 new
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culms per clump of sizes 10 to 75 old culms, respectively,
depending on rainfall and felling intensity (i.e., barvesting).
fils dzta showed a curvilinear trend. He concluded that, with
incre»sing size of the clump, upto a certain upper limit, new

culm production also increases.

Lutte and Tomar (1964) studied 88 clumps in Madhya Pradesh
and found & linear relztionship between the two variables. They
added that the data secured from another study (All India Co=-
operative Investigations on the Management 0f Bamboos) for
D. strictus over a period of 12 years, in Madhya Fradesh,
confirmed this. The percentage of new culm production decressed
sharply from an initially high level for smaller clumpa and then
flattened for clumps containing over 30 old culms. They also
observed that the percenta e of nev culm production was higher
for smell clumpe as compared to the larger ones, which corro-
borates the esrlier findings of Deogun (1937). They ascribed
this to the fact thst a small clump consists mostly of young
culzs (1-2 years age) while in a larger clump there is com=—
paratively a higher proportion of wmore than 2-year old culms,
which ere not probzbly very effective in so Iar as new culm
production is concerned., It is known that the majority of new
culms are contributed mainly by rhizomes developing from 1-
or 2= year old culms. They also adduced another reascon for
the hizher new cul- production by smaller clumps, by stating
it may be due to the higher clump - periphery area as well

as more utilizable area per culm,
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Recently Shanauganathan gt al (1580) from Coimbatore
working on 10 clumps of 16-years are concluded that there
is no sisnificant influence of the total number of old culms
in a clumi over the production 0of new culms.

(11) HMethoc of management:

fernaps the only mansgement practised in forests for
bamboos is the regulation of the intensity of exploitation
(i.6,, harvesting). These zo by the name of 'felling rules'
which are 'prescribed' in the Working Flans prep: red for the
diiferent forest divisions. The two principal components of
felling rules are (1) the felling cycle (i.e., the number of
yeers thot elayse beiween two successive fellings) =nd (2) the
felling intensity, usuzlly expressed as & percentage (i.e.,
the number of culms older than 1-year age, that are to be
felled in & clump, expressed 2as a percentsge of the totel number
of old culms existing in the clump). Besides these, a few other
reétrictions may 2180 be imposed, all of which constitute the
felling rules Ifor a particular loeality, The actual prescrip=-
tions vary from loczlity to locality as seen from a perusal
of the numerous korest Working rlans, and the several published
scientific papers (thies being e fertile area of contribution).
Varmah and Bahadur (1960) state that for D. sirictus bemboo,
felling cycle prescriptions have renged from 2-6 years and
recomménd a felling cycle of 34 years. The :cliina cycle
implies the removal of acgcumulated growth over a period of
years corrssponding to the cycle (Seth, 1978). In no case,
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& nev culm (1.#., eGual to or less than 1-year oi age) is
allowed to be removed. Since felling rules have not been
studied in the present investigation, they are not reviewed
here excepting in so far as their effect on new culm produc-

tion is concerned.

Venkataramiyer (1917) based on 8 years of field work in
Tamil Nadu reported that the aversaie number of new culms pro-
duced per year ranged from 4-5 per clump for a 50% felling
carried out uniformly distributed throughout the clump, through
2=4 per clump under a 50% felling carried out on one side of
the clump, to 1.5 = 2 per clump in 100% felling of all old
culme., Leogun (1937) also reported intensive fellings to
adversely affect the number of new culms rroduced, in Orissa.
Kadeambi (1949} from Karnataka reported similarly. Raghavan
(1964) from Andhra Fradesh, who compared the new culm producti-

vities of clumps growing in nature, in the forest and left
untreated, with clumps treated (i.e., regularly felled on a
4-yezr cycle), however, concluded that the treated crop ‘
produced about double the number of new culms as compared to

the untreated clumps. Hence, it is seen that leaving a clump

to nuture without any culm extraction does not imply that it
will produce more new culms. Varmah and Bahadur (1980) concluded
that while too short a felling cycle will lead to the deteriora-
tion of the clump, too long & felling cycle will lead to over—-
crowding. Dutta and Tomar (1964) remarked that with e longer
felling cycle the cluap will increase in size and consequently
will preduce a low percentase of new culms.
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Clump management involves not only harvesting of culms

but algo cleaning it. Kadambi (1949) stated that mere clean-
ing (i.e., cutting away of 2ll dry culms) of clumps results in
an lncreased production of culms in the years follewing this

tre:tment, the e€ffect lesting for 2 or 3 years.

(111) Method of establishing the clumps:

In an early experiment conducted at the Forest Research
Institute, Dehra Dun (Uttar Fradesh) started in 1927 three
sethods of establishing D. strictus, viz. (1) planting of
‘wildlings' (i.e., n-tural seedlings obteined from the forest),
(2) direct sowlng of seeds, 2nd (3) planting of rhizomes, were
compared., Five jyeers after establichment, the average new culm
production per clump per yesr was 3.7 for sowings, 4.4 for wild
seedling transplants and 6.3 for rhizome plantings, while they
were 5.0, 7.8 and 7.5, respectively, after six years (Deogun,
1937) and the averases after that over a further period of 12
years (1934 - 1946) were 4.1 for sowings, 6.6 for wild seedling
transplants, and 5.1 for rhizome plantings (Kadambli and Rawat, 19
it ie evident that the intial superiority of rhizome plantings
in so far as new cullm production vanished as time passed =2nd
was overtaken by wildling trans;lants by the sixth year and
thereafter the seedling trensplants maintained their superiority,
The results for the direct seedling treatment continued to be
poor thnroughout. We may therefore conslude thnt'tranaplantin;
of seedlingzs is the best from the point of new culm production.
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(vi) Fassaoge of time:

In the atove mentioned experiment it was seen that the
averase nev culm production per clusp per yesr qwss 2.9 in
1934, .4 in 1937, 6.1 4n 1540, 5.5 in 1943 and 3.9 in 1946,

It is clear that trere is & wide fluctuation in the atove d-ta.
Kadambi sné Rawat (1949) explained this v-ristion Ly stating
that the majority of the clumps were imm:ture in the year 1934,
the seed crop being 7-yeasr o0ld and the wild seedling transplante
were about 10-years of age, while on the other hand, the crop
procuced by the rhizome plantings was perhes 19-20 ye-rs of
8.e. Frobably, the average number of new culms produced per
clump incre:ges initially :nd after reaching a peak flattens,
maintaining it for seversl years, snd then gradually f£-1lls oiff

a8 the clump advances in age and approaches flowering.

2.1.3. Iime of production of new culms:

ln bamboos in general, the new culms are not produced
throughout the year but r-ther only during cert:in seasons,
vhich varies according to the species, loclities etc, A
knowleupye of the time of the year in which new culms are
produced is essentisl for scheduling cultural operstions and
applicetion of fertilizers, in such a way as ot to retard
new culm preduction or damage emerging new culms and to augment
their production,

It is common knowledge thzt the new culms <f bamboos
emerge in India during the monsoon rein months. For D. strictus,
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Gamble (1896) records that while in northern Indis new culms
emerge in June or July when the South West monsoon Legins,
they sppear in South India in September or October with the
first burst of tiie North Last monsoon, as seen in the Nilgiris.
According to Deogun (1937) new culms begin to appear after the
coumencement of the monsoon and continue coming; up, generslly
upto the end of August., lote emerging culms either do not
complete their .rowth, continuing it in the next season and
if very late remain as acaly cones without any further

development,

In Karnataka, the time of new culm emergence is from the
middle of July to end of fugust, in the wet zone (Malnad) end
from July to Uctober in the dry plains, where it is irregular
{(Kedembi, 1945). Dutta and Tomar (1964) from Madhya Pradesh
reported that the maximum number oi new culms (72%) are
produced in the second fortni ht of August, Se~son ¢f produc~
tion of new culms is more irregular in young clumps and in
nurscry beds where it may be even from Kay to Uctober (Deogun,

1937) «

2.1.4. Total number of culms per clump in Dendrocalamus strictus

The total number of culms in a bamboo clump is & measure
of its productivity., Evidently it gradually increases as the
cluzp advances in .ge and after reaching a particular value
must resain more or less constant for & given clump, in a
state of dynamic equilibrium, the rates of production of new
culms and death of old culms being balanced. The total nmumber
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includes new culas slso (Deogun, 1937, Rao, 1975).

As already mentioned clump formstion in D. strictus is
completed in about 6-8 years, after which it can be considered
as an adult clump. The total numbe¢r of culms in anp adult clump
varies within wide limits, Clumps with as meny as even 200
culms have been observed in unworked forests of Angul (Orissa)
but the general average is from 10-40 culms/clump, depending
on the age of the clump, the past working and the loczlity
(Leogun, 1937).

The rznge of v=ristion encountered 1is illustrated by the
average Iisures reported by different workers, s shown below:~-
Fatll (1980) 6.20-9.88 (Dharwad, K rnataks; controlled experi-
ment - legs than 2-year old clumps); Kaul (1963) 2.0-G.2
(Chambal ravines, Madhya Pradesh - eroded solil; young clumps
of upto & years age); Deogun (1937) 1.2 - 13.6 (Dehra Dun,

UsPe - contro.led experiment, 5-6 year old clumps)} Shanmuga=-
nathan et al. (1980) 7-61 (Coimb.tore, Tamil Nadu - observ:tions
based on 10 clumps of 16 years sge)j MNerasimhiya (1919) 14,5 -
35.33 (Karnatakaj the total is classified as 1-year old, 2-§ear
old, 3 and more number of year old -~ and dylng culms; age of
clump not known; presumed to be =2 few decadea old); Nicholson
(1921) 27 (Angul, Orissa - age not‘)mmm; presumed to be a few
decades 0ld); Deogum (1937) 23.2 - 30.2 (Angul, Orissa - purs
bamboo unworked forest; age of clumps not known, but presumed
t0 be a few decades); Usda (1960) 10-30 (India ~ natural
forests; age of clump not known; presumed to be a few decades)
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and Vermah and Bahadur (1980) (Clump ages not known, but
Presumed to refer to fully grown adult clumps of & few decades,
growing in forests) 9.3 (U.P), 27.0 (M.P.), 27.02 (Maharaghtrs).

From the foregoing data it is seen that the total number
of culms per clum;, for clumps of age upto 6 years, ranged from
as low an average fijure of 1.2 to an aversge figure of 13.6.
For still older clumiys, it renges between 7-61, with values
around 20-30 being common; tiis confirms Deogun's estimate

o1 10-40 mentioned earlier.

In a few studies culms in a clump have been classified
as 1-year old and wore than 1-year old culms. The data of
Napasimhiya (1919), on further scrutiny indicate that in a
clump of D. gtrictus, 11.8% of the total number of culas are
1-year old culms, 16.0% are 2-year old culms, 63,6% are 3~ or
more yea=rs old living culms and 8.6% are dying culms. A similar
scrutiny of the d:ta of Kicholson (1921) for Angul Division
{(Orisse) indicates that the proportions are 5.8% of 1-year old
culms, B.7% 0of 2-year old culms and 48,7% of more than 2-year
old culms and 37.4% of dead end dry culms. Scrutiny of data
of Deogun (1937) for An.ul, Orissa, which pertain to the data
for the control plot in a felling intensity experiment, shows
that the ratios were 6.6 - 8.6% of 1=year o0ld culms and 9.k -
93.4% Of over 1-year o0ld culms, at the start of the experiment;
however, in these clumps, all dead and dry cills were felled
and excluded from the data.



It may bs summed up from the above culm analysis thet
in a clump, about 5-10% of the total culms 2re very young
culms (1-year old), about 10-12% are 2~year old culms and the

rest are still older culms.

2.1.5, Culm p-rameters of Dendrocalamus strictus

The size of a culm decides its saleability and price.
Therefore, the average size of culms per clump 1s a useful
index. Three parameters, viz., (1) heizht (i.e. length) of
the culm (2) diameter of the culm measured either near the base
or breast height (DBH) or eye~hei.ht, and (3) weizht of the culm,
may be used to characterize the size of the culm., Besides, the
average number of internodes or length of internodes may also
be considered. The following review of culm size pertains to

D. strictus.

2.1.5. A. Height of culm: Commercially, longer culms fetch a
higher price. Hence a stucy of culm length becomes important.
Mc Clure (1966) states that the culm grows upto a height of
18.29 m. Deogun {1937) stated that the maximum height attained
by the mature culm varies a good deal from locality to locality
and figures from various loczlities showed a variation from
4,57 ~ 16.29 m, (in India) while Dutta and Tomar (1964) reported
the maximum height to vary between 13-15 m» in moist localities
and from 6-7.5 m in dry and poorsr localities, the average
height being 9 m (in Madhys Pradesh), and Aslem {1971) stated
that average height of a culm varied between 6§ - 16 m (in
Tamil Nadu). Wint (1978) stated that in Burma, culms of
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B. strictus reach 8 length of 6.1 - 15.2 m and in drier
localities they are often much smaller. All these figures
ere based chiefly oOn zeneral observations and obviously
pertain to meture culms in adult clumps. Data from actual
measurements in studies are also avallable. Deogun (1937)
reporting on the experiment on clumps reised by three different
methods in 1927, furnished average helghts of culms, after 5 yeara
growth, as 4.02 m for direct sowing of seeds, 4.36m for trans-
planted seedlings (derived from forest) and 5.09 m for clumps
developed by planting rhizomes. Height growths after 6 years
were 4.21 m for sowing, 5.61 B for seedling transplants and
6.10 m for clumps from rhizome planting. It is seen that the
averaze helght growths in young clumps differ according to the
method of ralsing the clump in one and the same locality,

Similarly, in the case of young clumps, the average heights
of culms progressively increases year to year. Thus, Kaul (1963)
reported that the average height of culms in Chambal ravines
(India) was 1.37 m in the 1st season after planting the seedling,
8.40 m in the 2nd season, 13.99 m in the 3id season and 15.44 m
in the 4th season. Fatil (1980) studying young clumps less than
2 year old, reported that the average height increases as the
spacing between the clumps widens.

Shanmuganathen ¢t al. (1980) based on a study of 29 culms
from 10 clumps of 16-year age at Coimbatore, repdrtcd that the
lowest height and maximum height recorded were 5,30 and 7.35 m
respectively, Further, the height differences between different
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Culms within the same clump ranied from 0.10 to 1.66 m. This
wide variation, though not explained by the workers, is
understandeble when we take into eccount the twin facts of
& clump being composed af culms of different ages, and the

remarkable growth rates of bamboo cula:s,

Sumaming up, it is seen that the maximum height of a
mature culm is about 16 m while the 2verage height of culm
in a very young clum; 1s zbout & or 5 m, 2nd that the locality
(rainfal, site guality etc,), method of raising (atleast in the
early stages of clump development) and the ap~cing between the
clumps influence the height of the culms.

2+.1.5. B. Diameter of culm:

Dismeter of a culm is commercially important as thin cules
are not saleable. Mc Clure (1956) states that the diameter of
a culm reaches upto 127 tum (i.e., the maximum). In Thailend
it is reported to vary between 30-80 mm (Chaiyapechera, 1978),
while in bBurma between 51-76 mm (wint, 1476).

In India, the meximum diameter (calculated from dsta
expressed as girth) varies tetween 36.3 - 121,3 mm while the
sverage diameter (calculated from sirth) range tetween 28,3 =
52.0 mm, as measured at the 3rd internode from the butt end
of a cut culm (Deogun, 1937). Ueda (1960) reported that in the
natural grovea of .ndia, the culm diameter for D. strictus, as
peasured at eye height renged between 24 mm - 59 um with the
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average being 39 mm, while Dutta and Tomar (1964) stated that
the maximum diameter ranged from 60 = 75 mm in moist and
favourable localities and between 38 - 50 cm in dry and poorer
areas, the average diemeter being 50 uwm, as measured at breast

height (i.e., DBH, viz. at 1.37 m from ground).

All the above figures cbviously refer to mature culms in
adult clumps. As regards clumps of known age, Shanmuganathan
et al. (1980) studying all the culms in 10 clumps of 16-year age,
at Coimbotore, reported the mean diameter (the point along the
culm 2t which measured, not being stated, diameter calculated
from data expressed as girth) ranged between 23,2 - 31.8 mm and
that the diiferences were significant,

Data for still younger clumps are also available. Deogun
(1937) reporting the results an experiment started in 1927 at
Dehra Dun to compare three methods of establishing clumps,
stated that the average diemeter of culm at 1.37 m helght from
ground, were 16,26 am for sov.lngs, 19.30 mm ior seedling
transplents, and 22.686 mm for rhizome plantings, 5 ysars after
establishment and 21,59 mm, 23.62 mm and 26,42 mm for the thres,
6 years after establishment. Kadambi end Rawat (1949) reporting
on the same expcriment, stated that the mean dlameter of a pew
culm in 1937 (1.e., 10 years after establishment of clumwps)
was 18,03 ma for sowings, 21.34 mm for seedling transplants
and 20,57 mm for clumps raised from rhizomes, which by 1946
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(19 years after establishment) had changed for pew culms, to

30.23 um for sowings, 31.50 mm and 35.56 ma for seedlings and
rhizome plantings respectively. These date indicete that there

is no substential difference between different methods of

raising the clump, even though there is a progressive increese
with passage 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

initiel increase in culm diameter, from 20.06 mm (in 1934) to
34,54 mm (in 1940) after which it fell 2nd reached 32.26 mm (1946)

Spacing between the clumps appesrs to influence positively
culm diameter as reported by Fatil (1980) 2nd Sheikh (1983).
kut weed control treatments do not!in!luence the culm dicmeter
(Patil, 1980). The intensity and method of felling culms signi-
ficantly affects the mean dlameter of new culms (kadambi ~nd
Rawat, 1949).

It may be concluded that the maximum diameter of a m-ture
culm of an adult clump for L. strictus is about 125 mm, the
average diameter Being about 35-65 mm for adult clumps and
about 20 mm for clumps Of around 5 years age. It 1s also seen
that while, the methods of raising the clump and weed control
do not infiuence the culm diameter, moisture of a locality and
spacing between clumps exert a positive influence and felling
intensity and method exert a eignificant infiuence, the result
depending upon the particular treztment.




37
2.1.5. C. Veight of an individual culm of D. strictus:

Obviocusly this is a factor affecting finsl yield =nd thus
the monetary returns. This has been reported in two ways by
different workers = (1) as weight of a single culm, in absolute
units, (2) as the number of culms that zo to a unit weight.
Culn length end wel:ht relationships for different diameters,

have also been worked out 2s culm lensth ia commercially important.

iarasinhiyas (1919) from Karnataka reported that 300 culma
&0 to a (long ton) which works out to 3.39 kg per culm while Eagles
(cited by bLeogun, 1$37) reported 25C culms per ton (=4.07 kg per
culmj. OUsmaston .C. (cited by Deczun, 1937) who determined the
welghts of 4,500 culme, concluded thet freshly cut culms weigh
6.85 kg ano air dry culms 4,18 kg, 8cding that the corresponding
nuiber of culms per (long) ton 2re 141 and 244, Deogun (1937) ecit
ing a study c-rried out in the then Hyderabad State, atated that
170 numters of eir dry culms zo to a (long) ton, which works out
10 5,98 kg @and 3.76 kg respectively. Kadambl (1949) considered it
would probably be correct to assume that 300 culms .0 to a
{(long) ton in the dry zcne and 250 in the wet zone, which works
out to %.35 kg and 4.07 kg per culm 1in the respective zones.
Ueda (1960) based on a study of natural bamboo groves in India,
conciuded that the air dry weight of a culm is 3.% kg. Dutta
and Tomar (1964) steted that the mverz;e weight of an air éry
culm in Madhye Predesh weg 3.18 kg in one forest division
(Umaris) while it wes 7.08 kg in another (Bori). Recently,
Rao (1975) from Andhra Pradesh based on experlence with artifi-
cislly raised plantations, reported that plantation-grown
. stricturs, at 5 or more ysers of age, record 2-2.5 kg welght



Per culm, while culms from netural torests weigh 3-4 kg. Varmah
and Bahadur (1980) reported that, in U.P., 400 green culms

(2.5C kg per culm) or 700 dry culms (1.43 kg per culm), in
sanarashtra, 303 yreen culme (3.30 kg per culm) or 412 dry

culms (2.43 ki per culms) and in ¥.P., 310 green culms (3.22

kg per culm) go to a torne,

The moisture content of ireshkly harvested culmes is a2round
60x and it takes :bout Z=4 monthe for them to become air dry;
the moisture content of sir-dry culme is around 4.6% (Dutta ang
Tomar, 1964).

Seth (1978) has furnished tables relating running lengths
withi weight and vice versa, for different culm diameter closses,
for green and dry bamboos. The rsnge is from 0,595 kg per
running meter for a di-meter of 38 mm to 1.092 kg per running
meter tor 2 di~meter of 57 mm. The ratio dry weight: green
weight varies from 0.62 for 57 mm diameter to 0.65 for 32 am

giameter.

Summing up, it may be stated that the fresh weight of &
bamboo (D. Btrictus) culm of avera.e size at ex;lditable age
is about 3.0 to 3.5 kg and that it loses arproximately about
40% of this welizht on being air dried.

2.1.5. D. Number or internodes per culm and intsrpcdal
Xengths in Dendrocalamus strictus.

The length of the internode 21sc is a parameter of some

copmercial imrortance since long internodes conduce for a
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compar-tively smoother culm and sdvantages in the menufacture
of products from it. Internodal length is evidently dependent
on the number of internodes for a given length of a culm.

Sahi (1943) reported that in D. strictus, the rhizome bud

hae more than 35 interncdes, perhaps many more since it 1is
difficult to count the exact number of internodes near the
terminal portion where they are compressed. Shanmuganathan

et 21. (1960, though studied culm perasmeters only uptoc the 32nd
interncce, their data b2sed on 28 culmes indicate that the number
of internodes per culm ranged from 28 for e culm of 5.95 m
length, to 45 for a2 culm of 7.35 m length. 5o, it may be
cresumed tnzt in D. strictus about 35 = 40 internodes will

generally be pztently visible.

Dutta and Tomar (1964) reported that length of an
internode may vary from 12.7 ~ 50.8 cm (5" - 20%) but the
average length may be taken z8 30.5 cm (12"). The length of
the first few besal internodes and the last few (i,e., terminal)
internodes is usually less thsn the interncdes in the middle of
the culm. The datz of Shanmuganathan et al. (1980) based on
only 4 culms from 2 clumps of D. strictus of 16 yeers age, and
which were recorded only upto the 32nd internode, on further
caleulation, show thst the 1st internode (basal) has a mean
length of 10.6 cm, th: mic-culm internodes (10th - 14th), 26.6
ca, and the internodes near the tip (30th, 32nd interncdes) a
mean lensth of 11.3 as. Average internodal lengths, bassd on
the data for 2B culms were 17.0 ca for the culm of 5,95 »

(26 inter nodes) and 16.3 cm for the culm of 7.3% m (45 internodes)
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It may therefore be concluded thot in genersl, 15 - 20 cm
could be taken as the length of an internode.

2.1,6. Spacing between clumps Of Dendrocalamug strictus

The number of clumps per unit area hes a direct bearing
on finsl culm ylelds, Enumerations of stocking density (i.e.,
nuaber of clumps occurring in a unit area) have been carried
out in the past by the Forest Departments in different States,

to asgaess procductivities and decide on management strategies.

In natursal stands, the number of clumps per unit area
of land, varies a good deazl, depending on the age of clumps,
the past working, the locality and the size of the clumps
(Leozun, 1937) while according to Dutta end Tomer (1964) the
denegity varies widely even within short distances owing to
varjations in soil, drainage, incidence of grezing, intensity
of exploitetion end compoaition of overwood, B8tocking density
as low as 39 clumis/ha and a maximum of 716 clumns/ha, based
on systematic line plot enumeration and other surveys from
Madhya Pradesh (Dutte and Tomar, 1564) which work to average
ciump specings of 16 x 16 m to 3.7 x 3.7 ® have been reported.
Ueda (1960) based on & study of natural groves of D. strictus
in India, however, reported stocking densities of, & minimum
of 150/he to a maximum of 40O/ha with an average of 280 clumps/
ha, which on further calculation work out to average spacings
of 6.2 X B.2 By 5.0 x 5,0 m and 6,0 x 6.0 m respectively,
between clumps. Varmah and Bahadur (1960) reported stocking
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densities of 60,9 clumps/ha in Mrharashtra (eaversge spacing

°of 12.8 x 12,8 m), 61.1 clump/ha (12,8 x 12,8 m spacing) in
Uttar Pradesh, and 121.1 clumps/ha (9.1 x 9.1 = spacing) in
Madhya Fradesh. Thus, it is seen that in nature, the average
spacing varies usually from about 5 m to about 13 m, either

w2y, between clumps, though extremes of very close (3.7 m either

way) and very wide (16 m either wey) spacings may be met with,

The question @rises, which level of stocking could be
considered as the optimun% Deogun (1937) concludes a stocking
density of 148 - 222 clumps/ha (which work out to average
spacings of 8.2 x 8,2 m to 6.7 x 6.7 » between the clumps) of
an average yuality and size could be conasidered a well~stocked
bamboo forest. Interestingly, the dsta of Dutte and Tomar (1564)
show that in Madhya Pradesh, while with 2 low stocking density
o1 200 clumps/ha in Balaghat Division, the meen number of culms/
clump was 26, with a hisher stocking density of 296 clumps/ba
in Bilespur Division, the mean number of culms/clump was 53,
in good guality bamboo arez. It appears that wider sracing
between clumps per B¢ does not ;uarantee more culms per clump,
and obviously other factors like locclity conditions ete.

operate in deciding culm productivity.

As regards artificially raised plantatione, the spacings
('espacement') voury from State to State according to the
working plan prescriptions. Deogun (1937) states that 3 x 3 =
or 4.6 X 4.6 m should be adepted. However, in most of the



Stztes, the spacing adopted for plantstion work is usually §

or 6 » between the clumps, either way 2s in Andhra Pradesh

(Kao, 1575), In Tamil Nadu, @& spacing oi 6.7 x 6.7 =m (22' x 22')
hag 2180 been followed (Venkatekricshnan, 1972) though, now the
usuzl spacing isa 6 x 6 m. In Maharashtra the recommended spescing

for D. strictus, when raised as a sheltarwood plantation is 3.66 x

3.66 m (12* x 12'), (Chaudhari, 1966), The author of the present
investigation hos observed the Bpacing t0 be as close 28 3 m
either way, in farmers' fielde in Thanjavur district.

In conclusion it may be sald that while in nature the
spacing betveen clumps is comperastively large, it could be
successfully reduced as borne out by the success of plantation

vwork and as seen in farmers' fields.

2.%.7¢« Yleld of culms in Lendrocalamus strictus:

The ecunomic product of all species of bamboos is essen-
tially the valusble culms they produce which sre put to & veriety
of uses, Culms are marketed both by numbers as well as by
weight (to bulk consumers, like the psper industry). Hence,
the yield has been expressed boeth in terms of the number of
marketable culms produced per unit of land area per unit of
time (for €.g., number of culms/ha) as well as in terms of
weight per unit erea. {(for e.g., tonnes/be) by dirtcrint.
workers. Interconversion between the two expressions is possible

using aversge weights of single culms, alrsady detailed in an
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earlier section. However, these could only be approximations
a8 specifications for marketeble culms vary in different
localities.

lnvestigetors have used yet another method of expressing
the yleld, viz. the number of exploit-ble culms produced per
Cluwp per year. In this c-se 1t is difficult, if not impossible,
to comjpute per unit area yield, unless the spacing between
clumps or stocking censity is known. 1ln the absence of informa-
tion on this, approximations using assumed stocking densities
could bs misleading since stocking densitlies vary widely, even
within the same locality as was seen ecrlier, Bearing this in

mind, reported ylelds for D. strictus are reviewed below.

Deogun (1937) reported that the average annual production
(i.e., the total number of culms harvested in a given felling
cycle divided by the number of years for that cycle) of green
culmz was 650/ha in Orissa and 556/ha in the then Hyderabad
State., Using the culm weight data ifurnished by Deogun for
these, localities, viz., 6.85 kg/green culm (Osmaston, F.C.'s
data for Angul in Orissa) the yield by weight, works out to
4.45 tonnes/ha, and for Hyderabad, at 5.98 kg/green culm, works
out to an yleld level of 3.32 tonnes/ha,

On & weight basis, ylelds from natural stands have been
reported. Seth (1478) observed that natural bamboo (ell Indian
specles, but predominantly D. sirictus, presumably) forests
invariedly give low ylelds per unit area. For example in
Madhye Pradesh, it has been estimated that about 80% of the
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bamboo forests would give 0.62 t /ha/year, another 11% of

the area 1.25 t/ha/year and the remaining 9% of the area 2.5

to 5.0 t/ha/year. The estimate of Varmah and Behadur {1980)

for naturel stands .f L. strictus wes 2s low ae 0,173 t/ha/year
in Uttar Fradesh, 0,618 t/ha/year in the dry and 1.235 t/ha/yeer
in the moist arees of Kadhya Predesh, 0,568 t/ha/year in N.Ksnare
and 1.952 t/ha/year in Fahereshtre. The estimate of Watanabe
(1972) for natural groves of D. strictus in India, however,
appeare to be on the high side, it being 2.8 -32,5 tonnes/ha/yeor.

In contr=zst, the yields reported for artificielly raiaed.
plant=tions of D. gtrictus are hiher. Thus, Chaudhari (1966)
observes thszt while norwally L. strictus ylelds 0,754 to 1.256
t/ha/year, a well~raimed plantation is capeble of giving an
average yleld of 3.705 t/ha/year of utilizable culms, of course
depending on the clump spaclng adopted -nd site quality. For
the same plantations, viz., the plant-tions of the ¥est Coast
Paper iills Ltd., Dendell (Maharashtra), Seth and Khaerbende (1972)
reported that annual yields of 3 t/ha were being obtained, thus
more or less provicing physicazl evidence for the prediction of
Cheudhari (1966) made six yesrs before. Rao (1975) based on
the culm production performence of plantations raised in Andhra
Fradesh during the early stages, forecasted an optimistic yleld
of 4 t/ha for the 1st cut, 6 t/ha for the 2nd cut and 8 t/ha
for the rd and subsequent cuts for D. strictus. Elaborating
on this he even predicted that a total yield of 74 t/ha could
be secured from a properly managed plantation of D. strictus
over a life cycle of 32 yeers, which works out to a meen annual
yield of about 2.3 tennes.



Since the cxprcuion of yleld in terms of number of
exploitable culms produced per year per clump is not a very
useful me sure unless the spacing ia known, only a very brief

review of such estimates is furnished below:

Averasge number of culms harvested per clump - 1,0 = 1,5
culme, annual yleld (Kadambi, 1945) and 1.25 and 4.25 culms,
annual yield, under two felling intensities (Deogun, 1537) for
the same locality (Vellore Division, Tamil Nadu), 9.16 culms,
calculzted value (Venkatakrishnan, 1972; Solem Tivision, Tamil
Nadu); and 9,7 = 25.4 in a felling experiment (Kadambi =nd
Kawat, 1949; Karnataka),

Siva Prasad (1930) stated thet (based on experience with
plantations in Andhra Pradesh), in the 7th year 20 culms per
clump will be ready for extrection which will give rise to
2,800 bamboos/acre (140 clumps per acre; spacing 5 x 6 m) out
of which only 2000 culms are exploitable (which works out to
14 culms/elump) to maintain its life cycle., This on further
calculation works out to an yleld of sbout 15 t/ha at the first
felling (in the 7th year) if we assume an average weight of
3 kg/eulm.

In sum, it may be said that for D. stirictus bamboo,
while the annmal yield of culms is very low, of the order of 3
about 0.5 t/ha, in genersl, under natursl conditioms, plantation
ylelds are about 3.0 t/ha/year which indisates the scape fer
yield improvement through better management. '
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2.1.8, ertilizer experiment bamboog:

¥hile bamboos have received substantial scientific
attention encompassing diverse disciplines 2nd many flelds
under esch discipline, obviously beczuse of their economic
importance, regretzbly very little attention has been peid
to the vital area of investigating their response to manuring,
particularly with chemica2l fertilizers. This is a very serious
lacuna considering two aspects - (1) it iz common knowledge
that almost all green plants respond favourably to the supply
of plant nutrients and fertilization is a pre-requisite for
boosting and maintaining yield levels, and (2) bamboos as a
grour bave the maximum hizhest helight growth rates in the
entire plant kingdom, and perhaps also have high retes of
biomess production, 1t ie surprising that even in Japan,
where bamboos occu;y & privileged position and deapite a lot
of serious scientific research on bambooz, the proportion of
attention paid to fertilizer response studies has been meagre.
Hence, precious little published informetion is available on
the subject. The available literature is revicwed below,
which is not exclusively confined to Dendrocalemus strictus

alone 28 was the case in the preceding sections.

2.1.6. A. Nutrient Uptaks:

Ueda (1960) s.ated that the bamboo consumes a lot of
inorganic nutrients in order to yrow and propagate. Seth gt al.
(1963) from a litter study on D. strictus bemboo carried out at
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Dehra Dun in India estimeted the quantities of plant nutrient
accumulation in the aerial portions as 680 kg/ha of N, 597 kg
of P and 1921 kg/ba of K. Toky and Ramekrishnan (19583) who
studied secondery vegetational succession in fallows (after
slash and burn agriculture) in northeastern India, reported
that bamboo (species not known) was found to have a high K
concentration in the aeriz] biomass, which lends support to

the findin.s of Seth et 2l. (1963). Ueda (1960) from a field
experiment on the syeclies Phyllostachys reticulata in Japan,
rerorted that the aversge percentage contents of nutrients in
the different parts of the bamboo clump on an air-dry basis,
were (1) leaves ~ N = 2.3%, PZO5 = 0.3%, K,0= 0.5 and 510, =
5.0%, (2) culms and tranches - N = 0.3%, PZO5 = 0,1%, xzo = O.4%
and 510, = 0.4% and (3) Rhizomes - N =» 0.7%, P205 = 0,2%, xzo -
0.5% and S10, = 0.5%. Based on this data, he computed thet

S0 kg N, 50kgP205and 60kgK20perhnp¢r year will be
required for increasing production (of biomass?) by 350 kg/ha,
assuming absorption rates of 30 for N, 20§ for P‘,_O5 anc 50%
for K,0. Ueda {1960) has furnished contents (air dry basis) of
Ny P205, xzo. Sm2 and ash, in culms, leaves and rhizomes of

very young (1-2 years old) plants of Phyllostachys reticujota,
Eyllostachys edulis, Lelebe multiplex and Melocanna bembusgid.es.

2+1.84 B enc est on fertilizer aprlicati 1

Chaudharti (1966) stated thet experiments cdﬁuctcd in
Japan on the bamboo species Leleba multiplex had shown that
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fertilizer application substantially (3-4 timea) increesed
new culm production and thus the yield. Rao (1975), based on
the practical experience gsined in raising plantations of D.
strictus i{n Andhra Pradeah (India), where no fertilizer was
being applied to the sald plantations, rem~rked that proper
fertilizotion i1 done at the beginning oi the 2nd growing
season, should boost up the growth and early exploitability.
e suggested that systematic triale should be undertaken, Siva
frasad (1980) slso, from Andhra Pradesh, reported that recent
trisls revealed that, by applying L, P and K, the period for
first felling cycle could be recuced,

Chaudhari (1966) stated that mixing s small dose of
fertilizers (2 oz. of ammonium sulphate $ 2 oz. of superphosphate
per plant) with the soil, at the time of planting, has been
reported to have given 0o0d results in Elher and Tamil Nadu
in India, on bamboos. He added thzt the fertilizer mixture
should normally contain al].l(he mejor nutrients (NF¥) snd their
ratios will vary according to site. As for the guantity of
the fertilizer mixture, he opined that 0.5 1b (i.e., 227 g)/
plant would be adequate to start with and the dose should be
grzdually increased such that when the clump reaches the
exploitable gage it receives upto 5 1b (i.e., 2.270 kg) per

clump per yaear,

Ueda (1960) stated that the amounts of the‘three elements
(ii,F,K) to be applied, varied accordinz to the soil. In a
viicanic ash soil, which has a high ebsorption coefficient
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for P205, the actual 2mount of P fertilizer to be applied must
be more than the amount reyuired by the bamboo. In Japan, for
bamboos (Species not mentioned) a total cuantity of 500 kg/ha
0of fertilizer containing N, F and K, in the ratio of 2:1:1 cen
be applied twice a year (Anon,,19768). As regerds the response
of clump-forming tamboos (D strictus is one such) Ueda (1960)
stated that although sutficlent experimentztion hae not been
conducted on them, sowe date on the contents of nutrients in
their culms and rhizomes are available (the deta refer to
extremely young clumpe of Leleba multiplex end [elocenna
bambusoides only) based on which fertilizer experiments must

be concucted on Dendrocalamus strictus, EBambusa apundinacea
and fglocanna bambusoldes.

2.1.8., C. Experimenta)l investigations on Response to fertiliz 3

Ferrer {(1949) 1e perheps the earlieat worker to investi-
gate the effect of fertilizers on bamboos, He recorded a
higher number ©f new culms in the fertilized clumps than in

the countrol,

In a pot experiment on seedlin.s of Fleloblastus pubsscens
in Japen, 2-factor (K, PK and NP) combin=tions and RPK eppli-
cation were compered with a control (no fertilizer) by Veda
(1960) . The actual dosages applled per pot (0.7825 mz apea)
and the calculated per hectare levels (furnished within paren-
thesis herein) weres N = 26 g (=332 kg/ha), P,05-13.8 g (=176 kg/
and K 0 = 23.5 g (=300 kg/ha). The results of one year growth
after fertilizing, showed that though there was not much



difference between the fertilizer treatments themselves, as
regards culm diameter, the control recorded the least diameter;
culm length also did not differ much. But as regards the mmber
of culma/pot, wei.ht of leaves, weight of rhizomes ~nd totel
welght of rlant there was substantial (two=-folds or more)
inprovement with the NPK treatment as compared to the other
treatments, which were almost similar in their responses except-
ing for a slight superiority of the K~lacking (i.e., NP) treat-
ment. He conciuded that N is the element most required by
bamboos, followed by K and P, It was also seen that ths amount
of K absorption by the plant 1s higher than that for N and P,

watanabe (1972) conducted a pot experiment in Thailand,
on sesdlings of Thyrsostachys siamensis for fixing the optimum
dose of a fertilizer mixture containing N - 34X, on5 - 20%,
xzo =~ 24y, MgO - 8% and SLO2 = 14%, This mixed fertilizer wes
aprlied at 5 doses (5, 10, 20, 40 , 80 g/pot) and compared with
a control (unfertilized). The results showed that at the end
of the 1st year, the new culms produced were more in the
fertilized pots than in the control but the variation was not
much; culms diameter also did not diifer much; However, in the
2nd year, the number of new culms produced did not diifer much,
but as regards height as well as diameter of the culm, there
was very good response to fertilizer application. Dry weight
of the plant significantly incresased with fertilizer appliecatioa.

In the Philippines, Uchimura (1978) experimented with

seedlings of Bagpbusa arundinacea, fonkaws and Schizostachyus
lupampao, in & pot experiment, using & fartilizer aixture




containing N, ¥ and K, in the ratio of 2:2:11, Doses tried

were 500 ki and 1000 kg per hectare slong with the Contrel
(unfertilized). The results revealed, that 280 days after
fertilizer applic-tion, conkawe and Schizogtachyum Jumampao

showed better growth in the fertilizer treatments thon in

the control. lHowever, Eambuse -~rundinacea (for which observa-
tions were recorded only for 110 days after fertilization) did not
show eny diiference in growth,

In & field experiment on Phyllostachys bambusoides, in
Japan (Numate and Ogawe, 1955) 10 treatments were tried, 5 of
which were non=fertilizer treatments (absolute control, culm
harvesting intensity, weed removal =2nd top dresaing new soil)
and the reamecining 5 were fertilizer trestments on 2ll of which
weére super-imposed the harvesting and weed removal treatments.
Ag re.ards the fertilizer treatments N, F and K were compared
singly along with NFK and NI K + Ca Sioh. The dosages adopted
were 84 kg N/ha, 4% kg P205/ha, 80 kg xzo/h- end 240 kg/ha of
Ca 51 0. They concluded thst N-fertilizer induces fast growth
and & large increment in the standing erop, but deteriorated
the mechanical properties o0f the timber. P -« and K - fertilizers
did not give & notable positive effect, even though they
promoted good quality of the timber. Three element (NFK)
fertilizetion and NFK + Ca 5106 gave the best results
quantitatively and gualitatively.
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Usda (1960) eonducted & field experiment in Japen en
khyllostaghys reticulata, comparing NK, PK, NP and NFK treat-
ments with control (unfertilized). levels of application
were 150 kg N/ha, 56 kg P,04/ ha and 56 kg K,0/ha. The results
of 1 and 2 ye:rs after fertilization, showed that, arplicatien
of NPK was the best from the point of new culm production and
weight of culms; as regards culm diameter, however, all the
fertilizer tre-tments were almost similar in their response,

though recording a slightly higher diameter than the control,

Kim (1966) working on the ssme species, viz., Phyllostschys
reticulata tried a number of fertilizer trestments applying the
fertilizers annually for 5 years on a newly planted grove. He
conciuded that aprlication of a mixture of compost + urea +
superpvhosphate was the most effective and that KC{ was the
least effective fertilizer which depressed the response to the

others.

Suzuki and Narita (1975) reported that the number of
sprouts from fertilized plots was 1.7 = 1.9 times as many as
those in the control.

Patil (1980) compared in a field experiment on Dendro-
calamus strictus (in Karnataka, India) 2 doses of application
of N, P and K, viz., 100 kg N + 50 kg P,0q + 50 kg K 0 per
hectare and 200 kg I” + 100 kg PZOS + 100 kg xzo per hectare,
besides control (unfertilized). Besides the fertilizer
treatments, there were spacing treatments combining them with




the fertilizers. The material was young plants (less than 2~year
2ge)., He concluded that application of fertilizers incressed

the number of culms/clump, meen height and mean diemeter of

culms, as compered with the control. Although applic=tion of

the higher dose of fertilizer (i.e., the 20031003100 treatment)
resulted in sore number of gulms/clump than in the lower dose

of fertilizer (i.e., the 100 : 50 1 50 trestment), the differences
were not significant a2s regards height and diameter of the culms.
Dry matter accumulation also increased with fertilizer applicetion,
even though the higher dose did not improve it further. A similasr
trend was seen as regarde dry matter accumulation in rhizomes and
roots, Total DMF increased from & t/ha in the control, to 12,51
t/ha in the medium dose. Uptake of N increased from 6.44 kg/ha

in the control to 16.15 kg in the medium dose and 27.09 kg/ba in
the high doge. Rate of L¥P accumulation, leaf area per clump,
leaf eres index (LAI), leaf area durzation (LAD) and crop growth
rete (CGR) registered considerable incresses due to fertilizer

application.

As regards studies on fixing the optinum dose for a single
nutrient, viz, nitrogen, field experiments on Phyllostachys
reticulata (Ueda, 1957) and Phyllostachys sdulis (Veda, 1958)
conducted in Japan, revesled that 60-70 kg N/ha is needed for
an increzse in annual production of 350 kg, Responseto: N
extends only upto 230 kg/ha beyond which responss cannot be
expected (Ueda, 1960). le also reported thzt, experiments
conducted comparing F.Y.M., night soil, semmonjum sulphate,
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ammonium chloride, ammonium nitrc-te, urea and calcium nitrete
revealed th-t there was no difference between the diiferent

sources of nitrogen as reg-rds their effect on hamboo.

2.7.8. D. Time of opplic:tion of fertilizers:

Ueda (1960} st-ted that 1f elow actin, fertilizers are
used, tne applicetion, to be effective, should be done about
a month in advence of ezch season of growth, so that the
effect occurs at the season of sprouting end rhizome growth,
He furnished examrles from Japan . (Februsry - March »né June -
July for Fhyliostachys eculis, March - April and June -July for
Phyilostechys reticulata). Spring applic=tion evokes sprouts

in the szme year and summer application makes the rhizomes grow
thick. Therefore, the general effect will be seen in the growth
of the culm after 1-2 years, This wzs confirmed by him in
experiments conducted at the Kyoto University, Japan, on

Leleba multiplex where the effects of epplic-tion of fertilizers

in July-August were felt on the production of new culms in the
same year and an increase by severzl folds in the number of

new culms in the next year, as compared to unfertilized plots.

watanebe {1972) in Thailand, conducted a pot experiment
on Thyrsostachys siamensis to study the effect of the time of
applicetion of a fertilizer mixture containing 10% N, 6% P,0,
7% K,0, 2,5% MgO and 4% 8105, applied at a uniform dose of
20g/pot; there was slso an unfertilized control. He tried
4 times of application =~ April, June, August and September.
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The results were inconculsive over the short period (one year)
of observation and he inferred theat i1f the experipent had been
continued for a few more years the effect of season of appli~

cstion would have  iven statisticeliy significant results.

iIn Japan fertilizer c~n be applied twice 2 yesr, once
during kMarch to April before the bamboo ghoots sprout and
again during July to August when the rootstocks start growing
(Anon., 1978).

Chaudhari (1966), presumably based on the practical
experience gained through the management of plsntationa of
Lendrocalamus strictus and Bambusa arundinacea by the West
Coast Paper Mills Ltd., Dandell (Meharashtra) in India, su:sgested
that the vest time for application of fertilizers is the season

when new shoots begin to sprout.
2.1.8, E, Method of s plication of fertilizers:

Ueda (1960) stated thot the fertilizers may be scattered
over the ground, but in that case the results will be slow to
appear since the fertilizers do not dissolve without reinfall,
It was establighed experimentally (redio ieotopic study on
Phyilostachys reticulsta) that follar application of the ferti-
lizer is very effective, but the amount of absorption is
restricted as bamboo leaf is smooth, which thus necessitates

multiple spraying.



Chaudhari (1966) stated that fertilizers are best
applied in a shallow ring, 7.5 cm deep and 30 cm away from
the clump, and then covered by soil.

2.1.8, F. istance the ground upto which the ilizer?
gifect is felt:

In bamboo species which extend their rhizomea in the
fors of net works, most of the nssimilates produced tranlocate
in the direction of zrowth ¢f the rhizome. When fertilizers
are aprlied near the mature bambeo, the effect on the develop-
ment of new culms are detected upto 5 - 6 m away, along the
growth direction, the effect being maximum near the meture
bamboo and in one particular experiment, the effect was
detected as far away as 9 m from the place of application
of the fertilizer (Ueda, 1960),

The above phenomenon w=s confirmed by radlo tracer studles
using isotope P2 by Udea (1956).
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2.2. INTERCROF: ING

Several systems of combining two (binery) or more crcps
in spoece “nd time, for meximiein, productivity, reducing risk
or for other reascns hive teen evolved., Theze go by the names
of 'multiple cropping', "mixed crorring', 'intercropping’,
Yalley cropping', 'multi-tier' or 'multi-storeyed' cropping
or '3-~dimensionzl agriculture', 'sequertial cropring', or
*relay cropring' etc., Of these, come refer to simult=neouse
comuin-tions and some others se uentisl comtinstione. 'Mixed
cropning' and 'Intercropring' belong to the first category,
':iixed cropying' hee been defined (fiyer, 1949) 28 the system
of .rowing two or more crops (or v rieties) in the same field,
szarden or plantation, not in seporote blocke, each carrying
2 single crop but all of ther mixed to; ether =2nd occupying
jointly the same ground and sharing in common the cultursl
oper::tioneg of the field as though the latter were intended for
one sin lie erop, and sown or planted either promiscuouely in
the midst of each other or system~tically in alternating rows
or otherwise; the cropping mo2y apply to permanent crops of
the plantation type or those which occcupy the ground for only
one crop aseason, whether this be for & few weeks, months or a
year, Uther workers have su. gested that the expression 'inter~
cropping' to refer to a situation where the component crops
are grown in separwte (1.e., distinct) rows (Andrews and Kassaa,
1975; Freymen znd Venksteswarbu, 1977; FKuthenburg, 1971).
The term 'slley eropping' was colned by Wilson and Kang (1981)



to describe a cropping system in which crops, especially

food crops, are grown in alleys formed by trees or shrubs,
established mainly to hasten soll fertility restoration and
enhance soil productivity. Alley cropping may be regarded

as an organized form cof bush fallow in which selected species
are planted in organized patterns, designed to facilitate crop
growth and easy crop management in systems based on nutrient
eyeling by plants. Willey (1979) hes defined ‘intercropping’
as the growing of two (or more) crops simultaneously on the
same area of ground, the crops not necessarily being at exactly
the same time, and may be diifering in their harvest times,
but they ere usually ‘simultancous’ for a significant part of
their growing periods, which thus distinguishes it from 'relay
cropping' in which growing periods overlep only briefly. The
expression 'establishment intercropping' to describe cases
where relatively shorter duration crops (mostly herbacecus
annuals) are intercropped between trees during the initial
phage of the establishment of the tree crop, has been solned
(Wilson and Kang, 1981).

Vhereas sequential combinstion of crops of same or diffe-
rent species in quick succession is one of the aspects of
‘aultiple cropping' in annuals, parallel combinations of
compatible crops of different species is the strategy to be
adopted for peremnials, where the land remaina committed to
the crop for decades. Thus, 'multiple cropping' in plantations
amounts to erop diversification. Considering all the adbove
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peints, the expression 'intercropping' is used for the present
investigation in prefsrence to such expressions @s 'mixed
eropring', 'multi-~tier cropping', ‘multi-storeyed cropping’,
'slley cropping' etc. But, in the case of intercropping
between trees, the period during which this is possible is
r:zther restricted, it being generally for only & few years
(depending upon the growth rate end habit of the tree species
concerned 2nd the spacing at which it is planted) during the
initial pheses of 'establishment intercropping' (Hartley; 1977).
The present investigation falls uncer this category.

2.2.,1. Forms of combining crops

Basically three possibilities suggest themselves, depend-~
ing on the neture of the stem of the crops concerned, viz.,
(1) woody cro;s(s) + woody crop(s), or in simpler terms tree(s) +
tree(s), (11) herbacecus crop(s) + herbacecus crop(s), or in
simpler terms seamonal crop(s) + seasonal crop(s) and (i11) a
combination of tree(s) + seascnal crop(s). Since it is obvious
that trees are comparatively iong lived, i.e., perennisl,
another way of designating the above three systems would be
to use the expressions 'perennial’ and 'seasonal' (or more
freely, ‘'annual'), This terminology would appear to be more
appropriate to a situation llke the present investigetion, in
which bemboo is studied, which is & woody perennlal but net
generally regarded as a tree by foresters. »

2220 3 9.-) of a crops )

Adyer (1949) recognized three categories under this
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combination of perennial and annual crops, based on the

functional role or utility of the annmuel crop(s) concerned.
These are (1) nurse crops, (2) green manure crops and (3) cateh
¢ruopsy, The present investigation fzlls under the third cate~
gory i.e., 'catch crops', which is reviewed in full in the
following se¢ctions,

242:241, atch cropss

These crops are of very short duration especially in
comi:arison with the main crop and are grown until the main
crop cumes into bearing and only during such time that they
can be grown satisfactorily and without detriment to the main
crop. In these cases, it is a question of utilizing the inter-
gpaces between the young plants of the main crop which otherwise
will not only remain unutilized (and thus lower land utilizatiom
efficiency for substantiml periods of time) but also lead to
other undesireble effects such as weed growth, soil erosion,
leaching away of nutrients etc. In essence, it is multiple

land=use,

In forestry, plantations of useful tree c¢rops are often
artificially established, For economizing on the cost of
establighment of such plantations a system of shifting culti-
vation called taungya commonly, and Kumri in Tamil, is practised,
A cieared forest ar:a is planted with seedlings of the desired
tree species apnd the farmer to whom the right to sultivate the
planted up area for the first two or three years, raises annual
erops like sweet potato, which act as nurse crops to the young
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forest tree crop, by protecting the recently exposed forest
8011 from erosion. Teek (Tectone grandis) is by far the most
popular tree species used in taungys.

A pumber of agricultural crops are grown in conjunction
with the forest trees under the taungya system (of course,
only during the initial phases of the tree crop). It is diffi-
cult to assizn these crops elther tou 'nurse crops' or to 'cateh
crops', Ror they are both. While, from the point of view of
the forest department which owns the land it is a nurse crop
for a young tree crop in the initial stages, these crops are
the sustenance for the small lessee cultivator who reaps a
harvest from between the young tree crcp and so these are 'cateh
crops' as well. However, they are reviewed as 'nurse crops'.
The most common crops are pearl millet (FPennisetum typhoides)
barley (Hordeum vulgare), rye {Secale cereale), wheat (Iriticum sp
miner millets (Penicum spp.;, Oats (Avena sativa), grams/beans
(Phaseolus spp., Yigna app.), plgeonpea (Cajenus esjen), ground-
nut (Arachis hypozaea), gingelly (Sesamum indicum), castor (Ricinu
gompunis), linseed (Linum upitatissimus), mastard (Brassica spp.),
soybean (Glycine max), cottor (Gossypium spp.), Chilli (Capsicum
spps)s turmeric (Gurcums _]ﬁi), ginger (Zingiber officinale),
potato (Solanum tuberosum), sweet potato (Ipomoes betatas),
cocoyam (Colocasia sntiquorum), 'Chinese potato’ or tannia (Xanthe-
acme pagittifolium), and many vegetables like brinjel (Solapum
Belongena), tometo (Lycopersicus esculentum), bhendi (Hibiscus
esculentus), catbage (Brassica spp.), cucumber (Cucumis sativus),
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dasheen (Colocasia sseulents), melon (Citrullus yulgaris/
Sucunis melo), pumpkin (Cucurbits maxims) and fruits like

pineapple (Apapas comosus) and papays (Capica papeys)
(FAC, 1978).

There are also several agricultursl crops which are
excluded from such systema, as foresters hold that these crops
will suppress the yrowth of the tree crop. Though the list of
such precluded crops is controversiasl, generally bananas (!32
8pp.), Cassava (Manmihot utilissima), rice (Oryza sative), maize

(Zea mays), sugarcane (Sagccharum offinarum), tobacco (Nicotiana
abacunn) and yam (Dicsgcorea spp.) are generally avoided (FAG,

1978). However, there have been exceptions (hill rice in Assaa,
end Kerala in lndia, Malaysia and Senegal, sugarcane, with
success, in Assem in India, and Furmaj; maize in Nigeria; and
banane in Africa). It must be remembered that in the taungye
system the aim is to establish a tree crop and the raising of
agricultural crops is only subsidiary and initiasl, sclely to
reduce expenditure and if possible improve the early growth of
the tree crops (thus acting as nurse crops).

In China, intercropping is generally applied in forestry.
There are examples of agricultural crops being planted between
rows of poplars (Populus spp.), Cunninghamia lsnceclate, and
pines (Pinus magsoplana, P. taeds or E. elliottil) for & period
of two years. In some plantations, parucularly‘p.lnc. tung
oll trees (Aleurites spp.) are interplanted concurrently with
the agricultural erops (FAQ, 1978).
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In gensral, reising of interorops of annuals between

perennial tree crops is feesible during the eerly stages of
the main crop vhen the canopy has not closed in. On the other
hand, intercropping of annual field crops in mature stands of
trees is generally not economic because of the severe curtail-
nent of yleld, chiefly of grain, in the intercrops. However,
such depressing effects must vary from situstion to situntion
depending on such factors a&s comparibility of the *wo species,
shage tolerance of the intercrop specles, elevation at which
shade occurs (high or low shade), spacing between the trees
(bese ecrop), rooting patterns of the two crops, age of the tree

crop ete.

The availcble literzture¢ is reviewsd in the following
sectiona. First, the tyrically plantation crops raised by
farmers are presented. Under this are liated the tall-growing
pelms (whose canopy height and thus the shade cast by them mzke
them stand out from the other trees) - coconut, arecanut, oil
p2lm and dote palm; and then rubber, czshew, leucaena and
country pear, Then follow tree crops whose chief econcmic
product is wood and which ere generally raised by the forest
departments, like the acacias ( which, however, is typically
a farmer's crop), teak, eucalyptus, Holoptelila, Gmelina,
Gordia, Cedrela, poplars and conifers, and finally bamboo.

2.2.2.1.1. Gogenut - based intercrorping systems:

Coconut (Cocos nucifera) is one of the very few tree
crops ip vhich intereropping is extensively practised and on



64

which the amount of published infomt;m is guite eubstantial,
The chief reasons for this are: (1) coconut is essentially

& small fermer's cror {Thomas Varghese et 8l., 1978) who is
nzturally compelled to diversify, (2) it has a long life span

of 60 to 80 years and thus the land is committed to it for
several dec:des, (3) it is planted wide, usually sbout 7.5 m
elither way, and it hos been estimsted that only about 28% of

the land area 1s utilized by it (Leela and bhaskaran, 1978),

(4) it has the preculisr advantage of having two periods(initially
upto 8 to 10 years after rlanting and agein 20 years after
planting upto senescence of the crop) in ite life span during
which it allows sufficlent light to penetrate to the ground

wien intercropping could be practised (Nair et al. 1974),

(5) many snnual crops are compstible with 1t, and (6) 1its root
zone 18 confined laterally to a radius of 2 metres only (Kushwah,
&t 8l1,,1973) znd vertically between the depthe of 30 and 120 em
irom the surface (Central Plantation Crops Research Institute,
1973)

4 vuriety of crops are being rzised as intercrops or have
been tested for their suitability with varying degrees of
success. In Indis (chiefly in Kerala stato&irathm is commonly
reised, as mentioned earlier (Nellist, 1976;('rho-n Varghese,
15763 Nair et al., 1974). A number of workers have reported the
growing of a variety of annuals as intererops between eoconuts.
Thus, Cassava (Mepihot utilissima / Mapihot esculenta) (Nelliat,
19763 Nair and Thomas Varghese, 1976., Nelliat st al., 1974.,
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Nair et al., 1974., Thomas Varghese et al., 1978a., Fotty,
1976., Ramanujam et al., 19843 Sethumadhave Fenon snd Rama-
krishnan Kayar, 1978)3 Yam {(Lioscorea alata) also known as
'greater yam' (Nelliat, 1976; Neir gt el. 1974; Sethumadheve
fienon and Kameakrishnan Nayar, 1978)3 Elephant foot Yam (Amopr-~
phophalus campanulatus (Neir and Thomas Varghese, 19765 Nelliat
£t al., 19743 nair et al., 1574; Thomas Verghese gt al; 1978e;
Setbumadhava Menon and Ramakrishnan Nayar, 1978); Lesser Yam

(Lioscorea esculenta) (Nair et al., 1974; Thomas Varghese gt al.,

19788)3 Sweet potate (Ipomoces batatas) (Nelliat, 1976)., Neir

and Trhomas Varghese, 1976., Nelliat gt al., 19743 Nair et al.,
1984, Thomas Varghese gt al., 1978a; Fotty, 1978); Chinese
potatu (Loleus parviliorus/Coleus borbetus) (Nair et al., 19743
ihowas Varghese et al,, 1978a); Colocasia (Xanthosoma sagitti-
folium; (Thomes Verghese gt zl., 1578a); Ginger (Zingiber

oificinasle; (MNailr and ihomas Varghese, 19765 Relli~t et al.,
1974; Kadr et al., 19743 Thomas Varghese et al., 1978a);
jurmeric (Curcume longa) (Nair and Thomas Varghese, 19763

Kair et 8l.,1974; Thomas Varghese gt al.,19782); Fepper
(Eiper nirrum) (Relliat, 1376; Neir anc Thomas Varghese, 19763
Kelliat et al., 1974, Kair, 1980; HNair et al., 1974); Upland,
i.e., rainfed (generally, kice (Oryza sativa) Nelliat, 1976}
Nair end Thomas Varghese, 19763 Nelliat st al., 19743 Potty,
1976)3 sorghum (Sorghum sp.) (4iyer, 1%45); Finger miller
(Eleusing coracana) (Afyer, 1549); Italien millet (Jeteria
Italica) (Aiyer, 1949); Black gran (Vigna mungo) (Aiyer, 19493
Nair and Thomas Varghese, 1976; Nellilat et al.,1974); Green
gram (Pheseolus radiatug) (Alyer, 1549, Neir and Thomas
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Varghess, 1976); Red grem (Cajapus cajan) (Fotty, 1978);
Horse gram (Dolichos biflorus) (Aiyer, 1949; Neir and Thomas
Varghese, 19763 Nelliat gt al., 1974; Potty, 1978); Cowpea
(Yigne unguiculata) (Nair et al., 19743 Potty, 1978) Groundnut
(Arachis hypogeea) (Aiyer, 1549 Nair et al., 1974; Fotty, 1978,
Leela and Bhaskaran, 1978); Gingelly (Sesamum orientale)s
(Potty, 1978); Sunilower (Helianthus annuus) (Nair et al., 1974);
vegetables (Nelliat, 1976); Pine apple (Ananss comosus) (Nair
and Thomas Varghese, 1976; Nelliat et al., 1974, Nair, 19803
Ramapatnan, 1961); and forage crops - grasses and legumes
(Sahasranaman and Pillai, 1976; Vikrapan Nair et 21.,19763
Remakrishnan Nayar and Sahasrenaman,1978).

The above list testifies to the diversiiy of seasonal crops
(25 diiferent crops excluding fora.es) that sre being grown
or have been attempted to be grown as intercrops in coconut
stande, in India, In addition, if we consider the variety of
econcmically very valusble woody perennials, for the sske of
comprehensiveness - short bushss like Robusta Coffee (Nair,
1980) or short statured trees like Cacao (Wair and Thomss
Varghese, 1976; Nelliat et al, 19743 Nsir, 1980; Nair st al.,
19743 Thomas Varghese g al., 1976b), Clove (Nair and Thomas
Varghese, 1976; Nair, 1980, Nelliat et al.,1974), Cinnamen
(Nair and Thomas Varghese, 1976} Nelliat et a].,1974) and
Nutmeg (Natr and Tk mas Varghese, 1976; Nelliat g% 21.,19743
Nair, 1960); the green manure crops (Nair, 1980), and cover
crops like Calopegonium, Puereris (Nelliat, 1976) etec., the
1list expands further.



It is not surprising that all the above publications

but one, heve stemmed from Kerala when we consider the fact
that 60% of the total coconut area of India (Indian sres =
906,000 ha) 1s situated in Kerels State and it contributes

70% of the total production (FPlucknett, 1979). Liyanage et al.,
(1984) have 1isted a total 30 different crops se being inter-
Planted in coconut groves in Sri Lanka, This list comprises
most of the intercrops grown in India, besides maize (Zea mays),
soybean (Glycine max), winged bean (Psophocarpus sp.), chillies
(Capsicum spp.) betel leaves (Fiper betel), fruit crops like
passion fruit (Passiflors edulis), papaya (Carica papaya),
pomegranate (Punies granatum), Citrus (Citrus spp.), not to

mention the plantation crops including coffee, Cacao is a
proiitable intercrop in coconut gardens in the Philippines
(Rodrigo and Mangsbat, 1964). Plucknett (1979) reported that

a variety of forage crops are cultivated under coconuts, in the
Philippines, Indonesis, Malaysia, Papua New Guinea, 3ri lLenka,
India, Fiji, VWestern Samoa, the Facific islands,dtc. Indeed,

it 1s correct to say that coconut ig one of the few tree species,

perhaps the only one, to boast such a diversity of intercrops.

As regards experimental studies, most of them have been
confined to merely testing the suitability of specific crops
for intercropping - and in slmost all, the aim hgd been to
evaluste the affect of such intercropping on the main erop,
viz. coconuts, Neir et al. (1974) reported the results of
experiments on intercropping of several tuber crops, rhizome
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Crops, oilseeds (groundnut and sunflower), cowpea, banama

and pineaprle conducted at Kasargod (Kerela State) and stated
that earlier work had shown that elephant foot yam and cassava
had no adverse effect on coconut, rrovided the main crop and
the intercrop were adeguately and seperately manured, They
conciuded from their experiments that maximum cost benefit
ratic (2.46) was obtained from the intercrop of giner. Again,
{rom Kasergod, Thomas Varghese et al. (1978a) who studied seven
tuber crope besides the rhizome crops ginger and turmeric,
corrpborating the earlier finding, concluded that the raising
of tuber crops as intercrops in coccnuts exerted no adverse
effect on the coconuts provided that both the intererop and
the main crop are manured s2dequately end separately. They
observed thet the coconut yleld was lower in the treatment where
the intercrop (elerhant foot yam or cusmsava) alone had been
marured as compared to the yleld of the sole crop of coconut
which was manured. This yield derression was ascribed by them
to the competition for nutriente and they concluded that this
competition effect was overcome by fertilizing both the main
and the intercrops. Beasides, they stressed the importanee of
rotating the intercrops, reporting that elephant yam, if
continuously grown as an intercrop betwesn coconuts will
depress the yield of the latter. They also stated that, while
monoculture of coconut provides employment of 150Alandlyl/hn/
year, intercropping doubles it.
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At Trivandrum (Kerala State) it was observed that the

productivity of cassava was reduced when intercropped in
ccconut, since the light inside the coconut stand was very
much lese (about one-seventh) then that in the open (Ramenujem
&t al., 1984},

Potty (1978) using eilght different crops (including three
pulses) studied the influence of 'moisture modulation' (i.e.,
raising the intercrops under two different moisture regimens
created by forming trenches and raised beds inside the coconut
stend) et Nileshwar (Kerala). This study is essentially an
investigation on increasing the efficiency of one of the
resources, viz. rainfall. He concluded that the yleld of the
intercrops under the moisture modulation system wss far better
than in the conventionsl intercropping system. Again, from
flleshwar, Leela end Lhaskaran (1978) who tried ;roundnut as
intercrop, reported that the intercrop occupied 72% of the land
area and the intererop yield was not adversely affected, while
it suppressed weeds effectively, besides incressing the employ-
ment potential (extra 85 women an¢ 20 men/ha). This study
brings out the several advantages of intercropping, viz., better
land utilization, better weed control, increased employment etc.
The work of Sethumadhava Menon and Remakrishnan Nayayr (1978)
from Kayangulam (Kerala State) highlights another facet of
intercropping, ¥viz., disease relationship. They found thet
the disease intensity of coconut was higher when cassava was
intercropped even though the tuber yield of cassava was the
highest as cvmpared to yem and elephent foot yam.
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The general conclusions that emerge from an analysis of
all the foregoing literature are:

1) coconut allows a large mumber of seasonal crops to be
intercropped beccuse of its peculiar morphological
features and the wide spacings adoptedj

2) almost all the intercrops give econamic yields besides
other benefits like weed suppression, increased employ-
ment, improved land use, increaged water use, efficiency

etc;

3) in general the yield of coconut is not adversely aifected,
provided it is adequately manured separately, in addition
to that for the intercrop(s);

4) in all the experiments the emphasis had been on the main
crop, viz, coconut, as regards its yields, and not on the
performance of the intercrop-. Hence in a2ll these
experiments on 'open field' treatment had not been
included, which seriously hempers interpretation of the

results as regards the intererops.

242424142« ARECANUT = based inter systems:

Arecanut (Areca catechu) is reised as an irrigated crop,
to a considerable extent in South India and {s a very valuable
cash crop. Aceerding to Nelliat (1976) the desirable space
for its proper growth and productivity is 7.3 lz,'vhieh works
out to & spacing of about 2.7 m x 2.7 ®; in actuzl practice,
however, the spacing is much closer, being about 2 metres
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¢ither way, Normally, fertilizers are spread on the ground
within a radius of 1 metre from the base, around the palm,

Usually, betel vines are raised as intercrops in arecas
8&ardens training the vines on the palms 8s standards; ‘the
shade provided by the closely planted arecanut helps the
betelvine for which shade is indispensable. A different type
of intercropping is seen in the malnads of XKarnataka State,
where bananas, arecanuts, pepper and cardamom are grown together,
without any wastage of space (Aiyer, 1949). This system of
muitistoreyed cropping as practised in the spice gardens of
Uttar Kannada (Karnataka), which mimics a tropical rein forest,
has been described by Madhava Gaagu and Hegde (1981). The
spice garden 1s started by plenting benana as the nurse crop,
followed by arecanut which is planted at a wide spzcing of 3.5
to 5 metres (which, however, will be clossd in, by interplant-
ins arecanute, agz2in, in th#&th year), In the interspsces,
cardamom (Llettaria cerdamomye valuable spice and export crop,
is planted, in the seventh year, at the rate of 1,500 cardamom

bushes per hectare.

In Sri Lanka and Kerala, coconuts, cloves, cacac and
coffee (and sometimes even tea) are mixed with arecanute,
a8 intercrops and in the fruit gardens of Kermataka, arecanuts
are nixed with coconuts, mango, Jeck, guava, orange and other
citmus trees (Alyer, 19495). Liyanage et al. (1984) reported
that in S5ri Lapnka, arecanut and coconut are mixed.
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Shama Bhat (1978) studied the intercropring of cacao
(Theobroma cacap) with arecenut in the retic of 50 § 50,
comp=ring it with arecanut stand planted along its border with
cacao as well as with sole crop arecanut, at Vittal (Karnataka),
The spacing for the arecanut wes & x 4 w., He conciuded that
interplanted cacao yielded more than the border planted cacso,
which was sun scorched. This, while pointing at the shade~
loving n:ture of cacao, brings out the value of shade under
certain circumstances, wherein woody perennial crops have a
useful role to play. Further, he observed that the areccnut
wag not adversely affected by the intercropping; 4n fact the
arecanut yield in the intercropping treatment was higher than
that for the sole crop.

Muthuswamy and Thangaraj (1961) from Coimbatore (Tamil Nadu
State) reported the results of an experiment in which 5 different
varieties of ginger (Zingiber officinale) were raised as inter-

crops in an arecanut plantation. The fresh rhizome ylelds
ranged from 3.500 to 7.166 t/ha, They concluded that though
the yields were lower as compared to a sole crop of ginger,
ginger was promising as a subsidiary crop and added that it was
the first time that the suitability of ginger for growing uader
the shade of an arecanut plantation had been demonstrated,

2.2.2.1.3. 0OlL PAL. - baged inte syst :

The o1l palm (Eleels guineensis) is extensively cultivated
in Africa for its vegetable 0il, and in that country, it is the
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squivalent of cocomut to India. In recent tiwmes, the culti-
vation of this new crop has been on the increase in Indie also.

In Africa, 'establishment intercropping' (i.e., inter-
cropping with annuals during the initial establishment period
of the oil palm) is temporary cultivetion and is generslly
prectised by the small farmer. Several trials on establishment
intercropring have been carried out in Africa (Sparnaaij, 1957).
In Zaire (I.N.E.A.C., 1955), the planting (alone, or in succes~
8lon, or combination) of cassava, maize, hill rice and banana
for 1, 2 or 3 years had, in general, a beneficlal effect on
pelm ylelds and, after 16 years, no deleterious effect had
appeared, These catch crops were planted immediately after
tiie palms and the control plots with Pucrarie phaseoloides
(Hertley, 1977).

in another trial conducted in Nigeria in 1940, inter-
cropping for 2 years as well 2a cropping for as long as crops
could be obtained were experimented with. In practice, the
latter treatment entailed cropping with maize, yam and cassava
until shade made the growing of cocoyams (Colocasia anticuorum)
the only possible culture, 2nd this was continued until the
twelfth year. In the 2-year cropring plots and the early years
of 'cropping-to-exhaustion' plots, good crops were obteined
and wers similar to the results secured in Zaire. They showved
that intercropping of food crops for 2 or 3 yomv may, in
these circumstances, be an attractive proposition to a small
holder. In both trials there was a tendency in the oil palm
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for early bunch yields to be improved by intercropping; in
the Nigeria trial, both leaf production and early yields were
significantly increased., And, in neither trial, after 16 or
mOre years of harvesting, was there any significant fall in
ylelds followin; the e:rly inter-cropping treatments, though
in Nigeria a tendency for yields to f2l1l in later years had
been noticed, In areas already degraded by food crop faraing
(before oil palm establishment) or by annual burning, in Nigeria,
the beneficial effect of ‘establishment intercropping' was
short-lived, and to secure even moderate yields (of oil palm)
heavy fertilizer dressinge hed to be applied, thus indiceting
the harmful effect of regular tillage (Hartley, 1977).

Soybean hes =180 been raised as an intercrop for the
first 2 years, between o0il palms, carrying the cultivation to
1,8 B from the young palms, in an experiment conducted in
Kalaysia, It was found that there was no effect on the growth
or eerly yleld of the oil palm, as compared to the treatment
‘intercropping with a le,ume cover', There was, however, a
susgestion that if deep tillege is undertaken for two annusl
crops, then palm growth is slightly impaired through root
damage. Two cassave crope grown in successive years severly
retarded growth and reduced early yleld by 14% through es:zpeti-
tion for both light and nutrients, particulerly N and P (Chew
Poh Soon and Xoo Kay, Thye, 1976).

Grubben (1972) experimented with the growing of two leafy

vegetables (Amaranthus and Celosia ergentea) as intercrops in
0il palm, in Dehomey (Africa), where these trops are often
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cultiyated in en environment more or less shaded, especially
by 0il palms, It was obaerved that shade had a depresaing
effect on Celosia (in an artificial shading experiment) and in
the case of Amaranthus growth was retarded when grown under
oll palms since the light intensity within the palm stand was
28 low as 60% of that intercepted by it; the effect diminished
as the distance away from the trunk of the palm increased. Hs
concluded that Celosia is a heliophyte and that its yleld
decreased by 10.3% for each 10% additional shade, provided
that irrigation was sufficient. He recommended the use of

unshaded sites for intensive growing of Amaranthus and Celosia.

Plucknett (1979) stated that raising pasture crops in oil
palm stands could be useful and that such oil palm tree/pasture/
livestock systems are employed in Asia and Latin America and
research in this area being carried out in Nigeria and Sierra

Leone.

2¢2:2.,1.4. LDATE P - based inter ing systems:

Baldy (1963) reported that in desert ocases date palms
are intercropped with apricots, which are short trees, and
vegetables. In such casis communities, the shading and
windbreak effect of the upper layer(s) creates a2 f-vourable
microclimate for the layer belows the component chosen for
sach successively l-wer layer is more mesophytic and less

light~demanding than the one above. The shortest component
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(the vegetable crop) escapes suppression pessibly because

8011 cultivations tend to prevent intermingling of the reoct
systexms. He has argued that the many-layered mixed communities
traditionally grown in desert oases may use applied water xore
efficiently in biomass production than pure stands.

2.2.2.1.5. RUBBER TREE - based intercropping systems:

Rubber (Hevea bresiliensis) is commercially very important.
In India 99% of the rubber plantation units are with small
holders which cover about 70% of the total ares under rubber
cultivation. The immeturity period of rubber (i.e., the period
from planting to the first tapping of latex) usually exceeds 7
years and bence small holders are forced to take up intereropp-
ing in order to get additional income and employment during this
pericd. In India cassava, banans, rice and ginger are the
intercrops commonly r-ised in saall holdings of rubber. Very
little experimental evidence exists on the economics of such

intereropping.

Hali (1979} narrated the successful intercropping of
rubber with cacao var. 'Farestero' trees plus banana, in
Kerala State. In between the young replanted rubber (S5-year
old) at a spacing of 20' x 10' (6 x 3 m), 3~month old eacao
seedlings were planted st a spacing of 10' (3 m)., The nurse
crop of banana planied in the young rubber provided the shade
and protection to the cacao. The cacao flowered serly and did

not affect the rubber in any way.
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Vathew et al. (1978) conducted an sxperiment to aszess
the suitability of 6 different intercrops (dryland rice,
tenana var, 'Nendran', banana var. 'Pal-yanqggdan', cassava,
green gram and Pueraria phaseocloides) and the economica of
intercropping, &t Chethackal (Kerale State). In the case of
rice, it was followed by banana var. 'Nendran' or cassava, and
in the case of green gram, it was followed by banana var.
'Hendran', in rotation. Bananas var, 'Palayancodan' and
Pueraria phaseololdes were ralsed =8 single crops. It was
found that the growth of the main crop of rubber w-s retarded
by the non-Nendran banana ('Palayancodan') and cassava due to
their shade effect; highly significant differences arose in
the stem girth of rubber. On the contrary, 'Nendran' banana
not only did not retard the growth of rubber but actually
recorded the maximum &tem girth for rubber. This brings out
the differential behaviour of varleties even within one and
the same intercrop species, Evidently the differences arise
beczuse of morphological differences in stature, leaf areas
etc., which contribute to shcding, as also rooting patterns.
EBanana has long been recognised as a nurse crop for young

arecanuts and cloves.

As regards the economics of intercropping Mathew et al.
(1978) concluded thet, 'Nendran' banana gave the maximum net
profit followed by :assava, Rice and green gram intercropping
resulted in substantial losses due to their labour intensive-~
ness and unfavourable reinfall, and thus vcrﬁunprotitlblo as



78

intercrops in rubber, They concluded that planting 'Nendran'
banana 6 months after planting rubber was the best.

Wwork done in Malaysia had shown that growth of rubber
plante, intercropped with banana was better compared to that
under legume cover crop during the first 3i years of the
immaturity period (Anon., 1972). It was slso reported that
there was no adverse effect on the growth of rubber when inter-
eropping was done at a diatance of 0.9 m away from the rubber
rows during the 1st year ~nd 1.2 m in the 2nd and 3rd years,
Groundnut and maize were suggested as suitable intercrops on
flat gently undulating land (Anon., 1973). Plucknett (1979)
stated that the raising of pastures in rubber plantations is a

workable system.
2.2.2.,1.6. CASHEW - based intercropping systems:

On the poor soils of the savannah in southern Guinea,

cashew (Anacardium occidentale) has been successfully raised

under the Taungya system (shifting cultivetion) toether with

maize and sometimss cotton (FAC, undated).

Flucknett (1979) stated that pastures are coabined with

cashewnut trees.

2:2:2.1.7 LE HA - baged intercr systems:

Leucaena leucoc phala has, in recent times giined great
importance, particulerly in the developing countries, as a
wonder tree because of its many advantages (faat rate of
growth, possibility of close spacings, abundant biomess produc-
tion, production of small timber, and fuel wood and above all,
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production of protein-rich fodder). This leguminous tree
fixes atmospheric nitrogen 2lsc and thus improves soil ferti-
lity. Torres (1983) estimeted the contribution to be 4% grams

of N/linear metre of hedgerow of leucaena.

Kang et al. (1981) from southern Nigeria reported that
intercropping of maize in the 2lleys between hedgerows of
leucaena planted 4 m apart gave sustained 2nnual yields of
sbout 3.8 t/ha without any supplementary nitrogen and still
higher yields with aupplementary nitrogen at 20-80 kg N/ha. The
prunings froa the 5-6 - year o0ld leucaena yielded 5-8 t/ha dry
tops/year equivalent to 180-250 kg N/ha which wes responsible

for the sustained annual yields of maize.

Wilson and Kang (1981) who coined the term “alley cropping”
to describe such intercrop:ing systems, reported the results of
an experiment in which leucaena was established in association
with maize and maize/cassava, The initial phase of the 2-year
rotation involving m-ize/leucaena followed by yam/leuceena was
establieghed in a similar pattern. The leucaena was planted
at a spacing of 2.0 x 0,5 m and in the alley, a paired row of
cassava, spaced 1.0 x 1,0 m was planted. Maize was sown in
hills along the cassave rows at the rate of one hill between
two cassava plants; the spacing for maize also, thus works
out to 1.0 x 1,0 ms Crop yield and leucaena development
indicated no seriocus disadvantage to the intercropping
establishment of leucaena. In the 1st year the ylelds of
maize ranged from 1,840 to 3.058 t/ha and the differences
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between the treatments (maize sole crop, maize + leucasna ¢
cassava, maize + cassava, maize + leucaens) were not signifi-
cant. Similarly cassava ylelds were 20.187 and 25.229 t/ha

in the two treatments maize + casssva and maize + cassava +
leucaena respectively; the difference was not significant,

In the 2nd year, yam yields ranged from 12.333 to 14.905 t/ha
and differences between the treatments were not signifiecant.

It 1s thus evident that intercropping was successful in leucaena
but it has to be torne in mind that the height of the main crop
of leucaena in alley cropping is contained to hedgerow height
only, perhaps to not more than 1.5 metre and not allowed to
grow into trees,

Verinumbe (1983) who studied the economics of emall-scale
farming in Nigeria, reported that the maximum yeorly net profit
was obtained if a farmer produced a combination of 9% of the
farm area under maize + leuczena and 5% of the area under seize +
stylo. This, in essence, underscores the success of maize

intercropping in leucaena,

In India, at the Central Soil and Water Conservation
Research and Training Institute, Dehra Dun, thc‘ruultl of
various experiments, in general indicated that all the annual
crops intercropped between paired rows of leucaena, yielded
mors grain as compar~d to the 'expected' yield of the solé
crops. Increase in productivity was recorded more in pigeon
pea (Cajanus cajan) followed by castor (Ricinus comsunis)
and least in sorghum (Singh, 1983). '

4
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4t ' the Indian Gresaland and Fodder Research Institute,
Jhansi different silivpastorsl and agripastoral systems have
been studied for the past several years. Intercropping of
leucaena with gingelly (Sesamum indicum), groundnut and pigeonpea
{Cejanus cajan) revealed that gingelly yleld was increased when
grown in sgsocistion with leucaena; however the yleld of

groundnut and pigeonpea were reduced (Singh, 1983).

2.2.2.1,8. COUNIRY PEAR - based intercropping systems:

Nanjan et al. {(1980) studied the performsnce of pine

apple (Anones comosus) var. 'Kew! raised both as a sole ¢rop

in the open and am an intercrop under the diffuse shade of
country pear (Frunus sp.) trees in the Shevoroy hills (Tamil
Nadu State). The crop came to harvest in 22 months and the
shade-planted crop yielded 55.8 t/ha of fruits. The performance
under the shade w=s as good as in the open. They recommended
pine apple as an intercrop in nev coffee plantations in the
first 3-4 years after planting, as a cstch crop, for weed
suppression, prevention of soil erosion and saintenance of

soil fertility. They observed that the crop came up well

under rainfed conditions,

2.,2¢2+1+9. Othe ¢ speci raised for wood:

A+ IEAK (Tectons grendis):

Teak is a large deciduous tree with a rounded crown of
great commercial importance producing high value timber. It
grows tall and a meximum height of 155' (47.24 m) and a maximum
girth of 26' (7.92 m) have been reparted. The oldest teak
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plantation in the world ('Conolly's plot' in Rilsmbur, Kerala
State) ies situated in India and is now 140 years old (Surendran,
1977). 1t 15 extensively raised as 'canal bank plsntetions'

in the Thanjavur district (Tamil Nadu) and is commonly raised
by fermers in Tawmil Nadu.

%¥hile in the forest ecosystem, teak is raised almost
exclusively by the taungys system in which agricultural crops,
chiefly tuber crops, are grown as intercrops during the first
one or two years, intercropping of teak is not common on farm
lands, EBEut, since adult teak trees being fairly tall their
shade is high shade and 2130 since it is a deciduous specles
it would appear that intercropping of s2nnusls under teak may
be possible.

King (1968) reported that experience gained in Nigeria
showed that there was no significant difference in the ylelds
of maize raised as a scle crop and as an intercrop in teak, in
the first year. Mizhra (1979) reported the laying out of
experiments involving the raising of different sequential
combinations of annual crops and herbs (pigeonpea, maize,
finger millet, rice, groundnut, gingelly, castor, soybean,
sweet potato, ginger, Solanum khasianum Vinca rosea, mesta and

daincha) in conjunction with teak, and Dalbergis sissoco trees
under rainfed conditions in Bihar., Based on the preliminary
results of the ylslds and economics for maire, finger aillet
and rice, he concluded that these crops were reaunerative when

grown in conjunction with the tree species and that the growth
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of the tree crops was satisfactory.
Be ACACIAS;:

The acacize as a group ere herdy trees growing not only
naturally in marginal and wastelands but are deliberately
permitted to oceur in cultivated fields in the midst of anpual
¢rops by the farmers., Thus Seshadri et al. (1977) reported
the extensive occurrence cf white babul (Acacia leucophloea)
trees in farmers' fields in the drier tracts of Coimbetore and
reriyar districts of Tamil Nadu. Stocking densities as high as
750 trees/ha were cbserved.

While in Africa, Acacia albida, A. senegal and A, tortilis

Play a dominant role in f2rming, A. lsucophlosa, A. planifrens,
Ao £ inea, A. nilotica (syn. A. arabica) are common farmland

trees, in South India.

In the drier parts of Coimbatore (Tamil Nadu) a silvi-
pastural system is in existence in which the farmers allow
self-~sown seedlings (spread by sheep browsed on the pods) of
Acacia lecophloea) to reach adulthood, and all the time a
variety of annual crops (sorghum, pearl millet, field ladb lab
(Dolichos lab lab), cowpea, horse gram, dew gram (Fhaseolug
asconitifolius), groundnut, gingelly, czstor and even onion

and tobacco under irrigetion) are cultivated in the inter-
spaces between the trees. (Seshadri gt al., 1977). GSeshadri
and co-workers studied the performance of sorghum sold arop
raised for fodder, a grain~cum~fodder sorgim and naturel
pasture chiefly composed of Cenghrus giliaris, growing under
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the canopies of Acacia leucophloes trees of ages ranging from
20 to 30 years. They reported highly significant incresse in
the yield of sorghum dry fodder as compsred to the crop in the
open and a simllar increcsed yleld of natural gresses in the
shade,

Similar results were secured for four diiferent forage
crops (Sorghum, Cenchrus grass, cowpea and Guar - Cyamopsis
psorolioldes) at the Gentral Arid Zone Research Institute,
Jodhpur (Rajasthan State) where significantly higher forage
ylelds were obtained when the annual crops were grown in the
interspaces of S5-year old trees of Acacis tortilis planted at
e spacing of 4 x 4 m (Singh, 1983).

In Africa, sgricultural crops such as pearl millet, sorghum,
maize, cowpea and groundnut are often grown by Sehellan fa2rauers
under 2 'park' of Acacia albida ('apple-ring acacia' or 'gao')

as the crop ylelds more when grown in close proximity to Agacia
albiga stands. Thig has been called by the new term 'agro-
silvo-pastoralism' (Anon., 1983). Felker (1978) reported that
intercropping between Agacia albide trees has substantially
increased the welfare of small farmers in West Africa and the
Sahel by increasing soil fertility and crop yleld besides
providing pods for animal feed. He stated that about 45 large
trees/ha are required to camplete soll cover and that the trees
flower 8t 7 years age and produce pods when 8 years old.
Charreau and Poulain (1953) reported that in regions of seascnal
rainfall of 250 mn or more per annum, Judicious interplanting
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of Acacis albida trees increased the yields of pearl millet
by 500 - 600%,

The author of the present investigation h2s observed
a similer agro-silvi-pasturalism in the drier pearts of Tirunel-
vell district (Tamil Nadu) where stands of Odai trees (Acagia
palnifrons) are intercropped with banana and brinjal (Solanum
melongena), the catch crops supporting the farmer till the
acacias trees start bearing pods when sheep are started to be
raised, they being fed with the acacia pods.

The importance of acacias under situstiona of marginal
farming is clearly brought out by the foregoing review., Acacias
can be said to be the mainspring of farming in the semi-arid
tropics.

C. CASUARINAS

The 'Indian Christmas tree', Casuarina equisetifolia,
an exotic, was introduced into Tamil Nadu a century agp and
spread very rapidly establishing itself as a regular, sole
stand farm crop, often irrigated and fertilized, particularly
along the east coast. It is planted by farmers, r-ther close,
about 1 metre apart and the crop is clearfelled in 5 - 7 years,
1t is economically very valuable furnishing prized firewocod

and poles for temporary constructions.

The author of the present investigation has observed
that in parts of south Arcot district (Tamil Radu) small farmers
interplant the young casuarina>crop with groundnut or cucuabsr
(Cucumis sativus) as catch crops. Howsver, when the mein erop
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is 2 or more years old intercropping ceases, presumably because
the ground is covered by abund:nt needle fall rather then due
to a reduction in the light intensity, since the diffuse light
under casuarina appears to be capable of supporting green
plantl. However, no published evidence is csvailsble on the
intercropping of cosuarina.

Us EUCALYFIUS:

Lucalyptus are a large group comprising several hundred
species adapted to a variety of agro-climatic and edasphic condi-
tions. Even trough essential oils of commercial importance are
obtained from a few specles of eucelyptus in Tamil Nadu (for
example, Eucalyptus globulus in the hills and E. citriodors in
the plaine) their chief value is as pulpwoods. In Tamil Nadu
three species of eucalyptus, viz., the so-called eucalyptus
'hybrid' (which, for all practicel purposes has come to be
reckoned as E. tereticornis), E. camaldulensis, 2nd E. grandis,

are extensively raised on a plantation scale by the Forest
Department. E. tersticornis which is admirably adeapted to the
Plains, has in recent times been taken up by the farmers
encouraged by the short supply of raw materia)l for the paper
mills., Besldes, the recently launched SIDA (Swedish Inter-
national Development Agency) ~ ailded 'Social Forestry' programme
has given a filip to the cultivation of E. tereticornis in
farmlands despite the prevelent fear about the adverse effects
of this tree on ground water table held by many sections, which
is yet to be conclusively proved or disproved,



Sharsa (1983) stated that the feeling that nothing grows
under eucalyptus is not correct as this depends upon how clossly
or widely the trees are planted., He reported thzt eome farmers
in Kolar (Karnataka) space out eucalyptus and intercrop finger
millet (Eleusine coracana) for 1 to 3 years. Similarly, Pant
(1980) has reported the successful cultivation of several
species of fodder grasses (Gulnea, Rhodes, Para, Napier-Bajra
hybrid and Blue Panic grasses) under eucalyptus, by afarmer
in Gujarst (India). The Eucalyptus globulus in the Nilgiri
hills (Tamil Nadu) similarly permits the growth of shade-loving
grasses during the first 5 years was reported by Samraj (1977).

Eucalyptus citriodora was one of the 4 tree apecies (the

others being Dalbergia sissoo, Fopulus deltoides and Salmalia
malabarica) in a study conducted at Feshawar (Pakistan). The

trees were spaced 4.3 x 4.3 m and whe=t was sown when the trees
were 2 years old, in drills 45 om apert, between the tree lines
and harvested in about 6 months. At the time of harvest the
eucalyptus trees were 3 - 7 m in height. It was observed that
there was no significant difference in the yield of the wheat
intercrop between the different treatments (i.e., under the

&4 diiferent tree stands) and also that grain yields did not
differ at distances of from BO - 215 cm away from the base of
the trees {Xhattak and Sheikh, 1980).

At Coimbatore (Tamil Nedu) the physiological aspects of
41 different genotypes of black gram (Yigns mungo) raised within
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@ stanc of 2 year old E. tereticornis planted 1 x 1 m apart

was Btudied by Ramachandran (1981). The intercrops were
fertilized with a uniform dose of 5 t FYM, 25 kg N, and 30 kg
P205/ha. lie observed differential responses in growth and other
phyeiological parameters between the different genotypes and
concluded that 2 genotypes (JLU 5~1 and No.5%) performed well

in the shade and thus were suitable for 'canopy cropping' (as

he called the system).

Couto et al. (1982) studied intercropping of soybean
in Eucalyptus grandis in southeastern Brazil. Their aim was
weed suppression in young eucalyptus plantations to econouise
on weed control costs. They tried 7 treatments involving a
variation ir the number of sowing lines (and thus verying the
inter-row spacing) of soybean with concomitant variations in the
distance between the tree base and the nearest soybean row,
There wes zlso a control l.e., & sole stand of the eucalyptus
without any intercrop. However, there was no corresponding
'opan' treatment with a sole crop of soybean. The trees were
Flanted at 2 spacing of 3 x 2 w and both the eucalyptus seedl-
ings and soybean were planted at the scme time, The soybean
was fertilized with 100 kg P04 + 50 kg Kzo/ha. Soybean was
harvested in 5 months and the grain ylelds ranged froa 1.533
to 2.449 t/ha., the maximum being recorded by the treatment
'0.% m inter-row spacing, 0.5 m away from the base of the tree
gseedling'. This yield was eimilar to the yield normally obtained
in the region for a sole crop of soybean. The soybean also
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effectively suppressed the weeds in all the treatments. As
regards the growth of the eucalyptus seedlin:s, as observed 24
months after planting, it was sesn thet the treetments had no
significant effect on survivel, height, diemeter of stem or
volume. It was concluded that the experiment demonstreted the
feasibility of interplanting soybean with eucalyptus at the time
ol stand establishment, that the production of soybean was equal
to local monoculture soybean yields, that more intensive land
use was made possible and the cost of tending the plantation

was reduced by eliminating the need for weeding.

Adverae effect on the main crop of eucalyptus by the
intercrop (m=1ize) has also been reported from Brazil (Gurgol,
1962),

E. Holoptellia inteprifolia:

This is another common economic tree of villages and is
receiving attention recently in the context of integrated

land use systems.

In an experiment conducted at the Central Arid Zone Research
Ingtitute, Jodhpur (Rajasthan State) the interspaces between the
B-year old trees of Holoptelim integrifolis planted at a spaeing
of 5 x 5 m were sown with 2 intercrops - green gram (Phaseolus
radiatug) and guar (Cyamppsis psoreolioides); besices the annual
crops were sown in the 'open' also (i.e., as sole crops). In
addition thers was another factor, viz., lopping of the trees
or not. The results revealed that, as expected the grain ylelds
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of the two legume intercrops were lower under the ‘unlopped’

treea, which increased under the 'lopped’ trees, and remarkably
80 in the case of guar. Surprisingly, the grain yields wers
the highest under the 'lopped' trees, higher than thoze for

the 'Open' plot, in the case of both the intercrops (Singh,
1983) .

This experiment is significant in three respects and thus
stands out from all the studies reviewed upto now. They are, 1)
the inclusion of an 'open' treatment (i.e., sole crop of the
annual) through which alone the effect of the tree crop on the
annual intercrop can be really assessed on & comparsative basis;
2) the study was conducted with Iairly well-grown trees (8 years
age) where the canopy must have developed reasonsbly fully, which
is in contrast with almoat all the other studies which have been
conducted with young seedlings of trees during the initial phese
of tree nfand establishment; rightly speaking they are studies
on 'establishment intercropping', and 3) this study brings out
the important fact thet exposure to full sunlight (as 1s
obtained in the 'open' field), by itself, does not guarantee
maximum yield, at least in the 2 legume crops studied, and
emphasizing the yield improvement under partial shade, Besides,
the tree loppings are an additional yleld.

F. Gmelins arbores:

This is a pulpwood speciecs, extensive plantations of
which have besn raised in Africa. The tauniys system of
establishing tree plantations has been widely used for this
species (FAO, 1978).
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In an ngri-.hvicutml experiment conducted in aouthera
Nigeria, (Ojeniyl and Agbede, 1980a) sole crop of Cmelina was
Compared with Gmelina intercroprped with maize or cassave or yam
or a conb;nation of all the three annual crops. Gmelins was
spaced 2.4 x 2.4 m and the food crops 1.2 x 1.2 m. Maize was
harvested in 6 months, yam in 12 months =nd cassava in 15 months.
The results indiceted that the atem girth of Gmelina, as measured
30 months after planting, was smaller when intercropped with
cassava (thereby justifying the exclusion of cassava cultivation
in the forests of some countries)., As regards the yieclds of
the intercrops, the authors concluded (bssed on comparative
data on sole crop yields for the annusl crops obtained from
long-cultivated and unfertilized shifting cultivation farms)
that they were greater than those for sole crops. It must,
however, be borne in mind that the s0il wae fertile, it having
been cleared freshly of foreat growth for the purpose of
eateblishin, the Gmelina plantztion. In contrast, the soils
of long-cultivated and unfertilized shifting cultivetion farms
must evidently be lower in fertility status.

OJjeniyi and Agbede (1960b) also reported that there was
no significant change in the soil fertility, as a consequence
of intercropping young Gmelins trees with maize, cassava or
yem.
G. Cordia spp. and Cedrela spp.:

In the southern Pecific coast of Colombis small farmers
intercrop the tree species Cordie alliodora and Cedrela odorsta,




with banana, maize and cacao (FAO, undated). In forest planta-

tion work also other species of these two geners had done well,

in Mexico. Thus Cordia ciricote, Cedrela mexicana and Sweitenia
Bacrophyila were successfully reised through taungys with maize

as the intercrop, in Mexico (FAOC, 1978).

H. POFLARS and COKIFERS:

In an experiment conducted in Italy, a 5-year old poplar
iree stand (P@ulus 8p,) was subjected tc diiferent systems of
treatment (intercropping), no intercropping but cultivation,
no intercropping and no cultivation ete.). The intercrops used
were malze, graas, legumes or cereals. It was observed that 6
years after planting the trees, intercropping as compared with
cultivation, had no effect on tree growth and thét cultivation
for the first 4 years was advantageous (Sekawin =nd Prevosto,

1973) .

In Feshawar (Pakistan) whest wes successfully inter-
cropped in poplar (populus deltoides) planted 2t a spacing of

4,% x 4.3 m and the height of the trees were from 6 - 10 m at
the time of wheat harvest (Khattak and Sheikh, 1980).

In China, poplars, Cunninghamis lanceolata and Pinus app.
(P. massoniana, P, taeda or E. eliiottii), particularly pines,
are interplanted with tung oil trees (Aleurites sp.) which

are intercropped concurrently with sweet potato, ioybnnu.

groundnut, water melon or malze. The tung oil trees yleld oil
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from the 4th to the 10th year after which they are felled

leaving the pine as the final tree crop. Intercropping is

ROt only regarded as a tending operation to replace weeding

but also as & multiple land - use practice for joint production
of wood and food., Depending on c¢rops and on themanagement skill,
intercropping may yleld 1.4 -~ 4,0 tonnes of food per hectare

and in some places, 20 tons/ha of green leaves which are used
for feeding animals (pigs) or es manure. The effect on the
trees 1s very favourable (FAQ, 1978).

Goller (1584) from West Germany reported results of an

experiment in which winter rape (Brassica sp.) was orill sown

between rows of conifer seedlings, following their transplanting
at 30 x 10 cea. The rape was cut during the 2nd growing season
and by the 3rd yezr the conifers formed a close canopy. The
method successfully controlled almost all the weeds and saved

40% in weed control costs.

I, bAMBOOS:

The economic importance of bamboos has already been
pointed out. However, bamboos rlanted at normel spacings,
are not gencraliy intercropped., Fermers, in genersl, hold the
view that bamboos will allow no green plant to grow under them.
This notion is strengthened by the common observetion of the
presence of a thich layer of dry bamboo litter merked by

conspicuous absence of even weed flora in bamboo groves.
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Further, it is well-known that the underground development

of bamboos is very vigorous, marked by the presence of several
knotted rhizomes and innumerable, long fitrous roots which are
relatively superficial; in fact the ground surfsce inaide a
well grown bambao grove is one continuous mat made up of a

net-work of fine roots.

However, the author of the present investigation in the
course of a survey in the Thanjavur district (Tamil Nadu State)
c2me ecross & few farmers, very few thouzh, who cultivate leafy
vegetatles (Amaranthus spp.) and vegetable nurseries, chiefly
of brinjal (Solanum melongens) in the interspeces between clumps
of the 'hollow bamboo' (Bambusa arundinacea), aged ca. 15~20

years. The soil is alluvial cley loam and the intercrops are

raised under irrigation.

Andiyappan and Wilson (1963) described the successful
artificial establishment of a2 plantation of Bambusa arundinscea
bamboo in Udayarpalayam of Tirchirapalll district (Tamil Nadu),
a dry locality, by the kumri (i.e., toungya) system. They
reported that the kumridars (i.e., the taungya lessee farmers)
intercropped the minor millet yaragu (Pespelum scrobiculatum)
and groundnut (Arachis hypogea) during the first year of the
plantation. No further details are available on this,

Sheikh (1983) reported the results of a spacing experiment
(2x2, 3x3and 6 x 6 m spacings) conducted in Pakistan, on

Dendrocalamus strictus (?) bemboo, During the first 3 years
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after planting, intercrops of maize, bersesm, and wheat were
raised. But, after this, intercropping was pessible only under
the 6 x 6 m spacing because of the size of the bamboo clumps.

Patil (1980) conducted an intercropping experiment in
Dendrocalamus strictus at Dharwar (Karnataka State), Five
diiferent intercrops - four fodder crops and one firewood -cum~
small timber species -~ viz., Sesbania grandifiora, siratro
(Macroptilium atropurpureum), Leucaena leucocephalas, Lotononsis
bainesii and Casuarina equisetifioia were tried in addition te
a sole stand of the bamboo. There were, however, no pure stands
of the intercrops concerned. Both the bamboo and the intercrops
were planted simultaneously. EBEamboo was spaced 1.5 x 1.5 m.
The intercrops Sesbania ndiflora, Macroptilium atro eum,

eucaena leucocephala and Lotononsis bainesii were planted in a

single paired row (spacing of 30 cm x 15 cm) between the rows

of bamboo, such that the distance between an intercrop plant

and the nearest bamboo seedling was 60 cm. Casuerins equisetiv
folia seedlings were planted in a single row at a spacing of

75 cm, such that each seedling occurred at the centre of a square
whose four corners were occupied by four bamboo clumps. Thus,
the distance between a casuarine plant and the nearest bamboo
clump works out to 1.06 m. A uniform dose of fertilizers to
supply 50 kg N, 30 kg P,05 and 30 kg K 0 /ha was spplied to

the crops.
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The results revealed the intercrops had no effect on

the growth or DMP (dry matter production) of the bamboo as

on 200 DAF (days after planting), the mean total DMP of the
bamboo being 1.508 t/ha at this stage. As regards the inter-
¢rops, however, there wes considerable variation (which is to

be expected because of the differences in the sizes of the plants
of dliferent species whose growth rates vary) in their IMPs;
Sesbania grandiflors produced the highest D of 2.458 t/ha

followed by Casuarina equisetifolia with 1.274 t/ha. The total
bilomass production 21so was naturelly higher in the treetments

involving these two intercrops.

2:2+3. Generasl conclustons on treeg + annual ¢ g in
experiences:

From the foregoling review the following conclusions emerges

1. Intercropping of annual crops between tree crops is
fairly extensively practised, particulerly by small

farmers;

2. 1t is practised for the scversl well known advantages
attendant on intercropping such as better use of the
resources (land, water, nutrients, sunlight), risk
avoidance or minimising, weed suppression, spreading
labour demand peaks, soil conservation, feeding of
liveatock ete,. '

3, A variety of annual crops, mostly food crops amd

forage crops are involved;
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In almost all cases, intercropping is practised only

during the early stages of growth of the base crop of
tree, which is termed 'establishment intercropping'
(Hartley, 1977) as opposed to 'permanent intercropying',
since the trees are planted at spacings optimum for them
and not to suit intercropring specifically. In generel,
such 'establishment intercropping' is prectised for the
first > yeers only, by which time, the trees outgrew

the intererops and competition becormes intense;

The rotable exception to this, is the cocconut tree, which
allows intercroprping for two =pells durirng ite l1liie apan -
initialliy upto 8 years after its establishment, and again

from tne 20th year afier establishment onwards upto senescence
Thie is beczuce, Letween £~20 years the closed canory casts
intense shade, afler which there is only high shade through
whiich sunlight filters down;

1t would therefore appesr thet tree + annual intercropping
systems could be ceveloped, provided the trees are wide

gpaced., 1ln such cuse, maximum biolocic2l productivity
cirn be 2imed =2t by optimisirg the spacing end crops and

their combinstions., This ares Las not been touched by

research s of date,

In almost £11 studles the aim had been to evaluate the
infiuence of intercropping on the base crop of tree.
Evaluations of the reciprocal relation.hip:ﬁu,. suffered
from the seriocus lacuna o not providing for an *open'

£ield treatment (i.e., sole crop of the intererep concerned)

and



8. The mechanisms underlying the reletionships between the

iree crop and the intercrop have not been investigated

in depth,
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2.3. MICROCLIMATE AKRDL VATER USE

rosenberg (1974) reported that in a soybean 'crap. the
profile of dry~bulb temper=ture goes from sharply lapse during
mid-day to an inversion condition in early evening and that
vapour pressure profiles remein lapse throughout the day although
the intensity of the gradients veories.

1he influence of the crop cover on water relations have
been studied in some detail. brun et gl. (1972) have showm.:
that in soybean iields the prorortion of water lost es tranepire-
tion is closely correlated to the LAI (le=f area index) with
transpiration beins a;rroximately 50% of the total evepotranspi-
ration et an LAl of 2, This proportion increases to 95% of the
total svapotranspiration at an LAl of 4, Blanchet et al. (1977)
in a pot experiment found that transpiration/unit lesf area to
be almost a constant, with maximum transpiration, but water use
(WU) varied; dry conditions decreased both leaf aree and
transpiration/unit leaf area, Total DV production was linearly
related to WU, Seed production deended on water supply and om
'seed: total Lii' retio which wes high when WUE wee high. Amorg
yleld components the number of pods/stem was the most affected

by weter deficit.

Kosenberg and Fowers (1Y70) compared soybean svapotranspira-
tion under field conditions to pan evaporation. They found that
during the period June 26 -.July 26, 1969 the heizht of soybesn
increased from about 30 to 102 cm., On the 20 days uninterrupted
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by rain or irrigation, the:average daily lysimeter ET (mean of

2 lysimeters) was 8.33 ma/day and the pan evaporation was 6.39
am/day or about 23% less than the ET. They concluded that free
water evaporation need not always indicate the upper limit or
PET (potential evapotranspiration) in sub-humid and arid regions,
as it does, apparently, in humid regions.

Stanley and Shaw (1978) developed 'PET: open pen evapora-
tion' ratio curves for soybean cultivars for their entire growth
cycles. Kesults showed that a direct relationship existed
between LAl and the ratio curves, with the maximum ratio curves

being reached shortly after maximum LAI wes reached.

Thompson (1978) who studied the effect of irrigation
interval -~nd plant populztion in soybean in a semli=-arid
environment concluded that the crop weter use at an lrrigation
interval of 70 mm of pan evaporation of 7686 mm or 75% of pan
evaporation and that the peak demand for soil molsture codncided
with the end of flowering to early pod-filling period. The
estimate of Kadam et al. (1976) based on calculations from
climatic data was, however, lower for soybeanj it w=g 353.4 mm

of consumptive use.
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2.4, LIGHT RELATIONS IN SOYEEAN

244,19, ight tensities ~nd photosyntheczis in soybean:

bohning and Burnside (1956) reported that a single soybean
leaf rezches light gaturation at approximately 2000 to 3000 ft=-c.
(or at about 23,680 lux, which is about 20% of full sunli ht)
and the compensation point was 100 to 150 ft.c. The eatinmates
regarding light saturation intensity, of other workers were -
2000 ft.c, by Brun and Cooper (1967), 3000 ft.c. by Kriedeman
et al. (1964) and 4000 ft.c. (or 43 Klux) by Curtis et al.(1969).
A still higher estimate has also been reported; thus, Bowes
&t al. (1972) observed that the light saturation for excised
leaves of soybean occurred approximately around a light intensity
of 80 K lux. In all these cases, although there is a variation
in the reported light saturation for individual leaves, in
general the values were less than one-third of full sunlight.

All these values were obtained on non-fleld-grown soybean plants.

Beuerlein and Fendleton (1971) based on field studies
reported that, fleld-grown canopy plants became light saturated
at 10,000 ft-c, (1,07,640 lux) but the leaves of widely apaced
(76 x 76 ca) plants were not light saturated even at 15,000 ft-c.
(1,61,460 lux). Evidently the behaviour of chamber-grown and
field=-grown soybsan plants differ as regards their s2turatien
beheviour to light .ntensitijes.
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Soybean is a c, plant asainmilating C:O2 by the Calvin cyele
and is characterized as "non-efficient" since it saturates at
low 1light intensities and has low maximum rates of photosynthesis
(Black et al., 1969). But, Bowes et al. (1972) stated that the
foregoing opinion has been based on measurements mede on chamber-
grown soybean plants, adding that, since soybean is capable of
photosynthesis at high retes and utllizing high 1light intensities
when grown in full sunlizht, it is likely that the differences
between "non-efficient®™ and “efficient® plants in the field may
not be =28 large as literature suggests. Recently, Baldocshi
gt el. (1981) reported that a developed soybean canopy with an
LAI of 4,1 did not become light saturated at photosynthetically
active radiation levels exceeding 400 w/-z.

Zharkikh (1976) observed increased respiration intensity
under reduced light intensity. Although lower leaves spparently
are not perasitic to the plant (.'Shiblu and Weber, 1965%), it is
likely that soybean procuctivity could be increased by increased
lighting of lower leaves. Incidentally, as regards the influencs
of daylength soybeens ere clessified 2s ‘short day rlants®,

244.2. Studd [ be ants to alteratl
[-) 3 i ding or ichment)s
(1) General observations:

Isbaglo (1974) compared the growth and ssed yields of
soybean varieties durin; the dry and wet seasona and found
thzt the wet geason yield was significantly higher and waa
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closely and positively correlated with light intensity, when
water was not limiting. Enyl (1973) who studied the effect of
plent population (density) observed a severe yield reduction

as a conseguence of shading. Wail and Ohlrogge (1976) who alse
studied interplzant competition in soybean divided the canopy
into 5 different strata. They oObserved an interaction between
canopy level (i.e., stratum) and plant density during the pod-
£11ling period and stated that t?‘¥ this might have been due to
alteration in the paettern of translocation and due to the
inebility of the lowest leaves fo respond to increased light
intensity, provided by thinning the plants. A similer atudy
involving the reduction of plant density and its influence on
the remaining plants is that reported by Hiebasch and Me Collum
(1980). They reported that the delayed removal of maize from

a najize-goybean mixture decreased soybean ylelds by 50-75%

of its moneculture yleld, It was also observed that the gain
in weight (28-96%) by the intercropped soybean during the
reproductive sta e was linearly rel=ted to the percentage

of incoming photosynthetically active rediation.

(14) owth and ita eters:

Ismal: (1977) who studied the effect of shading on
soybean (among other cropa viz., maize, sorghum and sweet
potato) reported shading had no effect on young plants, pessibdbly
because the trial was conducted during the wet season and
because the plants were still very young,.
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(1) Hetsnt of plants

Beuerlein gt al. (1971) who studied the effect of branch
removal and plant populations on the light use efficiency of
soybsan canoples, obssrved that while normal plants which had
a 1light intensity of 45 to 60 ft-c. at ground level during the
blooming stage, recorded an averege plant height of 100 om,
while debranched plants which allowed more light to penstrate
through them (50 to 120 ft-c. at ground level during blooming
stage) were shorter (average 9% em). Hajor and Johmson (1974)
reported increased plant helght and internode number as light
intensity increased fram 2 to 100 lux under a zb&-hour day length
reglme established with incandescent flood lights., Asanume
(1977) tried 3 levels of shading (O, 45 and 76% reduction in
light intensity) applied during different crop growth stages
(bud formation, early, full or lste flowering or young pod develg
ment). He observed that shading increased plant height. The
effect was more pronocunced with earlier and higher applieation
of the treatament.

kehua and Miller (1978 ; found that unsheded plants regis-
tering a height of 1.05 m were eignificantly shorter than plante
subjected to graded levels of shading renging from 20% to 93N
shading., Under shade treatments, the height progressively
increased from 1.26 m under 20k shade, to 1.41 m under 47%
shade, 1.57 m unde.. 63% shade to 1,81 m under 80% shade, after
which it fell to 1,22 m under the highest degree (93X) of
shading tried in the experiment.

G



Jeyaraman (1979) who compared sorghum-based cropping
systems involving soybsan also, observed that soybesn recorded
more plant height under the paired rows of sorghum system as
compared to the unifora row system, and he ascribed this to
competition for light. Rable and Kumazawa (1979) studied the
effect of continuous shading. They found thst stems were
markedly elongated in shade. Prine (13680) reported that shading
prior to flowering cesused severe elongation of some stem inter-

nedes and resulted in greater lodging than other shade periods.

(2) prepching:

Kapn and Oshmia (1952) reported light intensity of SO0% of
normal, reduced the number of branches and nodes. Johnston
gt al. (1969) experimenting with supplemental light (i.e., light
enrichment) reported that light-rich plants had more nodes (39.6
nodes/plant as compared to 29,7 for normal plants; a 33.2%
increase) and more branches, Asanuma (1977) reported that while
shading increased plant height, it reduced the degree of branch-
ing as compared to the untreated control. Earlier application
and higher degree of shading increased the effects. Wahus
and Miller (197€ ) recorded decreasing number of branches/plant
with progressively increasing shade, it being 5.40, 5.95, 4.35,
3.70, 2.4% and 1,00 per plant under O (full sunlight), 20, 47,
63, 80 and 93X shading respectively. It is evident that there _
1s en increass in the mumber of branches/plant under light (20%)
shading which had a light intensity of 9,200 ft-e¢. or 99 K lux.
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Jeyaraman (1979) reported the number of branches/plant
wag more under a uniform row system (1:1) then under a paired
row system (2 of sorghumt1 of soybean) of planting, in an inter-
cropping trial. He ascribed the increase to less shading of the
soybean intercrop by the base crop of sorghum, in the uaiform

row system.
(3) Leaf:

Peuerlein et al. (1571) reported that the average leaf

2

area/plant was 81,2 dn° in plants with normal canopies (which

recorded 2 lizht intenaity of only 45 to 60 ft-c, at ground
level during the blooming stage) while it was reduced to 42.4 d-z
in debranched plants (which allowed more light to penetrate
through the canopy such that the light intensity was 50 to 120 £t

at ground level, during the blooming stage).

Ciha and Brun (1975) observed that the leaf erea of the
terminal leaflet of the third trifoliate leaf was reduced and
the stomatal freguency increased on both surfaces, when the
light intensity was increased from 19,300 to 32,300 lux. Peet
and Kremer (1980) also experimentsd with chosen leaflets; shading
of the side leaflets and illuminating the central ones showed
that the rate of photosynthesis was higher in the unshaded
leaflet and it was related to the mesophyll and stomatal
conductance., They found there was & 6% reduction in LA (leaf m

Wenkert gt al. (1978) found that the rate of slongation of
soybean leaves grown in the field was constant in diffuse light,
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decressed immediately and recovered greduzlly on exposure to

full sunlight, and increased rapidly when agoein in shade, so as
to recover growth lost during pericds of full sunshine. The
reasoning of Jeyaramen (1979) who studied soybean as sn intercrop
in sorghum, that the significantly higher leaf ares recorded in
the uniform row system (sorghumi soybean = 1311) as compered to
the paired row system (sorghum: soybsan = 2:1) waa due to more
av2ilability of sunlight in the uniform system, is in conflict
with the numerous reports which state that it i1s under reduced

light intensity leef area increases,

Lugg and Sinclair (1980) exsmined seasonal changes in SLW
(specific leaf welght) of soybean leaves. They concluded that
the final SLW and leaf thickness obtained were modified by sclar
radiction levels Guring the period of leaf development. Bowes
&t ai. (1972) reported that the SLW was low at low light intensi-
ties and that high li ht intensities promoted the thickness of
the leaf. DBeuerlein and FPendleton (1971) reported that the SLW
of widely spaced debranched plants was as high as 0.54 g/tlll2
while that for closelyspaced normal plant was as low as 0,35
g/dmz. A strong correlation between SLW and apparent photo-
synthesis (AP) rate has been demonstrated by Dornhoff and
Shibles (1970) in soybean itself.

Beuerlein gt al. (1971) calculated the quantity "leaf

efficiency® (LE) which is the number of grams of seed produced/

2

dn“ of leaf area. They found that the de~branched plamts (which
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allowed more li-ht to penetrate through the canopy) had a
higher leaf efficiency (average 0.86 grams l..dl/dlz leaf area)
ag campared to normal plants (average 0.47 grams accd-/dlz leaf

area), kEvidently, shaded leaves of soybean are less efficient.

{4) Root, nodules and nitrogen fixations

Treng (1977) reported that roots were more affected than
shoots, by shading. Several workers have studied the effect of
light intensity on nitrogen fixetion in soybean. Lawn and Brun
(1974) reduced N, - fixation by imposing 50% shading but
increased NZ-leation by supplying 2% more light to the lower
leaves. Trang (1977) studled the effect of greded levele of
shade (0, 18, 40 and €£2% shade), in combination with different
rates o1 i a2pplication. They found that both shading and N
significantly reduced the numb.r of nodules and total nodule
weli,ht. wahua ang Ydller (1978 ) found that shading acceler=ted
the loss of total nodule N,-fixing activity (INA) as the soybean
plants developed., The average TiiA rnd dry weight of plant tops
were hichest at 20x shade (95.3 1lux) and decrezsed curvilinearl)
as sheding increased linexrly., They concluded thet cropping
practices should 2llow et lesst 8O0k of ambient illumination
measured =t the height cf 50 cr for substantial eoybean Nyp-
fixation. Eriksen (1978) who studied the effect of & light
intencities (27, 45, 70 or 100% of full daylight) reported that
acetylene reduction wzs lower only at 27% of daylight, in the

case of soybean.
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Rabie and Kumazawa (1979) observed in pot trials that
nodule size and number were decreesed by shading. In natural
light, however, the highest values 0f nodule size corresponded
to lower nodule numbers. Nitrogen fixation was decreased by
shading as vollkas by Neapplication. Trang and Giddens (1980)
also in pot trials involving & levels of shading (0, 18, 40 and
60% shading) and two levels of N applicztion, observed that
unshaded plants produced higher nodule mass and number of
nodules then shaded plants. Tanaka et al. (1980) reported that
sheding nodulating and nom~-nodulating isogenic lines of soybean
czused little reduction in Hz-xixation/unit nodule weight or
h=uptake/unit root weight, The greater deleterious effect on
symbiotic plants than on non-symbioctic plants supplied with N
fertilizer was attributed to a greater reduction in the weight

of nodules than of roots in esponse to shading.

I

Schweitzer and Harper (1980) experimented with light
enrichment using foiled reflectors compering it with black
board reflectors ae well &g wire-mesh screen reflectora (to
separate temperature and light effects). They reported foil
reficctor treatment incressed nodule activity (l.e¢., acetylene
reduction and delayed noduls senescenc@, as coupared to the
other treatmenta. They concluded that light penetration in a
closed canopy enviromment may limit Nz-flxation by the roet
nodules and nitrate reduction by the leaves. Trang and Giddens
{1980) steted unshaded plants produced more number of nodules,
more nodule mass and N than shaded plants.
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(5) ik (Dry Matter Production)s

The data of Eeusrlein et al. (1971) reveal that noreml
plants (1.e., without branch removal) recorded a higher dry
weight of stem (average 47.2 grams/plant) as compered to de-
branched plants (average 25.1 gre.s). The stem dry weight
included the weights of the main stem + branches ¢+ petioles.
The authors did not explain this difference of 68% in stam dry
weights, Since branches also contribute to this weight, evidentl;
the deb-branched plants recorded less welght and it is difficult
to hazard any further explanation. Schou et al. (1978) reported
that light enhancement using aluminium fo0il reflectors during
late flowering and early ped formation, lncreased stem + fruit
welght by 50%.

That LMP suifers under reduced light intensities is amply
barne out by the results of several studies. Popescu and Axinte
(1977) stated that the yield of aerial parts was decreased by
decreased light intensity. Asanuma (1977} tried 3 levels of
shading (0, 48 and 76% reduction in light intensity) imposing
ther during bud formetion or during flowering (early, full or
late flowering) stazes or during late pod development. He found
the LiF 10 be reduced by the two shading trestments, the depres-
sion being acentusted by higher shade and earlier application
of shade, The DMP, however, increased after the treatment,

Wahua snd Miller (1978 ) reported highly significant
negative correlation between fresh as well as dry weights of
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plant and shading. His d2ta reveal that all the components
of serial dry weight, were progressively reduced as shading
intensity increased. Thus, the dry weights of stem, leaves
and pods per plant were 15,44, 24.44 and 21.44 grams respecti-
vely at full light (0% shade) whereas they were reduced to 12.88,
14.88 and 16,00 grams un.er 47% shade, and to 10.13, 10.38 and
13.94 groms under 63% shade, 5.25, 4,63 and 6.5 under 80%
snude and finally, to a mere 1.63, 1.56 and 1.00 grams uncer
93%. shade, These would represent reductions of 92% for stem,
94% for leaves znd 9% for peds, under the 93% shading intensity
as compared to corresponding values under no shading (i.e., fhll
sunlight) which are taken as 100%. This clearly shows that
severe shading curtails DiMP severely., One interesting feature
of the data is the stimulating effect of light (20%) shade.
Surprisingly, this treatment had recorded higher values of DMP
for all the 3 components of aerial parts, the increases (again,
taking the value for unshaded condition as 100%) being + 9%
for stem, + &% for leaves and + 34% for pods., This would suggest
some siight shading is actually beneficial to soybean as compared
to growing it under full sunlight,.

Schwelitzer and Harper (1980) based on resulte of field
trizle reported that light enhancement using folled reflectors
increased total DM accumulation, Wwhile this result showe that
supra-normal light increases DMP it conflicte with the results
of Wahua and Miller (1978 ) reviewed above who found a alightly
sub-nernal light is beneficial, However, it is possible that
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this discrepancy is due to differences in envirommental

conditions between the two experiments,

Some investigations show the possibility for mitigating, at
lesst partially, the depressing effect of shade on IMF, through
fertilizer spplication, Thus, Rable and Kumazawa (1979) reported
that shade-grown plants had low D¥ accumulation, but it could be
cozpensated for by K application, Similerly Trang end Giddens
(1580} in pot triale involving & levels of shading (0, 18, 40
an¢ 60% shading) and 2 levels of N fertilizaticn (O or 30 ppm N
as amwonluw nitrate, zpplied at gowing) observed thet plants with
no shade (i.e., grown in full light) produced hizher DM. They
also observed the teneficial influence of N fertilization.

{i11) Yiel< parameters a2nc Yield:
(&) Fogudng s

Catedral and Lantican (1977) reported that the number of
pods/plant was reduced Ly 38% under shade (50% of full sunlight).
Eriksen and whitney (1977) observed that the number of pods/
plant was reduced at low light intensities. Wahua and Miller
(1978 ) observed the number of pods/plant to significantly differ
under the 6 shade treztments, it being 2s low as 4.47 peds/plant
under 9% shading, 31.50 under 80% shading, 51.10 under 63% shad-
ing, 69.45 under 47% shading, 98.03 under 20% shading eand as high
as 115.15 under O% sheding (i.e., no shading). A high negative
correlation between muwsber of pocs/plant and shading was
cbserved. Schou gt s1. (1978) uain; aluminium foil reflectors
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enriched the illusination and found that the light-enriched

(57% more 1ight i.e., PAR) plants had 4B% more pods/plant then
the eontrols, Similarly, in another experiment, involving not
only reflectors, but also black boards (with same pocition as the
reflectors) they found thet the number of pods/plant was increase
by both the treatments - by 31X for reflectors and 28%: for black
boards, as compared to untreated contrels. In both the experi~
ments, the treatments were applied during the late flowering and
early pod formation stages., 1In the second experiment, beasides
1izht enrichment (reflectors and blackboards)}, shading (53% light
reduction) was also applied during the same perjiods as the other
trentmente. It was seen thot the number of pods/plant was 16%
lower than that for the control. A1l plants atorted 27.34% of
rods. Asanum~ (1977) 1n 2 shacing experiment obzerved thest the
number of fertile pods/plant and dry mctter production (LMF)

at e2rly end late flowering stages, were positively correlated,

Johnston et al. (1969) in 8 field experiment in which
suprlemental 1ight was provided (by fluorescent lamps end white
polythene strips spread on the ground) found that the light~
enricihed plants had 79.2 pods/plant while the normal untreated
plants had only 55.5 pods/plant, an increase of nearly L43%,
However, there were only marginal increases for light-enriched
plants as regarde the oumber of pods/node (3.2% increase) and
the nusber of seed./pod (2,98 increase).



(7) Nusber of sesds/plant:

Johnston et al. (1969) who experimented with light
enrichment using fluorescent lampz in combination with white
plastic strips spread on the ground, reported that light-
enriched plants had more number of sseds/plant (198 numbers)
as compared to untreated normel plante (134 numbers). Guffy
&t al. (19681) applied shade treetments (approximately 60%) for
10 days prior to flowering, after flowering during initial pod
development 2nd during the linear phase of seed filling, in a
field experiment. Fre-anthesis shade did not reduce the mumber
of seeds/pod and had no significant effect on final seed size,
se¢ed growh rate (SCR) or effective filling period (I¥P), FPost~-
&anthesls shade (during initial pod and seed development) did not
reduce seed size, LR or LFP., Linear phase shade did not signi-
ficantly reduce the number of seeds/pod but the SGR was reduced
ant this was coupled with a longer EFP to produce seed equal

in size to the control,

() Seed size:

In a light-enrichment experiment (field trial) Johnston
et al. (1969) observed the 100-seed weight for light-enriched
plants to be lower (14.5 grams) than that for the normal untreat:
plants (15,3 srams), Beuerlein st 8l. (1971) in s study on brend
removal 28 & means of increasing the efficiency of light in
soybean canopies, recorded a higher 100-seead nlght (19.11 greama
tor the debranched plants (which .adaitted more light through
the canopy) than for the noresl plants (17.68 grmas)d. The



results of the above two studies are conflicting since while

in both studies light ehhancement within the canopy has been
achieved - in the first csse through fluorescent lamps and

white plastic strip reflectors and in the second case through
canopy manipulation (i.e., brench removal) - the 100-peed weight
was reduced in the second case. It is possible that the extra
agsimilates that became available in branch = removed plants,
which otherwise would have been diverted for branch development,
were responsible for increased seed weight in the second case,
It is not clear whether the lower seed welght recorded in the
study of beuerlein et al. (1971) could be ascribed to the auto~
shading of leaves in the normal canopy.

Results from experiments aimed at testing exclusively the
aifect of shading demonstrate that shading depresses 100-seed
weight, excepting under certain circumstances. Thus Catedral
and Lantican (1977) reported a 12% decrease in 100-seed weight
under 50% shading as compared to full sunlight. Again, the
investigations of Wahua and Miller (1978 ) reveal that the 100-
sced weight was highly eignificantly and negatively correlated
with shades. The 100=-seed weight was 13,27, 15.10, 15.77, 18.25,
18.50 and 16.24 gr-ms under 93, B0, 63, 47 20 and O% shade,
respectively. It is seen that a certain smount of shading
(20 and 47% of full light, in this case) actually increases the
100-seed weight (144 and 12% increase for 20% and 47% shading
respectively as compared to full sunlight) even though mere
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intense shading reduces it progressively. This stimulating
effect of light shade perhaps may be responsible for the con~-
flicting evidences of the different experiments.

Guite apart from the intensity of shading, the time of
imposition of shade appears to influence seed weight. Prine
(1980) obmerved that shading at the pod enlargement stage usually
resuited in increased seed weiiht, while later shading during the
seed-1illing stage resulted mainly in reduced seed weight with
little change in seed numbers. Guffy et al. (1981) reported that
pre~anthesis shade had no significant effect on final seed size
and post-anthesis shade did not reduce seed size.

(9) Grain: stover ratio:

Schweitzer and Harper (1980) reported light enrichment
with foiled reflectors increased the grains stover ratio, as

compared to black board and wire-mesh screen reflector treatments,

(10) Grain Yield;

Johnaton et al. (1969) experimented with supplemental light
(fluorescent lamps fixed &t 3 canopy levels -~ 23, 45 and 69 em
above groundj additionally, spreading of white polythene strips
on ths ground for reflection of light). They observed that light«
enriched plants ylelded 4,132 kg/ha of seed as against 3,538
kz/ha for untreated (i.e., normal illumination) plents. Since
lodging did not occ.xr either in light-rich or check plots, the
17% yleld increase was ascribed by them to more light being made
available to the middle and lower leaves. Further, the response
1o 1ight was more pronocunced st the bottom add middle positions
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where yiclds were increased by 30% =2nd 20X respectively, as
compared to corresponding levels in the normal (untreated)
rlants., As regards the yield in the top position of the canopy
there was no difference between the treated and untrested plants

8ince the light intensities there were almost the same.

It pot trials, Zharkikh (1976) observed that reduting the
light intensity during the flowering-pod formation, as well as
tne pod-iilling periode, produced a non-significant decrease in
seed ylelds. Popescu ane Axinte (1977) who conducted lysimetric
studies tried 2 levels of illumination (68-75%k and 100% of
natural light). Seed yields were reduced under shading. The
ylelds were 1.66 t/ha (86.58), 1.88 t/ha (93.1%) and 2.08 t/ha
(92.4%), for 3 different times of applicatien of N, viz., during
vegetative stage, at the beginning of flowering, and =t pod
formation; the figures within the parentheses indicate the
yield under shade as a percentage of the corresponding yield in
full sunlight. Wien (1977) reported 50% shade throughout the
growth period (i.e., continuous shade) reduced grain yield by
50%.

Asanume (1977) subjected soybean to 4B% or 76% reduction in
light intenaity during bud formation, early, full or late flower-
ing, or young pod development. Seed ylelds wers reduced as
compared to the unshaded control, and the effect was pronounced
with higher degree and earlier application of lhaam. Catedrel
and Lantican (1977) subjected 20 cultivars of soybean, smong othe
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treatments, to two levels of light intensity (50% and 100X
sunlight). While the unshaded crop gave 1.02 t/ha, the shaded
{50% natural light) carop gave only 0.71 t/ha, which represents
an yield reduction of 30%. Eriksen and Whitney (1977) grew
soybean (besidea bush bean and cowpea) under 4 light intensities
(100, 70, 45 and 27% of daylight). They cbserved a significant
Yield decrease as the light intensity decreased and thig was
related to the reduced pod numbers/plant.

criksen (1978) studied the effect of shading on 10 different
plant species, including 3 grain legume crops, using & light re-
gimes (27, 45, 70 and 100% of full daylight). He found that seed
yield of soybean was Jecreased with decrease in light intensity,
wahua and Miller (1978 ) using light transmission saran screens
subjected soybeen planta at the 4~trifoliate leaf stage to 5
levels of shading (sunlight reduced by 93,80,63,47 and 20%, the
average amblent illumination being 124.2 K lux). They found that
seed yield was highly significantly and negatively correlated
(r = -0.93) with shading, the grain ylelds under different shade
levels being 2% (at 93 shade), 19% (at 80% shade), 48X (at 63%
shade), 75% (at47% shade) and 90% (at 20k shade).

In field trials 8chou gt 21.(1578) studied the effec: of
light enrlchaent using aluminium foil reflectors and black bosrd:
positioned at 45° engle to the ground, as well as shadesy on
soybean growth and yield. The reflector treatments wers
established weekly, on the "north side of E/W rows and increased
amount of PAR (photosynthetically active radiation) received by
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the plants, by 57%. In one experiment (1973) reflector treat-
ment during the period of late flowering and early pod formation
increased ssed ylelds by 57% as compared to controls. In another
experiment (1974) reflector treatmeant imposed during the same
period as before (late {lowering or early pod farmation) increased
the eseed yleld by 4O% over the control. In this experiment a
shade treatment (which gave a light reduction of 63%) was also
included, which reduced the seed yield by 29 as compared to

the control.

Schweitzer and Harper (1980) also studied the effect of
light enhancement on soybean in field trials, Their experiment
involved 5 treatments (1. 1light enhancement using foiled reflec-
tors positioned on both sides of the rows 2. black boards, 45°
on either side; 3. wire mesh screenc, 45° on either side, to
separate temperature effects from light effecte; 4, accelerated
florel induction; and 5. control). They found that seed yleld
weg increased by the reflector treatment as compared to the other
treatmente and concluded closed canopy shading may reduce DM

accunulation and seed ylelds.

An experiment in which the shade intensity was held
constant but varying the duration of imposing the shade ar well
as the stage of crop growth at which such shade is imposed was
conducted by Prine (1980), Three durations of shading (7,5 and
0 days) of which one was zero (i.e., no shading, full 1ight)
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which served as control were tried. The shade was caussd by
stretching black plaatic fabric which allowed about 25% light
transmission. The shade treatments were applied during different
stages of crop growth encompassing practically the entire life
cycle., It was seen that shading reduced seed yields by 15%,

the greatest yleld reduction occurring when shading was imposed
Just prior to flowering, after flowering at the pod enlargement
stage or during seed filling,

Guffy et al. (1581) also had studied the influence of the
time of imposition of shade during crop growth, from 10 days
prior to flowering up to the linear phase of seed filling.
Their results have already been presented under 'seed size'.

4

Canopy menipulation as a means of incressing the efficlency
of 1light through improved openetration, has 2150 been experimented
with. Thus EBeuerlein et al. (1971) attempted removal of all
vegetative branches by clipping them with sclssors when they
were 3 to B cm long, combining this with 3 plant spacings (25,
30 and 3% cm). The 1i;ht intensities recorded at ground level
(among a total of % levels) were ranging between 45-60 ft-c,
under the different spacings for the normal (i.e., no branch
removal) plants, and between 50-120 ft-c, for the de-branched
plante, at the blooming stage, At pod-filling stage, the light
intensities were almost identical under both treatments, the
differences having vanished. Groin yields (averaging over the
3 plant spacings) were 4,080 kg/ha for normal and 4,054 kg/ha
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for de-branched plants, showing no difference due to treatments.
However, there was an interaction between branch removal and
plant spacing with de-branched 25 ea-spacing plants recording
the maximum yleld of 4,397 kg/ha which would suggest that de-
branching is helpful when the plant spacing ia very close,

2.4.10. Summery of the review of investigetions on shadings

The following troec conclusions are inferable from the

foregoin; review:

1. Information on the response of annual herbacecus plants
has been gathered through indirect observations (e.g.,
yleld differences under different climatic environments)

as well as through direct observations,

2., Though in some intercropping experiments, information on
light climate also may be recorded, the elucidation of the
primary effect of light on the growtn of the zhaded plant
is difficult. Experiments involving artificial shading
using inanimate shades will furnish a more or less accurate

picture of response of plants to shade.

X, However, the results of such artificial shade experiments
suffer from the serious lacuna of simultzneously altering
the other perameters 2lso of the microclimate (for e.g.,
air tempereture, relative humidity, soil noiqtur! and soil

tempereture).
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Many experiments involving both artificial shading as

well as artificial enhancement of light reaching the
canopy of an annual crop have been conducted, particulerly
during the last decade. Besides, a few experiments have

been conducted on source: sink manipulations also,

All these experimenta bring out the deleterious influence
of reduced light intensity on plant growth.

However, a slight reduction in the intensity of light
appears to exert & stimulating influence on plant growth,
as is seen 1n the case of soybean. But, as seen in soybean,

such stimulation of growth does not get reflected in yield.

The stimuletory effect is perhaps ascribable to reduction
in CO2 end latent heat flux and moderation of temperature,
and probably alsc to the avoldance of the destruction of
the photosynthetic mechanism at extremely hiih levels of
intensity, far above the light satwration point.

As regards soybean, the compensation point is around 1.1 to
1.6 K lux and light saturation, in & field-grown crop at

normal spacing, appears to oceur around 80 to 100 K lux.

In soybeen, shading reduces the plant parameters- helght

of plant, number of branches, mumber of pods and seed size,
appears to exert little effect on number of aeeds, and
increases leaf area., Root nodules are ncgai1Vt1y alfected

by shade, DMP and final grain yleld are reduced by ahade.
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2.5. INFLUENCE OF PHUSPHORUS ON SOYBEAN

As early as 1925 Ginsburg reported soybean when grown in
culture solutions lacking inr Fhosphorus to produce non-viable
seeds. Eaton (1950) described the effect of deficiency of P on
the growth and metabolism of soybean. He reported that the
pPlants were stunted, low in moisture content and the leaves
were initlially deep green in colour which subsequently became
chlorotic and died. The deficient plants accumulated more carbo-
hydretes nd soluble N fractions due to interruption of protein
synthesis, particularly at the amide stage. Bagaev (1953) con-
firmed the lack of F at the beginning of flowering reducing the
proteln synthesis.

2¢5.1¢ Grein Yield:s

(a) hesponse to applied Pi

As early as 1918 Fellers observed a beneficial effect for
the application of 100 to 120 1b P205/acre. Gandhi (1956)
reconuended a phosphorous dose of 60 lb/acre. Islam (1964)
found P to increase grain yield upto a dose of 200 1b P205/aer..
Miyasake et al., (1964) reported an yield increase of 276% for P
application. Subsequently they (Mjyasaka et al., 19°6) secured
increased soybean yields for applications of 60 and 120 kg P205/
ha. Anthony (1967) concluded that an annual application of
atleast 45 1b ong/rcre was necespary to keep up soybean yields,
Singh and Singh (1968) got a line~r response to spplied phosphorus
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upto 80 kg/ha. Jethmalani et al. (1969) recommended 80 kg
ong/ha for profitable soybean yields. Singh and Saxena (‘i969)
advocated the application of 100 kg PZOS/M'

Tomar and Dev (1973) recorded grain yield increases of
33,86,100 and 123% over control for F epplication levels of
30,60,50 and 120 kg ong/he respectively. Ravanker and Badhe
(1575) obtained the highest yield with an espplicotion level of
80 kg ong/ha. Agerwel end Nareng (1975) applied P at 3 doses.
(0, 40 and 80 kg onﬁ/hn) in combination with N (0 or 20 kg N/ha).
A meximum grein yield of 1,72 t/ha wos cbtained with 80 kg Pa0g¢
20 kg N/ha, Varieties differed in their responses.

A

Fauconnier (1976) studied the influence of both F and K
each at 3 levels (O, 100 or 200 kg on5 or xzo/m). Yield
increased from 1.22 t/ha in the control (i.e., zero P) to 2.23
t/ha in the 100 kg onﬁ/he treatment but it decreased to 2.17 t/
ha at the highest dose of 200 kg/ha. Ferrari et al, (1976, also
studied the response to F and K besides Ca. Four levels of F viz,
0, 109, 200 and 300 kg of ong/hn were¢ tried. They found that the
grain yleld increased significsntly at several loc:tions. They

also observed 2 favoursble Ca X P interaction.

Nogueima st al. (1977) studied the residual effect in the
second year of application of 3 levels of P (100, 200 and 400
kg P,0s/ ba) and of 4 different phosphete sources (natural
phosphate,~Superphosphate, thermophosphate and triple phosphate).
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They found as regards levels of application, irrespective of

the P source, grain yield was higher with 400 kg on,/hl than
with 100 or 200 kg. Further, as regards sources, grain yield
wae significantly higher with superphosphate. Rana and Chand
(1977) who tried 4 levels of P (0,40,80 and 120 kg P2°5/ ha)
reported P application increased yields from 1.07 t/ha for control
to 1.51 t/ha for the 40 kg level and to 2.03 t/ha for the 80 kg
level; however, the yield declined after that, to 1.81 t/ha

at the highe:t dose of 120 kg PZO,/ha. In this experiment a
uniforr dose of 20 kg N/ha had also been given. Sharma (1977)
who stucdied the respunse of 3 cultivare 1o ¥ at graded levels
iroz G to 60 kg onsjha 28 well as to N 2t graded doses of O to
40 ki N/h2, found a response to the applicetion of 20 kg P205/hl

N
but no response to(application.

¥ilanez et 2l. (197Ba} in field trisls =t two localities
stucled the response to 3 levels of application of P (0, 80 and
160 kg chjlha) besides to N and K at graded levels. In both
the localitles grain yleld increased with application of P and
also with the higher dose of appllication., The yleld increases
ranged from about 200%: to as much as 606%. Again, in another
experiment at 3 localitles they studied the response to &4 graded
levels ofi(o, 60, 120 and 180 kg PZO,/ha) beaides, to 3 graded
leveis of K and 2 of Cu (Milanez gt al. 1978b). They reported
grain yicld was sigrificantly increased to 265% and 367% over
control by 60 and 120 kg onslhn respectively.



Hempaih and Sinha (1979) reported grain yield to incresse
with increasing application of P from O to 60 kg ong/hn;
However, even though the yield incressed with the next higher
dose (90 kg F,0g/ha) 1t was not significant, Souza gt al. (1979)
tried & graded levels of P (0, 30, 60, 90, 120, 150, 180 and 210
kg onsfhn) and compared to two methods of application (rwv'
application ys. broadcasting). Yield increased from 2.29 t/ha
with no F appliecation to 3.78 t/ha with 210 kg ons/ha applieatien
Lalcoulated rates of on5 to give the highest yields were 177 kg/ha
for row application and 152 kg/ha for broadcast applicetion.
Locational and v:rietal differences in response to applied F has
veen reported by Rolim et al. (1979) who tried 4 levels (0, 110,
220 snd 330 kg P205/hn); however, applied r increased grain

yield in 21l cases,

Cas8man et al. (1981) found that unfertilized soybean
reccrded only 26% of the yielé recorded with optimum P applica~
tion. Touchton gt 2l. (1981) coapzred rates and times of F
application. fnnual rates 0,30,60 and 120 kg P205/h8 were
zcopted. Grain yield responded to gpplied P but there wes no
response primarily with the first aprlied increment; times of
applicetion did not effect ylelds, Bodrero and Racce (1981)
studied the eifect of disiferent levels of P applicetion renging
frow O to 150 kg P 05/ha (besides, verying levels of F as well
ag N + P; and repurted yleld responses to spplied X of the
order of 2.43 t/ha with 100 kg F,0g/ha and 2.85 t/ha with
150 kg Pj0g/ha.
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(b) Absence of response to applied P:

¥hile positive response to applied P has been repor
by 2 number of workers, re:orts are also not uncommon on the
hon-responsiveness of soybean to P applicetion. Kurtz (1976)
who reviewed response to fertilizer application concluded soy-
beans are relatively insensitive to direct fertilizer applications
and improved soll fertility, the{n-idual fertility levels after

growing maize being adecuate.

In fleld experiments on 2oils of low P and K, verieties
reaponded significantly to K but not to P (ﬁo Mooy, 1965).
Thompson and Brown (1957) eapplied a high dcse of 900 lb/acre
of a 0=20~20 fertilizer mixture to socybean. The high level of
fertilizer did not increage yield during the treatment years,
but generally increased it in the subsecuent years, Patrascola
et al. (1976) who tried total applicetion/rotation of 3 levels
oi ¥ (100, 200 anc 400 xg onsjha) found that soybean ylelds wers
not affected while tne other crops (wheat and sugar beet) of the
rotation gave yield increcses to the F applicetion. Lawerence
et al. (1977) who tried & leveis (0, 30, 60 and 90 lb/acre) in
each of F and Kk found no eignificant difference between the
’trcatmentn. Fhillips and tartleson (1979) who tried 4 levels
in each of F and K (0, 30, 60 and 90 1b/acre of P or K) found
that while there was an yleld increase for K epplicationm,
atleast in 2 years out of 5 years, there was no response at

all to F application,
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Definite yleld depressions due to applicetion of F
alse been reported. Thus Dunphy gt al. (1968) found yie)
all verieties tested to be depressed bty the highest level of P
application. Similar tendencies of yield decline with applioca-
tions of P beyond an optimum level have already been pointed out
under section (ix) (a) - for e.g., Fauconnier, 1976; Rana and
Chand, 1977. Lven, the control plot out-yielcing she P-applied
plot hes Leen reported. Thus, Shahidulleh gt g1, (1979) who
tried P+K combinstion each at 4 levels (0, 30, 40 and 50 1b/acre
of Py0g or Kzo) over e uniform dose of 40 1b N/acre, reported
that the maximum yield of 478 kg/acre was rscorded by the control
(i.e, no FK) plot,

It is seen from the foregoing that response of soybean to
F fertilization has been variable., One possible reason for this
could be verietal differences. FRemarkable differences in varietal
response to aprlied P have been reported by several workers.
Thus, @t high doses of P, Howell (1954) found the veriety *Chief®
to respond favourably well in growth while another veriety,
"Lincoln® showed definite symptoms of F-toxicity. Howell and
bernard (1961) classified 44 soybean varieties as 'tolerant',
'glightly sensitive', 'intermedinte sensitive' and 'very sensitiw
according to their response to high concentrations 8f P, In a
further study, Foote and Howell (1964) found increasing the P
supply increaseé th= uptake more in sensitive than in the toleren
varicties. They elso found that the tolerance in the varieties



was largely dus to reduced uptake. With the ald of int
ing, they found the genotypic difference infiuencing thi

tolerance behaviocur resides in the roots.

Another possible reason for v-rizble response is the level
of soil P, From greenhouse tasts Kamprath and Miller (1958)
concluded that the soil P was the only factor glving indication
of the probable yleld of soybean. Welch (1963) stated that the
netive soil P always hed & bearing on the responce to applied P
in meny experiments; an yleld response ir soybean to applied
P was obtained when the scil teat showed less than 40 lb/acre
of available F. In horth Caroline Nelson and Hertwig{1948)
obtained 6.4 bushels/ecre on a low available P-so0il 2s compared
to 33.8 buahels/acre with added P. Bray (1961) ghowed that with
10 and 30 lb/acre of available Fy05 soybean ylelds would be 75
and S8k of maximum respectively. Wwith the use of tracers, it
wes dezunsirated by Krantz et al. (1545) and Welch et 8l. (1950),
that 1A the early stages of growth, 70 to 100% of the plant-P
may bLe derived irom the fertilizer. Welch and his co-workers
iurtcer indicated that the zmount of plant-P derived from the
fertilizer was inversely correlated with the soil~-P level. V¥hen
radio-active Buperphusphate was applied by Bureau gt sl. (1953)
the plants near maturity hed obteined about 25% of their F from
tne fertilizer in the cose of & high-F soil and nezrly 60% in
the cuse of a lew=: s0il. 1n this case, sven though there was
response to the F level in the matter of total DM yleld ~ the
hizh P soil glving 38% more total DM than the control while the



14t

low P s0il gave an increase of only 9% over the control - there
was no difference in the grain yleld, it remaining the same at
32 bushels/acre.

(x) Stover yield:

Matrone et al.(1954) reported increese in yleld of stover
as well as improvement in the guality of its hay to P applica=~
tion. Singh and Singh (1968) found stover yleld to increase with
applied F. Hampleh and Sinha (1979) reported increasing yleld
of fresh fodder \;rith F application from O to 60 kg on!r/ha;

turther yleld increase at 90 kg PZO5/hn level was not significant,
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CHAPTER 3

MATLRIALS ANC MiTHODS

Three field experiments were conducted between August 1979
and July 1980 at the Coimbatore campus of the Tamil Nedu Agricul-
tural University (TNAU). The three experiments were similar in

eseential features and only the seasons differed.
3.1, Locution anc climate

The experiments were laid out in two acjacent fields - one
(Fd.No, E+~1) where the 'bamboo stand' was located and another
(Fd.Ko. B=2) where the 'open field' was sited., The fields were
under the control of the Department of Forestry of the TNAU,
Coimbatore (11* N and 76* 57' Ej 426.7 m altitude above m.s.1,,
aversze annuel rainfall = 626 mm and mean maximum and minimum

terperatures are 31°C and 18°C respectively).

3.2+ Soil type

The soll is e brown clay loam typical of the gzrdenlands
of the Coimbatore tract, with moderate drainage, Composite soil
samplss collected initially from the fields were 2nalysed for
mechanical and chemical properties using procedures prescribed
by Piper (1966), Subbiah and Asija (1956), Olsen st a1. (1954)
and Stanford and English (1949). The soil was of medium
fertility, low in nitrogen, medium in phosphorus and high in

slightlyalkatine,

potash. The soil reaction wes = ~ . .  The dats on the sol)

are furnished in the tzble below.
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Soil characterigtics of the experimental field
A. Mechanical analysis

Clay oo 30.28%
Silt oo 11.92%
Fine sand ve  30.65x
Coarse sand e 2715

Be Chemical analysis
Available N (kg/ha) .. 211.6
svailable ons(ks/ha).. 16.4
Availeble K50 {kg/ha).. 305.2
pH .o 8.1
Folo(m mhoe/cmz) .e 0.2

3.3 Season

Three runs of essentlially the esme experiment were lald

out during the periods shown below:

Intercrop {Soybean)

sown on harvested on
cxperiment 1 18th Aug 1979 24th Nov 1579
Lxperiment 2 7th Dec 1979 6th March 1980
Experiment 3 18th April 1580 29th July 180

Theme periods represent the wet sezson (August to November,
which overlspg the two monsoons viz., Southwest and Kortheast)
for Experiment 1, the non-rainy Cold weather period (December
to early March) for Experiment 2 and the dry hot weather period
overlapping the onset of the S¥ monsocon (April to July) for
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Experiment 3, and thus covered more or less 2 whole year as

far as soybean cropping iz concerned. Information coverage on
bamboo, however, apanned = duration of 1 year and 8 months,
starting from the time when the bamboo clumps were about 3 years

of age and ending when they were about 5 years old.
3.4 Crops and varieties

The detalls of the two crops involved in this study, viz.,

bamboo (=base crop) and soybean (=intercrop) are furnished below.

3.4.1 Banboo

The specles of barboo used in the investigation was

Dendrocalamus strictus Nees, commonly known as 'solid bamboo'.

As of date there exist no varieties or improved strains in
bamboos of India. Using the classification of Deogun (1937) it
may be said that the bamboo used in the present study belongs

to the "rormal type".

The bamboo stand used in this study was established and
formed as detaliled below. The seeds were received from the State
Silviculturist, Andhra Pradesh Forest Department, Hyderabad
(Andhra Pradesh State) and the mother beds were sown on 29th
April 1975 adopting a seed rate of 100 g/lz. The seedlings were
outplanted on 15th August 1975 at the present experimental site
by pricking them into transplant beds at spacings ranging from
30 x 30 cm to 60 x u0 ca where a bamboo nursery experiment
involving 3 levels of specing X 3 levels of N fertilization
(0, 50 and 100 kg N/ha) was laid out. The N fertilizer was
applied in two split doseés, once on 30th October 1975 and again
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on &th April 1976. This experiment was partially concluded by
mid June 1978 when its venus was shifted to another field,

The left-over bamboo seedlings were then thinned to a
uniform spacing of 4.0 x 4.0 m immediately afterwards (in June
1978 itself) and the bamboo stand necessary for the present
study was formed, This spacing of 4,0 x 4.0 m though rather
close by the existing standards adopted by the Forest Department
for bamboo plantations (where it is usually 6.0 x 6.0 cm) 4in
Tamil Nedu, is a very close approximstion of the specings adopted
by the farmers, particularly in the Thanjavur district where
cultivated land is at a premium, Hence 4,0 x 4,0 m spacing was
adopted while forming the stend. At this spacing, the stand
iinally consisted of 50 young and heelthy clumps distributed in
5 rows running /S of 10 clumpe each. Allowing one 'guard row'
of clusps 211 rounéd (i.e., 26 clumps in all), there were avail-
able 24 experimental clumps in the centre (3 rows X 8 cluamps)
which were assigned to 4 replications X 6 treatments, as
detoiled under sections 3.%.2 and es shown in the layocut plan

(Pln 01) .

puring the period November 1978 to February 1979, a pilot
experiment on intercropping (which is not discussed in the
present report) was conducted at the present experimental aite
using bot: the bamboo stand as well asthe adjacent open field,
to standardise technigues. This experiment 1nvol§cd 2 iatercrops
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(soybean and cluster onion) X 3 levels of & fertilization

(0, 50 or 100 kg N/ba). EYM at 12 1/2 t/ba was also epplied
unitormly to all the plots of the experiment in November 1978,
The experiment, inter alis revealed that soybean is & suitable
intercrop for bamboo. Under this experiment, urea was applied
aceording tc treatment schedule on 15th ecember 1978, After
the completion of thism experimert, the bamboo starnd along with

the adjacent open field waes put under the presernt investigation.

Jeb4s2 Soybean

Soybean ev. Co.1 (originally UGH - 20) was used for the
intercrop. Ereeder's seed of 95% zerminetion was secured for
this purpose. This strain wes released in Januery 1980 for
general cultivetion, It is a selection from Theiland variety,
erect in habit, photo-insensitive, resistant to stem fly and
pod borer and moderately resistant to yellow mosaic disease. It
is suited to both ralnfed and irrigated conditions and can be
grown throughout the year and thus is capable of being fitted in
any crop rotation. It has a duration of 85 days and an average
yield potential of 1,640 kg/ha under irrigated conditions and
1,085 kg/ha under rainfed conditions, It has 40-45% protein and
20-25% oll contents (Ayyamperumal et al. (1580).

3.5 Experimental details

A]l the 3 experiments were similar in trcatmént detalils and
differed only in the number of parameters studied beaides the

8eason.
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3:5.1. Lay out

The effect of adjacent plot shading cannot be eliminated
if bamboo plots were to be located side by side of the 'apen'
Plots which would occur in a conventional layout adopting
randomization of plots mixing both the 'bamboo' and 'openr? plots.
Increasing the plot sizes such that the shading by the tall
bamboo clumps is confined to the periphery of sn sdjacent 'open'
Plot is also impracticable since the plot size will become
Prohibitively lerge. For example, the shade cast by a bamboo
clump of 3.5 m height will extend to a horizontal distance of
6,0 m on the ground at 8.00 AM and 4.00 FM, assumning sunrise and
sunset at 6.00 AM and FM respectively, since st 6.00 AM and 4,00
FM the solar elevation is 30° and tan 30° = 0,577h. This would
mean that an 'open' plot surrounded on 211 sides by 'bamboo’
plots (which possibility cannet be ruled out in randomization)
will need & border strip 6 m wide all round, over which shading
may occur during the early hours of the morning and lste hours
of the evening. If it is assumed that s shade-free zone (between
5,00 AM and 4,00 PM) of 4 m x 4 m 18 used for evaluating the
performance of the soybean under 'cpen' conditions, then, the
gross plot size will become 16 m x 16 m. With 12 treatments
totally and 4 replications, the land requirement for the experi-
mental portion alone will then work out to 1.23 ha. This in
its turn will accentuate the natural soil heterogeneity variation
as the distances dbetween similarly treated plois increase very
much, thereby reducing precision. Considering all these it was
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decided, in consultation with the Statistician, to separate

the 'bamboo' plots from the 'open' plots and keep all the
bamboo plots in one contiguous block (the 'bamboo stand') and
similarly have all the ‘open' plots in one contiguous btlock inm
an immediately adjacent field (the 'ocpen field') with a buffer
strip of € m between them (vide layout plan in Fig.1). The
shade buffer zone comprised an alleyway and one plot deep
outskirts of 'open' fileld.

3¢5.2. Ireatments

The basic aim of the study was to explore the feasibility
of raising soybean as an intercrop within a young stand of bambo«
clumpa; additionally it was aimed to investigate whether the
vigour of zrowth of the bamboo clump exercised any influence on
the performance of the intercrop and whether deleterious influer
1f any, exerted by the bamboo clumps on the intercrop could dbe
ameliorated through phosphorus fertilization since application
of phosphorus hag been reported to offset some of the adverse
eifects of low light intensity in cowpea by Tarila et al). (1977)
Hence the following 3 factors were included in the study.
Symbols used for the treatments are furnished within breckets.

{a) Environment (E) = 2 levelas
(1) ¥Within the bamboo atand (21)
(11) In the open field (E,)
(b) Vigour of the bamboo clump (V) - 2 levelss A
(1) Low vigour clump, i.e., & clump heving 5 or less
number of culms at the start of the study (L)



(11) High vigour clump, i.e., & clump hsving & or more
number of culms at the start of the study (H)

(c) Phosphorus fertilization (P) = 3 levels:
(application done thrice, one for each of the three
experiments)
(1) O kg onjlha (1.e., no phosphorus (Po)
(11) 100 kg P,0g/ha (ry)
(111) 200 kg P,0g/ha (Py)

it must be noted that while a sole crop of soybean (i.e.,
the 'open field' crop) was included in tne study to assess the
performance ¢f the intercrop by comparison, there was no sole
crop of bemboo since the aim of the study was only to examine
the feasibility of 'establishment intercropping' within a bamboo
stand through evaluation of the influence of the bamboo clumps
on the associated intercrop of soybeen and not to investigate
the reciproczl relstionship. Obviously, a study cf the influence
of en iniercrop, raised even only for a short time in the early
years, on the growth and subsequent periormance cf a very long
duretion erop like bamboo will have to extend for several years
and thus is clearly beyond the scope of the present investigatisn.

3.5.2.1 Rationale er. i _the grouping of bamboo ¢l
based the number of ¢ LY

1t is well knowa that in naturzl stands of bamboos the
growth of individual clucps of @ven age vary much, even within

tone same locality. This varlation is presumably an expression
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of the genetic heterogeneity. The variation remarkably meni-
feats through some important parameters such as the height and
Giameter of individual culms in a clump as well as the number
of culms in a clump. The size and spread of the crown as well
ag the density of follage also varies depending partly on the
above mentioned variszbles, This in turn will influence the
extent &nc degree of ground shading which eventually will affect
the growth end performence of any associzted intercrop. Henca,
it wes deciced to study this aspect as well, by clss=ifying the
avellatle clumpe into two vigour clesses = low 2nd high vigour

respectively.,

For eifecting such a classification, the chclice of para-
uweters wag conglcered first. For this purpcee, & rreliminary
enumeration of all the clumrs wag carried out juct before the
start of the investigetion. A scrutiny of the deta revealed
that the mean height of the 24 experimentel clumpe (bzsed on
the helgbis of all the irdividuel culme in esch clump) was 2.9%
m with @ C.V. of 2°%. However, the virintion ir heights of
individusl culme within any cne clum fluctuatel very ruch and

he C.V. wes evern 8 much ¢e 53% in one cense, This wlde varia-
tion evidently is due to the differences in age of individual
culms, Hence it was concluded that while the heights of indi-
vidusl culme varies wildly and thus is not 2 reliable measure of
the growth vigour oi a clump, the mean heights of clumps (averag-
ing over all the culms within a clump) of similar age does not
ghow so much variation. In other worda, while the height of
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individual culms is unsuitable as a measure of the vigour of

a clump, the stature of a clump as a whole is more or less
siailar to any other clump belonging to the same population and
of similar age, and thus, it also cannot be very useful for
classifying bamboo clumps into vigour classes. Hence, height

28 & parameter of classificastion was discarded. Similarly,

culm diameter also is highly varizble within the clump itself,

it being e¢ssentially a function of the hierarchical position
(1.8, the generation to which the rhizome that gives ri-#o

the culm, belongs, which in turn decides the rhizome's and thus
the culm's thickness; in general younger the generation, thicker
the rhizome and thus the culm) of the cula. Besides, culm dia-
meter per se has not much direct role to play in overhead shading.

rence, this parameter also was discarded.

The pumber of culms/clump, on the other hand, besides
evidently being a measure of the state of vigour of a clump,
also has a direct role in competing with an assoclieted plant
species, It is obvious that more vigorous is the subterrtsnean
rhizomé and root system, more number of culms are produced above
ground. The presence of more culms with attendant more foliage
will evidently produce more photosynthate, upto 2n optimun level,
and thus lead to production of atill more culms, which incidentall
constitute the major part of the sink. Thus, the mmber of culms/
cluap is a logical measurc of the vigour of a clzip. Besides, it
is also a comnerciel perameter of the value of & clump.



From the point of competitive effect on an associated
ennual crop also, which elone is of immediate interest to the
present study, the 'number of culms/clump’ is important. Firstly,
a clump with more number of culme occuples & greater land ares
than one with lesser number of culms, and thus reduces the inter—
space aveilable for intercropping, thereby reducing intercrop
ylelds on an unadjusted land area basis, i.e. in absolute terms.
Secondly, a larger clump hes a longer perimeter and thus any dele-
terious effect exerted by the clump (for €.g., root competition,
allelopethy etc,) will be more severe than that for a clump having
lesser number of culms. Thirdly, normally the denslty of the
éévn (branches and follage) will be more for & clump with more
number of culms then for one with less number of culms. Hense,
ghading effect will be more intense. Lastly, a large clump will
abstract more nutrients and soll molsture and thus the effect on
the associated inter crop will be more intense. On these con-
sideratjions, the number of living cules/clump was chosen as the
parameter for classifying the experimentel clumps into two

vigour clagses.

A scrutiny of the above mentioned data revealed that the
mean number of living culms/clump wes 7.00 with a C.V. of 5%,
A detailed study of the data indicated that it would be best to
take 6 living culms/clump as the cut-eoff point es it involved the
least disturbance to the stand while furnishing tﬁo equal-sized
groups of 12 clumps each and naturally rendomized. A few ailnor
adjustments were made in border-line cases, by felling one oldest
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culn/cluap (3 cases) or replacing a whole clump (2 cases) with
a8 suiteble clump as dictated by the randomization plan of the
layout, in July 1979. The clumps for whole clump replacement
were derived from the outskirks and they were lifted with the
greatest care without injuring the underground systems end
shifted to their new sites, hardly a2 few metres away. They
establighed very quickly. Thus, the finel stend as per the
layout plan was established.

It is to be noted that this classification into 'low' and
'high' vigour clumps, strictly speeking, is appliceble only to
the initial phases of the study, for it i1s likely that a parti-
cular clump may pass on from one category into another as time
passee on. Hovever, as measured over a relatively short period
of time, say an year, as in the case of the present study in
80 far as the intercropping 1s concerned, the classificztion
is most likely to be stable and thus valid from the standpoint
of interpreting the effects on the intercrop.

3.5.2.2 Pre-treatment o of bamboo clumpss

Since in this study the effect of shade cast by the bamdoo
on the performance of the associated intercrop is an important
agpect and wide variation was met with in the heights of indi-
vidusl culms with possible consequent m;king effects on the
study of the effect of the clump's vigour, an initial constantiz-
ing of the heights of clumps was carried out., For this, any
branch or culm tip projecting beyond 2.5 m was ¢lipped such
that the heignt of all the clumps was 2,5 m only., This eliminatm



14%°
the effect of 'tall shade' Y§ 'low shade'.

Similarly, & 1light pruning of side branches was carried
out in the c-se of a few clumps with very long lateral crown
spreads, such that all the experimental clumps were of a com=
pareble size, For this purpose, a rope knotted at a length of
5 m, was circled round the crowns of the clumps at a height of
1.5 m above ground, such that the diameter of the crown was about
1.6 ms Any lateral branch projecting beyond this was clipped
off. The result was the crown diameters ranged from a minimum
of 0,95 m to 1.6 m and thus the crowns were more or less

comparable,

These pre-treatments were carried out only at the start
of the first experiment, Subsequsntly noc vertical or lateral
pruning was done till the final harvest of the culms.

3e5e2.3 Cholice of P levels

From the review of the diiferent experiments on F ferti-
lization of soybean (under section 2.5) it is seen that the
maximum dose of F fertilizer used by the earlier experimenters
had renged from ebout 60 kg (Sharma, 1977) to 400 kg (Nogueira
et al., 1577) of on,/hl. Howsver, the majority had used a
maxisum dose ranging from 50 kg to 200 kg on,/tu. Thus, 80 kg
had been used by Jethmalani gt al. (1969), Agarwal and Narang
(1975) and Ravanker and Badhe (1975), 84 kg by Roy and Mishra
(1975), 100 kg by Singh and Saxena (1969), 120 kg by Miyasaka
&t g1, (1966), Tomar and Dev (1973), Rane and Chand (1977)
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and J/ilanex g% al. (1978 b), 135 kg by Fellers (1918), 160 kg
by Milansz ¢t 8l. (1978 a) and 200 kg by Thomson and Brown
(1967) and Fauconnier (1976).

It is also seen Irom the foregoing, that all the Indian
workers had used a meximum dose renging froam 80 to 120 kg onﬂl
ha, Further, decline in soybean yield with P fertilizatioem
beyond an optimum dose has also been reported. Thus, Feuconnier
(1976) tound the yleld to decline at 200 kg Py0g/ha and Rana
and Chand (1977) werking under Indian conditions, found the yleld
to decline even at 120 kg on_.'/ha. Taking all these into considey
tion, the maximum Gose of F fertilization was fixed in the
present study, as 200 kg P205/ha adding two lower levels, viz,,
100 and O kg on_.'/ha. It 18 to be noted that the P fertilizer
application was done to each one of the soybean crops of the

three experiments,

3.5.2,4, !! !atllnt Gmbémt‘.%

As could be segn, there 1s & basic difference between the
two environments E1 and EZ' in fact, it is the presence of ths
bamboo clumps an the land, that constitutes the E; environment
and distinguishes it from Ez' Hence, the recognition of vigour
classes in the bamboo clumps is poseible only under E1. However,
P application is common to both environments. Thus, VX P
interaction arises only under E4. Hence under environment E,
alons, the 2 levels of vigour of the bamboo clump (viz,, L snd H)
were combined with the three levels of P application (viz., Fp,
Py &nd P,) ylelding 6 treatment combinations.
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As regards the open field (Ez) environment, however,

there were only the 3 P levels (Po, Py and Pz) and since bambeos
are absent here, and thus the V factor, no combination arose.
Hence there were only 3 treatments., However, for the sske of
uniformity, under E2 environment algo &6 plots were formed under
each peplication, notionally taking the 'vigour' factor also to
arrive at the hypothetical 'V' X P combinztions and assigning
them to corresponding positions in the layout, duplicating the
randomization adopted for the bamboo stand (E4) (see the layout
Plan, tig.1). While performing statistical analysis, however,
this notional distinction into 'L' and 'H' was ignored (in the
case of E, alone) and corrvesponding F level treatments were

pooled and averaged,

3.5.3, Replications end number of plots:

rour replicationa were used throughout. There were 48

plots in all, 24 for each environment.
3.5.4, Deaigns and statisticel analyses.

The desliins and structures of znelyszes of varlance were

deciced in consultetion with the Statisticlan,

(a) pata on the intercrop (soybean):

Since there is a variation in the number of factors
involved, between the two environments, they were considered
as iwo separate sub-experiments, anclysing their data separetely
using the appropriate analyeis of variance. Then, a third
analysis of variance was carried out pooling the two environ-

ments. This was done for each one of the parameters studied.
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In the case of the bamboo stend (E,) enviromment both the
factors, vigour of the bamboo c¢lump (V) and phosphorus applica=-
tion (F) are involved. Hence, in this part of the analysis,
not only the muin effects V and F were elucideted but also their
interaction V X F, The design for this therefore was a factorial
REBD,

As for the open field (Bz) environment, only one factor
viz., phosphorus application (F) was under study. Hence the

e€ffect of this alone is deducible and the desicn wag a simple RED,

Since the principal objective of the present investigation
is to compare the performance of soybeen under two distinct
environments, a pooled a2nalysis was then carried cut combining
the data from the two environments, the design being a factorial
EBUe In this analysis, the main effects of the environment
tactor (i) as well as that of phosphorus application (F), besides

their interaction E X P were elucidated.

The structures of the three analynés of variance are
shown below.
(1) Anova for 'within the bamboo stand'
(E4) environment:
Souree gafe
between replications

between vigour levels (V)

3
1
between phosphorue levels (P) 2
Interection V X P 2

5

Lrror 1
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(11) Anova for 'in the open field® (8;) enviromment:
Source K- FY 1
between replications 3

between phosphorus levels (P)

Error 18

(111) Anova for pooled analysis, combining the two environ-

ments, E4 and Ezz

source d.1.
between the environments (E) 1
between phosphorus levels (P) 2
Interaction E X F 2
Error (Pooled) 33

(b) Data_on the base crop (bamboo clumps):

The 24 experimental clumps were distributed among the &
replicztions and 6 treatment combinations, at the rate of 1
clump/treatment, as mentioned elready., The deiszn was a factoria
A5D. The structure of the analyails of variance used is shown

below:

Source dafs
between replications 3
between vigour levels (V) 1
between phosphorus levels (P) 2
Interaction 7 X P 2

Error 13
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{c) Statistical serutiny:

For soybean crop alone there were 120 sets of observa-
tions. At the rate of 3 analyses of variance per set, a total
of 360 anelysis of veriance were performed. For bamboo erop,
55 analyses of variance were performed. Thus, a total of 41%
analyslis of variance were carried out, the results of which are

presented in Tables 1 to 33.

in addition, using the comruter facility aveilable in the
University, simple correlations were worked out between growth
and yield attributes and yield, for the data gathered from the
single sample plants, These represent the data for 3 stages of
growth, viz., 30, 60 and 90 DAS of the 3 experiments. The two
environments (E1 and Ez) 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 soil moisture data also, These relate the
grain yield of soybean (single sample plant data) with soil
moisture as at 5 different stages of growth, viz., initiation
of flowering (33 or 36 DAS), flowering (47/48 and 54/5% DAS),
pod formation (68/69 DAS) and early seed formstion (76 DAS).
These correlations, numbering 20 (correlations between stages
themselves being meaningless and thus ignored) are presented in
Appendices 13 and 14. Thus, a total of 366 correlation coeffi-

clents were worked out.
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Besides, two separate multiple linear regression equa-
tions, one for the bamwboo stand (E,) and another for the open
field (E,), were fitted for the soybean single sample plant dats
of Lxperiment 3 as on 30 DAS, These related the grain yield of
soybean to 8 veriables. The prediction equations with the X
terms in the oripinal units of measurement, the !standardised
partial regression coefficients' (i.e., Beta values) which are
unitless and thus enable a straight-forward evaluation of the
magnitude of relative contribution oi any one variable towards
yield, when the other variables ‘are held constant, the 'multiple
coefficient of determination' (i.e., Rz) which is a messure of
the total contribution of all the independent veriables put
tu ether, towards yield, and the R value, which ameesures the
correlation between the predicted yleld and actual yield, are

rresented in Appendix 15.

3.5.4o Flot sizes, spac g and plant uwlations

(i) Flot sizes

for soybean for bamboo
Grose = 7,75 X 3.5 & 4,0 X 4.0 m
Net ® 5,25 X 2,30 m 4,0 X 4.0 m
(ii) Spacings
25 x 11.75 cm 4,0X 4,0 m

{-71de section 3.6 (1441))

(111) Fopulations per plot (Experimental) at the start of the
atudy
(a) in E, = about 356 @ 1
(b) in E; = 364 -



€ = The reduced population in E, 1s because of the
space occupied by the bambeo clump which was
located in the centre of the plot. Further, this
figure of 358 was true only et the beginning of
the study. In the two subsequent experiments the
8oybean populations in E, environment at planting
were reduced further becsuse of the progressive
expansion of the areas occupied by individual
clumps. Care, however, was taken to sow as many
seed holes as possible in the E4 enviromment and
as close as possible to the clumps. Comparability
weg ¢nsured by final population counts, i.e., at
the time of harvest. In both environments each
gross plot had 15 sowing lines running E/¥W, each
with 30 seed holes. In both cases, one row of
plants all round was excluded treating it as 2

border row,

3.6 Cultural detail
The cultural detalls were essentially similar for all the
3 runs of the experiment.

(1) Land preparation:
At the commencement of each experiment the interspaces

between the bamboo clumps were manually dug up with mepmmttl,
care being taken to avoid any injury to the bamboo rhizomes.
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This digging was confined to a depth of 15 om. However,
Superficial roots of the bamboo clumps occurring within this
depth were severed by the digging, even though such damags was
not much as could be judzed ocularly., Albeit it was poasible
to plough the open field (Ez), still 1t was also manually dug
to maintain comparability. After the clods were broken and the
Plots levelled, beds and chznnels were formed according to the
layout plen,

(11) Fertilizer applications

No organic menure was applied during the tenure of the
study to any of the plots. Similarly no nitrogenous or potassie
fertilizers were applied. Hence, only phosphatic fertilization
through basal application of single superphosphate analysing 16%
water soluble PZQ5 was applied, and that too only to the concerne
plots according to the trestment schedule. The superrhosphate
application was repeated for each one of the 3 experiments, i.e.,
1t was applied first during August 1979, again in December 1979
and again during April 1980. The fertilizer was applied as a
pre-plant applic~tion, Jjust before sowing the seeds, as basal
dressing along the sowing lines at a depth of about 5 ca.

(141) Seeds and sowings:

Soybean seeds were sown in lines 25 om apart, and 1M1.75 o=
apert in the line st the rate of 2 seeds per hole and subsequentl
thinned by sbeut the 15th day to single seedling/hold. The
spacing adopted in this study allows 295 sq.cm of land area/
plant, which is very close to that obtained under the normally
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recommended spacing of 30 x 10 cm (=300 sq.m). The specing

used in this study is more close to 2 square than that of 30 x 10
¢u spacing, besides permitting the sowing lines to approach the
centrally loccted bamboo clump in each plot, thereby increasing
land utilization,

(iv) Irrigation

The crops were given weekly irrigations except during

rainy season. Irrigetion was done to a depth of 5 cm/irrigation,

(v) After cultivation

One hand weeding and another hoeing and weeding during the
crop season was glven to each soybean crop. Flant protection

measures when needed were carried out.

(vi) Cleaning the bambeoo clump

As already mentioned the bamboo clumps were given an
initial pruning at the start of the study, in August 1979,
Subsequently, the bamboo ¢lumps were left untouched excepting
for light cleanings near the base, to facilitate sowing at the
start of Experiments 2 and 3. Such cleaning involved merely
the clipping of projecting side branches from ground level upto
a height of 1 m and removal of any dead culm.

(vii) Harvesting:
(a) Soybean:
At the end of each experiment, the border rows in each
plot wers first harvested and then the net plot was harvested
separately. Harvesting was done by pulling out the plants and
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then cutting thea at the collar, After recording the fresh
weights of the roots and aeriml parts separately, the pods were
separated, After two deys of withering the grains were separated
by hand thrashing and after further air drying to a constant
moisture content of 14%, grain yields/net plot were recorded.
Simulteneous with harvest, dats on final population/net plot

were 2lso recorded.

(b) Bamboo

Normally bamboos are exploitable from the 5th year onwards.
The culm ylelds will, however, be low initially and will increase
progressively as years pass, till it stabilizes. In the case
of the present study the clumps (planted on 19th August 1975)
were subjected to selective felling of culms from 27th &une to
23rd July 1981, i.e., about 5 3/4 years after out-planting.
Assuming the mean date of harvest as 10th July 1981, the first.
harvest of culms was carried out 2152 days after planting (DAF)
and about an year after the harveat of the soybean crop of

Experiment 3.

Harvesting was done by selectively felling the culms in a
cluap. The felling rules adopted were a felling intensity of 50X
(on the number of living culms present in a clump at the time of
harvest) and avoiding the felling of culms aged 71-year or less.
tSelective felling' as used in the present study refers to
deliberately choosing the culms to be felled in a clump. These



were the larger diemeter culms. For this purpose, first, basal
diameters of all the living culms of q1-year or more age in a
clump, were enumerated., Then the culms were felled in a descend-
ing order of culm dizmeter till half the number of the total
number of living culms in that clump was reached. The other

half of the living culm population in the clump were left
untouched} these culms naturally were the thinner ones 2nd thus
older culms. The culms were cut with s sharp cut at a height

of about 15 em from the ground, i.e., above the first visible
node. lmmediately after harvesting, detziled biometric obser~

vations were recorded on the felled culms.

3.7 GObservations recorded

Deta were collected on the following 6 different aspecte.
a) Deta on the soybezn crop
b) Date on the bamboo crop
¢) Datz on prevailing light intensity
d) Data on microclimate
e} Data on soil moisture, and

f) Data on weed infestation

As regards the data on the soybean c¢rop, information was
collected both through sampling as well 2a on the net plot
population ag a whole. Sampling was done for recording obaser-
vations on growth caracters, yield characters and yield of
single plants, The net plot was considered for reecarding data
on the final plant population, grein yield and biomass (roots +



tops). 1In the cese of Experiments 1 and 2 the same tagged
Plants were used for biometric dat2 over the entire period

of the crop concerned, and were pulled out only at the time

0i harvest of the entire plot, recording the samrle plants'
grain yields separately, However, in the csse of Experiment 1
aleone, in acdition to the above, other sets ¢f random plants
were used for ectimsting leaf arems only; these destructive

samples were drawn on two ocecaslons (40 and 80 DhS).

in wxperiment 3, lhiowever, sets of rindom sample plants
were drawn by pulling them out, on 6 different occasions during
the crop growtr pcriod. pLowever, 1l the 3¢ samwple pients in
each plot whiclh: had been seiected for pulling wut, at the rote
of 6 planis/sta,e over 6 ste;es, were labelled from the start
01 the experiment, =nd observations were reccrded =t every stage,
on all the scuple plants standing at that stayge including those
thiat were pulled: out at thet stage, ae well as on those that
were 3llowed tu remedn further. The detzils of the observa-

tions recorded z2re furnished belowe

3.7.1 Ubservusiions on soyvean

3.7.1.71 Dato reccrded on samyle plantg

Ao Growth paraaeters

1) Height of plant (em} Experiments for which data
{vase to tip) wag recorded
a) 30 DA3 142,3
b, L0 Lag 3
¢) 50 DAS 3
d) 60 D-S 1,243
e) 70 DAS -]

£} 90 DAS 1,2,3



11) Diameter of stem, at bese (mm)

a) 30 vAS
b) 40 DAS
¢) 50 DAS
d) 60 Das
e) 70 LsS
£) 90 Das

ii1) Number of
a) 40 DAS
b) 50 DiS
¢) 60 Das
d) 70 DAS
e) 90 DAS

iv) Number of
a) 30 DAS
b) 40 LAS
¢) 50 DiS
d) 60 DAS
e) 70 DiS
£) 80 LAS
8) 90 DAS

v) Leaf area
a) 30 DAS
b) 40 DAS
c) 50 DAS
d4) 60 DaS
e) 70 DAS
1) 80 DAS
£) 90 DAS

branches/plant

leaflets (total)/plant

(total)/plant (Clz)

Experiments for
which data was
recorded
192,3
3
3

1,2,3

1.2,3

152,43

1, 3

1,2,3

12,3

1,

(VY BERY BN BERY |



Experiments for
which data was
recorded
vi) Length of taproot/plant {cm)

8) 30 DaS 3

b) 40 Las 3

€) 50 LS 3

d) 60 LaS 3

e) 70 DsS 3

£) 90 LS 12,3

vii) Number of root nodules/plant
a) 30 DAS
b) 40 LAS
c) 50 Das
d) 60 DAS
e) 70 LAS
£) 90 LAS

\C BT BN Y B I

viii) Lry matter production (DWF) (grams/plant)
a) 30 LAS
b) 40 Das
¢) 50 LAS
d) 60 Das
e) 70 DAS
f) 90 DAS
B. Yield parsmeters end yleld
1) Number of flowers/plant
a) 40 DAS
b) 50 DiS
¢) 60 DaS

(AT BN B BV BN |

Pt
[Sa]
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Experiments for
which data was recorded

ii) Number of pods/plant

a) 50 DAS 3
b, 60 DS 1,2,3
c) 70 LAS 3
d) 90 DAS 1,2,3
1ii) Number of grains/plant 1,2,3
iv) 100-grain weight (grams) 1,2

v) Single sample plant grain yield (granl{
plant) 1,2,3

Besldes the above, the following derivatives were also

computed and analysed,

1) Mean lezf ares/leaflet (cm?)
a) 30 DAS
b) 4O DAS 1,
¢) 50 DAS
) 60 LAS

W W W W

e) 70 DAS
£) 80 DAS 1
g) 90 DsS
ii) Root: Shoot ratio
a) 30 DAS 3
b) 40 DAS 3
c) 50 DAS 3
d) 60 DAS 3
3
3

w

e) 70 DAS
£) 90 2AS 1,2,
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1i1) Mean grein yield/plant {grems)

(derived from the plant population st harvest and the
grain yield/net plot)

1,2,3
3e7.1.2 Lata recorded for net plots
1) Plant population/he (at harvest) 1,2,3
11) Biomass production (fresh weight) st
harvest {kg/hs) 1,2,3
1ii) Grain yleld (kg/ha) 192,32

347.1.3 Hethods of recording data on soybean

Flant heigzht was me~sured from base to the growing tip.
Diameter of the stem was measured at the base of the stem (Just
above the collar) using & screw geuge correct to 0.01 mm., Tha
parameters, number of branches, number of leaflets, number of
root nodules, number of flowers, number of pods, and mmbdber of
grains were recorded by counting, on individual ssmple plants.
The 'number of leeflets' refers to individual leaflets being
reckonedé as the unit of counting and does not refer to compound
trifoliate leaves. This wes preferred as it furnishes a mere
relizble idea about the photosynthetic apparatus; on the other
hand, counting bzsed on compound trifoliate leaves could lead
to misleading results by overlooking the possibility of one or
more leaflets of a compound trifoliate leaf being absent due to
netural shedding or insect attack.

An approximate idea about the total number of compound
trifoliaste leaves/plant 1is, however, derivable by dividing the
tpumber of leaflets (total)/plant' by 3, As regards the number
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oI root nodules, all the identifisble nodules down to the
smallest size were counted. For this, the root systems of the
Pulled out sample plants were washed carefully, including those
thet got separ:ted in the woshing. Leef area was measured by
the punched disc method.

Bata on net plot perameters (plant population at harvest,
biomaes production and grain yleld) were recorded after harvest-
ing of the one 'guard row' of plants all round, by pulling out
the net plot plants separately. LEiomass recorded included all
the parts - roots, stem, branches, leaves, flowers if any and
pPods containing the seeds. While biomess ylelds were recorded

as iresh weight, grain ylelds are on an alr-dry basis,

3,7.2. 4bservations on bamboo clumps

The total experimental population being 24 clumps, each
'plot' (wexperimental unit) had only one bamboo clump, distri-
buted over 6 treatments X 4 replicetions., Hence full enumeration
of each clump was carried out. Further, as regarde hamboo, the
recording of observations were commenced $ 1/2 months before
laying out Expt.?, and continued for a period of nearly an
year after the harvest of the soybean crop of Expt.2. Thus,
observations were recorded on the bamboo clumps over a total
period of about 2 yearcand 8 months which spanned the 3 experi-

ments (Experiments 1,2 and 3).
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of root nodules, all the identifiable nodules down to the
smallest size were counted. For this, the root systems of the
Pulled out sample plants were washed carsfully, including those
thzt got seperzted in the weshing. Leaf area was measured by
the punched disc method.

Peta on net plot paraemeters (plant population at harvest,
biomass production and grain yield) were recorded after harvest~
ing of the one 'guard row' of plants 21l round, by pulling out
the net plot plants separately. Liomass recorded included all
the parts - roots, stem, branches, leaves, flowers if any and
pods containing the seeds. While biomass ylelds were recorded
as fresh weight, grain ylelds are on an air-dry basis,

3.7.2. ibservations on bamboo clumps

The total experimental population belng 24 clumvs, each
'plot' (m=experimental unit) hed only one bamboo clump, distri-
buted over & treatments X 4 replications, Hence full enumeration
of each clump was carried out. Further, as regards tamboo, the
recording of observstions were commenced 9 1/2 months beforse
laying out Expt.1, and continued for a period of nearly an
year after the harvest of the soybean crop of Expt.3. Thus,
observations were recorded on the bvamboo clumps over a total
period of about 2 _yearsand B months which spanned the 3 experi-
ments (Experiments 1,2 and 3).
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The age of the base crop of bamboo at the time of sowing
soybean in Experiment 1 was exactly 4 years and it was almost
5 years when the soybeen crop of the last experiment (Experiment 3)
wag harvested. The times of recording the one dozen sets of
biometric observations, in terms of days after planting (DAP)
the clumps (which were planted on 19.8.1975) and the periods
corresronding to the three experiments during which soybean was

raised are shown below.

Times recording biometric Salient dates in the
observations on bamboo cropping history of the
clumps soybean crop
DAP Date Date
1171 2.11,1978
1355 5.5.1979
1422 11.7.1979
1449 7.8.1979
Expt.1
18.8.1979 sown
1558 26.11,1979 24.11,1979 Harvested
Expt. 2

7.12.1979 Sown
6.3.1960 Harvested
1681 26,3.1980
Expt. 3
18.4.1980 Sown
29.7 .v1980 Harvested



1812
1852
1960
2087
2103
2152

4-8~1980

13-9-1980

$0-12-19680

6-5-1981

22-5-1981

10=7=1981 = Culms selectively felled.

The following perameters were recorded during the different

stages sown under them, on the bamboo clumps.

1) Height of culm (m)

recorded at DaP
1171, 1355, 1422,
1558, 1681, 2152

ii) Diameter of culm at base (mm) 1171, 1355, 1422,
1558, 1681, 1812,
2087, 2152

1i1) Mid-culm diemeter (mm) 2152

iv) Kumber of nodes/culm 1355, 1422, 1449,

1558, 1581, 2152

v) Number of primary branches/cum 1422, 1449, 1558,

1681

vi) Number of living culms/clump ()/ 1=year old culms)

1171, 1355, 1422,
1449, 1558, 1681,
1812, 1852, 1960,
2087, 2103

1449,

1449,
1960,
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recorded at DAP

vii) Kumber of culms (total)/clump

(i.e., all living culms + potential
culns) 11471, 1355, 1422,

1449, 1556, 1681,
1812, 1852,
2087, 2103

viii) Number of usable culm:s harvested/clump
21
ix) Mean Weight (fresh weight) o
individual culms only (kg) 2152
x) Mean Weight (fresh weight) of non-
culm aerial vegetative parts (bra
ches + leaves + she-ths)/culm (ks) 2152
xi) Mean Aerial biomass (fresh weight)/
culms (i.e,, culm + branches +
leaves + sheaths) (kg) 2152
xii) Totsl culm yield by weight (fresh
weight)/clump (kg) 2152

3.7.2.1 Methods of recording the data on the bamboo clumps

All the one dozen sets of observations on the bamboo clumps
were recorded during times when there was no crop of soybean
atanding in the field, to avoid damage to the latter. Even,
the 2 sets of obgervations, viz., those recorded on 1558 and
1681 DAP (mean age of the bamboo clumps at this stage being
about 3 1/2 years), falling within the span of the 3 experi-
ments involving & sybean, were recorded during the fallow
perioda between two crops of soybean. Thus the recording of
datz on 1558 DAF was made on the same day the soydean ecrop of
Experinent 1 was harveated, after removing the harvested
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soybean plants first. The recording of the data of 1681

DAP fell during the interregnum between Experiment 2 and

Experiment 3.
3

As regarde height of culm, initially during the firest two
occasions only (i.e., 1171 and 1355 DAP), it was recorded on
only one culm, namely the talleat culm in the clump,., Since,
rate of growth of individual culms in bamboos is very fast, and
thus the heights of new culms in different clumps is highly
varizble, the recording of the height of 'the talleat culm in the
clump® serves only as a rough indication of the average length
of a culm in a clump and thus the stature of the clump as a
whole, at any given point in time, Hence, during all the sub-
sequent occasions (1422, 1449, 1558, 1681 DAI) heights of all
the standing culms in a clump were measured and the Height of
culm was me sured by using a metallic tape froa the first visible
node to the tip, taking care to follow the curvature of the culm,
if present; hence the measuremeént is actually the measurement
of the length of the culm, In the case of 2152 DAP, the data
were recorded not on all the standing culms but on selectively
felled culms by laying them flat on the ground,

Diameter of culm was measured at the mid-point of the
first visible basal internode, i.e., above the first visible
node. For each culm, 2 measurements, one along the perceptible

longest diameter and another along the axis pcrpindicular to 1it,
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were made, The mean of these two readings was taken as the
diameter of the culm, This waes done to eliminate any ovality
0f the culm at the point of me-surement., This was followed for
each and every one of the standing culms in each clump end
similarly for all the 24 clumps. In the case of the felled
culms, the diameter w:s mezsured at the mid-peint of the first
full internode from the cut end, Mid-culm diameter 2lso was
recorded on the selectively felled culms. Thie parameter does
not refer to the mid-point along the length of the culm but
refers to the mid-point of that internode along the length of
the culm, which divides the total number of internodes in the
culm into two equal halves. In the case of culms having an
even number of identifiable internodes, this parameter wus
recorded at the mid~point of the internode immediztely below
the node that divided the culm into two halves of equal number
of internodes, In the case of mid-cuim dizmeter algo, the dia-
meter is the mean of two mutually perpendiculzr me surements,
Culm diemeters were measured throughout using a vernier calli-

pers to 0.1 mm, accuracy.

Number of nodes/culm, number of primary branches/culm,
mumber of living culms/clump and number of culms (total)/clump
were recorded by actual counting. The first two perameters,
viz., nodes and primery branches, were counted culm-wise in any
one clump and theu averaged, However, for these two parameters
alone, not all the culms in any particular clump wers enunersted
because of the difficulty of separating the intertwining culms.
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Hence, these data were recorded only for those culms on which
the countin; could be carried out accurately; generally these
were the culms occurring along the periphery of the clumps.

The distinction betwsen 'number of living culms/clump' and
number of culms (total)/clump' is that the latter parameter
inciudes all the existing culms (i.e¢., living culms of age
1-year or more) plus all the 'potential' culms (i.e., komelis
and '‘new regruits'! both of which are less than>1—year in age +»
cuime which have been already cut and removed, whose one time
existence is indicated by the presence of stumps). Thus, while
the 'number of living culms' measuress actual productivity et
any given point in time, the 'number of culme (total)' furnizhes
an idea about the potential productivity of a clump, taking
into account future culme and lost culms. In the case of the
present investigation, very few cut stumps flgured in the
eumeration of the total number of culms; a few malformed
culms, however, had to ve felled to avold clump congestion
or facilitate sowing the intercrop. Similarly, not all the
komalis that emerge from the ground grow up into culms; nmany
die and dry up. These two kincdes of lossee are accounted for
precisely by the difference between the two parameters !number
of culms (total)/clump' and 'number of living culws',

thile the 'number of living culms' and 'mumber of total
culms' per clump sre independent variables, the 'number of
usable culms/clump’ as referred to in this study, is a
dependent veriable, since specific felling rules were strictly
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enforced, The felling rules observed in this study consisted
of (1) avoiding the felling of any culm aged less than 1-year
(i.e., komalis and "new recruits') and (ii) felling of 50% of

the remaining culme (f.e., h2lf of 21l the living culms of age

1~yesr or more).

As regards the paremeters ‘mean weight of culm zlone',
'mean weight of tranches + leaves + sheaths/culm', and ‘total
culm yleld by weight/clump', all these refer to fresh welghts
as recorded immediately after harvest of the culms on 2152 DAP
(mean date of felling). First, the culm along with its btranches,
leaves and sheathes wes weighed. Then, the non-culm aerial
vegetative parts (i.e., btranches + leaves + sheaths) were
separsted from the culm and weighed. Fin2lly, the weight of
the culm was computed by difference from the above mentioned

two parasmeters. Velghments were made using a spring balance,

2743+ Light intensity

Light intensity was me- sured, daily over a period of 11
monihs from September 1979 to July 1980, covering the period
oi tenure of the 3 experiments, These measurements were
recorded at =round 12 noon (local time) daily, both within
the bamboo stand (E1) and in the open field (Ez) at sites
where there was no shading by the soybean. V¥ithin each environ-
ment, the measuremente were recorded at two different spots and
in each spot at 3 different points so that the eatimate of light
intensity for any one stand is the mean of 6 readings.
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The 1light intensity was measured using an 'Aplad’ luxmeter.
The selenium photocell sensor was covered with two pileces of
ND {ilers and the sensor was placed horizontally on the ground
surface with the cell facing the sky. The actual locations
where these readings were taken wers arranged such that they
were at the Jjunections of & plot bunds, and further, were located
centrally at each of the 2 locatione, in each stand, so as to
represent the light climate of the stand more accurutely. The
same measurement spots were used throughout, At these spota

direct shading of the sensor by the soybean planta did not oceur.

The total of the 3652 readinge recorded over practically
a continuous period of 321 days were grouped into etandard weeks
and the weans for the standard weeks were computed, and graphed,
and are shown in Fig.2, Appendix 1 furnishes the data for the

standard weeks.

3.7le M ocl t

The microklimate prevailing within the two environments,
£1 and };2. wag attempted to be characterized using the two
parameters basic to any microclimatic study. These were the
ambient temperature and the relative humidity. These were A
recorded using an Agsman peychrometer. There were 12 variables
in all, viz., the 2 environments X 3 altitudes (15, 50 and 250 ea
above ground level) X 2 timec of recording (07.22 hours and 14,22
hours). The observations were reccrded over the entire period

of experimentation.
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The 3 altitudes were chosen such that they represent the
3 distinct layers involved in this study - viz,, the near =
eround layer, the soybean canopy layer anc the bamboo canopy
layer. As for earlier work on microclimstic study on this
apecies of bamboo there is only one published work (Dabral et a}.,
1969). The study referred to, involved besides bamboo, a stand
of pine trees 2lso. The authors recorded the microclimatic data
at 5 altitudes, viz., ground surface (i.e., zero ft.), 6", 1', 3¢
and 5 (15, 30, 9, 150 cm). In the present investigstion it
was felt prudent to avold ground surface a0 88 to minimize the
eifect of weeds, and to reckon 15 cm (which corresponds to the 6"
of Dabral et al., 1969) as representative of the condition below
the eoybean canopy. Another difference is that the maximum
altitude has been roised still further from 5ft to slightly
more than 8 ft (=250 cm) in the present study, so as to secure
a truer picture of the condition within the bambooc ecanopy. This
capebllity of taking a resding =t B8 ft (for which, the use of
a stocl is cumbersome and a ladder is igpossible) was achleved
by a simple device developed by the author of the present
investigation, and is described below:

A casuarina pole, 3 m in length was painted with marks teo
mensure otf 15, 50 and 250 ca respectively, froa the bottom.
A mild steel hook acrew was driven into the pole near the top.
One end of a nyle:. chord was tied to the top ring of the Assman
psychroucter and the chord was passed through the hook 'pulley’,
with the other end of the chord being held by the operator,
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First, the instrument was raised to the top position such that
its shielded bulba section coincided with the 250 cm mark on the
pPole. The pole was held vertically up and the me2surement taken.
immediately after that, the free end of the nylon chord was
loosened c:refully so as t(ﬂ&zring down the instrument quickly to
eye level when the re-ding was noted (vide Flate 1)}, For the
other two altitudes (15 and 50 cm) also, even though the pole
was not an absolute necessity, still it was used as a convenient

scale,

The observationa were recorded at a spot which wes the exaset
centre of the environment concerned 8o as to represent the
environment the most accurately. The daily d=ta so collected
over a continuous period of 11 months spanning the 3 experi-
ments vere grouped into astendsrd weeks and the means for the
standard weeks were computed. The summary of the 8000 readings
is presented in Appendix 2 and graphically in Fig., 9§ (temperature)
and F1.10 (relative humidity).

The weather data as recorded at the Airimet observatory of the
University, located in the same campus, for the corresponding
period, were 2lso compiled and are presented in Appendix 3 and
graphically in Fige.11, for comparison of the microclimate with
the macroclimate.

3.7.5 Date on Soil Woisture

Eventhough this study is an irrigated study, weekly irri-
gation being provided (excepting during the rainy pericds) to
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the soybeen crop during the period of tenure of the 3 experi-
ments, data on s0il moisture status was collected since a
relztively large-sized woody perennial crop was involved which
could compete effectively for soil moisture with an associzted

ennual crop.

So0il samples were collected =t weekly intervals, Just before
the irrigetion was provided, 1.e., on the same day on which the
crop w's irrigated. All the sampler were surface samples represamt-
ing 0 = 15 cm sampling depth and 2 samples (one near the centre
and the other near the NE corner of the plot) were collected
from e2ch of the 4& plots, Sampling w 8 done using e scrw
auger. Moilsture was determined gravimeiriczlly, separately
for ezch one of the 96 sumples at every stage of sampling.
khean soll moisture contents were then celculated sep2rately for
each one of the two environments (E4 and E,). Thus each mean

is besed on 48 samples.

S50il moisture data was gathered over a continuous period
of more than 7 months representing Experiments 1 and 2 only,
The summary of the nesrly 2500 moisture determinations are
furnished in Table - J4.

3.7+6. Data on Weed infestation

Lata on weed infestation wapg collected plot-wise, once,

at the end of Expt. 3 (as on 30.7.1980, i.e., 1Vday after
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harvest of the soybean crop). For this purpose a sampling
quadrat of 0.5 x 0.5 m sides was used, Four such quadrat
samples were used for each plot. The guadrate were positioned
along N, E, W and S sections of each plot, 2 samples (N and 8)
bein, nesr the periphery of the plot and 2 other samples (E and
%) being nesr the centre of the plot. The same locztions were

followed for all the 48 plots.

weed plznts falling within the guadrats were pulled out and
their fresh welghts were recorded plot-wise, Then, they were
euncrated species-wise, The summarized data are presented in

Tabtles 35, 36(e) and 36,
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CHAPTER &
RESULTS AND DISCUSSION

The results of the three experimenta conducted on
soybean and the observations recorded on the other assoclated
aspects, viz,, prevailing light intensity, microclimate, soil
moisture and weed infestation, and the information collected
on the base crop of 'solid' bamboo (Dendrocalsmus strictus
Nees), with the object of exploring the feasibility of
'establishment intercropping' of soybean within a stand of
bamboo during the early stages of the bamdoo crop, are presented
and discussed in this chapter,

4.1, SOYBEAN

4.1,1 Helght of plant (cm)
(Tauu 1 and 2, Fig.Z(a))

smong the three factors studled only ‘environment' (E)
and 'vigour of the bamboo clump' exerted any significant
influence an the height of the soybean plant. The other factor,
viz., 'phosphorus spplication' (F) did not exercise any signi-
ficant influence on height., As regards E, soybean height was
very highly significantly (p = 0,01) taller 'within the bambeo
stand' (E,) as compared to the 'open field' (E;), at all
stages and significantly so under 70 DAS of Expt.3, excepting at
60 and 90 DAS of .ixpt.2 and 90 DAS of Expt.J where the differem~
ces were not significant. Even in these cases where statis-
tical significance was not reached, &ll but one recorded
taller plants. Only under 90 DAS of Expt.2, was the height
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Table - 1 Height of plant (cm SOYBEAN
.1 Expt, 2
DAS DAS
30 60 90 30 60 90
1. ®within the Bemboo stend (E,) (a) Influence of Fhosphorus
levels (F)
Fy 17,758 31.40h  51.22% 36,152 §35.065 97,008
P, 17.496 29,624 29.543 26,4k 43,016 38,735
P, 19.473 32,916 33.072 28.105 46,723 41,377
1 3 NS NS NS NS NS NS
SE 0.727 1.296 1,338 0.834 1.379 1.434
co - - - - - -

T%) Infiuence of vigour of bamboo clump (V)

LU TTIE7A2 T 31L6E9 ITLAS0 T 7106 T T RS 384 T 35,801
H 17.743 30.960 31.06S 26.683 43.275 38.33%
b3 NS NS NS NS NS NS
Sk 0,593 1,058 1.092 0,681 1,126 1,171
Cu - - - - - -

2, In the open field (E,) Influence of phosphorus levels (P)

Py ¥ A%2 " 2%.823 22.923 . . .

P1 15.021 23.863 23.168 18.367 41,846 37.99
P, 15,348 24,601 23.587 18.955 43,697 40,886
F NS NS NS NS s NS
SE 0,282 0.657 0,666 0.421 1.391 1.340
cD - - - - - -

3. Pooled analysis (2) Influence of Environments (E)

Eq 38,242 S1,EI5 31.2B0  26.B9L T WL T30 39,068
E, 15,174 24,096 23.226 18,856 42,831 39,554
3 i e L2 o L2 2 NS NS
SE 0,307 0,577 0,593 0.371 0.797 0.799
cDh 0,885 1.661 1.707 1,070 - -
(b) Infiuence of phosphorus levels (F) ]
Pg 16,454 27,614 27.074 22,693 43,101 28.4%9
Py 16,259 26.74k 26,356 22,406 42,6431  38.36%
P, 17.410 28,759 28.330 23.530 45,210 H1.132
NS NS RS RS NS NS
0.376 0,707 0,727 0.4%h 0.976  0.978

g™




Iable - 2 Height of Plant (cm) SOYREAN
Expt,2 DAas
TR ) 50 &0 7o 50
1. Within the Bamboo stand (E,) (a) Influence of Fhosphorous
T T I évels (P)
Pq 39,700 54,045 67.605 65.155 62,745 64.810
Py 64,020 59,900 75.425 T72.280 69.015 68,270
P2 44.59% 61.330 75.220 74.020 72,480 70.41%
F NS NS NS NS NS NS
SE 1,470 2,066 2.336 2.777 3.885 4,124
CL - - - - - -

(b) Influence of vigour of bamboo clump (V)

L 40,077 55.840 70,057 69.707 65.440 61.610
H 45,467 61,011 75.443 71.930 70.720 74,053
F xR ® NS NS NS »*

SE 1.200 1.686 1.908 2,268 3.172 3.367
(03] 3.616 5.078 - - - 10,145

2, In the open field (E,) Influence of Fhoephorous levels (P)

TP 29.943  38.963  54.495 58,813  61.407 62,10k
P, 28.723  37.517 53.625 59.,096. 61,498 62.668
Fy 29,037 40.427 56.119 59.748 59.859 62.303
F NS NS NS NS NS NS
SE 1.861 34251 3.677 3.816 4,228 4,183

c¢Dh - - - - - -

3. FPooled analysis (a) Influence of Environments (E)

E, 42,772 58.425 72,750  70.818 68,080 67.832
E, 29,23 38.969  Sh.746  59.219  60.921 62.3%8
F - LE X ] e * 4R » m
SE 0.976  1.602 1.813 1.954 2,353 2,400
D 2.814  8.239 9.324 10,049 6.768 -

(b) Influence of P-osphorous levels (P) ]

X 3%4.822 46,504 61,050 62,48k 62,076 63.4%7
P, 36,372 48,709 64,325 65,688 65,257 65,469
P, 36.816 50.879  65.670 66,884  66.170 66,359
F NS NS N5 NS NS NS

SE 1.198 1.963 4,928 2.393 2.882 2.938

CD - - - - - -
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slightly shorter under E4 than under E,; but the differense
wis very marginal (only 1.2%) and not significent. The
increase in height was about 30-40% in most cases. The
increased plant height seen under Ey is clearly ascribable
to the reduced light intensity (i.e., shading by the bamboo
clumps) .

That shading or low l1li.ht intensity increases the plant
height has been reported in groundnut (Cox, 1978), Cotton
(Eaton and Ergle, 1954), spinach (Parlevliet, 1967), cowpea
(Adedipe and Ormrod, 1974) and in soybean itself (Beuerlein
2t al., 1971; ¥ehua and Miller, 1978; Jeyaraman, 19793 Rable
and Kumazawa, 19793 and Prine, 1980). Stem elongation in
shade was presumably the result of elongation of component
cells as reported by Redington (1929) and internodal elonga-
tion as stated by Weaver and Clements (1938).

As regards the influence of the vigour of the bamboo
cluap (V) an interesting trend was een. Initially i.e., during
the tenure of Expsriments 1 and 2, the saybean plants under
the 'high' vigour((H) clumps were invariably slightly shorter
than those under the 'low’ vigour (L) clumps, though the
diiferences were not statistically significant. However,
Subsequently, during the tenure of Expt.3, the trend reversed
with the soybean nlants under 'H' becoming taller and those
under 'L' shorter, Further, the differences were highly
significant (p = 0.01) at 30 DAS and significant at 40 and $0
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DAS under Expt.3, the rest being not significant. Evidently
as time passed, the 'high' vigour clumps grew further and put
on more foliage es tc .increase the shading which resulted in
increased plant height of soybeen.

Fhosphorus did not influence the height of the soybean
plant significantly, be it under bamboo clumps, or in the open
or even in overall terms. This is in contrast to the results
reported by several workers, for open field conditions (Howell,
19543 Ferrari gt al., 1976; Saleh, 19763 La}'rcnce ot al., 19773
and holim gt al., 1979), However, it is to be noted that
Shahidullah gt al. (1979) found soybean plant to increase its
height only upto a certain level of P application, beyond which
it started to decline. And he had used a maximum dose of only
56 kg P205/ha while in the present investigation the maximum
dose used was 200 kg onjlha. Further, Kesavan (1570) had
reported even a significant negstive influence of F on soybean

plant height.

Two other salient features common to all the three
factors studied (E, YV end P) and to all the three experiments,
with reference to the passage of time are worthy of note. In
almost all cases, there was a steep increase in plant height
usually upto 50 or 60 DAS, after which there was a platesuing
{(1.e., the height remained static) as in the case of the
influence of P under E, as well as in its overall effect
(cembining E4 and Ea). or there was & slight reduction in
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plant height. This would imply that the height growth of the
soybeen plant is completed in about 50 - 60 days, The slight
reduction in heights beyond 50 - 60 DAS was due to the drying
off of the tip. The only exception to this pattern was the
behaviour of soybean height in the open field environment (E,)
in Expt.3, where the height registered a continucus rise, with
passage of time, upto 90 DAS, under all the P levels. Rossibly
the seasonzl conditiona that prevailed during the tenure of
Expt.3 had a role to play in this. The second fecture, is
that the plants were the tellest in Experiment 3, followed by
those¢ of Experiment 2 and them by those of Experiment 1.
Further, these differences got accentuated as tiwme passed,
upto 50 - 60 DAS, Presumably this difference in the heights
of plants between the ? experiments i{s due to the effect of

season.

4%,1.,2 Diameter of stem

(Tables 3, 3(a) 4 ang 4(a), Fig. 2(b))

In all the three experiments, significant differences
arose only between the two environments, the influences of
the other two factors being not significant throughout. Ia
general, the soybean plants growing within the bamboo stand
(E.,) had thinner stems. However, while in Experiments 2 and
3 this was sc¢, in Expt.1, the plants growing mq:r 31 had
thicker stems initially (30 and 60 DAS) and the difference
wes highly significant (p = 0,01) at 60 DAS, Further, the
differences between stem diameters for E, end E, were very
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Iable 3 Dismeter of stem at base (mm) SOYBEAN
Expt.1 Expts2

Expt 4 DAS D AS

-] 60 90 30 60 90

1. chin thc bamboo stend (£4) (&) Influence of Phosphorus lenll
Py 2.432  2.972 2,662 1,461 s e
P1 2.357 2.828 2.570 1.408 2.240 1,850
P, 2.389 2.998 2.612 1.379 2.246 1.985
F NS NS NS NS NS NS
SE 0,022 0,087 0.183 0.056 0.117 0.16%
cL - - - - - -

{b) Influence vigour of bamboo clump (V)
L 536 2942 2.573 1,465 2,353 2.038
H 2.298 2.922 2.656 1,366 2,193 1.896
F NS RS NS NS NS NS
SE G.027 0,072 C. 149 0.046 0,095 0,135%
CD - - - - - -

2, iIn the open rield (E,) Influence of phosphorus levels (F)

?’0 2.3 2.699 2.584 2.249 3,241 2,968
Eq 2.365 2.814 2.706 2.7179 3.002 2.882
I’z 24310 2.752 2.679 2,274 3.210 3.037
F . NS Ns NS NS NS NS
SE 0.142 0.062 0.066 0.145 0,090 0,096
- - - - - -
3, Pooled analysis (a) Influence of Environments (E)
E1 24393 2,932 2.615 1.416 24273 1.967
E, 2.339  2.755 2,656 2.234 3.151 2,962
F NS L NS e L] e
SE 0,062 0.043 0,077 0,066 0.059 0.076
CcD - 0,123 - 0,190 0.170 0.219
(b) Influence of shosphorus levels (P)
Py 2.387 Z2.8%  2.8237 TY.85% T T TZIST T I.5AE
Py 2,361 2.821  2.638 1,794 2,621 2,366
PZ 2.35%0 2.874 2.646 1.827 2.728 2.511
F NS NS RS NS RS NS
SE 0,076 0,052 0,094 0.080 0.093

0.073
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Table 3(a) Diameter of stem at bese (mm) as on 30 DAS  SOYBEAN
E %Et3 1 Influence of the interaction V X P
P levels Vigour of the bamboo clump (V)
L H
Py 2.456 2.407
P, 2.266 2,448
F, 2437 24340
F test = *
SE a 0,046
CU - 0.139

Conclusions:
a) Eover ¥

H = P F, T,
) Yover
Po- L H
Py = & L *



Table &
Expt, 3

Diameter (mm

30

Lo

L +5S
50

60

183

SQYBEAN

70

90

1+ Within the Bemboo stand (E.) (2) Influence of Phosphorous 10v0%§
K {

SE
CL

2.185
2.220
24265
NS
0.025

2.415
2,505
2,550
N
0.043

(b) Iniluence of vigour of bamboo clump (V)

Lo

}A
P

si

U

T 2.270
2.237
KS
0.030

2501

2.473
NS
0.035

2,740 2,555 2.670 2.085
3.170 2.665 2,795 2.100
2,785 2.805  2.845 2,380

NE NS NS NS
0,199 0.089  0.177 0,164

Ry APy (AT - BRI A

3.000 2,647 24747 2,110

NS s KNS NS
0.163 0.079  0.144 0.134

2+ In the open field (EZ) Influence uf :rhosphorous levels (F)

Fo 7 TALSE2 TT2A0 T 90T T 3.857 T TLIO6E T.L7
P1 2.078 2.700 3.628 4,133 4,464 4,647
Fg 24209 24729 54593 2992 4,265 4,707
i3 N& NS NS NS NS NS
Sk 0.075 0191 0.137 0.132 0.159 0,193
D - - - - - -

3. Pooled analysis (a) Influence of Environments (E)

By 24223 2,490  2.898  2.675  2.770 2.188
E, 2,093 2,690 3.570 2.994 4,258 4,550
13 * N_C_, <+ e LR L 2 *na
SE 0,036 0,083 0.097 0.068 0.097 0.104
(9] 0.104- - 0499 0.350 0.499 0.535
{b) Infiuence of Fhosphorous levels (P)

PO 2,089 2.528 34115 3,206 3.358 3.251
Py 2,149 2,603 3.399 3399 3.630 3.374
P, 2.237 2.640 3,169 34399 3.555 34544
F NS RS NS NS NS KS

SE 0,044 0.102 0,119 0,084 0.138 0.127
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Zahle 4(a) Dismeter of stem at base (mm) as on 40 DAS  SOYBEAN
Expi'«S Influence of the intersction V X F
P levels Vigour of the bamboo c¢lump (V)
L H
Pg 2.50 2.33
P1 2,43 2.58
¥y 2459 2451
F test = *
sE = 0,061
Ch = 0.184

Conclusions:
a) ® over ¥

2 o
H = Fy PZ FO *
b) Y over P
Po = L H
Fq = H L
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little under Expt.1 (even on 60 DAS when it was gignificant)
while in the case of Expt.3, though the difference was small
initially (30 DAS), with E; recording significantly thicker
stems than E,y not only did the trend reverse after that, with
Ez recording thicker stems, but also the difference between
ther started to widen and that too at a fast rate. The situa~-
tion as regards Expt.2 was entirely different with the difference
between E4 and E2 being large rizht from the start and being
maintained throughout the rest of the crop growth period, at a
more or less constant level, the difference being very highly
gignificant (p = 0.001) at all the etages (30, 60 and 90 DAS).

The influence of F, however, was strange under the open
field environment (Ez) when the three experiments are compared,
even though under any one experiment F did not exert any signi-
ficant influence on stem dlameter. Thus, while the stem
diameter increased, in genersl (i.e., under all levels of P)
upto 60 LAS end thereafter did not increase, the differences
between the different stages of crop growth (30, 60 and 90 DAS)
were not much under Experiments 1 and 2. On the other hand,
in the case of Experiment 3, the stem diametsr, wnder all the
3 levels of P, continued t0 increase steeply throughout the
crop growth period till the end; thus the differences batween
the diameter at 30 DAS and 90 DAS were very great,

Further, while the main effects of both V and P were not
significant throughout, their interaction (ViP)was significant
in two instances (Expt.? and on 30 DAS, and Expt,3 as on 4O DAS).
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In general in both ceses (Table 3(a) and Table 4(a)) there

appears to exist a link between 'high vigour' bamboo clump

(H) treatment and application of 100 kg P 0g/ha (i.e., P,

level) which acts towards increasing the stem diameter of the

soybean plant.

4.1.3 Number of branches/plant
(Tables 5, 6 and 6(e), Fig.Z(cD

The soybean plants growing in the open field (Ez) had
significantly (p = 0.001) more number of branches as compared
to those growing under bamboc shade (E,). at all atages of
growth and under both Expt.2 and Expt.3. The reduction in the
number of branches under E, is evidently due to the shade cist
by the bamboo clumps as shown by the results obtained by earlier
workers. Thus, Moursi gt al. (1976) observed a reduction in
the number of tillers is wheat due to0 shading. On the other
hand, in the case of barley, shading had been observed to
increase the number of tillers/plant by Singh (1978)3 while
the evidence asz regards the influence of shading on branching
is conflicting in the case of cereal crops, the evidence is
clear-cut in the cese of pulse crops, particularly soybean.
Thus, in cowpea higher light intensity improves branching as
reported by Tarile et al. (1977). In soybean, Kan and Oshima
(1952), Asanuma (1977), wabua and Miller (1978) and Jeyaraman
(1979) have reported the ill effect of lhadingAcn branching,



-
Table 2 HNumber of branches/plant SOYBEAR 187
Exgt, 2 DAS
R 90®
1. ¥ithin the bemboo stand (E;) (a) Influence of phosphorus
Tevels (P)
Po 0.764 0.872
P, 0.748 0.766
P, 0.744 0.896
B NS NS
SE 0,042 0.086
Cp - -

(b) Influence of vigour of bamboc clump (V)

L 0,745
b 0.758
F NS
SE 0.034
¢ -

0.B47

0.842
NS

0.070

2. 1In the open iield (E,) Influence of phosphorus levels (P)

1.530
1.471
1.552
N3
0,074

3. Pooled analysis (a) Influence of Environments (E)

1 0.851

Py 0.989

F, 1.116

F )

Sk 0,068 G
CcD 0,202 @6
E, 0.752

E, 0.985

¥ *

SE 0.034 ¢@
[901] 0,098 €6

0.846
1.517
(3
0,046 @0
0,133 &€

(b) Influence of phosphorus levels (P)

Py 0.808
P, 0.869
P, 0.330
F NS

SE

0.041
n.11a

1.201
1.119
1.224
NS
0.056

Nn_4Kko
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Table 6 No, of branches/plant SOYBEAN
Expt. 5 LAas
bo ¢ 50 60 70 90
1. ¥Within the bamboc stand (E4) (a) Influence of phosphorcus lm}%
R NFOM_' TTTe.5227 71,965 2,035 1.825 1.710 =
P4 0.804  2.175 2,060 1,685 1,725
Py 0,671 1.820 2.255 2,065 1,670
¥ NS NS Ns NS NS
Sk O.041 @€ 0,198 0,220 0.220 0.241
Cu - - - - -
(V) Influence of vi,our of bemboo clump (V)
L 0,519 2,093 2.150 1.847 1.513
H 0.812 1.840 2.08% 1.870 1.890
F * N Ne Ks NS
Sk 0.033 ¢& 0.162 0.180 0.160 0,197

2e In tne opsn field Iniluence of the yhonphox-us levels

j. t’ocled analysl.s

CD 0,100 &t -

1’0 ’m 3. 071 2 551
By (1.20¢)1.167  3.038
5"2 {4‘_135‘;1-% 24918
F NS RES
SE 0,095 &¢& 0,185
cL - -

2.917 2.750
3.637 34333
34137 3.522

* ®
0.194 211
0 577

By 0666 T M.967 2.11 AN - L' SR I o - B
E, 1.895 2.836 3.219 3.230 3.202
}‘ = R 2 R R *a%
SE 0,043 & 0.111 0.174 0.119 0.157
> 0.221 48 0,571 0,586 0,612 .807
1 ,ancs of phosphorus levels (F)
Fg A-464° 1.797 2.228 2.518 24371 2.230
Py {4 U‘w 0.986  2.607 2.770  2.661 2,529
Py (4. ,_32,;1 059 2.369 27716 2.601 2,596
F Ks s K] XS NS
SE 0,053 €€ 0.135 O 140 0. 146 0.193
cr - - - - -

-] Square root tranaforzation done before anelysis
¢ = in square root transformed units
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Table 6 (a) Number of branches/plant as on 70 DAS SOYBEAR
Expt 3 Influence of the interaction E X P
P levels Environments (E)
within the bamboo (E;) In the open (Ez)
P
0 1.825% 2.917
Py 1.685% 3.637
P, 2,065 31357

I teat o %
SE = 0,207
cD = 0,595

Conclusions:

a)

P_over |
¥, F. P.

E; = F o *4

g, = By F, By

E over P

Po = Ep I

Py = E



A D

180
while Johnston et al. (1969) reported increased branching
through provision of supplemental light.

As regerds the influence of the vigour of the bamboo
clump (V), only in one instance (Expt.3, 40 DAS) was the
difference significant, with the soybean plants growing under
the 'high' vigour clumps (H) recording more number of branches.
Barring this single case, the influence of clump vigour was not
significant.

Phosphorus exerted a significant influence on branching,
only on soybean plants growing in the open field (Ez) and that
twoo, in three instances anly (Expt.2, 60 DAS; Expt.3, 70 DAS
and 90 DAS). Its influence under E; or in overall terms was
not significant. In the open field condition, P, was signifi-
cantly inferior in all the three instances mentioned ebuve,
the other two P treatments being on a par. The inference is
application of F increases branching, under open fleld condi-
tions. As regards interactiocns, the interaction EXP was
significant under Expt.> as on 70 DAS. Under Ez, P1 was signi-
ficantly superior to PO' with P2 occupying an intermediate
position, ikself being on a par with both P, and P,. Further,
under all the three levels of F, Ez wag significantly superior
to Eq, thereby underscoring the importance of light im
branching (Table 6(a)).

A comparison of the two experiments (Expt.2 and Expt.3)
under which only this parameter was studied, revezls an



interesting trend. Firstly, the number of branches/plant

was always but onee (1.e., influence of environments under
Expt.2, as on 90 DAS), lesser in the case of Expt.2 as compared
to Expt,3. It is quite likely that this difference between the
two experiments is the effect of season as has already been
pointed out while discussing plant height. The more interesting
aspect, however, is as regards the pattern of response. Vhile
in the case of Expt.3, the number of branches/plant increased
steeply upto 60 DAS and thereafter platesued (Under Ez) or
declined {under E;), the situation under Expt.2 was one of
continuous increase from 60 DAS till harvest (90 DAS). Again,
this differential behaviour seen under the two experiments is
perhaps ascribable to the seasonal effect., One basic difference
between the two seasons was in so far as rainfall 1s concerned -
that for Expt.2 being dry while Expt.J enjoyed some rainfall,
However, this could at best be only a suruise.

4,1.,4 humber of leaflets (Total)/plant

¢Tables 7, 7(a), 8, 8(a), and 9, Fig.3(a))

As in the case of branching, in this attribute also, it
was the environmental factor (E) that dominated. The other
two factors, V and P, did not exert any asignificant influenee,
excepting in one instsnce (Expt.2, 90 DAS) where V exerted
a significant influence.

As regards environment, an interesting feature was

observed., In the case of Expt.1, the nuaber of leafleta/plant
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fable 7 Number of Leaflets (Total)/Plant SOYBEAN
Bapte 1 D A S
30 40 60 80 90
1. Mithin the bamboo stand (E ) (a) Influence of phosphorus 1"3:
¢ Pq 11,633 15.94 26.926  17.07  7.0%
P1 10,949 15425 22,523 16.10 5.958
Py 11.507 15.07 25.594 14,54 5.359
F N3 NS NS Ks N3
SE 0.352 0.480 1.671 1.142 0. 754
Cu - - - - -
(b) Infiuence of visour of bamboo clump w)
L 11.351 15.61 ‘28122 15.L8 5.195%
H 11,374 15.23 24,906 16.58 6,078
F N3 NS NS NS NS
SE 0.287 0.392 1.365 0,932 0.61%
CD - - - - -

2. In the °P=ﬂ field (E;) Influence of phosphorus levels (P)

A 10.333  15.04 19.528  14.28 4.169
Eq 10,436 15.29 21,365 13.72 3.875
Py 10,668 15.04 20.876 13.79 3.036
F NS NS NS NS NS
SE 0.243 0.520 1.385 0,905 0.618
Cb - - - - -

3. rooled analyais (a) In.fluence of environments (E)

51 11.363 15.42 25,014 16.04 6.136
E, 10.479 15.12 20,590 13.93 3.693
¥ Bl 2l NS »4 ® »
SE 0.172 0,290 0.879 0.589 0.394
Cu 0,494 - 2,529 1.694 1.135

ﬂﬁ(b) Intlucncc of phogphorus levels (P}

T Py 1083 15,49 23.227 15.68  5.631
Py 10,693 15.27 21,964 14,91 4,917
Py 11.088 15.06 23.235 14,37 4,198
F NS Ns NS NS ) ]
SE 0.210 0,355 1.076 04721 0,483

cb - - - - -




Tabtle 7(2) HNumber of leaflets (Total)/plant as on 90 DAS
Cxpt. 4 luence 1 int ction YV X P SOYBEARK
P levels Vigour of the bamboo clump (V)
L H
PO 8,074 6.110
P1 4,228 7.688
P, 6.282 4,435
F test = ¥
SE = 1.066
Cu = 3,209
Conclusions;
a) P over V
- S -4 *
L=F T B

b) Y over P
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Table 8 N aflets (Total/plant SO‘IBE‘.‘AAS4
Expt, 2 D A S

3 60 % e
1. Wwithin the bamboo stand (E ) (a) Influence of phosphorus
. Tevele (F)

Po 8,960 21.570 4.291

P, 8,496 21,377 5.159

P, 9,067 23.313 4.430

13 NS NS NS

SE 0,202 1.600 Q.172 éu

Cu - - -

(b) Imluence oF vigour o bauboo siump (V,

L 9 0_,3 43 193 3.242

H 84,649 20,979 6.011

¥ N NS bl

Sk 0,165 14306 0.140 &

CL - - 0.L23 e#
2.-1::*:11; cpern field \_Ez, -n.'uenc;‘;rwrhoepmrus levela (P)
T P 16,747 35471 7.621 (2.;14)

P, 10,466 35.786 9.071  (2.857)

P, 10.489 36,167 10,745  (3.00%)

L WS NS NS

St 0,272 2,263 0,221 %8

oo - - - (o959
3. Pooled :malysxs (a) Infiuence of enviromments (E)

Eq 8,841 T 22,088 4,627

E, 104565 36,708 9.146

I R *HN ot

SE Co140 1.148 C.152 <&

Cu 0.404 3.311 C.438 €2

(b) Inﬂuence of :\hosphorus levels (F)

F, 9.851 28,871  B5.9% (%.205)

Eq G481 28,582 7.115  (52.540)

P, 5.778 30,740 7.587 (2.59%)

IS NS NS NS

SE 0.172 1,407 0,187 ¢¢

co - - - (0-539)

@ = Square root transformation done before analysis

% = in square root transformed units
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Table £(a) Number of leaflets (Totsl ant as SOYBEAK

Expt 2 Influence of the interaction V XF

Vigour of the bamboo clump (V)

P levels
L H
Rz Wy 7R A
Py (4.wzy 3:966 5. 4.3) 5.516
Py 7505 1.989 g 8.329

4 A
Py ra.n3z 4872 sy o) 40987

I otest =° A g
3 =)scuzre root ilransformation 7. 2 42
Co -i of the datz carried out LR L
wonciusicns:
2, kb cver V
L=F, rq ¥y *
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Jable 9 No, of Leafiets (Total)/P ;521 SOYBEAN
Expt, % s 8
30 &0 5o 60 70 %0

1. Within the bambooc stand (E4) (2) Influence of Fhosphorous
e i e ke e . et 08 A 5 e et S £ - e . 0 o imn [ 1.-1m' (P)
Py 1} 770 16.165 23 500 21.330 18,940 13,630
P1 415 16,585 25.665 22,565 17.790 12.770
P, 13,895 18,545 24,955 23,375 18.83% 15.010
F KS NS ES NS ) NS
Sk 0.780 0.752 1.053 1,608 24525  1.954
CL - - - - - -

(b) lnfluence of vigour of bemboo clump (V)

[ T % [V IO /-5 -5 M=) TR ey ¢ S WL LR L9 I
k 1,443 17,473 25.457 20,570  17.460 13,420
F NS KS NS NS Ns RS
Sk 0.406 0,614 0,860 1.313 2.051  1.595

;;,- - - - -

2. in the open ne.LdﬁE,_)J.nhue—xce in the pho .,hcrou- level: (F)

TUEG T 1208217 2003 270917

Fy 13,333 18.813 28.22% 36,291
P, 13,396 20.8%6 31.855  35.833
¥ s N5 NS g
St 0.574  1.436  1.64E 2,569
Co - - - -

3. loolcc °ra.l.y_f1°

31082 T 32,875 27.667

3.646 34,146
30,583 33.687
NS NS
2.8868 3.442

(a\ I 1uane of envirumsnts (E)

"By Th.027  17.098 24,707 22.423
E, 13417 20,021 294334 344395
¥ K * F A% a2 ]

Sk 0.380 0,631  0.761 14180
ci 2,006 2.450 3.9 6.069

(b) Influence of }hcsphorou': levels (P)

By 13,546 18,260 25.709 26,196
Fq 13,874  17.699 26,947  29.428
B, 13,645 19.721 28,405 25,604
i Ns NS NS NS

SE 0.478  0.773  0.933 1,445

cL - - - -

8,522 13,803
Z3.3686 31.833
i % L 1 23

1.540

1,483
7.678  7.920

20,649
23.458
24,349

25-908
27.218
24.700
Ns NS
1.826 1.887
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was always (30, 40, 60, B0 and SO DAS) more in the soybean
plents growing within the bamboo stand (E,) as compared to
those growing in tl?c open fleld (Ez). Further, the differences
were sgtatistically significant at all stages of growth but one
(40 DAS). On the other hand, the pattern was diametrically
opposite under the two experiments which followed. In both
Expt.2 and Expt.3, it was the soybean plants growing in the
open field (E;) that recorded more number of lezflets/plant
8s compared to those growing within the bamboo stand (E.‘) at
all stages of crop growth excepting in one instance (Expt.3,
30 LAS) where E, was superior to E,. And, in all cases (1.e.,
all the gages and both Expt.2 and Expt.3) the differences
were statistically significant,

Other workers have furnished evidence for a lack of
response to shading as well as for a negative response, in so
far as number of leaves/plant is concerned. Thus, while Murray
(1961) stated that shading had no effect on the number o0f leaves
produced in banana, Singh (1978) working on barley reported that
shading decreased the number of leaves/plant. In beans, which
is a pulse crop, Crookston gt al. (1975) observed that shading
reduced the number of leavee progressively.

In the present investigation, both an increase (in Expt.1)
a8 well as a decrease (in Expt.2 and Expt.3) in the numbder of
leaflets/plant in the shade envircnment has been observed.
While the reduction in the number of leaflets consequent to
shading as seen under Experiments 2 and 3, agrees with the
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findings of Singh (1978) and Crookston et al. (1975), the
incresse in the number of leaflets under shade, seen in
Expt.1 is sppareantly incongruous and needs elucidation.

Two factors, both operating in a parallel manner, appear
to have been responsible for this anomalous behaviour., Firstly,
it i8 the result of a progressive increase in the intensity of
shade case on the soybean within the bamboo stand. Initially,
at the start of the investigation, the bamboo clumps were rela-
tively younger, their crowns had not developed fully, and the
canopy had not closed. Further, & pre-treatment had been given
to the crowns Jjust before the start of Expt.1. Hence, during
the tenure of Expt.1, the soybean plants grew under a bamboo
canopy that was relatively more open. In other words, only a
1lizht shade or ‘partial shade' was imposed on the soybean
plants, However, these conditions changed rapidly, a8 time
passed, with the bamboo canopy developing fast and closing in.
Thus, during the subsequent two experiments (Expt.2 and Expt.3)
the soybean had to grow under a relatively heavier shade. This
reversal in the shade intensities explains in pert, the anomaly
seen in the number of leaflets/plant under Expt.? on the one
hand and under Experiments 2 and 3, on the other,

The second factor is the seasanal light climate. A
scrutiny of the data on number of leaflets shows that, during
the period August 1979 to December 1979, which corresponds to
the tenure of Expt.1, the number of leaflets/plant was more
in the soybean plants growing within the bamboo stand (E,),
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while during the period, 2nd week of January 1980 to the end

of July 1980 which corresponds to 30 DAS of Expt.2 to 90 DAS

of Expt.3, the number of leaflete/plant was more in the soybean
plants growing in the open fleld (Ez), with but one exception

{30 DAS of Expt.3). Since light is the factor among the environ-
mental factors that directly influences the rhotosynthetie
apparatus, the ambient light suggests itself az the chief

factor that is most likely to influence the number of leaflets/
plant.

An examination of the data on the ambient light intensity
that prevailed in the open field (Ez) reveals certein definite
trends over time (Appendix 1 and Fig.2), It is seen that, in
general, the light intensity was very high (far more than 100
K lux, as measured at noon) during the period from Septeaber
1979 upto the Jrd week of October 1979, This period, parti-
cularly September 1979, corresponded to the active vegetative
growth phase (1.e., upto 60 LAS) of the soybean crop, of Expt.1.
During the same period, the light intensity below the bemboo
canopy was gensrally of the order of about 90 - 99 K lux,
excerting for two spells during October 1979, when it reached
values as high as 120 and 110 K lux (Appendix 1 and Fig.8).

As regards the duration of illumination during this peried,
the data presented in Appendix 3 and Fig.11 show that the

mean hours of b ight sunshine/day was generally low during
the above mentioned period, being of the order of about &4-6
hours, excepting during a short period of about a week from
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15th to 21st October 1979 when the hours of sunshine was
longer (10.2 hours). Thus, quantity-wise, the light was not
much since the higher intensity of light was offset by shorter
duration of illumination. It must, however, be remembered
that between the two factors, viz., intensity and time, that
deteraine 1lizht quantity, it is the intensity fector that is
of greater import from the point of photosynthesia. Light as
a production resource is unique in that 1t cannot be stored but

mugt be used instantaneocusly.

Agalnst this beckground of the avalilable light intenaity
being of a relatively high Order (greater than 100 K lux) during
the period when Expt.1 was conducted, let us examine the light
utilization capacity of soybean leaves. It is known thet the
rate of photosynthesis drastically falls beyond certzin values
of light intensity and plateauing results. In Chepter 2 the
light saturation value for soybean was reviewed and it was
seen that light saturation occurs at light intensities ranging
from 23.68 K lux (Bohaing and Burmside, 1956) to about 80 K
lux (Bowes et 8l., 1972) in excised soybean leeves. Even if
we discount these values as beilng rcther low and as being based
on excised leavea, we saw that the light saturstion for even
field-grown soybean was not very high, light saturation oceurs
at about 107 K lux light intensity as reported by Beuerlein
and Pendleton (7971).
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It could therefore be postulated that, during the tenure
of Expt.1, the ambilent light intensity being very high (an
average of 128,1 K lux during the period from sowing upto 60
DAS) and thus far above the saturation light intensity, the
soybsan plants growing in the open field (Ez) produced less
nunber of leaflets 80 as 10 be commensurate with the available
sink; 1t wes a guestion of optimisation of the source to match
the sink. On the other hand, the 1izht intensity under the
bamboo canopy (E1), during the same period, averaged 99.6 K lux
only, and thus wos well below the light saturatien intensity of
107 K lux reported by Eeuerlein and Fendleton (1971) for field-
grown soybean plants. This would imply that there existed an
environmental stimulus within the bamboo stand (E1) for the
photosynthetic apparatus to expand so as to capture solar energy
more fully. Such an expangion can logically téke place through
two means - elther by increasing the number of leaves or by
increasing the surface area per leaf, or by a combination of
both, The available data on mean leaf mrea/leaflet (Tables
10 and 12 and Fig.3(e)) show the interesting phenomenon of the
E4 environment recording larger leaves initlally (Expt.1) and
smaller leaves later (Expt.3). These results suggest that
when there is a slight reduction in light intensity, the area
of individueal leafleta increases, but when the shade intensifies
there 1is no further area axpansion such that if the light
intensity in the open is ideal, the open field-grown plants
will produce leaves lerger in size than those growing in deep
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shade. Further, quite apart from increasing the area of
individual leaflets, more number of leaflets also were

produced during Expt.1, 80 as to maximise the leaf area (total)/
plant as 2 patural response to the relatively lower light

intenzities within the bamboo stand (E.I).

During the period that followed (i.e., after Expt.4)
the ambient light intensity, after having touched the lowest
value of 21.9 K lux during the 3rd week of November 1979,
started to rise again upto the 2nd week of May 1980, when 1t
reached the maximum value of 115.2 K lux (Appendix 1 and Fig.8).
Beyond that, the light intensity started to fall once again
touching a value as low as 32,7 K lux during the last week of
June 1980, when the aoybean crop of Expt.3 was about 70 deys
old, Taking the averages for the period 'from sowing up to
60 DAS' only, for Expt.2 and Expt.3, we find that the ambient
light intensities in the open field (Ez) wvere 71.8 K lux and
8845 K lux respectively. The gorresponding values for the
bamboo stand (E,) were, 45.3 K lux and 61.9 K lux for Expt.2
and Expt.3 respectively, It is evident that the light intensi~-
ties, both in the open as well as inside the bamboo stand,
during the tenures of both Expt.2 and Expt.3, were far below
the reported light saturation value, though very much higher
than the compensation peint of 1 to 1.5 K lux reported by
bohning and Bur.side (1956).
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Ubviously, this situation was conducive for the soybean
plants growing in the open field (Ez) to produce more number
of leaves in Expt.2 and Expt.3, so as to utilize the available
solar energy more fully. It may be thought, that if this were
to be true, the same line of reasoning must hold for the bamboo
stand also, and since the light intensity inside it being lesser
still, the leaf production must be still higher than that for
the open-grown soybean, However, it must be remembered that
the available assimilates in the soybean plants growing within
the vamboo stand (E,.) were rather limited, as is evidenced by
the data on dry matter production (DHMP) to be discussed later
in this chapter (section 4,1.,12). Hence, the assimilates avail-
abde being restricted and forced to be shared between purely
photosynthetic tissues and non-photosynthetic structural tissues,
a constraint would develop sooner or later., Every increase in
the nunber of leaves is attendant with diversion of part of the
available assimilates towards the building of non-photosynthetic
but euenthl structural parts like the veins of s leaf, It
thus stands to reason that during the periods of Experiments
2 and 3, eventhough there existed a strong environmental
stimulus within the bamboo stand (E1) for the soybean plants
to put forth more leaves, still the plants did not respond,
because of the available assimilates being low and acting as

a constraint.
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The reversal of the general trend seen in Expt.3 at 30
DA3, with the soybean plants growing within the bamboo stand
(E.') recording significantly more nuaber of leaflets/planmt
than those growing in the open (Ez) was perhpas the consequence
of a ligzht cleaning given to the bamboo clumps at the commence~

ment of Expt.3, which could have created en optimum environment
for soybean leaf production.

As regards the influence of the second factor, viz.,
vigour of the tamboo clumps (V), there wes only one instance
of statistical significance. It was seen that the soybean
plants growing under 'hizh vigour'’ bamboo clumps (H) had signi-
ficantly more number of leaflets/plant than those growing under
'low vigour' clumps (L) at 90 DAS under Expt.2. This lone
exception does not warrant further discussion, particularly
since the concerned data had to be square root transformed

before statistical analysis.

The third fagtor, P, did not exercise any significant
influence, However, two 0f its inteructions, both involving
'vigour of the bamboo clump' (V), were statistically signifi-
cant., These pertain to 90 DAS under Expt.1 (Table 7(a)) snd
90 DAS under Expt.2 (Table 8(a)). The overall inference that
could be deduced from these two interactions, is that P appli-
cation at 100 kg on,/ha (1.e., Py) significantly incrsases
the number of leaflets/plant in soybean plants growing under
‘high vigour' bamboo clumps (H).
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Finally, an overall comperison of the three experiments
taken together, shows & common feature, It is seen that the
number of leaflets/plant initially rizes steeply and almost
linearly, peaking at 60 DAS, and then registering a2 sharp fall,
the rate of fall being rather slow in Expt.3 only. At 60 DAS,
when the peak w:s reached, the number of leaves/plent ranged
from about 19 to about 38 for open fleld-grown soybean plants
(Ez). And, in the case of Expt.3 alone, the rate of reduction
in the number of leaflets/plant was very slow such that there
ere 27.67 to 33.69 leaflets/plant in E, under the different P
lewels, even at S0 DAS. The general trend of rcductionl in lesf
number after 60 DAS is ascribable to leaf senescence and fall

coupled with progressive cessation of new leaf production.

4.1.5 Leaf area/plant
(Tables 10, 11, 11(a), Fig.3(p))

Only one factor, viz., the environment (E) exerted any
influence ok the leaf area/plant, the other two factors (V and
P) remaining inactive., The infiuence of the environment was
significant throughout, i.e., at all the stages of growth and
under both the experiments (Expt.1 and Expt.3) for which leaf
area was recorded. The trends, however, were opposite between
the two experiments, While in Expt.1 the soybean plants growing
within the bamboo stand (E,) recorded a higher leaf area/plant
at both 40 and 80 LDAS, in Expt.3 the plantas growing in the open
field (B;) recorded higher leaf area throughout, excepting
initially (30 DAS).
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SOYBEAN
Table 10 Leaf ares (total)/plant (ow?) Mean leaf areas/leaflet (o
ExXpt.1 D A S D A S
40 so 40 ' 80
1. Within the bamboo stand (E,) (a) Influence of Phosphorus levels!
Fo 213,002 154.24 13.29 9.1
Py 181.969 142,39 11.89 8.99
P, 190.911 138.77 12.54 9.54
F NS NS NS NS
SE 15.654 11.82 0.717 0,611
cu - - - -
L 200,520 138.89 12.81 9.18
h 190.068 151.37 12.24 9.24
¥ n3 Re Ks NS
SE 12.782 9.65 0.585 0.499
Ch - - - -

2. In the open f1c1d (E,) Influence of phosphorus levels (P)

Fy 128,462 95.03 8.53 6.63
Py 135,065 81.58 B8.72 5.80
Ey 133.371 81,02 8.71 5.79
F NS NS NS NS
SE 8,936 6,46 0.440 0.310
[ol] - - - -

3;'égoiqq_§qalysis {a) Influence of environments (E)

kg 195,294 145.13 12,57 9.21

Ep 132,299 85,88 8.65 b4

¥ L2 2.4 kot 2 3 Ed 1 R

SE 7.187 5.36 0.336 0.272

ch 20.680 15,43 0.967 0,784
{b) Influence of phosphorus levels (P)

£o 170.732 124.64 10,91 7487
P, 158.517 111.99 10.31 7.40
E, 162,141 109.90 10.63 7.67
F NS NS Ns Rs
SE 8.802 6.57 0,412 0.334
o)




Table 11 Leaf Area (Total)/plant (ca’)

Expt, 3
D A

20 _bo

S

SOYBEAN

60 70
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90

1, Within the bamboo stand (E1) (a) Intluance o!_phoa ous levels
ROIERAEON LT

Po  332.245 300.250 530,405
Py  352.900 300,000  589.780
P, 326,465 359,145  610.105
F NS NS it

3k 40,875 22.736 41,823

cu

456,150 3184345
533.410 299.415
646,230 288,205
NS NE
50,5590  55.827

201,760
168,440
247.62%
NS
41,206

() Inf uence of viaour of bamboo clum (V)

L

T 297.797 294.267 529,380 561.283 313.243 207.667
H 376.610 345,330  624.147 509,263 250,753 204,217
b ] NS NE MS S NS
SE 33,373 18.564 B 148 41,307 45.582 33,644
cL - - - - - -

2. In tha ggen rield Intiuence of the phospharous levels (P)

Py 253.501 516,345 739,528 B30.456 785.767 Lkk.11
Fy 262,221 441.835  B853.288 864.79 898.614 640,96}
P, 290,132 500.872 976,343 875.027 719.448 608,657
F 18 e NS IS NS
Sb 70,200  107.382  93.676 90.372 75,79
cv - - - - -
3. Eooled (a)_ Lni*uénce of environuents (E)
By 39,798 576.763  545.263 301.968 205.9%
E,  268.651 486,351  656.386 B56.760 B801.276 564.58
F - " R L3 L] L *
SE 20,568 30,514 48,596 44,534 4L.239 36,08
cp 59.243 156,927  188.678  229.029 227.512 185.55
(b) In!luence ot Phoaphorous 1eve1- (P)
Py 292,873 408,298 634.967 643.303 552.056 322.9%
Py 307.611 370,918 721,534 699,103 593.015 404,70
P 208,295 430,009 793.224  760.629 503,827 428.14
F Ns NS NS L] RS L
SE 25.215  37.371 59.517 54,542 54,182  Lha18
cb - - - - - -




Table 11(a) Leaf area (Total)/plant (mz) as _on 60 DAS SOYBEAR
Influence of the interaction V X P

Expt. 3
P 1¢v":i:“ Vigou;‘;?_thc bamboo clu-—;(v)
L H

Po 42,78 L83,52

P, 500,36 566 .46

Py 814,71 477.75
F teat - *
SE w 71.546
¢D = 215.568

Conelusions:

a) F over V

L=p, PP *

. ,
B=F Fg T
b)PO-ﬁ T

p, =TT
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That shading reduces the leaf area has been reported by
several workers (Andrew and Burns, 1978 in maize; Palis and
Bustrillos, 1976 in sorghum; Crockston et 813 1975 in beans).
Further the eo-pl'gtary phencmenon, viz., increasing 1light
intensity increases the leaf erea, has also been demonstrateds
for instance, by Adedipe and Ormrod (1974) in cowpea and Tarils
et al. (1977), again in cowpea. These evidences clearly
establish the deleterious influence 0f shade on leaf arem. The
results observed under Expt.3 (excepting at 30 DAS) of the
present investigation, is in agreement with the above.

However, lack of influence by ehading on leaf area has
also been reported by Singh (1978) working on barley. Even, a
positive influence of shade on leaf area has also been reported.
Thus, Porter (1937) observed in tomatoes leaf area to increase
under decreased light intensity and Saxens and Sheldrake (1977)
reported that in chickpea, a higher leaf area was retained for
a longer time under shading. The results observed under Expt,?
(at both 40 and 80 DAS) of the present investigation corre-
borate the last twe reports.

As regards soybean itself, mutuasl shading as occurring
in normal canopies has been reported to increase the leaf area/
rlant, as compered to debranched plants which admitted more
1ight through tha canopy, by Beuerlein gt al. (1971). Ia
contrest to this, Jeyareman (1979) ascribed the higher leaf
area observed by him in the uniform row system as compared to
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the paired rov system of planting, to more availability of
sunlight in the uniform aystem of planting.

One plausible explanation for these conflicting reports
about the influence of shading on leaf area, in different crops
inciuding soybean is that, reduction in light intensity initially
stimulates the plant to reppond to the stress by increasing the
total leaf area s0 as to capture as much light as possible and
thus compensate for the partial loss in light intensity. Such
increases in totasl leaf area may be achieved through producing
more lezves as well as by increasing the leaf area/leaf. How-
ever, thiz adaptive mechanism may operate only within a range
of light intensities (which may vary depending on the plant
specles concerned) and when the degree of shading intensifies
and goes below this range, there simply is not enough assimi~-
late due to the insufficiency of light, that further production
of leaf tissue and thus maintenance of a high leaf area beccmes
impossible. Under still heavier shade, even the number of
leaves/plant is reduced for want of assimilates, as compared
to the situation in an open field. At this stage, even the

leaf area/leaf may suffer.

Thus, a distinction between ‘partial shade' a2nd 'deep
shade' has to be effected in interpreting the behaviour of
total leaf area/plant under reduced light 1ntopa1ty. Whitney
(1902) and Hasselbring (1914) rcpox;tod that partial shade
produces large, broad and thin leaves in tobacco. The data
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for mean leaf area/leaflet in the present investigetion (Table
10 and Teble 12) reveal that under Expt.1, during both stages

of recording the data (4O and 80 DAS) the mean leaf eres/
leaflet was higher for soybean plants growing within the bamboo
stand (E4) as compared to those growing in the open (Ez).
Actually, at 40 DAS there was & mean increase of 4% in the
area of 2 single leaflet growing in the shade, and at 80 DiS
the increase wes still higher (122%), 1.e., 2 shade leaflet was
more than double in area than an open-grown leaflet., During the
tenure of Expt.2 no observation was recorded on leaf area, AS |
regards kxpt.3, the mean leaf area/leaflet was hi her for
soybean growing within the bambooc stand (E,) only initially

(at 30 LAS), the increase belng of the order of 21%, Subse~
yuently, however, the trend reversed with the soybean plants
growing under shade recording lower values for mean leaf area/
leaflet.

4B regards the number of leafleta/plant, it has already
besen pointed out under section 4.1.4 that it was higher in the
shade (E.') throughout (30, 40, 60, 80 and 90DAS) in Expt.i,
after which it reversed so that there were lesser nusber of
leaflets/plant in the shade (E,) for the rest of the period
of the investigation (30, 60 and 90 DAS of Expt.2 and 40, 50,
60, 70 and S0 DAS of Expt.3), the only exception being 30 DAS
of Expt.l. Even in this lone exception, the difference was
marginal ‘the shade-grown planta recording only &.% more
number of lenflets than the open-grown plants) though 1t wes



-l

213

significant (p = 0.01). Setting aside this single exception
as a spurious phenomenon, the trend is clear that initially
when the bemboo stand cast 'light shade' or 'partial shade'
the soybean plants growing under it put on more number of
leaflets/plant as compared to the open~grown plants, but sub~
sequently es the bamboo clumpe grew and their ckowns developed
with eventual increasing closure of the canory, leaflet

production in the shade suifered.

Couplin; these two factors (1.¢., mean leaf area/leaflet
and numoer of lezaflets/plant) whose arithmatical product is the
leaf area/plant, it is clear that initially when there wes only
pertial sheding, both the mean leaf area/leaflet and the mmber
of leaflets/plant increased resulting in increased leaf area
{total)/plent, under E,. Tids explains the increased leaf
area {(total)/plant observed under Expt.1. Subsequent changes
followed the pattern incicated earlier 0 that the leaf area

(total)/plant under E, was lower than that for E,.

As mentioned earlier, neither vigour of the bamboo
clunp (V) nor phosphorus levels (F) exerted any significant
influence on the leaf zree (total)/plant. However, there was
a long case (60 DAS under Expt.3) of interaction between them.
The interaction indicated (Table 11(e)) that applicetion
of the highest dose of P, viz., 200 kg P205/ha, signiticantly
increased the leaf aree (total)/plant in soybean plants
growing under ‘'low vigour' (L) clumps.
It is difficult to attempt an explanation
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for this interaction as several possibilities suggest them~-
selves, as shown below -~ (1) the 'L' clump being less vigorous
did not compete very much for the added P with the associated
soybeen plants, which therefore could derive benefit from
increased P applicationi but the observed overall lack of
response to F does not lend support to this; (1i1) shade oast
by a 'L* clump being most probably '. . less intense, P utili-~
zation was more efficient by the relatively healthier plants,
etc. A4S regarde the main effect of P itself the reports of
earlier workers are conflicting. Thus, while Nogueir= et a).
(1977) reported that in soybean) the highest leaf area (LA) end
LAI were observed under an application level of 400kg as compared
to 200 and 100 kg 9205/11-. Roy and Mishra (197%), under Indian
conditions, found LAI to increase only upto 50kg ons/ha (d.e.,
39 kg P/ba) after which 1t declined,

Regarding pattern of changes over time (Fig.3(b) the data
for Expt.? showed the leaf area (totel)/plent as at 80 DAS to
be uniformly less than thet for 40 DAS. The data forExpt.D is
more instructive since there were €& stages of recording. The
general trend was the leaf area (total)/plant steeply increased
ti11 about 50-50 DAS,after which it declined. At the peak, the
leaf areas were renging from of 456 to $76 clzlplant in Expt.3 a
from 128 to 213 em®/plant in Expt.2. Curiously in Expt.3, the
leaf arsa initially declined slightly from 30 DAS to 40 DAS,
after which it increased, in the case of the soybean plants
growing within the bamboo stand (21) alone; this wes not the
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case in the open field (E;). This wes caused by the reduction
in mean leaf ares/leaflet within the bamboo stand during this
period (Table 12), This mey be due to a transient fluctuetion.

&4.1.6. ea a/leaflet

(Tables 10 and 12, Fig. 3 (¢))

Environment (E) significently influenced thig paraceter.
In general, leaflets were smzller (4.%4 to 13.29 cnz) during the
tenure of Expt.1 (August to December sezson) while they ewere
more than twice as large (16.05 to 30.40 CIZ) during the tenure
of Expt.3 (April to July season), During both the stages (40
and 80 DAS) of Expt.1 as well as at the beginning (30 DaS) of
Expt.3, the soybean plants growing within the bamboo stand (E,)
recorded larger leaves, s compared to the plants growing in
the open; the increase in the mean leef erea/leaflet being 45%,
122% 2nd 21% for 40 and 80 DAS of Expt.1, and 30 DAS of Expt.3,
respectively. Subsequently, the trend revereed and invariably,
the leaflets of the open~-grown plants (Ez) were larger than
those of E,.

The reason for this has already been pointed out while
discussing leaf area (total)/plant (under section 4.1.5) and
was ascribed to the phenomenon of the shade cast by the bamboo
clumps being light initially (during Bxpt.1) and subsequently
incressing (by ihe time of Expt.3). The finding of Cooper and
Qualles (1967) that the ratio of leaf area to leaf weight
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Toble 12 Mean leaf erea/leaflet (ca) SOYBEAN
Expt, 3
D A S
30 40 50 60 70 90
1. Within the bemboo stand (E,) (e) Influence of Phosphorus levels
Po 23.498 18.355 22.290 20,762 16,089 14.795%
Py 24.3%8  17.915 22.79% 23,905 17.289 12,690
P2 24,060 19,170 24,360 27.185 15.825 15.890
F NS KS KS " NS NS
SE 2,064 0,680 1.032 0.964L 2,364 1,693
Cch - - - 4,017 - -
by Influence o3 vigour of bamboo clump (V)
L 21,527  17.4k3  21.980  23.683  16.755  13.797
I 26,417 19.517 24,317 24,218 16,054 15.200
F NS * NS NS RS NS
SE 1.685 0.556 0.843 0.787 1.930 1,382
CL - 2.050 - - - -

2. In the open field (E,) Influence of Phosphorus levels (P)

¥y e, 4sT 2h.07h T 24,944 24,980 23,420 16.067
Py 19.637 23.181 294795 23.810 24,573 18.839
}'2 21471 23.511 30,403 23.861 23.231 18.19%
F NS RS us NS NS b
Sk 1.b4h 2.353 2.725 14550 1.765 0,582
co - - - - - 2.368
J. Fooled analysis (a) Influence of Environments (E)
E1 23,972 18.480 23.148 23.951 16,404 14.458
Ea 19,865 23.58% 28,381 24.217 23.641 17.700
F 5% *% E 33 Ns L2 & 4 *
SE 1.012 1.038 1.230 0.75% 1.18% 0.704
[9Y) 34929 4,030 4,776 - 6,118 2.733
{b) Influence ot Fhosphorus levels (P) '
PO 20,993 21,215 23.617 22.871 19.605 15.431
P, 21,998 20,546 264,255 23.858 20,931 15.765
Py 22,766 21,341 27,382 25.%23 19,533  17.043
F NS NS NS NS NS NS
SE 1,537 1.271 1.506 0,930 1.45%  0.862
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Table 12 (a) Mean leaf area/leaflet (cm2) as on 60 DAS  SOYBEAN
Influence of the interaction E X P
Expt.3
 levels Enviroments (E)

In the open (Ez)

24.980
23.810
23.861

20.762
23.905
27 .185

F test =+

SE = 1,728

o] = 4,972

Conclusionss

a)

P over E

bg = P Py Py

B, = By F, Py
E over P

B = E; E4
PioE



P e

218
Table 12 (b) Me2an leaf area/leaflet Lﬂz)_ as on 60 DAS  SOYBEAN
Elxpt‘S Influenoe of the interaction V X P
"F levers  Vigour of the bamboo clump (V)
L H
Po 20,220 21,304
P1 20,080 27.730
P2 30,750 23.620
F test = *%
SE e 1,364
Ch = 5,684

Coaclusicns:
e) P over V

L = P2 FO P.‘ **

H -P1 34

2
by YV over P
Py = H T

P1-H L
P = L H

P L L]

>
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increases unde de as seen in two legumes (alfelfa and
birdsfoot trefoil) is of relevance in thia context. Thus, in
the present investigastion, the ares/leaflet might have increased
without any substantlal change in its welght, during the initial
phase (Expt,1). Subsequently, the shading having intensified
and photosynthesis having been seriously curtailed, there simply
mizht not have been enough assimilate reserves to put forth aew
leaf tissues, the leaves having become as thin as possidble, so
that iurther expansion of lezf area was rot possible. In
contrast, light being not a constraint in the cpen field, asal-
milate availability must have been sufficlent enough to make

the leaflets attain their optimal size. That shading increzses
the specific leaf area (SLA) has been reported by{othcr workers
2180 (Blackman and Wilson, {954, in subflower; apnd Santo and
Algani, 1976 in the mint plant),

As regards vigour of the bamboo clump (V) there was only
one inastance (40 DAS under Expt.3) when the difference between
L and H reached the level of statistical significance; the
leaflets of soybean plants growing under the 'high vigour!
clumps were slightly (12% more) larger than those growing
under the 'low vigour' (L) clumps. This was a reflection of
the trend noticed at all stages excepting 70 DAS, under Expt.3’,
even though the other differences were not statistically
significant, Tl.e argument made out for explaining the increase
in the mean leaf area/leaflet under shade, applies here also.
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In this case, eventhough all bamboo clumps cast shade,

presumably an ‘L' clump cast light shade and 2 'H' clump
heavy shade.

Regarding phosphorus, though the overall infiuence was
not siznificant at any stage under btoth the experiments, the
differences between the levels were significant in the open
fleld (Ez) situestion, in one single instance, viz., at 90 DAS
under Expt.3 (Table 12), The mean leaf area/leaflet under P,
treatment (100 kg P205/hn) was significantly supericr to P,
{control) treatment, and Pz occupled an intermediate position,
it being on a par with both P, and P,. This result implies
that the mean leaf area/leaflet increases upto an application
level of 100 kg P205/ha after which it declined, a result
which is parallel to that observed by Roy and Mishra (197%),
for LAI in soybeen, though it ia not definite that the LAI was
chiefly influenced by the mean area/leaflet.

There was also signifieant interaction between environment
and ry under Expt.3 as at 60 DiS (Table 12'a)). The response
to P under the environment 'within the bamboo stand' (E,) showed
a graded pattern, with P2 recording the highest mean leaf aree,
followed by P4 and then by Po. P2 was significantly superior
to Py while it was on a par with P1 which itself was on a par
with Py. Under the other environment (E,), all the P levels
were oh @ par, Jimilerly, there was a significant interaction
between V end F also (Table 12 (b)) during the same stage
(60 DAS of Expt.3). The interagtion indicated that the highest
level of P (i.e., Py) in combination with an 'L' clump recorded
significantly higher mean leef aresa/leaflet, and Py and H
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interacted simflerly.,

As regerds the pattern of change over time, the general
trend under all the factors under both Expt.t and kxpt.3 was
a decline in the mean leaf area/leaflet as the crop grew, How-
ever, the behaviour was peculiar 2 shown by the deta for Expt.>
(which elucidates the pattern more cleesrly because of the data
Leing available for & stages of crop growth). Wwhile the mean
leat area/leaflet of the plants growing 'within the bamboo
gtand! (E,) showed an initial decline from 30 DAS to 4O DAS
{frow about 24 cnz to about 18.5 cnz), the plantz growing in
the 'open field' environment (Ez) did not show any decline

2 to 23.6 ca’® during the same

but rose steeply from 15.9 cm
period. Between 40 DAS and 50 DAS, the pattern was similar

for both the envirunments - the mean leaf area/leaflet increased.
This phase of increzse in the erea of individual leaflets took
place for a duration of 10 days in the case of Ez' i.e., upto

50 WAS when it attained a value of 28.#0!2, after which the

size of individual leafiets became smaller and smaller till

it reached a value of 17.7 ca® at 90 DAS. On the other hand,

the increasing trend in the area of individual leaflets, in

the case of the shade environment (31) lasted for a longer
period (20 days) from 40 DAS to 60 DAS, evsnthough the rate

of leaf sarea expansion started to show a retardation from %0
DAS, After O DAS, the mean leaf area/lesflet started to fall

in the case of E, alao, finally (et 90 DAS) reaching & value of



- b
222

e

14,5 a? which was lower than that for E,. Further, the

mean leaf srea/leaflet wes lower under E,, at all stages of
growth excepting initially (30 DAS) when it was significantly
higher than that for Ez. The general pattern of initial
increese followed by decrease in mezan leaf aresa/leaflet over

time i3 an expression of the zeneral growth curve for plants.

4,1.7 Length of Tap root
(Tables 13 and 14, Fig. 4(a))

Lata on the length of the tap root of individual sample
plants were collected for one stzge of growth, i.e,, at harvest
(90 DAS) ior Experiments 9 and 2, and over 6 stazes (30, 40,
50, 60, 70 and $0 LAS) under Expt.3. The results showed that
while under Expt.! none of the 3 factors exerted any signifi-
cant inflyence on tap root's length, and under Expt.2 both
the environment (E) and P levels significantly influenced it,
under Expt.d, only the environmental factor (E) exerted a
signiticant infiuence (excepting at 60 DAS), the other two

factors remaining inactive.

The influence of the environment (E) was such that the
plants growing in the open field (Ez) in all but one instance
(Expt,1, 90 DAS) recorded longer taproots, as compared to
those growing within the bamboo stand (51)3 and the difference
wvas statisticall; significant in all but two instances (90 DAS
of Expt.1 and 60DAS of Expt.3). The lone exception to this
trend wag seen at 30 DAS under Expt.! where the plants growing
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Table 13 Length of Tap root/plant (em) SOYBEAN
90 ©D A S
Expt, 1 Expt, 2
1. Within the Bamboo stend (E.,) (2) Influence of Phosphorus
Jevels (P)
Pg 14,138 6,545
13.685 6.657
Py 13.199 6.935
F NS NS
SE 0,743 0.368
e CB Bl it
(b) Influence of vigour of bamboo clump (V)
L 14,345 7.167
H 12.003 6.524
13 NS NS
Sb 0.607 0.301
CL: - -

2. In the open field (E,) Influence of Fhosphorua levels (P)

P, 12.553 12,651
P, 13.219 9.560
PZ 13.148 11.212
F NS *

SE 0,647 0.763
co - 2.267

3. Pooled analysis (a) Infiluence of environments (E)

E, 13.674 6.846
E, 12,973 11,164
F KS *an

SE 0,400 0.355
CD - 1.024

{b) 1niIlusnce »1 Fhosphorus levels (P) ,

¥ T35 5798
Pq 13.452 8,109
P, 13,174 9.074
F NS -

Sk 0,490 0.435
cb - 1.255
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Table 14 Length of tap root/plant (em) SOYBEAN
L A S
B ¥ kO ™ 6 70 9
1. Within the bamboo st:nd (E,) (a) Influence of phosphorous
levels (F)
E, 11.160  10.290 10,345 11,160  T.BOS  7.265
P, 11.645  €.790 8.795  B.4BS  9.415 B.%55
P, 11,665  9.665 S.040  9.340  B.785 8.360
F NS NS e NS NS NS
SE 0.705  0.526 0.546  1.289  0.839 0,770
L - - - - - -
(t) Influence of vigour of bamboo clump (V,
L 11.650 10,147 9.100 9,557  8.933 7.957
E 11,330  9.017 9.687  9.767  8.403 8,030
3 Ko NS NS NS NS NS
SE 0.576  0.429 0.466  1.052  C.685 0.629
o - - - - - -
2. In the open fleld(EInfluence of the phosphorc.u: levels (P)
Fy 14.102 12,857 11,565 6,797 15.627 11.578
P4 14,192 13.150 117642 10.372  15.738 13.953
£y W, 154 12,071 12,025  9.554 14,187 12.507
b NS b NS NS NS KS
SE 0.742 1,012 0,762 0,949  1.074 1,103
cu - - - - - -
5« Pooled analysis
(a) Influence of envirorments (&)
E, 11.490 9,582 9.393 9.662 8,668 7,993
By 14149 12,693 11,737  10.008 15,184 12,679
} 1 2.2 3 3 Bt * X .\L(-' L2 % 3 * N
SE 0419 0,478 0,388 0,645 0.562 0,539
cD 2,158 2,458 1.995 - 2.890 2,772
() influence of ° hosphorous levels (F)
Py 12,631 11,571 10,895 10.479  11.716 9422
Py 12.919  10.970 10.269  9.429 12.577 11.1%4
P, 12,310 10.868 10,532 9.597 11,486  10.434
F NS NS NS ] NS NS
SE 0.513 C.584 0,475 0,789 0,689 0.660
m - - - - - -
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within the beuboo stand (E,) recorded slightly longer (%%
more than that for Ez) taproots. However the difference was

not statistically significant (Table 13).

As regards the actual lengths of taproots, it renged from
as low as 6.8 cum (90 DAS of Expt.2) under E, to as lang as 15.2
em (70 DAS of Expt.3) under E;. The implication of the results
is clear. Obviously, in the enviromment E1, where another
plant species (i.¢., the bamboo) with an extensive root spread
of fibrous root syetem, almost near the ground surface, was
present, the soybean plants faced stiff compretition in root
elongation as reflected by the length of the taproot. This
competition was entirely absent in the open field (Ez) which
exrlains the significantly longer taproots seen under that
environment. That there existed a root competition is borne
out by the fect that the bamboo roots also occur in more or
less the same s0il depth zone. Thus Deogun (1937) has reported
that the root system of Dendrocalamus strictus is very shallow
and does not penetrate more than 60 - 90 cm below gfound level.

Siva Prasad (1980) reported that the root system of Dendrocalamw
stricts extends to a depth of 1' - 2' (30 - 60 ¢cm).,

Another festure that strikes the eye in this investiga-
tion is the relatively short lengths of the taproot, be it
within the bamboo stand or even in the open field. Early
workers (Borst and Thatcher, 1931) characterized the soybean
plant as having a taproot with many branches which penetrated
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to a depth of 150 ¢ with the major portion occurring in the
upper 60 cm, However, subsequent ressarch by other workers
(Mitchell and Russell, 1971} Reaper and Barber, 1970) demonstra-
ted that field=grown soybe&an lacked a distinet taproot, with &
msajor portion of the rootsystem consisting of lateral roots
arising from the upper 10-15 cm 0f the primary root; these
lateral roots extend outward from the plant nearly horizontally
for 40 = 50 em and then grow downward to depths as great as
180 em.

Eventhough it has been stated by the workers referred to
above that the soybean plant lacks a distinct taproot, the
expression 'taproot' has been retained in discussing the present
investization in as much as there is no material difference
(anstomically speaking) between a 'primery root' and a 'tap
root' in dicot plants, In any case, the length of the tap
root also appears to suifer the effects of interspecific root
conpetition, quite apart from any such effects that may be
present on lateral and other lowser order roots. This is indi-

cated by the depression in the length of the taproot under 21.

Vigour of the bamboo clump (V) did not exert any signi-
iicant infiuence on the length of the taproot of the soybean,
under anyone of the three experiments, Similarly the third
factor P also falled to exert any significant ;n!lncncc on
taproot excepting at 90 DAS of Expt.2. In Expt.2 alone, as
at 90 LAS, significant differences arose between the F levels
under both 'open field' environment and as regards the overall




effect of P (coubining both the enviromments). In both cases
(1.e., influence of P under E, and overall influence of P under
E4 and E, combined) the same pattern was repeated, with P, being
significantly superior to P1 and P2 occupying an intermediate
position, itself being on a par with both Fo and P1. It is
however, diificult to explain the superiority of non-applieation
of £ on taproot length.

H8 reguras tie pattern or change in taproot length over
time, the data on Lxpt.> revealed (Table 14) a general trend
ui gecline, This weans thet initizlly thie taproot was relatively
longer =ioc progresgively shortened as time passed. It 1s highly
prosele that zs time pessed, and the gecondary rocts took over,
ilie taproot siarted sioughing off frum the tip and at the time
of puiling out the plant, despite the care exercised, the
sloushed o0if teruinmi portion oi the ta2p root wns reteined in
the soily and since it is equally probeble thot as time passed
and more and more lnteral roots tooit over the functions of the
taproot, the decaying of the terminel portion of the tap root
extended further up such thirt samples drawn at successive
stazes of crop growth recorded lesser ard lesser len.ths of
taproot which would ex;lain the observed decline. There was,
hovever, a spurt of increase in taproot length bLetween 60 DAS
and 70 DAS after which it started to decline once agalin, in
the open field e.ivironment (EZ) under Expt.3., ‘The reason for
this is not ciear, 1t is cuite possible it i= & supericus

fluctuation.
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4,1,8 Nuaber of root nodules/plant
(Table 15, Fig. 4(b))

Before discussing the data under this attribute it must
be pointed out that the data had to be subjected to square
root transioruation before statistical analysis could be
carried out, since many Zero values were encountered. Such
trzensiormation had to be carried out for the data of all the
crop growth stages excepting 30 LAS. Hence caution is warranted

in interpreting the data.

The results revealed that environment (E) exerted a
significant influence. As regards the effect of the environ-
ment, the soybean plants growing within the bamboo stand (51)
recorded more number of nodules upto 60 DAS and the differences
between Eq and E; were significant throughout except at 40 DAS.
Irom 70 LAS onwards, the trend reversed and the soybean plants
growing in the open field (EZ) recorded significantly more
nunber of nodules than those growing within the bamboo stand
(£4). These results appear to contradict the results reported
by several earlier workers (Trang, 1977, Rabie and Kumazawa,
19793 Trang and Giddens, 19680) who found shading to reduce
the numter of nodules. kut, when we consider the fact that
the reports of all the earlier workers are based on experiments
with artificisl, and thus non-living, shedes, & plausible
argusient sugges*s itself for explaining the apparent contradis
tion between the results of the present investigation and those
reported by earlier workers.
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Table 15 No. of root nodules/plant SOYEEAN
Expte 3 D A 8
30 4o € 50% 6°  70® 90®

e Within the bamboo stand (21)>§§lu}g§}uence of phosphorous leveli
Po 5.375 2.938 4,396 2,021 1.459 1.2
P4 4,875 2,042 3.917 1.834 1.688 1,084
P2 3,900 1.855 2.209 1.771 1.980 1.583
F NS NS NS NS NS NS
SE 0,576 0.155 @& 0.204 &G& 0.097 @ 0,098 @@ 0,141
CL - - - - - -

(b) Influence of vigour of bamboo clump (V)

. L 3880 2,05 3.084 1.931 1.722 1.264
H 5.543 2,500 4,597 14820 2.028 1.375
¥ * w3 N3 s NS NS
SE 0.470 0.127 @& 0,167 G& 0.079 && 0.080 & 0,116
cb 1.416 - - - - -

2, In the open field( iIntluence of the phosphorous levels (P)

Fy 3,146 2.146 1480 14500 2.575 34292
P, 2.752 2.230 1.875 1.702 2.584 4,126
P2 2.667 2,230 1.480 0.834 2.480 4,229
F NS NS S NS NG NS
Sk 0,579 0,174 & 0,143 @& 0,152 &6 0,091 «& 0,150
o 1.720 - - - - -

%, Pooled analysis (a) Influence of enviromments (F)
Eq 6,717 2.278 3,841 1,875  1.876 1,320
Ez 2,668 24202 1.612 1.348 2.580 3.882
F 2z K3 *an * * LY ]
SE 0.324 0.096 8¢ 0.100 6§ 0.075¢¢ 0.0542¢ 0,088
[999] 1.666 - 0.514 0G 0.2168€ 0.15606 0,437

(b) Influence of phosphcrous levels (F)
Fo G7BT 2,542 2,938 1.761  2.167  2.3%
¥, 3.834 24136 2.896  1.772 2,136 2,60
Fy 3.16% 2,043 2.345 1.303 2.230 2,906
F NS NS NS Ne BS NS
SE 0.397 011706 0.12%® 0,0928¢ 0,0660¢ 0,104

()] - - - - - -

@ =Square root transformation dons before analysis
@0 = in square root transforaed units
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It is quite likely that some mechanisa similsr to
allelopathy is involved, but acting synergistically. The
possibility of the associated bamboo roois exuding some
chemical substance which stimulates nodulation, either through
a stimulation of ths bacteria or through making the conditicns
of the soybsan rhizosphere more congenial for infection, or a
combination of both, cannot be ruled out, albeit evicence for
the same is wanting. Another line of reasoning would Le from
the angle of soil moiasture. Sprent (1972) based on extensive
investigations in soybean, conciuded that water supply is
probatly the major environmental factor affecting nitrogen
fixetion, maximum nitrogen fixation cccurring with the soil
near its field capacity. Though this conclusion applies only
to the efficiency of h-fixation by nodules alre2dy formed,
still it could be argued that increaged N-fixation through its
beneficial action on the plant will in turn le2d to more nodula-
tion. Thus, soil molsture levels get connected with nodule
number (or possibly with nodule mass), The soil moisture data
of the present investization (Table 34) reveals thet in general
the soil moisture was more within the bamboo stand (E1) than in
the open field (Ez). Eventhough the soil moisture data was
collected for Experiments 1 and 2 only, the trend is extre-
polable for Expt.3 also.

The foregoing conjectures need further elucidatien.
Further, it 13 difficult to explain the reversal of the trend
as regards the nuaber of root nodules after 70 DAS., Host
probably nodules were sloughed off beyond 70 DAS.
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Regarding the influence of the vigour of the bamboo
clump (V) significant difference arose only at 30 DAS, with
the soybean plants growing under the 'high vigour' clumps (H)
recording numerically superior root nodules. Eventhough the
diiferences during the other stages of crop growth were not
statistically sizgnificant, theé general trend was similar,
favouring the 'H' clumps, excepting at 60 DAS. These results
lend support to the conjecture about the synergistic effect of
the bamboo clumps, already discussed, It may be argued that if
at all bamboo clumps beneficlally influence nodulation in soy=-
bean, then such effects must be more pronounced with

visorously growing btembou clumps than with weaker clumps,

Phosphorus application did not influence nodule number
slgnificantly., This is in contrast to the report of De Mooy
and Pesek (1966) who brought out the importance of P + K
combination for nodulation in soybean, CQuite likely, since no
K was applied to the crop in the present investigation, P
failed to influence nodulation.

4,1.5 Root: Shoot ratio
Tables 16 and 17, Fig. 4(c))

Data on roott shoot ratio were collectad for only one
stage, 1.e., 90 DAS, for Experiments 1 and 2 while for Expt.3
data is available for all the 6 stages of growth from 30 DAS
to 90 DAS., These reveal that enviromment exerted a significant
influence upte 70 DAS, with the lone exception of 60 DAS, under
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Table 16 Root/Shoot Ratie SOYBEAN
m} D A 3
30 40 50 60 70

1. ¥Within the Bamboo stend (E,) (2) Influence of Phosphorus level:
Py 0.129 0.103 0.10k 0.127 0.143
Py 0,110 0,089 0,093 0,098 0,113
PZ 0,136 0,093 0.077 0.086 0.108
F NS NS NS NS RS
Sk 0,009 0,008 0,010 0.028 0.018
cu - - - - -

{b} Influence of vigour of bambeco clump (V)
L 0.130 0.197 0.084 0,092 0,134
H 0.119 0.082 0.098 0,115 0,108
3 NS * NS NS NS
SE 0,008 0,007 0.00& 0,023 0,015
cb - 6.020 - - -

2. In the open 1ield (EL,) Influence of Phosphorus levels (P)

Py 0.196 0.128 0,108 0.093  0.201
Eq 0.209 04136 0.112 0.084  0.198
P, 0.205 0.126 0.102 0.078 0,188
k NS S Ns NS NS

SE 0.011 0,007 0.009 0.006 0,030
CL - - - - -

3. Fooled analysis (a) Influence of invironments (E)

By 0,125 0.095 0.091 0.104 0.121
E, 0.203 0.130 0,907 0.085 0,196
) =~ o * NS *%
St 0.006 0.004 0,005 0,011 0.01%
cD 0,031 0.021 0.014 - 0,058
\b) infiuence oi rhosphorus levels (P)
Po 0.163 0.116 0.106 0.110 0,172
P1 0,160 0.113 0,103 0,081 0.156
Pz 0,171 0,110 0,090 0.082 0,148
F N NS s NS N8
SE 0,007 0,005 0,007 0.014 0,018
CD - - - - -
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Table 17 Root/Shoot Ratio SOYBEAN
9 D A S
Expt. 1 Expt, 2 Expt. 3
1, Within the Bamboo ltax_lg__(g;.') (a) Influence of Fhoephorus levels
Py 0.238 0.239 0.184
P1 0.238 0.264 0,224
P, 0,222 0.257 0.159
t NS NS N8
SE 0,015 0,016 0,021
co - - -

(b} Iniluerce of vicour of .amboo elump (V)

L 0.221 0.254 0.022
A 0.264 0,252 0.151
3 NS NS NS
5E 0,012 0,013 0,026
CD - - -

2. LL the ogen 1ield (L,/ ln.tluez‘cc of fhasphorua levels (P)

Py 0.246 0,257 0,184
Py 0.256 0.263 0.179
P, 0.246 0.289 0.178
b K3 NS XS
SE 0,026 0.016 0.016
CD - - -

3. Pooled analysu (a) Innuence of Envirovm-ents (E)

Eq 0,233 - 0.253 0.186
E, 0.249 0,276 0.180
F NS NS NS
Sk 0,012 0.009 0,014
Cu - - -
(b, Infiuence ol Phosyht;rus levels G—) T
Pg O.242 0,248 0.184
Py 0,247 0.274 C.202
Py 0.234 0.273 0.165%
F NS N3 Ns
SE 0,015 0,011 0.017
cD - - -




Expte3. At 90 DAS, the difference was not significant under
any one of the three experiments., In all cases of aignificant
difference (30, 40, 50 and 70 DAS of Expt.3) and even when it
was not significant, in two instances (90 DAS of Experiments 1
and 2), the open iield (Ez) recorded 8 higher root: shoot
ratio as compared to the soybean plants growing within the
bamboo siand (E4). Similer results have been reported in other
crops 2lso. Thus Palis and Bustrillos (1976) working on sorghum
and Noguchl et al. (1978) working on lettuce observed the shoot:
root ratio to increase under shade, which iaz the seme thing as
a decrease in the reciprocal reletionship, the 'rooct: shoot

ratio'.

Hicks (1378 atated that eventhough root depth mey exceed
plant heigzht throughout most of the growing eeason, the dry
welght of the above ground plant parts exceeds the root dry
weight throughout the season. The results of the present
investigation coniirms this as the ratio was always less than
unity. As regards the difference in the root: shoot ratioe
betwecen the two environments, the reduced ratio seen under E.‘
('within the bauboo stand’) was obviously the result of severs
root competition by the bamboo roots. This clarifies the
results secured under the parameter 'length of the taproot®
already discussed under section 4.1.7, and strengthens the
argument about iiter-gpecific root competition presented therein.
It was seen that according to Mitchell and Russell (1971) and




Raper and Barber (1970) the soybean plant lacks a disgtinet
taproot and thet the bulk of the root system is represented

by the lateral roots. This would imply that the length of

the taproot (or primary root) is a poor measure of the situstiom
prevailing below ground, Still, it was also seen that the data
an the length of taproot collected in the present investigation
brought out a clear trend establishing the fact that root
development in terms of taproot length in soybean was poor
within the bamboo stand (51). In contrest, the parameter

‘root: shoot ratio' does not suffer this lecuna of non=represen-
tativeness, since, for computing this retio the entire mags of
the soybean root system (and not merely the teproot alone) has
been taken into counsideration. However, since thi:s is a ratie
involving another and @ totally different com;onent of the
plant (i.e., the aerial parts) therc is still the likellhood

of the ratio being influenced by any change in thet component.

Vigour of the bamboo clump (V) failed to exert any
significant influence on the root:; shoot ratio of soybean,
excepting in one instance (40 LAS under Expt.3). At 40 DAS
under Expt.3, the root: shoot wag higher under the 'low vigour®
(i) bamboo clumps than under the 'high vigour’ (H) clumps.
This result is as could be expected, The severity of roet
competition offered by a vigorously growing bamboo clump must
obviously be wore than that by a relatively weaker clump, such
that the root development of essoclated soybean plants suffer

much, leading thereby to a lower root: shoot ratio.
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Phosphorus application (P) did not influence the root:
shoot ratio significantly in any of the three experiments.

4.1,10 Number of flowers/plant

(Tavles 1€ and 18(a))

Only the effect of the envirohment (E) and the overall
infiuence of P were statistically significant. As regards
enviromment, the number cf flowers/plant wzs consistently more
in soybean plants growing in the open iield (Ez) than in those
growing within the bemboo stand (E1), at 40, 50 2nd 60 DAS under
+XgteJse Further, the difference wes statistically significant
at 50 anc €0 L.iS. These results indicete that flower production
in soybean suffers seriously when they grow within » bamboo
stand. The re:son fcr thig could perhaps be the effect of shad-
ing by the bamhoo ¢lumps. Thus, Cox (1978) hed reported that
in groundnut the number of flowers was reduced under low light
treatments. Similarly, Tarila et al. (1977) observed that while
higzh 1lizht intensity delayed flowering in cowpea, it increased
the number of blossoms, In peas, B0: shade considerably reduced

flowering as reported by Hedley and Ambrose (1979).

Regarding F, only the overall influence of F (i.e.,
combining the two environments, E, and Ez) was significant,
and that too only at 6(*11\5 (Expt.3) P dic not exert any
influence separataly e¢ither within the baaboo stand (E1) or in
the open field (Ez). The oversll influsance of P at 60 DAS was
such that the treatment Py recorded the highest nuaber of
flowers/plant which was significantly superior to beth Po and
Py which themselves were on a par. It must be pointed out
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Table 18 No, of Flowers/plant SOYBEAN
Expt, 3 D A S5
40 50 g
1. Within the bamboo stand (E,) (a) Influence of phosrhorus levels
Py 1.330 5.955 {4070 0.834
Py 2,080 6.410  /4.425) 2.112
P, 1,745 5.700  ({.035) 0.729
' NS NS s
SE 0.328 1,078 0,129 0
cL - - (0.389) -
{(b) Infiuence of vigour of bembeo clumy (V)
A 1.547 8,460 ((.30p 1.662
H 1.890 5.583  [{s4aP 0.787
F NS ) NS
SE 0,268 C.880 0,105 €@
to - - (6299 -
2. In the open field Influence of the phosphorus levels (P)
Fo 2.682 13.250  ((qaq) 2.382
P, 1.874 15,632 [4.048) 3.743
iy 2.225 15617 (4,54 2.323
r NS NS NS
SE - 0.406 1.220 0.150 ee
cL - - (0446 -
3. rooled asnalysis (@) Infiuence of environments (L)
Eyq 1.718 6.022 [{f7P 1.225
E, 2.261 14,568 (4.9&@ 2.816
[ HS - * *+8u
SE 0.215 0.668 0,082 o0
ch - 3.435 0.422 00
(b) Intluence oI phesphorus levels (F)
Fo 2,006 9.605 ({357 1.608
Fq 1.977 11,021 (5.,929)2.928
P, 1.986 10,259 4344 1.526
F NS NS -
SE 0.264 0.818 0,101 0@
<D - - 0,290 0@

@ = Sguare root trensformation done before analysis
@6s in sauare root tranaforasd units
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Table 18(a) Number of Flowsrs/plant as on 60 D A 8 SOYBEAN
Expte3 Influence of the interection V X P
P levels ¥igour of the bamboo clump (V)
L B
N Ewond) - N Ewamef -
P, (0.94) 0.515 (4-9_&‘)\ 1,152
lf1 \/j ) 3.583 {097 0,640
Fy q‘ fo,,) 0.888 ,;: 3_7,’\ 0.570
F test =« #
Sk w | Square root transformation cf the data
carried out. J—
69} rried o A WM{'-
Conclusions: SE=2- {84
a) E over V Cp=0.554

Lep, F, 7, "



that the Soncerned data had to be square root vwansformed

before analysis since several zeros were encountered.

Though the factor 'vigour of the bamboo clump' (V) did
not exert any significant influence on the number of flowers/
plant, the Anteraction V X P as at 60 DAS was, however, signi-
ticant (Table 18(a)). The interaction appeared to favour the
combination of 'low vigour' clumj: (L) and the t4 level of P
fertilization. Again, in interpreting this result it must be
remembered that these results are based on data subjected to

sguare root transformuations

4.1.11 Number of pods/plant

(Tatles 19, 20, 20(a) and 20(b), Fig.5(a))

khile under Experiments 1 and 2, only the environmental
factor (E) significantly influenced the number of pods/plant,
at both the stages {60 and 90 LiS) of recording the data, under
Expt.3, besides the significant influence of the environment,
P application also significently affected this attributed.

Hegarding the influence of the enviromment, the trend of
results as compared between the three experiments was interest-
inge In Expt.1, the soybean plants growing within the bamboe
stand (E4) recorded significantly more number of pods es
compared to those growing in thae open field (E;) at both 60
UAS and 90 DAS. And, the differences were statistically
significant, But, the trend reversed soon. In Zxpt.2 as
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Table 19 Number of pods/plant SOYBEAN
Exple 1 Expts 2
60 90 60 90

1. Within the bamboo stand (E,) (a) Influence of phosphorus 1.«:5_
Fo  6.809 7.774 7,461 7.300
P, 5.405 6.126 6.087 6.766
P,  7.288 8.082 7.596 7.902
3 NS NS s NS
SE 0.678 0,834 1.087 1.105
cu - - - -

(b, Infiuence oi vigour of bLamooo clump (V;

L 6.293 Ta37h 8,141 8.241
H 6.708 T7.278 5.95h4 6,404
3 NS NS NS NS
Sk 04553 0.681 0.888 0.902
D - - - -

2. In the open field (E,) Influence of phosphorus levels (P)

PO 4,771 5.108 15,647 19,946
P, 5.491 5.891 16.384 20,938
P2 5,034 6,001 15.866 20,889
I3 NS NS NS NS
Sk 0.403 0,460 1.161 1.481
cD - - - -

3. Pooled annlysis (a) Influence of environments (E)

CEg 6507 7327 7,048 7323
E,  5.09 5.666 15,966 20,591
F *x L 1 4 * W b2 23
Sk 0.315 0,379 0.6%1 0.7564
cb 0.906 1,092 1.877 2,203
(b) Influence o< thosphorus levels (P)
B,  5.790 6.541 11.556  93.623
P,  5.448 6,008 11.236 13.852
PZ 6.161 T Oh2 11.73%1 14,396
F NS NS NS NS
SE 0,386 0.465 0.798 0.936
[%1]
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Table 20 No, of P t SOYBEAN
Expt, 3 b A S
50' 60 70 90
1. Within the bamboo stand (E,) (a) Influence gr__atzqm_aszu_s..l_q%;
P, 0,471 2,540 5.450  4.790
P, 0.423 3.665 5.430  4.545
P, 0.433 4,295 6,730 5.420
F NS NS N5 NS
SE 0,079 &&  0.584 0.961 0.898
Cu - - - -
(o) iziiUence -3 vigour bamboo clam. (V)
L 0.5 3.750 6.273  L.943
H 0.376 AT7 5.467 4,893
F NZ NS NS NS
SE 0,064 €6 0.477 0,785 0.733
CD - - - -
2, In the open ficle (¥,) (Influence of Phosphorus levels (P)
B PO e T w6:‘i§_5~m—“ 12,169 17.303 20.293
| 0,151 11.703 23,576 20.667
Pz 0,032 11.213 19.874 23.731
M’S NS * L 2
Sk 0,081 <€ 1.499 1,430 2.074
[%¥] - - 4,401 6,163
3. kooled analyau (a) 1nf.uence of Environments {E)
E1 .MZ 3.6)3 0870 4-913
Ey 0.12% 11,695 20,251 24.897
In' L% »”h R 9 % * %0
SE 0,038 8¢ 0.678 0,716 0.951
cL 0,148 ¢6 3487 3.682 4,891
U;) Influence of phosphorus levels (P)
. 0.332" T.555 19377 7 12,562
Py 0.287 7.684 14.503 17.606
Py 0,233 7754 13.302 14,576
F NS KS NS -
SE 0.046 O 0.83 0.876 1,168
Cb - - - 3.552

@ = Square root transfomuon done before analysis

2 cmnd b




243

Table 20(a) Number of pods/plant as on 70 D A S SOYBEA. .
Eth‘»3 Influence of the interaction EXP
P levels Environments (E)

Within the bamboo (E4) In the open (52)

PO 5.450 17303
Fy 54430 23.576
p €6.720 13.874
2
o I test = ¥
St = 1,239
CD = 3,566
Conclusions:

a) k over E

b) E over P

PO - EZ E1 *
P1 = EZ E1 *
PZ = E.Z E1 *
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fable 20 (b) Number of pods/plant as on 90 DAS SQOYBEAN
Ex E 3 Infivence of the interaction EXP
Environments (E)
P levels ¥ithin the bamboo (E,) In the open (E,)
Py 4,790 20.293
P, 44545 30,667
F, 5.420 23,731
F test = %
SE - 1.647
CD w 4,740
Conclusions:
n) P over E
: ¥, EF, F,
Ly =5 o *1
b, =Py F B *
b) E&ﬂ%
Fg =k, Eg *
P1 = Lz L1 N
P2 - EZ E1 *
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well as in Expt.3 (excepting at 50 DAS) it was under the

open fleld environment (Ez) that the soybean plants recorded
more number of pods as compared to E.l. Only at 50 DAS under
Expt.3, did the soybean plants growing within the bamboo stand
(E.l) record more number of pods than those of E,, and the
diiference was again significant. But, it nust inted cut
that the data for 50 DAS of Expt.3 contained many zeros and
had to be square rogt transformed before statistical analysis

could ve performed,

Setting aside the results for Expt.1, for the moment, it
is clesr that the bamboo stand suppresses pod production in the
associated soybean plants. The reason for this could be due to
two causes - (1) direct effect of shade cast by the bamboo
clumps, and (11) indirect effect of the living shade through
root competition. That shading by ftself infiuences fruiting
in crop plents is smply demonstrated by the results reported
by a mmber of workers. Thus, Tayo and Morgan (1979) stated
that the stress of shading in rape, around the time of anthesis,
reduces the number of rode and Eeton and Ergle (1954) working
on cotton reported that reduced light intenslity reduced the
relative fruitfulness.

In pulse crops also, the deleterious influence on fruit~
ing has been re>orted upon. Thus, in chickpea, Saxena and
Sheldrake (1976, 1977) obgerved & reduction in the mumbder of
pods when the plants were grown under thick shade, and Pandey
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&t al. (1980) reported that the mumber of pods was drastically
reduced when the plants were shaded during the reproductive
phase, Leelavathi (1979) observed a decline in the number of
pods in blackgram under severe shading. The results of Tarila
£t al. (1977) on cowpea reveal the same trend though in a
different manner; they found that high light intensity incréased
the number of pods.

In soybean itself, reduction in the number of pods due to
shading, has been reported by & number of workers (Catedral
and Lantican, 1977; Eriksen and ¥hitney, 1977; Wahua and
Miller, 1978). Reciprocally, an increase in the number of
pods through liiht enrichment has 21s0 been reported (Johnston
&t 2i., 1969; Schou et al., 1978).

All these evidences which are based on experiments in
which artificial shades had been used clearly establish the
deleterious influence of pure shade on rod production om

soybean,

But, in the present investigation, the shade cast on the
soybean plants was not produced by an artificisl shade like
muslin, cheese or hessian cloths or nylon mttulnga but by a
living plant, viz., bamboo, and that too a relatively vigo-
rously growing and e larger sized plant at that. Thus, quite
apart from the primery effect of pure shading, it ia very
likely that inter-specific root competition was also involved
such that the metabolic vigour of the assoclated soybean plant
was seversly sspped which ultimately led to a reduction in ths
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nurber of pods. It has slready been seen while discussing

the other growth attributes, how the growth of the soybean

had been curtailed within the bamboo stand &s compared to the
open fleld, perticularly as reflected in stem diasmeter, number
of branches, number of leaflets, leaf ares, length of taproot,
and root: shoot ratio. A scrutiny of the correlation coeffi-
clents relating the number of pods with the different growth
attributes (Aprendices 5, 9, 11 and 12) shows that almost all
the correlations were significant., Of particuler interest is
the diameter of the soybean stem, in this context. For the
open field environwent (Ez) sten diemeter was significantly
end positively correlated with the number of pode under all the
three experiments and for all the stages of growth for which
the correlations were studied, Under the 'within the bemboo
stend' environment also (E1) positive and significant corre-
lations were noticed at 60 and 90 DAS for Expt.1 and at 90 DAS
for Expt,.3. Wwhile it cannot be argued that the reduction in
the vigour of the soybean plant is solely the result of root
canpetition suffered at the hands of bemboo, still this aspect
cannot be ruled out.

Kow, the apparently conflicting result of more number of
pods being recorded by plants growing under E4, as seen in
Expt.1 could be taken up for discussion. This result implies
only that when the shading is mild, relatively spesking, it
actually exercises a beneficial influence on pod production.
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For, it must be remembered that Expt.! represents the start

of the investigation snd at this stage, the bamboo clumps

were younger and thus smaller and above all a pre-treatment

of crown pruning had been given, such that the canory was more
open, all of which conjointly resulted in the crcauot*d‘ only

& 'partial shade'. This is clearly brought 6eut by the data oa
the light intensity prevailing within the bamboo stand expressed
as a fraction of that for the open field (Appendix 1 and Fig.2).
It 18 seen that the light intensity withim the bamboo stand

were as much as about 82% to about 91% of that of the open field,
till the end of the 3rd week of Sertember 1579, which were the
highest values for light intensity within the bamboo stand,

ever recorded during the course of the present investigation.
And this perilod cerresponded to the early growth phase, l.e.,
upto about 3% LAS, of the soybean crop of Expt.t.

Such a beneficial influence of light shading on pod
production, has also been actually observed in other crops.
Thus Saxena and Sheldrake (1976) reported that thin shade
(50% transmission) significantly increaged the number of pods
per unit arca in chickpea, while thick shade considerably
reduced the same, Leelavathi (1979) who studied the effect of
graded levels of shading on blackgram, observed that upto 25%
shading (i.e., 75% tranazmission) the number of pods improved.
Hedley and Ambrcase (1979) observed an improvement in the nuaber
of pods in peas with thin shade, 1.e., 30% shade (i.e., 70¥
trensmission). It could be canjectured that the mechanism of
this beneficial influence of light shade relates to optimisatien
of light intensity such that light saturetion does not occeur,



it $s known that pulse crops have the C, pathwayand thus

their 1izht saturation intensities are relatively lower than
the full sunlight. All the three examples cited above to
demonstrate the beneficisl effect of a slight reduction in the
light intensity, as alsoc soybeam, are pulse crops.

Vigour of the bamboo clump (V) did not exert any signi-
ficant influsnce on the number of pods/plant. The third fsctor,
P, however, significantly affected the number of pods as at 70
LAS and 90 DAS under Expt.3 only, there being no significant
effect as in Expt.1 and Expt.2. In Expt.3, at both 70 and
90 DAS, significant ditterenqea arose between the F levels in
the open fleld environment (EZ) while within the bamboo stznd
(21) the diiferences were not significant. Similarly, at 90
D4AS, the oversll influence {i.e., comdbining the two eavironments,
E, and Ez) was aignificant., In a2ll these threce cases the pattern
of ranking of the three P levels was identical, with Py coming
1irst, followed by P2 and then by PD' This means that the number
of pods/plant increcses very steeply with the application of the
first level of F, i.e,, 100 kg P20,/h1 as compared to no P
agrlicetion, but further eddition aof I at the dose tried in
this investigation, insterd of increasing the number of pods,
reduces 1t, though at a slower rat¢ than the initizl rate of
increase which was steep., It would therefore appesar that a
dose of 100 kg onj/hn is the optimum level from the point of
pod production, at Coimbatore, particularly under open field
conditions. Regarding statistic:l sigznificances, P, was distine
tly superior to Py in all the three instances; however, only
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under the open field environment and that too only at the
teruinal stage of the soybean crop (i.e., 90 DAS) P, was signi-
ficantly superiar not ouly to P, but even to P,, the two latter
leveis being on a par. In both the resaining two instances
(i1.e., 2t 70 DAS under open field enviromment and 90 DAS under
the overall influence of P, combining E, and Ez) the signifi-
cances were such that Py was suPCriorE%o with Pz occupying an
intermediate position, itself being on a par with both P.‘ and
Po. The positive infiuence of P application on the number of
pods/plant has been reported by several workers (Lixandrou
et al., 19763 Hahatenya, 19763 Saleh, 1976; and Shahidullah
€t al., 1979) with which the above mentioned results agres.

Regarding interactions, only E X P interection wrs signi=
ficant, an¢ that too at both 70 and 90 DAS (Tables 20(a) and
20(b)). Further, in both cases, the pattern was identical in
80 far as the influence of E is concerned. The treatment
Py was significantly superior to both the other P levels in
the oren field while within the bamboo atand all the three P
levels were on a per. As regards the comparison betweean the
two environments, the open field-grown soybean was significantly
superior to that grown within the bamboo stand undui]%ht three
levels of P, Since the bamboo iz relatively & very large
plant as compared to soybean, its P needs are likely to be
more and becausé bamboo has an extensive root system as
conpared to soybean, it would coufer a competitive edge on
bamboo. In other words, a stress for P in so far as soybean



is concerned, would arise wvithin the bamboo stand which
explains the tie-up between the enviromment and P levels. It
remalns now to explain why the highest dose of P, viz., Pz
falled to significently interact with V, i1f response to P
arises differentially according to the environment, It is most
probable that at the very high level of 200 kg P205/m (1.e.,
the P, lsvel), P toxicity of soybean set in or a nutrient
imbalance arose, so that the beneficial influence of F was
lost.

4.7.12 [Dry Matter Production
(Table 21)

As regarus dry matter production (LUMF), only one of the
three factors, viz., the environment (E) exerted any significant
influence as revealed by the data for Expt.l. Significantly
more dry matter (i) was recorded by the soybean plants growing
in the open field (Ez) as compared to those growing within the
bamboo stand (E;), from 40 DAS onwards upto harvest (90 Das);
only at 30 LAS was there no significant difference and the
DviPg of E., and Ez were almost similar,

The reduction seen in the DMP of the soybean plants grow-
ing within the bamboo stand (21) is clearly the result of the
reduced lizht intenaity prevailing under the bamboo cenopy
becuause of the direct effect of light on photosynthesis.
Reduction of ambient light below an optimunm lcﬁl (which itselrt
may be less than full sunshine) 1s bound to lead to a reductien
in the amounts of photosynthates evailable for incerperstion
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Table 21 Dry matter production/plant (grams) SOYBEAN
Expt. 3 D 2 8
30 4o 50 60 70 90
1. Within the Bamboo stand (E1) (a) Influence of Phosrhorus level
Po 1.037 1.412 2.060 2.462 2.394 2,247
Py 1,044 1.438 2,562 2,533 1.988 2,033
P, 0,900 1.737 2.426 3.002 2,153 2.708
F NS NS NS RS s N8
SE 0,128 C.133 0,194 0.272 0,416 0,311
Cb - - - - - -
{b) Infiuence of vigour of bamboo clump (V)
T G,.952 T.455 278 T 2.843 Z.25%  2.30%5
H 1.036 1.603 2.521 2.489 2,094 2,3%
F N3 NS NS NS NS NS
SE 0,104 0,109 0,158 0.222 Ue340 0,254
co - - - - - -

2. In the open field (E,) Infiuence of Phosphorus levels (P)

Py 1,009  2.333 4,375 6.466  6.981  7.240
Py 0.957 2,149 4,298 . 6,466 B.29%  8.890
P, 1.004 2,267 5.121 6,773  6.946 10,142
¥ NS NS NS NS NS NS
SE 0,089  0.283 0,516 0.677 0,935  1.109
- - - - - -

3. Pooled analysis (a) Infiuence of Environments (E)

E1 0,994 1.529 2.349 2.666 2.178 2.330
E; 0.990  2.256 4,598 6.568  7.407  B.757
F NS »ne *aw L “an "“ne
SE 0,063 0,131 0.233 0.308 0,431 0,488
ch - 0.674 1.198 1.584 2.217 2,510

(b) Influence of Fhosphorus levels (F)

TPy 1.023 1.673 3.218 U hBL L.688  h.Thh
P1 1,001 1.794 3.430 4,500 5. 141 5,463
P, 0.952 2,012 3,774 h888 4,55 6,425
F KS NS NS NS NS nn
S8 0,077 0,161 0,285 0.377 0.527 0,598
ch - - - - - -
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into structural parts which represent the DM of a plant, The
effect of pure shade created by non-living and thus other-wise
non-competing shades towards reduction of L¥P in rlants has
been amply demonstrated by the studies of sany workers. Thus,
Fendleton and Weibel (1965) reported that the dry weight of
wheat plants was decreased by shading. Singh (1978) obsarved
lexf L and pl-nt Dk to decrease with increasing shading in
barley., In sorghum Falis cnd vustrillos (1976) observed a
reduction in total DM with increasing shade. Eaton and Ergle
{1554) reported that the fresh weight of leeaves + stems in
cotton was reduced by shading. Leelavathi (197S5) reported
shading adversely affected the LMP in black gram, Hedley and
Ambrose (1979) reported that 80% shade aignificantly reduced
LmF in peas, Evidence through a reciprocal study is also
aveilable., Thus, Adedipe and Urmrod (1974) found higher light
inteénsity to produce hizher DMP in cowpesa.

-

In soybean itself numerous reports are =vailable to show
that the D¥P suifers under shade {Fopescu and Axinte, 19773
Lsanuma, 1977 and Wahua and killer, 1978). Keciproeslly,
evicence exists to show that light enrichment increases total
D4 accumulation, as shown by the work of Schweltzer and Harper
(1980).

Ag regardr the pettern of chenge in DMP Vwith raference to
time, there weas 2 general trend of increasing DMF with passage
of time, for all the fectors, This trend is common to all
plant species. However, the patterns for the differemt factors



exhibited interesting ciiferences. Taking P first, its

eifect is brought out if we exemine the data for the open

tield environment (Ez). ihe pattern of D¢ sccumulation for

P application (as seen in E,) revealed a signoidel trend.

the accumulated iz 1nitiall} increesed at & rather steep rate
between 30 LAS ant 40 LnS, then inilected upwarde and continued
10 increase at a still steeper rate (with a slope of about 65%)
uptc 60 or 70 45 and then showed 2 deelining rate. Detween

ihe ¥ levels themselves, at 90 L:iS, F2 recorded the meximum

s followed by P1 and then by Po. indic-ting & positive trend

of response to applied P, eventhough the diffc<rences were not
stotistically sionificant, As rezarcs the overzll influence of
P (le€s, evaluafing itc influence combining both b4 and Ea) also
a gsimilar pattern was seen for Di accumulation, Further, yet
another trend wes clearly discernible. While initially (at

30 unS) theére was practically no diiference in DM eccumulation
betiween the three F levels, subseguenily differences started

10 appear as time pessed, with the curves for the three F levels
fanning out such that at harvest time they were well spread

out (thousb the cliferences did not reach levels of statistieal
sl niiicence, ia @ graced fashion wita Ey rankir, iirast Sfollowed

by #4 wnd then }0.

As regards enviromment (E), there wag 2 msrked difference
in the curve shapes for E, and E,. While in E,, there was a
steep, continuous and practiecally a linear (the curve shape was

an elongsed sigmoid) increase as regards Dii eccumuiatlon,
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under E4, DM acoumuletion increased at a rather alow rate
between 30 DAS and 60 DAS after which, the rate not only
declined but showed a negative trend with the accumulated D¥
decreasing between 60 DAS and 70 DAS, after which it stabilized
and recorded more or less the same DM accumulstion between 70
and 90 DAS. Thus while there was a peak for DM accumulation,
which was at 60 DAS, for the E, environment, there was no
veaking in the curve for E,, which showed a continucusly
increasing trencd up te harvest of the soybeen (90 L&S)., As a
consequence, the two curves starting et the e2me point (the

Li% at 30 LAS belug 0.994 o/plent for E4 and 0.9%0 y/plant for
Lz) started to diverge right from the start and got separated
very widely at the emd. As a result of this, the ¥ accumula-
tion at S0 LAS for the soybeen plants growing in the open fleld
(bz} was nearly iour-folds that ior the plants growing withdn
tite Domboo stand (bqie Lhe slignt reduction in the DM aceu=
mulation eeen between 60 ano 70 paS for the E; curve is because
oi profuse leaf shedding. iznway znd weber (1971) have
turnished separzte curves ior cuwulated dry weighte of soybean
plant parts curdng cl:ferent stz es of growtu, separately for
date (1, without including the fz2llen petioles snd 1cav'l‘and
(ii) total, including the fzllen peticles and le=ves, While
the curves for (1) show only slizht declines z2fter reaching

a maximum, an¢ thus more or less sigmeidal lnhahap:, those

for {ii) exhiblt a2 peak a2fter which there iz a steep fall,
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These observations about (11) apply to all plant parts -
sten, petiolen, leaves, pods, and beans, without exception.
The present findings agree with these obaervations.

As regards the pattern of influence of the vigour of
the bamboo clumps (V) over time, it was seen that it was
esgentially the same for both the 'low vigour' clumps (L) and
'hizh vigour' c¢lumps (l) and they resembled the general curve
for the 'within the bamboo atand' (E1) environment, very closely.
The depressing effect of the burboo Btand on soybean was seen
in the curves for Fpye P1 and P2 as 2 function of time; all were

nore or less flattened curves.

4,1.13 B4 roduction
(Tatle 22)

The biomass yleld/net plot was recorded at the time of
lisrvest, for all the three experiments. This represented the
iresh weight of the roots, stem, branches, leaves, flowers if
any and the pods containing the seeds, 1.6., the whole plant,
This, however, does not take into account shed leaves snd

flovwere,

Among the three factors studied, only environment (E)
exerted any significant influence, and that too, only in
Experiments 2 and 3. In Expt.?, the biomass yleld of soybean
growing within the bamboo stand (Ej) was 19% more than that
for the ovpen field (Ez)' but the difference was not statisti-
cally significant. But subsequently (Experiments 2 and %)
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SOYBEAN
Table 22 Biomass Production (Fresh Weight) at hervest (t/ha)
Expt.1 Expts2 Expt,3
1. ¥ithin the Bamboo stand (E,) (2) Infiuence of Fhosphorus
levels (F)
Py 0.727 0,462 1.235
Ey 0.530 0,457 1,264
By 0.731 0.4535 1.531
F NS ks NS
SE 0.076 0,064 0.272
Cu - - -
(b) Infiuence of vigour of damboc clump (V)
TTTTTTTTL - 0.63& 0,504 1,454
H 0,627 0,439 1,220
F NS NS NS
Sk 0.062 0,082 0,222
co - - -

Z, Tn_the Cpen fleld (E,) Influence of Fhosphorus levels (F)

Ey 0,505 2.960 6.326
Py 0.610 2.614 7.252
F, 0,559 2,757 7.489
¥ NS NS NS
5 0.052 0.138 0.653
ch - - -

3. Pooled rnelysts (e) Influence of Environments (E)

L1 0.662 C.471 1.337
E, 0,556 2.777 7.022
¥ NS + L2 2

SE 0,037 0,064, 0.298
(%)) - 0.184 1,532

{b) Influence of Fhosphorus levels (F)

Yo 0.616 1.711 3.781
Py 0.570 1.535 4,248

P, 0.645 1.626 4,510
F NS NS NS

8 04045 0.078 0.365
Cch
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this advantage venished and the soybean plants growing in
the open (Ez) recorded more blomass ylelds than those for Eyqr
and the differences, were statiztically very highly significant
(p=0.,001). The differences were of & very high megnitude}
soybean plants growing in the open (Ez) recorded, 48% in Expt.2
anc 42% in Expt.3, blomass yleld es compared to those growing
within the bamboo stand \E1).

It iz obvious that the bambeo sland sericusly affects the
srowtn aznc thus finsl biamass procuction o the associated
soybean plaats. It is true thal ileaves and sbortes ilowers
were ghed during the erop growth period and the welght of such
losses are not sccounted for by the blomasa yleld as recorded
at narvest. AId, that extensive ilower abortion (20 - BOX) ean
occar at any stage of developmeant frau the time of bud initiatien
tu seed vevelopuent, ik Buybcua, hAs ausv bsen reported (Hardman,
15703 Vaa Schalk aad frobet, 19x%,. 7The Quantitiea of such
sueu plant parts Cowid ue substentiale. nickée (13576, stated
taat, 41 waturily, above grouna dry watterl in suylean, consists
oi approximately 2gw leaves (felienj, 15w petioles (fallen),
17y stews, 114 pous znu 29: seed. iurther, it 1s possible
tnat the amounts of leaves And iliwels 80 shed sy Giifer
between toe two environments, ¥4 awd Ez. da the ateence of
data on this aspest it is dirficult to draw aLy cefinite
couclusion on thé¢ covperative blomass productivities of the
two envircnnénte; the data gathered in ihis investigation

permita the drawal of conclusions only on blomass production
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as actually seen at harvest and nct on biomass productivity.
However, since biowass is intimately related to DMP/plant,
and since it was seen in the discussion under the preceding
section (i.,e., 4.9,12) that the DMF of soybean 13 very seriously
curtziled within the bamboo stand (L‘.‘), the date on the final
biomass production ¢an be relled upon to interpret the diffe~

rentlal iniiuences of the two environmentes,

wahua znc hiller (1975 reported highly significant
Digetive Correil&siion beiween 1resh weight of the soybean plant
and shadinge i1le reswlis of the present invesgtig-tion are in
agreekent wlth the alove mentioned tinding. The sureriority
Gl by OVer ) eveutaough nut sigrniticant, seen in Expt.? is
evidently oue {¢ theé veneficial eifect 0i partial shade already
Giscussed extensively unaer leaf area/plant (eection 4,1.5)
and number of pous/plant (section &4.1.11), %ahus and Miller
(1578) fouad that a slightly sub-normzl lisht intensity was

beneiicial a= regards soybean LiiP.

A comparison of tne resuits of the three experiments,
reveals that while the biomass yield of soybeen under E, was
0,002 t/ba, it was reduced to 0.471 t/ha under Expt.2 and
again increasned to reech 1.337 t/ha under Expt.3, The initial
hi-ler yield of Lxpt.i as compared to kxpt.2 is e2slly explained
in teruws ol the bemeficiml erXfect of 'partialvabnde' already
mentioned. But the second increase seen under Expt.3 appears
to Le strange. 1I1i ithe closing of the bemboo canopy and
exransion of the root system of the bamboo climps led to 8
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reduction ir the biomass yielc of soybean in Expt.2, such an
effect must then have been still more prnounced under Expt.3.
But, the biomess yield of Expt.3 instead of decreasing,
registered an increase as compared to that for Expt.2. Perhaps,
this arose beceause of geasonal differences between Expt.2 and
kxit.3, and possibly alsc because of an interaction of such
seagonal conditions with the shading and other microclimatic
eiffects caused by the bamboo st~nd. This neede further

elucidz=tion,

4.1.14 pumber of grains/plant

(Table 23(a), 23(c), Fig.5(Db)

The data on the numter of grains/plant was recorded on
single sample plants at narvest, The results show that environ-
ment (E) exerted a significant influence in all the three
experiments, 5ut, while in Expt.1, ihe soybean plants growing
within the bzmgoo gtand (L1) recorded significantly more nuaber
of yrains, (29% nore), the trend reversed after that, and in
Experiments 2 and 3 the open field enviromment (Ez) was signi-
ficantly superiar to E4. This initial superiority of E,, may
be expected becmuse of such a trend having been seen in a number
of growth sttributes (number of leaflets, leaf are2, mean leaf
area/leaflet, length of taproot, blomass production) and im
the yleld attribute, number of pods/plant. It is very likely
that the same causes which led to & superiority in all these
attributes in Expt.1, which conjeintly have been called as the
'beneficial affect of partial ahading', must have been respomsid
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Table 23 Grain parameters SOYBEAN b
(2) Number of grains/plant (b) 100-grain weight (grems)
Expt.1 Expt.2  Expt.3 Expt, 1 Expt,2
1. Within the Bamboo stand (E,) (=) Infiuence of Fhosphorus levels

Py 13.289 12.259  B.185 846k 7.899
P, 11,099 10.687  7.085 8.501 7.632
P, 14,674 13.344  10.920 9.572 8.066
F NS NS NS - NS
SE 1,491 1.950 1,746 0.272 0.280
CB - - - 0.819 -

(bj Imluence of vig_our of bamboo clt.mp= (VQ

L 13.05 134396 .723 9. 039 8.083
H 12.986 10,797 84737 8.652 7.648
P NS NS NE NS NS
SE 1,217 14592 1426 0,222 0,228
cs - - - - -

2, in the open field (Ez) Influence of Phosphorua levels (P)

Eg .7#8 37 030 38.938 .697 10.086
Fq 10,984 41.249 54,250 6.091 10.125
b, 10.696  38.889 46,125 T+536 9.836
F NS NS * NS NS
SE 0,916 3.039 3394 0,352 0,133
co - - 10,084 - -

3. Fooled analysis (a) Iniluence of Environuents (E)

Eq 13,021 12,097 B.729 8.846 7.866
B, 10,129  39.05 46,438 7.774 10.015
l. j 2 b3 2 ® ¥ * W > i
SE 0,700 1,502 1,621 0.18L 0.12%
cL 2.013 h.332 B.337 0.528 0,355

(b) Influence of Fhasphorus levels (P)

T B 11,019 26,645  23.563 8.081 8.993
By 11,022 25.968 30,667 8.296 8.879
P, 12,685 26117 28,521 8,554 8.951
F s Ks NS &S NS

58 0.8%7 1.833 1.986 0.225 0.150

~n - - - - -
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Table 23(¢) Nugber of grains/plant SOYBEAN
Expt.3 Influence of the interection E X P

Envirorments (E)

P levels
¥ithin the bamboo (E,) In the open (E,)
— m%__. o T
P.‘ 7.%14 5“.250
P, 10.917 46,125
© Ftest a* "
SE = 2,808
C = 8,099
Concluaions:

a; P over k
- T
E, 1

2 o]
b, = Py T T *
b) i over P
PD - EZ E., *
P.‘ - Ez b.' *
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Table 23 (4) 100~zrain weight (grems) SCYBEAN
Expt .1 Infiuence of the interaction E X P
P levele  Environments (E)

%ithin booboo (21) In the open (EE)

Eg 8,454 7.697
P.] 84501 8.091
B, 9.572 7.536
F test = %
Siv = 0,318
Cv = 3,815

Lonciusicns:

a) P __over &

by o= By BT E ”
By = &y o ‘2
b) L& over :
Py = BT
By = I
F, = E4 K »*




for the significuntly more number of gr:ins also, That
ehading adversely affects the number of grains has been
reported by the other workers also ~ in wheat by Fendleton

and weibel (1965) and in pearl millet by Reo and Singh (1980),
but, in zoybean uuffy et al. (1581) found nelther pre-anthesis
sheding nor shacing during seed filling pericd to affect the

nusker of seeds.

A wmore important fenture was ihe behaviour of this
sttritute unger ile two enviromzents over time. Under E1 a
gecliinine irenc in the number of grairs was seen vetween the
tizee exveriments, it belng highest in Lxpt.1, followed by
Lioted nng least in Expt.? which recorced a wean %,73 grains/
plant, in coatrsst, WIUEr I:Z. an increasing trend was seen,
wiih the number of roine veliny least in Lxpt.1, more in Expt,.2,
and being the rieximum in Expt.3 (46,44 greins/plant). Thus,
the two environzents ghowed dismetrically opposite trends.
while the variation between the three experiments, in so far
as the open fleld (EZ) is concerned, may be the effeet of
season, the variation noticed in the dehaviour of soybean
within the bamboo stand (E1) is clearly =scribable to the
deleteriocus influence of the bamboo clumps acting through
increasing closure of the canopy and expanding root system,

The factor vigowr of tae samboo clump (V) 6id not
exert any significant influence on the number of grains/plant,
eventhough & general trend of reduced mumber of grains was




noticed under the 'high vigour' (H) bamboo clumps, in
Experiments 1 and 2.

48 regards the third factor, viz., P, significant

differences vetween the three levels were observed only under

the cpen 1leld (E,) enviromment, and that teo only in one (Expt.3]
out of the three experiments, The level, 102 kg F205/ha (1.e.,
f,) recurded siznificantly more numter of arains/plant than the
control (PO); while the 200 kg Ezoslha level (l.e., Pz) occupied
an intzrmediate positicn, itself telmg on a rar with F1 and Po.
Thus the curve of the responce to added : initially rose upto

P1 lavel an¢ then fell. This trend of initial rise =»nd subsequen
tall, as seer in Exrt.5, was notice€ eve:r in the other two
exreriments (Exzt.1 ané Expt.2) alsc, eventhouzti the édifferences
did not resch levels of statisticzl ci rnificsnce., In faet, this
pattern cf responce to sdded P in the open fileld environment
(5)y viz., 2u initial rize frou P, to F, anc 2 eubseguent

fall irox f, to Fp, 15 seen under 2 pumber of paremeters im the
rresent investi;stior, eveatacugh in «¢:it Czzes the differences
between the three F levels were rot ei.nificant. Thus, such a
rend was noticed under, (1) heizht of rl=nt (70 2ad SC DAS

of Exite3), (11) dismeter of stex (3T, €0 and 90 Li3 of Expt.t,
and 50, 50 and 70 LaS of iLxpt.3), (1il) number of brauches

(50, 69, 70 &nd 50 us3 ol Ixpt.3), (1v, nanber of leaflets

(40 and 60 LAS of Expt.1, and 60, 70 end 30 LAS of Expt.3),

(v} leaf area (total)/plant (4C Di3 of Expt.1, and 70 and 90
DAS oi Expte3), (vi) mean lgaf area/leaflet (70 and 90 DAS

of Expt.3), (vii) lenyth of taproot (SO DAS ef Expt.1, and
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30, 40, 60, 70 und 90 DAS of Expt,3), (viii) number of root
nodules (40, 50, 60 and 70 DAS of Expt.3), (1x) root: shoot
ratio (30, 40 and 50 DAS of Expt.3), (x) number of flowers
(50 ané 60 DAS of Expt.3), (xi) numuer of pods (60 DAS of
Expt.1, 60 and 90 LiS of Expt.2, anc 70 and 90 DAS of Expt.3),
and (xid) DKP (70 DAS of Expt.3), All these cleerly indicste
that the response of aoybean to added P in the open field (Ez),
under Coimbatore concitions, can be expected to occur up to a

maximum level of around 100 kg P205/hn.

While F exerted a significant infiuence under open field
conditions (Ez) atleast in one experiment, it failed to evoke
any significant response in soybean, within the b=mboo stand
(E..‘). in any one of the three experiments. Further, the oversll
influence of F (L.¢., pooling the two environments, !-31 and Ez,
tosether) was also not significant in any of the three experi-

ments.

As regards interactions, only one, viz., E X P in Expt.3,
wad sigrdficant, Wiile within the bamboo stand (E,) =21l the
toree P levels were on 2 p-r, in the open fleld (EZ), P, was
significantly superiocr to both ?2 and Pg, which were themselves
on a par (Table 23(c)). This implies that the sffect of P is
suprressed within the tamboo stand. The physical explanatien
for this is, Perhaps under the overwhelming compgtitive
influence of the banboo clumps, the P thet became actually
available to the soybean intercrop was very much reduced
thereby svoking very little response. As regerds the behaviour
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of the two environments under the different F levels, Ez was
significantly superior to E,, throughout. The disadvantsges
suifered Ly the soybean plants within the bamboo stand (E,)
have already been explained in detalls as to need elaboration,
which explains the superiority of the soybean plants growing
in the open field (E;).

4.1,15% 100-&111 weight
(Tavles 23(b), 23{d), Fig.5(c))

The available results (Expt.?1 and Expt.2) reveal an
interesting feature in so faxisthe enviromment factor (E) is
concerned. While in Expt.1, the soybean plants growing within
the baaboo stand (E,) recorded a significantly higher aeed
weight, in Expt.2, it was the open field-grown soybean plants
(Ez) that recorded sigrificantly heavier seeds.

That shade depresszes the grain wveight has been reported
in wheat by Moursi et al. (1975). ln soybean itself, Catedral
and Lentican (1977) observed the depressing influence on 100~
grain weight by 50k shading and Wehua and Miller (1978) found
that 100-grein weight was highly significantly and negatively
correlated with shade. Evidence is to hand that the reciprocal
effect does not take place, Thus, Johnston st a). (1969)
observed that the 100=grain weight of light-enriched socybean
plants to be lower than that for normal untreated plants. This
would imply that there appears to exiat an optimum light
intensity, any intensity above or below whiech will act to
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reduce the 100~geed welzht. iost 1ikely this phenomenon of
optimum light intensity was responsible for the heavier seeds
obeerved under E4 in kxpt.1 of this investigation. In soybean,
seeds are physiclogylcally msture in about 65 - 75 days (Hicks,
1978) and the linear seed-filiing phase starts from about 50
DAS. An examination of the light intensities prevailing during
thie period 50 D&S to 70 LiS for Expt.t (Appendix 1 and Fig.2)
reveals that the light intensity within the bamboo stand
fluctuated between about 95 K lux and about 55 X lux while
the ambient light (as measured under E,) between about 132 K
lux and about 115 K lux at 50 DAS and 70 DAS reapectively. In
sharp contrast, the light intensities during Expt.2 were 50 K
lux within the bamboo stand and 77 K lux in the open field et
50 0AS5, and about 55 K lux for E, and 79 K lux for Ez at 70 DAS.
It would therefore appear that spproximately the range 80 to 95
K lux is ideal from the point of weight of grain in soybean.

Further, the stage of crop :rowth at which azhading occeours
has also been reported to be important in determining grein
weight. Prine (1980) noted the criticality of shading during
the seed-filling stage in soybean. In the present investigation,
however, the guestion of shading at selected satages of crop
growth does not arise; it wes : c:ze of contimuocus sheding
right from seed cmergence. Still, there is a diffesrence in
the degree of shading suffered by the soybean plants during
the seed-illing phase, betwsen Expt.! on the one hand and
Expt.2 on the other Lecause of differences in (1) the extent
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of closure of the overhesd soybesn canopy and (ii) the prevail-
ing smbient 11ght as determined by seasonal conditions. As a
¢onsequence of these variations, even in continuous shading,
variations would arise in the amount of light reaching the
aoybean cancpy. Such differences explain the difference seen
in the 100~-grain weight for Expt.1 and that for Expt.2,

Another feature worthy of note is the disparity between
the two parameters, 100-grain weight and number of seeds/plant,
28 resards their response to shade, While the differences
betucen Ey and E, were of the order of 14% (ifExp.1) end 21%
(in Expt.2) as regards 100-grain weight, vaster differences
were noticed under the number of grains/plant, which were as
much as 29% in Expt.1, 69% in Expt.2, and 89% in Expt.3, Some
workers have stated that shading affects the mmber of grains
wmuch more than it affects the 100-grain weight (in wheat, by
Fendleton and Weibel, 1965; in maize, by Early gt al.,1967).
Based on studies on chickpea, Saxena and Sheldreake (1976, 1977)
concluded that over the shading range of 16=77% transmission
there was no significant effect on the 100-seed weight, by
shading. It would therefore appear that the attribute 100~
grain weight is much more plastic in its response to shading
which explains the differences in the magnitudes of influence
of shading on 100-grain welght as compared to the number of
greins/plant.

Vigour of the bamboo clump (V) did net exercise any
significent influence on the seed weiiht. As regards, P, its
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effect was siznificant, only within the bamboo atend (E,) and
that too only in Lxpt.1. En Expt.1, 1t was scen that the
pattern of response was graded, with P2 recording the heaviest
grains, followed by P4 and then by Pgs P2 was significantly
superior to the other two levels, which themselves were on a
Pare On tne other hand, the differences were not significant
in Expt.2. 48 regurds the response to F in the open field (Ez),
the differences were not significant under both the experiments.
iowever, a trend showing the grain weight, to incresse between
FO and kg and then cecrezsing between F, and P, wes seen under
both the experiments, suggesting the existence of an optlaum
level for © within ihe range of doses tried in this investiga-
tion. Tow we may consider an explanation for the significant
response to P seen in Expt.1 ender E;. If the existence of an
optimum for P application is assumed and if it is further assumed
that such optlmum, in tne rresent investigetion, was somewhers
around 100 kg £205/ha (i.6., Py level) s suggeeted by the
results for the open field (Ez), then it stande to reason thst
within the bamboo stand (E1), because of competition for soil
and/or added ¥, the P available to the associated soybean crop
was reduced to suck & level as to evoke a sustained response to
added &y over ooth the levels Fy and rPy. 1t could then be
postulated that the observed significant response was the result
of this initial mild competition. Subseguently, with the further
growth of the bampoo clumps and aggraveted competition, this
moderating intluence vanished »nd there was no response to added
P which apparently supplied P tu the soybean, but which in

reality w € perhaps unsvailable to the soybean.
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The overall influence of P (over both E, and Ez put

together) was not significant. However, the intersction E X P
under Expt.1 was significant (Table 23(d)). ¥hile within the
bamboo stand (E.‘) P ghowed & graded pattern of response with P,
being significantly superior to the other two levels of P whieh
themselves were on a par, in the open field (Ez) all the three
P levela were on a par. Regarding the performance of the two
environments over the three F levels, E, was significantly
superior to EZ' under the Pz level only, The possible reason
Tfor these results has already been discussed in the preceding
paragraphe.

4.1.16 3Single sample plant grain yield.

(Table 24, Fig.5(a))

Amoug the three factors, only environment (E) exerted
any significant infiuence, This was s0 in all the thres
cxperiments, However, the trend of results among the experi-
wents was different, In Expt.1, the soybean plants growing
within the bamboo stznd (E.') registered significantly higher
srain yield/plant (L&% more) than that tor those growing in
the open field (Ez). But this reversed and in kxpt.2, the
soybee;n plants growing in the opsn (Ez) out yielded those of
by, Tegistering a 300% increase. In Expt.} 2lso E, out ylelded
Eqe but the disparity became much more (692% increase).



o g

273

Table 24 Single Sample Flant Grein Yield (grams/plent)  SOYBTAN

Expt.l Expt.2
1. Within the Bamboo stand (E,) (a) lnfluence of

Expt.3

FPhosrhorus levels

Py 1.139 0.998 0.548
Py 0.945 0.831 0.500
P, 1437 1,111 0.724
H Nz NS NS
Sk 0.150 0.199 0,145
&5 - - -
("6“Iz‘i;¢.xencg af vi our 01 bawboo clam; (V)
L 1.219 14098 0.577
4 1.1 0,562 0.604
E 35 1z KE
Sa 0e122 J.162 0.118
o - - -

2., In the open neld (b ) Tnfluence o.f Phosphorus levcls \E_)

1 3.5691 3,740 4,000
s G.922 4.186 .310
P, 0.828 3e8%1 Le73h
I Lé Lo 1
Sk a97 0.510 04353
luence of Environmerte (E)
T Ly IR LN 0,980 0.591
k, 5.813 3,919 4,681
F £ ¥He » 9
SE 0.072 0.153 0,306
Ck D.206 O.441 1.576
\h) lni‘ﬁggéé~é;m;ﬂéépﬁo£;s levels (i)
_1;0 0.915 2.269 2e2T4
F4 0,9% 2.509 2.905
P, 1.933 2,471 «729
3 NS NS NS
SE 0.0u6 0.188 0.250
co
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Conaidering the trend of results seen uptill now under

the different attributes, it is not difficult to see the reason
for this pattern. Particularly under the three parameters
infivencing grain yleld, viz., number of pods/plant, number of
oTains/plant and 100-grain weight, it was seen thet while in
ixpt.1, soybean plants growing within the baaboo shade (E,)
consistently and significantly out ,_performed those growing im
the open field (Ez), the situation was exactly the reverse in
Expte2 with Ez outperforming E4, consistently and significantly
under all the three a2ttributes, and this was repeated in Expt.3
(for number of pods and number of grains).

A scrutiny of the correlations presented in Appendices
6,9 and 12 reveals thet the number of pods/plant was very
highly significantly (p =« 0.001) and positively correlated
with the grain yield/plant, in the case of Expt.1 and Expt.3
in the bamboo stand enviromment (E,), and in all the three
experiments under the open field environment (Ez); only in
the cose of E, of Expt.2 was the correlation not significant,
AB regards the other parsmeter, number of grains/plant, whieh
was computed for Experiments 1 and 2 only, all the four corre~
lations (2 enviromments under each of 2 experiments) were very
highly significant (p = 0,001) and positive and tight, the
correlation coefficients in all the four cases being 0,96,
These results siigest the high degree of importance of thease
attributes in deciding the grain yield/plant in the present
studias.



The equations for the 'predicted yield/plant' separately
for sach of the two environments, based on the nultiple regres-
sion analysis carried out, are furnished in Appendix 15. The
striking difference between the two equetions is in the magni-
tudes of the intercept, it being a mere 0.8091 for Eq while
it 15 as high as 14,6053 for E, (18-folds higher) which vividly
portr-ys the deleterious influence of the bamboo stznd on
soybean grain yleld. An examination of the beta values for the
two environment reveals that while in the open field situation
leaf area acts positively and contributes the maximum towards
soybean grain yileld, within the bemboo stand it is the weight
of the soybean roots, fellowed by the length of the taproot
and then by the number of leaflets/plant that contribute
positively towards grain yleld. These results therefore
su;gest that the rocts of goybean suffer & sericus setback
within the bamboo stand and thus perhaps also imply that the
soybean plants growing below the bamboo clumps are able to
adapt to the reduced light intensity, though to a certain
extent enly, through modificetions in lesf area, Regarding
LiF, 1t is seen that under both the enviromments it makes a
negative contribution, However, it must be borne in mind all
these predictions are based on the data for 30 DAS only, a
period far removed in time from the harvest stage.

Regarding P, though it exerted no significant influencs,
it is wvorth pointing out a trend seen in the open field
snvironmant (Ez). The pattern of rise between P, and P, and
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the fall between P, and Pys 83 seen under many attributes in
this investigation was repeated as regards grain yield/plant
also, thereby suggesting the existence of an optimum dose for
P lying somewhere around 100 kg P2°5/bﬁ-

4.1.17 Flant population at hervest
(Table 25)

Among the three factors studied, only enviromment (E)
exerted a significant infiuence on the final plant peopulation
of soybean. In all the three experiments, the open field
environment (Ez) recorded significantly more number of soybean
plants/ha at hervest, than within the bamboo stend (E.‘). It
is t0 be remembered that even at the start of each one of the
three experiments, the soybean populetion under E.' was alwvays
lesser than that for Ez, because of the space occupied by the
bamboo clump. Further, only at the commencement of the series
of the three experiments, could a uniform populatien be main-
tained within E,. Thue, at the time of sowing the soybean in
Lxpt.1, 2 uniform number of 364 seed holu/net rlot in all the
plots in E, and 358 seed hols/met plot in all the plots in B,
could be established. Therefore, even at the commencement of
Expt.1, the soybean population within the bemboo stand (E,) was
only 98.4% of that for E;« In other words, the bamboo clumps
ocaupied 1.,6% oi the land area. Subsequently, by the time
Expt.2 commenced, the bamboe cluaps had expanded and occupied
lerger ground spaces, though such expansions varied with
individual bamboo clumps, thereby reducing the arez available
ior sowing the soybean crop.
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Table 25 Plant Population/ha (at harvest) SOYBEAN
Expt.l Expt.2 Expt.3
1. ¥Within the Bamboo stand (Eq) (a) Influence of Fhosphorus levels
Pg 2,55,711 2,111,310 1,78,208
Py 2,65,501 2,119,002 1,92,7T74
P, 2,46,387 1,92,662 1,97,436
F NS RS N3
SE 8,116 9,942 10,136

CD - - -
(B) InfIuence of vigour of bamboo clump (V) 77

L 2,55,869 2,15,384 1,95,722
B 255,869 1,995,925 1,83,217
F NS N3 NS
SE 6,627 €,117 8,276
CD - - -

2. 1In the Cpen field (E,) Influence of Fhosphorus levels (P)

Eq 2,73,426 2,86,601  2,38,112
P, 2,91,142 2,91,0%  2,33,333
P, 2,76,345 2,90,676  2,60,722
F NS NS RS
SE 10,472 4,335 10,570
D - - -

3, Pooled analysis (a) Infliuence of Enviromments (E)

E, 3,55,869 TO7,55  TL.ES, T
E, 2,80, 307 2,89,436  2,44,0%6
r % e e
SE 5,473 4,289 5,990
D 15,739 12,369 30,804

{B) Influence of Phosphorus levels (F)

- Py 2,664,568 2,48,960  2,08,198
Py 2,78,321 2,55,021  2,13,053
P, 2,61,370 2,641,669  2,29,079
F NS NS NS
Sk 6,704 5249 7,336
o) - - -
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It 1s therefore pertinent to exemine the dota on rete
of expansion of the bamboo clumps. It was pointed out under
section 3.7.2 that a round of blometric observations was
recorded on the bamboo clumps on 1449 DAF (1.e., when they were
nearly 4 years of age) and 9 days after that (i.e., when the
bamboo clumps were exactly 4 years old) the first soybean crop
(1.e., of Expt.1) wes sown both between the bamboo clumps as
well as in the adjacent open field. The data on the bemboo
clumps themselves, presented in Table 32 incdicates that, on
1449 DAF, the total pnumber oi culms/clump ranged from 7.333
itor 'low vigour' (L) clumps and 11.833 for ‘high vigour' (H)
clumps. Therefore, the averaze total number of culma/clump
warks out to $.583. As regards the land space occupled by the
clump, eventhouph the absolute gpacing between bamboo clumps
in this stucdy wes 4.0 x 4,0 m anc thus 8 land crea of 16 sq.m,
it haes to be noted that the bamboo clumps were separated by
bunds beczuse of the P trestments, &nd by irrigation channels.
Bence the net plot area as applicable to the soybean crop, viz.,
3,25 X 3,350 B, 1.8., 10.725 sq.B (=1/932.4 ha), must alone be
reckoned for purposes of comparisons. Thus, on 1449 DAP, 1.e.,
immediztely before the start of Expt.?, there were, on sn
average, 9.583 bamboo culms/net plot, occupying 1.6% of ground
spaces Converting the total number of culms to a per hectare
basis, there wers a total of 9.583 x 932.4 = 8935 culms/he.
Eventhough from the point of crown spread, the bamboo clumps
may be covering almost the entire area of land, the ground
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Space actually occupied is very small, and at 1449 DAP, a
total of 8935 bamboo culms occupled only 1.6% of land area,
or just 160 sq.m. Therefore, the -average ground space
occupled by & single culm works out to 160 aqg.m. + 8935 culms =
0.01791 aq.m./culm,

The average ground space/culm as computed above may be
used for arriving at the approximate ground spaces occurfed by
the bamboo clumps as on 1558 DAP and 1631 DAF which dates
represent the starts of Expt.2 and Expt.’, respectively, Om
1558 LAP there were an average of 13,167 number of total
culms/bamboo clump (the L clumpe recording 10.167 and the H
clucps recording 16,167 culms/clump) or 12.277 culms/ha,
Similarly, on 1681 DAP there were on an average of 16,666
aumber of total culms/bamboc clump (the L clumpe recording
13.000 an¢ H clumps 20.333 culms/clump) or 15,539 culms/ha.

It must 2180 be borne in mind that the ground space
occupled/culm is not a stable factor as time passes, in the
cass of young bamboo clumps which are rapidly expanding. The
reagsons for these are two, Firstly, the diameters of the
succeasive culms that are produced are not the same but
progresaively increase, eventhough at some point in time it
stabilizes, This aspect bas already been reviewed under
section 2.1.5.5., The second reason is dus tor a geometric
property of enclosed bidimensional spaces. I1f the basal ares
of a bamboo clump is circular in shepe and continues to be a0,
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over a period of time, as new culms are added on along the
Periphery of the clump, the dlameter increases at a steady
rate while the circumference of the bamboo clump's bese
increases at a rapid rate and its area st e very rapid rate.
bamboo clumps in general have a circular configuration for
basal ground area occupied by them. As regards the specing
between individual culms within e clump, it iz more or less
congtant in adult clumps, it being decided by the elongation
and curvature of the rhizomes that give rise to the culm.

Ignoring the effect of geametric .configuration of the
basal area of a bawboo clump on the numbter of culms that could
be packed within such an ares, and teking into account only the
besel diameter of single culms, the need now arises to make
adjuetments in the average ground area occupied by & single
culm, a2t 1558 [AP and 1681 DAP with reference to that for
1449 DAF. Data on the mean basal diamsters of an individual
culm presented in Table 28 show that it was 22,731 mm for a
tlow vigour' (L)clump and 22,414 mm for a 'high vigour' (H)
clump 28 on 1558 DiP, with the average being 22.572 mm/culm.
This means that the culm dismeter had increzsed by 2.786 mm
or 14% by 1558 DAP as compered to 1449 DAP. But, comparing
the aversge cross sectional areas of culms based on besal
diamsters, we find that it was 307.472 sq.mm on 1449 DAP,
400,157 sq.xm on 1558 DAP, and 451.711 sq.nm on 1681 DAP,

This means that the average cross sectional area/culm increased
by about 30N on 1558 DAP and by sbout 47% on 1681 DAP as
compared to 1443 DAP.
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If we consider only the average cross sectional areas
of culms, the ground spaces occupied by bamboo clumps must be
0.000307472 sq.m x 893% culms = 2.747% sq.m/ha on 1449 DAP,
0.,000400157 Bq.m x 12,277 culms = 4,9130 sq.n/ha on 1558 DAF,
and 0.000451711 aq.m x 15.539 culms = 7.0150 sG.n/ha. These
areas are the frreducible minimum ground spaces for accommodat-
ing the total culms in a hectare anc assumes perfect packing
of culms without any interspece. However, szince the culms in
8 clump are produced with sufficient interspaces between them,
the actual ground space occupled will be much more than the
figures shown above. Thus, while the absolute winimum ground
space re.uired for accommodeting the §,935 culms/ha as on
1449 LAaP, as ceikulated sbove, works out to only 2.7475 sq.m,
the actual ground asrea, as messured by the arez left over
after accommodating the soybean plants, works out to 160 sq.m.
Eventhough this 160 sg.m, 18 very small in comparison to a
hectare, still it is 58.23 times of the total area occupied
by the same number of culms on 3 cross sectional baszis. Hence,
logically, this multiplying factor of 55.23 must Lbe applied to
the total cross sectional arezs of culms for 15538 and 1681 DAP
also. Though it 1s possible that the magnitude of this corree~
tion factor may not remain constant at 58.23, but may change as
time passes and the bamboo clumps expand, still, within a shert
period of less “han an year i.e., the period during which the
three experiments were run, there may not be much change in
its magnitude and 1s v2lid as & correction factor.
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Applying the above correction, we get 4.913 sq.m X 98.23
* 266.08 sq.m/ha and 7.019 X 58.23 = 408.72 sq.m/ha for 1358
and 1681 DAP respectively. Hence the proportions of actual
ground space occupied by the bamboo clumps, intercropped with
soybean, works out to 1.60%, 2.86% and 4.09% on 1449 DAP, 15%8
DAP and 1681 DAF respectively. This would in turn imply that
the land area available for and thus the populetion, at sowing,
of the soybean plants must have dbeen 968,40%, 97.14% and 95,91%
at the starts of Expt.1, Expt.2 and Expt.3 respectively.
Agsuming no mortality, the final soybean populations also must

have been the same at harvest.

But the actual soybean populations as recordec at the
time of harvest were as shown in Table 25, It is seen that the
soybean population even in the open field was not the same under
the three experiments, Further, they were far below the thsore-~
tically ecalculated soybean population of 3,39,394 plants/ha, base
on the apacing of 25 X 11.75 ca - (i.e., 364 plants/net plot) for
the open field (EZ). The actual soybean populations as recorded
at hervest, for the open field wers, 82,6%, 85.3% and 71.9% for
Expt.1, Expt.2 and Expt.3, respectively. These deviations from
the caleulated full stocking is the result of natural causes
other than the factors of study, and most probably the effeat
of the aeasonal conditions,

As regards the soybean populations within the bamboo stend
(21), they ware 75.5%, 61.2% and 55.8% of the theoretically
calculated 100% population for the open field (Ez). Assuming
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that the influence of the season acted uniformly for E, and

Ez we must expect the same pattern of change in the soybean
populations for E1 also, as seen under Ez. among the three
experiments, of course proportionately reducing the populatiocns
allowing for the expansion of the bamboo clumps as mentioned
alresdy., 1n other words, we must expect for E1, the following
populationss for Expt.1, 98.40% of 82.65 = 81.3%, for FExpt.2,
97.10% of B5,%% = 82,.9%, and for Expt.3, 95.91% of 71.9% =
69.0%, assuming no mortality during crop growth.

But, it is seen that the soybeen populations for 51. hagd
been much reduced than the above shown caleculated values. Thus,
at the end Expt.1, there were only 75.% plants as against the
expected 81.,3%, and at the end of Expt.2, there were only 61.2%
instead of the expected 82.98, and finally, et the end of
Lxpt.3, there were only 55.8% instead of the expected 69.0%,
The shortfzlls were, thus 5.88 for Expt.1, 21.7% for Expt.2,
and 13.2% for Expt.3,.

Iin terms of a cirect comparison of populations under 51
with those under E,, they were \lable 25), 91.3%, 71.7% and
77 6% ifor Experiments 1, 2 and 3 respectively. In other words,
the ¢ifferences vwere 6.7%, 26.3%, and 23.0% for Experiments
1, 2 and 3 respectively. These actual differences do not
dgitier very much from the theoretically calculated differences
mentioned under the preceding paragraphj and inyvay. they show
a asimilar pattern of change among the three experiments.
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The reduced soybean population observed within the
bamboo stand (E.') is ascribable to mortality of asoybean plants
caused by the root competition end shading effect of the ‘
associated bamboo clumps. In Expt.?, there was only an actusl
reduction &.7% in soybean population under E.‘ ag compared to
E, which is not substantial. Thie was evidently because, during
the tenure Expt.?, the bamboo c¢anopy wes very open and the'hl-boo
root development was not complete. but, at the end of Expt.2,
the reduction in the soybean population reached a value as high
ap 28,3 under E.l as compared to E.z. This 1= obviously due to
the root competition from bamboo and its shade effect which had
intensitied by then. At the end of Expt.3 also, the soybean
populstion was reduced drastically in E1 as compared to Ez.
Howcver, the reduction was only 23.0% and thus lesser than
that for Expt.2. This diiference between Expt.2 and Expt.)
is perheps cdue to the seesonal dirferences. The season during
Expt.2 wag conspicuously dry while that during Expt.3 was
rel=tively wetter.

4.,1.16 Grain yield
{Tables 26, 26(a) end Fig.6)

Among the three factors studied, environment (E) alone
exerted any significent influence on the grain yleld of soybean,
and that too, only in the case of Expt.2 and Expt.3. The other
two factors, V and P did not exert any significant influence

on grain yleld.

The infiuence of the enviroament, however, presented an
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Iable 26 Grsin yleld SOYREAN

Yield/unit area (kg/ha) Mean Grain Yield/plant (grams)

Expt.1 Expt.2 Expt.3  Expt.1 Expt.2 Expte3

1s Within the bamboo stand (E,) (a) Influence of Phosphorus le!!%gy
PO 255.8 182.0 174.8 0.995 0.850 0.908
P1 201.8 158.1 183.1 0,766 0,724 0.932
PZ 285.4 190.1 213.0 1.159 0,960 1.098
b NS NS NS NS NS KNS
SE 31.37 29.59 W4 ,82 0,115 0,124 0.211
%%} - - - - - -

(b) Influence of vigour of Bamboo clump (V}

L 260.5 151.7 212.7 1,016 0.891 1,071
o 237.4 161,7 168.0 0.930 0,797 0.887
h NS Ns NS NS 55 N8
SE 25.61 2h 18 36.60 0,094 0.101 0.173
CL - - - - - -

2. in the open field (EZ) Influence of Phosphorus levels (P)

g 166,46 1 074 o ,206‘3 0.607 3.725 Se 406
P, 242.0 1,080.1 1,504.7 0,825 3,753 Gubh3
P, 191 1,061.2  1,641.0 0.706 3.627 6.323
¥ NS NS NS NS NS NS
SE  27.51 55.82 122,86 0.088 0.211 0.512
¢D - - - - - -

3, Pooled analyall (q) Iniluence of anironments (h)

Eq 248.9 176.7 190.3  0.973 0.8 0.979
LZ 200.8 1,071.8 1,470.7 0.716 3.701 6,057
F NS P ey " wun e

SE  16.9 26 s 55.22 0,059 0,102 0,233
Ch = 76 26 283 97 0.168 0.294 1.200

(v) Influence of phosphorus levels (P) '

PO 213.1 628,0 720.6 0.801% 2.288 %,157
P, 221.9 619  843.9  0.801 2.239 3.688
Ey 2395.8 625.7 927.0 0.933 2.2%4 3.710
F NS RS NS NS NS N8

SE  20.74 2.3 67.63 0.072 0,125 0.286

cb - - - - - -
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Table 26(a) Grein yield (kg/ha) SOYBEAN
Expt, 1 Influence of ths interaction E X P
F levels Envirorments (E)
Within the basboo (E,) In the open (E,)
128 259.8 166.4
P, 201.8 242.1
P, 2854 194.1
F test = *
Sk - 29.33
CD - 8‘5.39

Conclusions:
a) P over E

=P,  F~ P,
B o F1

2

. F, B,
E, =k, 2 Fo

b) £ over P
Po = k4 Ez
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Table 26 (b) Mean Grain Yield/Plant (grams)d SOYBEAN
Expt.1 Influence of the interaction E X P
P levels Environments (E)
Within the bamboo (E,) In the open (Ez)
Po 0.995 0.607
’, 0.766 0.835
P, 1.159 0.706

F test = #
SE - 0.101
Ci = 0,29

Conclusions:

a) P over E
E;= F, Py Py *
—r
E, = F P Fy

b) E over P

Po = E, Ez b
By = T

F, = E4 By *
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interesting feature. In Expt.1, the soybean intercerop grown
within the bamboo stand (E.‘) outyielded the sols crop growa
in the open field (Ep), by nearly 24%. However, this diffe-
rence was not statistically significant. Subseguently, this
superiority of E1 over Ez reversed, the sole crop of soybean
growing under E2 out~ylelding those growing under E1, under
both Experiments 2 end 3; and in both cases the differences
were statistically very highly significant (pe0.001). In
Expt.2, the soybean growing under E, recorded only about 16.5%
of the yield under E,s and in Expt.3, it was still lower, being
only about 13.0% of that for Ez. In other wordsa, the sole crop
ylelds were 607% and 773 as compared to the intercrops yleld,
under Expt.2 ang Expt.’ respectively.

These results indicate an apperent conflict between the
experiments in the same study. Thus, while Expt.1 suggests
thet soybean cannot only be successfully intercropped within
2 bamboo stznd, but also with, sometimes, a slight yleld
adv:ntaie, the results of Lxpt.2 and Expt.3 negate it and
su.gest severe yield reductions to the tune of about 83,5%
and 87.0%, respectively. Evicences are svailable to show
that soybean can be successfully intercropped between different
tree species., Thus, soybean is& being grown in between trees,
chiefly teak (Igectona grandig) during the initial phases of
the tree crop, under the taungyas system (FAQ, 1978). Liyanage
et 2. (1984) reported that soybean is one of the intercrops
commonly grown in coconut gardens in Sri Lanka. Soybean has
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oeen raised as an intercrop, for the first two years, between
0il palu (Elseig guineensis) trees in Malayasia (Chew Foh Soom
and Koo Kay Thye, 1976). According to Couto et al. (1982),
soybean intercropped between seedlinge of Eucelyptus grandis
trees, in the tnitial phases, ylelded the same as normally

obtained for a sole crop of soybean in the region.

The Buccessful intercropping of soybean in Expt.1 in the
present inveestigation, agrees with similar experiences reported
by the ¢liferent workers mentioned above. The subseguent
chasge towards yleld depreasion noted in the present investi-
gation 18 clearly the consequence of increased shading by the
bamboo canopy and root competition by bamboo roots. The non-
slgnificant yleld increzse seen under Expt.?1, was most likely
due to the teneficlal effect of 'partial shade', already
touchied upon, It was seen that a number of attributes were
benefictally influenced by the bamboo stand in so far as
kxpt.1 18 concerned, Thus, in Expt.1, the soybean plants
srowing within the bamboo stand (E.'), had more number of
leaflets, more leaf area, longer taproota and greater biomass
production, and more number of greins per plant, besidea
heavier eceds, as compared to the soybean planta growing ia
the open field (E;). And, in almost all these attributes the
diiferences between E, and Ez were statistically significant.
All these advancages naturally led to single plant grain
yields recording e significantly higher yleld (by 4K extre
yield) under Ey. And, when we congider the fact tbat the
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finz]l soybean population within the bamboo stand (E1) was

not materially lower than that for Ez, the reduction being

to the tune of only 8.7%, it ia not surprising that the soybean
plants growing within the bamboo stand (E,) outylelded those
growing in the open field (E,), though not significantly so.

The benefits of 'partial shade' mainly arise from s
sli htly reduced 1ight intensity, Several vorkers have repor-
ted that slight shading either does not depress yield or
actually increeses it, in the case of different crops. Further,
there are reports -1s0 as regards ihe infiuence of the time of
shading with reference to the stage of growth of the corop, which,
in the temporal senge could be coneidered a8 partial shading.
ihus, Stansel gt al. (1965) found that shading during the
vegetative ata e of growth had little effect on the yleld of
rice, though significant yield reduction happened if the shad~
ing was applied during heading. In tomatoes, Edmond et al.
(1964) reported that the maximum yield was obteined only when
the 1ight intensity was reduced to 45 of full sunlight.
Saxena and Sheldrake (1976) reported that in chickpea, thin
shade not only did not exert any influence on one variety,
but actually increaaed the yield in ancther varicty. In these
examples artificisl shacing with inanimate shades had been
experimented with. Henece, the non-reduction in yield or even
a slight increuse in yield in the different crops when the
light intensity is reduced upto certain levels, point to the
advantage of partial shading. Further, during the tenure of
Expt.1, the bamboo clumps were relatively younger and thus
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ssaller, posaessing a less extensively developed root system.
Yence root competition must have been minimal and ti:is alseo
must have contributed in not reducing soybean grzin yiaeld.

The situation during Expt.2 changed with the rapid
expansion of the root systems of the bamboo clumps and more
particularly of the bamboo canopy. The average light intensity
within the bamboo stend (E4) never fell below 75% of the full
sunshine, upto about LO L4&S, and averaged 67.7% for the entire
erep growta period in the case of Expt.? (Fig.2). On the other
hind, in the czse of Expt.2 the average for the entire crop
rowth period was about 63.5% only of full sunshine, while
durdng Expt.3, it wes about 64,5k of full sunshine. This
relatively heavier shading coupled with increasing root com=
petition ag it wust have increased by then, led to tha severe

yield reduction in soybean seen under Experiments 2 ~nd 3.

Evidences are not wanting to prove the deleterious
influence of shade, particulerly heavy ghade, on the yield
of different crops (Rai end Murty, 1577, in rice; Pendleton
and weibel, 1365, in whesat; Early et al.,1966, in meize; Peppw
and Prine, 15723 and Palis and Lustrillos, 1976, in sorghusg
Eaton and Ergle, 1954, in cotton; Fandey gt al.,1980, in
chickpea} and liedley and Ambrose, 1379, in peas). In soybean
itself yield reJductions with shading, often in & graded manner,
have been reported., Thus, under 505 intensity of sunlight,
while Catedral and Lantican (1977) observed an yield reductiea
of 30%, Wien (1977) reported a reduction as high as S50X.
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Asanuma (1977) reported that the effect of sheding in reduc-
ing grain yields were more pronounced with higher degres and
eariler application of shading. Eriksen and Whitney (197T)

and Eriksen (1978) reported yileld decrease as tiie lizht inten~
sity decreased. The results of Wahua and Miller (1978) who
tried 5 different levels of shading, vividly bring out the
pProgressive reduction in yleld. At 47% shade (which approxi-
mately corresponds to the level used by Catedrzl and Lantican,
1977t and Wien, 1977} the yleld reduction wos 25%, and at 93
shading, the ylield reduction wes as severe ag 98%. The average
emblent illuminstion in their gtudy having been 124,2 K lux,
the light intensity under the 47% shading (i.e. the light inten-
aity recuced to 47% of full sunshine intensity) treotment, must
have been 58.3 K lux. Thus, if even at a low level of light
intensity of 58.3 K lux the yield reduction wes only 2%, we
must expect still less yield depresaions for the 67 and 6i%
light intencities of Expt.2 and Expt.? of the present investi-
gation. But the yleld derressions were severer in the present
study which ig ascribesble to the root competition from bamboo

clumps .

In the present investigetion, the intensity of shading
wes not controlled and held constant, as no z2rtificial shade
was used, The xntensxtyﬁr shade continuously varied with
changes in the development of the bamboo cenopy over a period
of time. The light intensity at ground level within the bamboc¢
stand (E,) during Expt.2 ranged from 57.8% to 69.,2% that of
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full sumlight, During Expt.3, it ranged from 53.8% to TB.2K.
The average values for light intensities that prevailed within
the tamboo stand, are therefore 63,.5/for Expt.2 and 64,5 /for
kxpt.3. The nearest valuesz of light intensities to those values,
used by other workers are, 68 = 7% by Popescu and Axinte {1977),
50% by Catedral and Lentican (1977) and ¥ien (1977), and 47%
by wahua and Miller (1978). Comp:ring the yield reductions
reported by these workers, it is seen that Popescu =2nd Axinte
(1977) found yield depresaions ranging between 6.9% to 13.%%
depending on the time of applicztion, and Catedral and Lantican
(1977) reported a 30% yleld reduction while Wien (1977) observed
a 50% reduction. Wahus and Miller (1978) reported an yleld
depression of 25%k. Thus, 1t ie seen that pure shade by itself
can reduce soybeen grain yleld as much as by 50% vhen light
intensity 1s reduced to half of full sunlight, and at a light
intensity renging between 68 - 75% of full sunlight the yleld
reduction is about 7 to 14%., Lxtrapolating on these values,
we may expect an yield reduction of about 37% for an average
light intensity of 63 of full sunshine. Such extrapolation
may not be valid, particulerly since Singh (1978) working on
barley, has reported that decreases in growth of the plant
were not linearly related to decreases in light intensitys
still, in the absence of any other yardstick, the extrapolated
value of 37% may be taken for evaluating the results of the
present investigation,
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Yleld deta for Expt.2 shows that the yleld reduction
w28 as severe as 83.5%, far in excess of the 37X depression
Susgested in the preceding paragraph. In the case of Expt.J’,
the yield reduction was severer still, it being &7.1%. The
reason for this deviation i1s traceable, again to the nature of
the shade. All the experimenters mentioned above had used
only artificial shades wherein root competition was abaent.
Lut in the present investigation root competition wos present
and vhich involved a lerge net work of relatively shallow roots
growing in more or less the seme soll depth zons as that of the
goybean roots, Lvidently the serious yleld derressions aoon
in thie etudy were a consegquence of not only cverhead shading
but aleo of root competition, perhaps possibly also with the
two foctors interacting in some complex way., FPartitioning
the root effect and shade effect of living and growing shade
like the bamboo clumps, 1ls rather difficult. This aspect needs

further elucidation.

The contributory factors which led to yileld reductions
seen in Expt.2 and Expt.3 are not far to seek. A perusal of
all the discussions so far maae under the various growth and
yleld attributes would reveal, how the open iield=-grown soybean
rlants have been superior to those grown vit€?1h¢ bamboo stand,
consistently and often statlistically significantly sa, A
brief summary of the results, in notation, for certein select
stages of ¢rop growth, are furnished below, to explain this
point.
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Farameter Conclusion and level of
st=tiztical signifi-
cance
Ex;t.2 Expt.3
1.
Diameter of stem 30 DAS E, Ey E1 Ez
* % *
60 DiS E2 E.‘ EZ E1
* + *® * - -
90pas B, E, E, E,
* *» * L 3 * *»
2. Number branches 60 DAS E, E, Ey E,
L3 * * * *» *
90 DAS Ez 51 Ez E1
»* » * * -«
5. Number of le-fletgs 30 DAS E, E, Eq E,
* » » » » *
60 DAS  E, E, E, E,
* «* » * * *»
90 DAS Bz E1 Ez E.‘
* * - »*
L4, Leaf area 30 DAS - E, Ez
*»
40 DAS - E, E,
* L -
90 DAS - Ez E,,
”
60 DAS - E, E,
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Parameter Cebtlusion and level of
statistical signifi -
eance
Expt 2 WO,
70 DAS - Ez E1
E d »* »
90 DAS - EZ E.‘
* * *
5. tean leaf ares/leaf~ 30 DAS - E,‘ Ez
let
®* *
40 DAS - E, E,
®* &
50 DAS - Ez E.‘
* =
60 DiS - EZ E.‘
B.5.
70 DAS - Ez E1
» » »
90 DiS - Ez E1
* *
6. Length of tep root 30 LiS - E, E,
[ ] L ] L 4
4O DAS - EZ E.‘
» * *
50 DAS - Eg E.‘
- L ] »
60 pas - !2 l.l
N.s

70DAS - E, B,
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Parameter Conelusion and level
of statistical
significance
Expt.2 Expt,.3
90 DAS E.z E1 I-.‘.2 E1
» » » L * *
7. Number of pogs 60 DAS E, Eq E, E,
. * 5 * = *
70 DAS - Ez E1
* * *
90 DAS Ez E1 Ez 51
* & = » L] »
8. Biomass (final) E, E, E, E,
L3 *® »* » * L J
9, Number of grains EZ E1 Ez E1
* * * #* “ »
10. Seed weight E.2 E1 -
- « «

It is seen from the atove table that in almost all
instences, E, was statistically very highly significantly
(p=0.001; superior to Eqe Ouﬁof a total of 45 conclusions
presented above there are only 4 inst:nces wherein E1 has
come out auperlior to EZ' Ih#overwhelmlné superiority of 82
is clear, It is then not surprising that all these got
reflected in the grain yield of single sample plants whose
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results were, as could be expected, 32 E1, ®e%. in both Expt.2
and kExpt.3 (Table 24), Soybean plant population also repeated
an ldentical pattern which finally led to the eigniticéntly
superior grain yield of 52' seen under both Expt.2 and Expt.3,

in this connection it would be fruitful toc examine the
correlations between the diiferent plant attributes and grain
yield, presented in /ippendices &4 to 14, The implications of
these have zlready been discussed under 'single sample plant
grain yleld' (section 4,1.16).

68 regards the next factor, the vigour of the bamboo
clunps (V), it is seen that eventhou,h it did not exert anmy
signiticant influence on the grain yleld of soybean,still a
definite trend i1s patent. In all the three experiments, the
soybean planta growing under the ‘low vigour' (L) bamboo clumps
recorded numerically higher yields than those growing under the
'hizh vigour' (H) clumps, the increase ranging from 9.7% in
Expt.1 to 18.5% in Expt.2, and 26.6% in Expt.3. This trend
18 explaipable in the same manner as wag done while comparing
by and E;« Evidently the 'L' clump with lesser crown develop-
ment and thus lesser shading and with & less extensive root
syestem resembled the open field environment in so far as its
influence on soybean grain ylields are concerned., Hence its

superiority.

Finally, the third factor, F, also didé not exercise any
significent influence, either within the bamboo stand (31) or
in the open field (EZ) or even in its overasll effect, combining
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the two enviromments, This is not surprising since absence of
response to P application in soybean has been reported by
several workers (Patrascoiu et al., 1976; Lawrence gt al. 19773
Fhillips and Bartleson, 1979). In the present study, the
response to P application showed erretic trends, though the
differences were not significant, in so far as its influence
within the bamboo stand as well in its overall effect (pooling
E, and E;) are concerned. However, s definite trend, though
the differences were not statiztically significant, wmanifested
itself in so far as the response to P in the open field (Ez) is
concerned. It was seen that in Experiments 1 and 2, the P1
level of application gave numerically higher grain yield than
both Po and Pz. thereby showing a response pattern of rise from
Py upte P, and then 2 fall upto Py It is pertinent to point
out here that a similar rise and fall pattern was observed
under severa) attributes in this study, but more particulerly
under the mumber of grains/plant, 100-grain weight and single
sample plant grain yleld., In the case of Expt.3, on the other
hand, the pattern of response was one of continuous increase
with P, recording mumerically higher grain yleld, followed by
Py and then by Py,

While no reliance can be placed on these non-significant
results, still they are indicative of the presence of a2 pattern
of response. It is likely that the effect of added P could
pot be seen in the same year of application. Thompsen and
Brown (1967) reported that the high level fertilizer aixture
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containing P and K applied by them did not increass soybean
yields during the treetment ye¢arz but generally increased it
in the subsequent yeers. The trend of a rise in grain yleld
upto Fy (1.e., 100 kg P,05/ha) and thereafter a fall as seen
in the first two experiments (Expt.1 and Expt.2) which subd~
sequently changed to one continuous rise in grain yield upto
the P, level as seen in Expt,.3}, 1S suggestive that the delayed
responae to added P is gquite plausible as repcrted by Thompson
and srown (1967). Similarly, the trend of an initial rise in
the grain yileld upto the F; level and a subsequent fall as seen
in Experiments 1 and 2 would suggest the existence of a peak
for the response, It was already pointed out under section
4,1.15 '100=grain weight' about the possibility for the exis~
tence of such an optimum, centred arcund 100 kg on,/kn in the
present investigation. In this context it must be remembered
that most of the Indian workers had secured the highest grainm
yield at around, or recammended s doze 0f 80 to 120 kg on,/
ha; for example, Singh and Singh, (1968); Jethmaleni et al.
{1969); Singh and Saxena (1969); Tomar and Dev (1973)}
Kavankar and Badhe (1975); Agarwal and Narang (1975); Rana
and Chand (1977); and Hampaih and Sinha (1979). Further,
Fauconnier, (1976) had reported that the yield increased only
uptoe 100 kg P205/h1 after which it decreased. Based on all
these evidences and the trend of results non_in the present
investigation, it may be safely concluded that an applicatien
level of about 100 kg PZO’IM seems to bDe. the optimum for open
field=grown soybean under Coimbatore conditions.
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As regards soybean grown inside & bemboo stand no definite
conclusion is possible to be drawn with the results secured in
this investigation. However, a general trend favouring the Pz
level is vizible when the trends of yields for all the three
expérizents are examined. In fact, in Expt.3, a continuocusly
increasing trend in grein yield was seen, with Py recording a
numerically superior yield to Fg, and 1=’2 in turn outylelding P1.
though the differences did not reach levels of statistical
significance, These trends would then su.zest that an appli-
cation level of 200 kg P205/ha (1.e., P;) is more beneficial
to a soybean crop when intercropped within bamboo clumps.
it is thus seen that while & relatively lower level of 100 kg
P205/ha appears to be the optimum for open fielde-grown soybeen
(as mentioned earlier), & still higher level, viz., 200 kg
'r‘zo._,,/ha appears to be beneficilal to & soybean crop grown within
a bamboo stand. This means that the response of soyhcaq gredin
yield to acded F is extended to higher levels of application
when the soybean is grown within a bamboo stand, though the
rate of resconze may be much lower than that for an open field-
grown soybean crop. Putting it in another manner, it may be
argued that the deleterious influence of the base crop of
bamboo on an intercrop of soybean, appears to be mitigated,
atleagt partielly, through P fertilizstion. This inference is
strengthened by the conclusions of Tarila et al. (1977) whe
studied the interaction between light intensity and P nutrition
in cowpes and reported that P could de used to offset some of
the adverse effects of low light intensity sas well as to hasten
growth and maturation,
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As regards inter: ctions, only the EAP interaction was
statistically significant in -Expt.1 ('I‘nhELc 26(a)}. V¥While under
both the enviromments, E1 an*z, all the three P levels wers
statistically on a par, the Jltuatlon was different when the
two levela were compared under each: one of the three P levels.
The soybean plants growing within the bamboo stand (E1) were
significantly superior in grain yleld to those growing in the
open field (Lz) under Fg and P, levels, while under P,, K,
recorded a non-significant numerically superior grain yleld,
These results lend partial support to the inference about the
beneficial influence of P application to soybean intercropped
within a bamboo stand, already discussed in the previcus
paragraph, Fut, it must be noted that under P, (i.e. non-
application of P) also, E, was significantly superior. Further,
only in one out of the three experiments, and that too only in
the experiment representing the initisl stages of the present
investigetion, viz, Expt.71, has this interaction been
obgerved., The avallalls results do not w.rrant further

inferences,

In conciusion, the foregoing discusalion could be
summarised as below:

1) It is agronomically posaible to raise a successful
intercrop of soybean within a bamboo stand of
Dendrogajamus strictus, with the basdboo clumps spased
at & X & =, provided the bamboo clumps are young, 1.e.,
upto an age of & years and 3 months (i.e. 'Estatlishment
intercropping') and further provided that the bamhoe



11)

111)

canopy has not closed completsly but casts only
a partial shadej

Serious yleld depression in intercropped aoybeén will
occur if such intercropping within a bamboo stand is
carried on uLyeond the above mentioned age of 4 years

and 3 monthse. The ¢ .uses for such reduction appear

in one part due to the primory effect of the shade cast
by the bamboo cznopy and on the other pert through
intense comgetition from the bemboo roots of relstively
older bamboo clumps, It therefore appe=rs, that 'establd
ment interercppling' of soybean and possibly other annuals
also, within a bamboo stand, atleast for 2nother period
of about 4 to 5 yeurs beyond the first 4 1/4 years
m.ntioned above, (L.e., upto an sge of 8 to0 9 years)

is poasible, provided the bamboo canopy is suitebly
manipulated through crown trimmin. and through partial
pruning of bamboo roots _udiclously, through digging

the s0il, lLiowever, the resuits ¢f the present investie
¥ation do not permit of any forecast as re:ards the
immediate and long-range consequences on the yleld of
bamboo culms of such manipulations. This aspect needs
further studyg

The influences of vigourously growing bamnboo clumpa
vis-a-vis less vigourously growing baﬁboo cdlumps on

the performance of an intercrop ¢f soybean, docnot
appear to be substantial, However, there appears to

be a trend favouring the less vigourously growing bambel
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clupps irom the polnt of soybean's performance, while
more vigorously growing bamboc clumps sre to be logi-
cally preferred from the angle of meximizing bamboo culm
ylelds, This conflict may perhars be resolved through
adoption of a wider spacing of the bamboo clumps, say

at about & X &€ m or more when the severity of competi-
tion between the vigorously srowing bamboo clumps and

the intercrop of soybean could be exypected to be minimized

iv, Inough b erplication has not ienerally exerted any signi-
ficant infiuence in thils stucy, there appears to exist
a8 trend itavouring ites arplicetion at a rate of about
100 kg P205/ha for cpen field—zrown soybean and at a
rate of about 200 kg P205/ha tor soybean intercropped
within a bamboc stand.

4y1.%5 Mesn prain yield/nlant

(Tobles 26 and 26(b))

This is a parameter derived irom the data on zrein yleld/
net plot, and the soybean plant popul=tion/net plot at the time
oY harvest, 7lhie parameter was calculated so ag to serve as a
crugs~check on the single sample plants grain yield data
(girexzdy discussed under 4.1.16) which was collected indepen-
dently, eno presented in Table 24, While both the parameters
measure the sameé attribute, viz., the grein yleld produced by
a single plant of soybean, they are of incdepencent origins and
thus distinet, It must be remembered that the 'single sample
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plent grain yleld' represents the actual grain yleld measured
on eingle samile plante while the 'mesn grain yleld/plant! is
an estimate of the same quantity bnsed on all the soybean
plants of a net plot. Theoretically, there must be very close,
if not perfect, agreement bitween the two parameters, However,
in practice, this may not be obtained. Large deviations between
the two parameters, if seen,would imply the existence of wide
variztions in the grain ylelds of sin le plants, 1.¢., randoma

errors, and thus help in evaluating the resulte,

sefore proceeding to discuss the Influence of the three
factors on the mean grein yield/plant, as hae been done for
a2ll the pa2remeters uptill now, it would be fruitiul to first
of =211 comp:re the results secured urder the two perameters,
'single sample plznt gzrain yield' and ‘mean grain yleld/plantt,
A comperison of the dsta for the a2bove two parameters reveals
that there was a fair degree of agreement between them, not
only in so far es patterns of resconse, but even as regards
the megnitudes of ;rain yields in absolute terms. Further,
as regarcs statistieal si;nificances, the concordance was

perfect.

Lxaminin, the pottern of response (Tzbles 24 and 26)
tiret, we find tlat out of the 15 prirs of comperisons (l.e.,
5 comp.risoas = vize, P ancer by, V under E1' P under Ez. E1
Vs E,s P under both Ly &nd L, - X 2 experiments) there wera

only two instances \viz., infiuerce of F under E4 in Expt.3,
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and overall influence of P in Expt.2) where the p-ttcfn of
response to the applied levels of the factor concerned was
different between 'single sample plant grein yield' on the
one hand and 'mear grein yield/plant' en the ether. Iln all

the other cases the pattern of responses were identical,

As regards the agreement in the values between the two
perameters, however, the differences ranged from as low as O.4%
(in Py under E, of Expt.2) and as high as 86.4% (in P, under E,
of Expte.3). Yet, as far as Expt,? and Expt.2 are concerned, the
difference never exceeded 24,0% and in many instances were far
less. Only in Expt.3, large differences were met with, and
that too only under the bamboo stand environment (E,). These
results indicate thet Ly and large the grain yield of a single
sample plant reflects the grain yield thet could be expected/
plant; though the concordance between the actu2lly observed
value and the estimate wes of a fairly high order under Expt.1
and Expt.2, it was pecor under Expt.3. One reason for this peor
concordance seen under Exrt.3 could be due to an unknown
interzction between the seasonal conditione and the bamboo
stand environment (E.,) which mizht haeve led to wide varietions
in the yields of individual plants. It is pertinent te point
out here thet the microclimate within the bamboo stand, parti-
cularly the light regimen, must have been vastly changed
during the tenvTe e{ Expt.3 as compared to the conditicns
that must have prevailed during the course of Expt.1. As
regards the third aspect, viz,, concordance in statistieal
significances, i1t has already been pointed out that doth the
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rarameters were identical,

Now, we may take up the examination of the influence of
the three factors studied, on the mean grain yield/plant.
Table 26 shows that only the environment factor (E) exerted
any si nificant influence, the effects of the other two factors,
V and P being not significent. Regarding the influence of the
environment, it is seen that while in Expt.1, the soybean
plents growing within the bamboo stend (E1) recorded a pignifi-
cantly superior mean grain yield/piant, the trend reversed
subsequent.iy such that under toth Expt.2 and Expt.3, it was
the open field-grown soybeen (Ez) that recorded very highly
significantly (p=0,001) superior mean grain yield/plant. As
regerds differencea in the mean grein yield/plant between E,
anc E,, they were atout 36%, 77% end 84% for Expt.d, Expt.2
and Expt.3 respectively. This pattern of E, being superior to
E, under Exptel and later on EZ becoming superior to E‘l is an
exact repetitior of the trend seen under cingle sample plant
grain yield (Tetle 24), eventhough the magnitudes of diffe-
rences between E.' and £2 were much more under single sample
rlant grain yield, where they were 44%, 300% and 692% under
Expt.1, Expt.2 and Expt.> respectively. The progressive
increase in the magnitude of the diiference between E1 and
Eps 85 time pessed on, 1s indicative of the divergence in the
conditions that prevailed, both -aerially and underground,

betveen the two environments.
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The arguments presented under section &.1.16 'Single
sample plant grain yield' apply in entirety here also, for
expleining the observed responses under the two environmenta.
Similarly, the arguments made under the discussion on the lack
of influence for applied P, hold good for this parameter ulso,

Significant interaction arose in one instance only (Expt,?
The interaction E X P (Table 26(b)) repeated an almost similar
pattern seen under grain yield (Table 26(a)), the only diffe-
rence being that in the case of mean grain yleld/plant, the
differences between the three P levels under E,, reached levels
of statistical significance (p = 0.,0%), such that P2 was superic
to k4, with PO oceupying an intermediate position end being on
a par with bvoth Pz and P1. This similarity ia expectable since
grain yield/net plot was one of the components in the computa~-
tion of the mean grain yield. Hence the explanations furnished
under grain yield hold good in this case also.



4.2, BAMBOO

4e2.1 Helght of culm
(Table 27)

The vigour of the clump did not exert any significant
effect on the helight of the culm at any one of the 7 stages of
growth for which meesurements were recorded - be it for the
tallest culm in the clump (1171 and 135% LAP) or the mean height
of culm (based on all the culms in the clump) recorded on 1422,
1449, 1558, 1681 apd 2152 DAPs. Further the height of culms
ranged from 2.811 m (for 'high vigour', i.e., H-clump as at
1422 LAP) to 3.977 m (for H-clump as at 1558 DAP).

The reports of several workers indicate that the height
of culms in Dendrocalamusg strictus varies within wide limits,
depending on the locality. For example, 4.57 to 18.29 m by
Lecgun (1977) 6.0 - 7.5 to 13-1% m by Dutta and Tomar, (1964),
6 to 16 m by Aslam (1971) and 6.1 to 15.2 m by ¥Wint (1978). But
then, all these estimates pertain to culms produced by fully
grown adult clumps. At Coimbatore itself, 16-year old clumps
of D. strictug have been reported to have culm lengths ranging
from 5.30 to 7.35 m by Sharmuganathan et al. (B80), However,
Deogun (1937) reporting a 1927 experiment stated that culm
height renged between 4.02 m to 5,09 m for S-year o0ld clumps
and from 4,91 m to0 6.10 m for 6-year old clumps. The height
of culms in the present investigation (in which, the age of
the bamboo clumps during the period of observation, ranged
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Table 27 Meight of Culm (m) BAMBOO CLUMPS

Mean helght over 2ll the culms in the
clump

of the tallest culm

Days after planting out

171 1 AR2T TTTINGY 1858 168Y — 2Y%2
1. Infiuence of Vigour of the Clump (V)
L 3374 3391 2.913 2.898 3.859 3,060 3.221
H 3.248 3,479 2.611 24924 3.977 2.980 3,147
F NS NS NS NS NS RS N3
SE 0,230 0,226 0,189 0,204 0.213 0,112 0,154

[y - - - - - - -

2. Influence of Phosphorus levels (P)

Py 3.261 34342 2.674 2,748 3.781 3.094 3,259

Py 3,520 3,682 3.120 3.147 4,156 3.038 3.269
Fqy 3,063 3.282 2,792 2.839 3.818 2,928 3,024
F NS NS NS Ks NS Ns KNS

SE 0.282 0,276 0.231  0.2%0 0,261 0,137 0,189

cL - - - - - - -

3« Inter action V X P

F NS NS NG NS NS 1) RS
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between 3 1/4 years to almost € years) though slightly lower,
agree clogely with these values.

Scrutiny of the data yeveals that the height of culms over
the period of observation (2 3/4 years) was almost constant with
an overall average of 3,23 m. The reductions in the height,
ssen at 1422 and 1449 DAPs as compared with 1171 and 1355 DAPs
18 expleined by the fact that, while the former two (1422 and
1449 DAPs) pertain to ‘mean’ culm heights which were besed on
all the culms in each clump, the latter two figures represent
the height of only the tallest culm in the clump. As regards
mean heights, while the data for 1422, 1449 and 2152 DAFs are
practically similer in magnitudes, those for 1558 DAP show
relatively taller culms (a difference of about a metre). The
reaacn for this is that bamboo culms grow rapidly and a few
culms in a clump may attain relatively great heights so that,
even 1f a few such tall culms are produced at about the same
time, the averaze culm height for that clump at that atage will
be boosted up substantially. Another reason is thet the 1558
DAF measurements were made during late November which is pre~
cisely the season when new cuims can be expected to have
attained their maximum height.

Phosphorue application did not exert any significant
influence on culm height, at any stage during the period of
obaervation. But a general trend of initial increase in culs
height fram the Po upto the P, level and then a fall in height
from the P, to the P, level wae noticeable,
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4,2.2, pagal diameter of culm
(Table 28)

The vigour of the bamboo clump did not exert any signi-
ficant influence on the basal diameter of the culm. The dia=~
meters ranged from a minimum of 17,673 mam (H-elump, 1171 DAP)
to & maximuz of 27.554 mm (L-clump, 1960 DAP). Culm diameter
steadlly increased over time, at a alow rate though. Taking
the average of L-and H-clumps, it is seen that the average dia-
meter was 18,102 mm at 1171 DAP, and 26.956 mm at 2087 DAP,
Thus over a span of 2 years and 5 months the culm diameter had
increased by about 50%. This would mean an increase of 222%
in cross sectional area of culms. Since the culm of D. gtrietu
is practically solid, and also since it was already seen under
section 4,2.1 that the height of the culm remained practically
unchanged over the period of obgervations, it iz to be surmised
that during the said period of ne~rly 2 3/4 years the valuable
pulpwood which 1is the most important economie product of
bamboos, more than doubled,

The range of culm diameters as observed in this study
agrees very closely with those for clumps of similar age
reported by Deogun (1937). The slight reduction in culm
diameter seen under L~clumps at 1422 DAFP in this study 1s
explained by the fact that the diameters for 1422 DAP is a
mean value based on all the culms of a clmp‘and henca is
susceptible to suffer changes if a few dead culas are felled
in cluaps as was done immediately prior to 1422 DAP., Evidence



ble 28 Basal Dlsmeter of Culm .

BAMEOO CLUMPS
Mean diameter ows. the culms in the clump
of the tallest culm Days after plantinz out
1171 1)?5 1422 1449 1558 1681 1852 1960 2087 >
iuence of Vigour of the elump (V)
L 18,532 19.847 18.814 20,148 22,731 24.341 26,083 27,554  27.4% oz,
F NS NS KS NS NS NS s NS NS N
SE 1.210 1.010 1.068 1.013 0,984 0.807 0,813 0.867 0.815 0.
[849] - - - - - - - - - i
luence of Fhosphorus levels (P)
Pg 17.748 18,927 16.133 19.268 23.513 24,928 26,768 27.982 27.611 23,
Py 20,288 20,954 21.677 21,643 22.952 23,987 25.638 27.322 27.32% 22,
PZ 16,272 18,419 17,084 18 . 448 21.253 23,033 24,738 25,963 25,937 20,
F NS NS NS NS NS ] NS NS NS N
SE 1,482 1.238 1,308 1.261 1.20% 0,989 0.995 1.062  0.599 1.
cD - - - - - - - - - .
yraction V X F T
F NS N8 NS NS LS NS NS re Ke )
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for such reductions in culm diameters over a time span when
®means are considersd and when fellings of culms takes place
during the intervening period is provided when we campare the
data of Deogun (1937) when the clumps concerned were of 5 yesers
age, and that of Kadambi and Rawet (1949) for the same clumps
when they were of 10 years age. Comparing the two sets of data
we find that a reductien in the mean culm diameter to the tune
of 10% (in the case of clumps developed from rhizome trnnaplantl)
resulted over a period of 5 years, i.e., between 5~year age to
10-year age.

rhosphorus application failed to exert any significant
infiuence on culm diameter, throughout the period of observa-
tion. Ueda (1960) who tried the 2pplication of NK, PK, NP and
NPK combinations on seedlings of Pleloblastus pubescens bamboo,
observed that though the fertilizer treatments failed to
influence culm dlameter the control treatment recorded the
least diameter. Numata and Ogawe (1959) who tried K, P and
K singly and as NPK combination along with Ca, on Phyllosta
bambusoides bamboo, in a field experiment, found while N induced
fast growth, P and K fertilizers failed to give a notable '
positive effect even though they promoted good quality in the
timber. Ueda (1960) who studied the infiuence of NK.‘ PK, NP
and NFK treatments along with an unfertilized control, an the
bamboo Phyllostaghys rsticulata in a field experiment found
that 21l the fertilizer treatments wers almost similar in
their response though recording a aslightly higher diameter
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than the control. All these reports indicate that the culm
diageter is not much influenced by fertilization, eventhough

a zlight increase ocours as compared to the unfertilized
control. However, Fatil (1980) working on Dendrocalamus
Sirictus itaself, reported that the application of fertilizers
(NPFK in combination) increased the meen diameter of culms, but
it is to be noted these results are based on bamboo seedlings
of less than 2-year age. It may therefore be conciuded that P
by itself does not materially influence culm diameter in bdamboso
as seen from the results of the preseat investigation which
agree with the earlier reports.

4.2.3 Mid-culm diameter
(Table 33)

The diameter of the middle-most internode in the culm
was recorded on the culms that were selectively felled on 2152
DiAF, 1.e., When the clumps were almost 6 years of age. The
results showed that neither the vigour of the clump nor P
application exerted any significant influence on the mid-cula
diamster., The mid-culm diameter ranged from 14.855 sm for
"low vigour' (L) clumps to 14,307 ma for 'high vigour' (H)
clumps, the average being 14,581, ma,

The absence of response in the mid-culm diameter to
either the vigour of the clump or P application is a repeti-
tion of the results seen under 'basal diameter of culs'
{section h.2.2), Further, even the patterns of differences,



which were, however, not significant, between the different
levels under each one of the factors, V and P, were also
similar to that observed under 'basal diameter of culm'. Thus
in both the parameters, it was the culm from 'low vigour! (L)
clumps that recorded a slightly larger diameter (with but one
exception in basal diameter). Under P, the Py level recorded
the largest mid-culm diameter followed by P.‘ and then Pz-

That the mid-culm diameter should reflect the basal dia-
meter of the cula is to be expected since the 'form factor'
(4.e., the guantity which gives an idea about the taper along
the length of the main stem of a tree) for any particular
specles of tree or bamboo is more or less constant. From
Table 28 it is seen that the basal diameters of the usable
culns felled at 2152 DAP were 22,459 and 21.802 ma for the
L= and H= cluaps respectively. The average therefore, vorks
out to 22,130 mm for basal diameter, Comparing the average
mid-culm diameter with the average basal diameter, it is seen
that the former was 66X of the latter,

4,2.4. Numper of nodes/culs
(Table 29 and 25(a))

The number of nodes/culm (for the psriod upto 1681 DAP
i.e., On standing culms) ranged from 20.997 (H-clump, 1422 DAP)
to 28.123 (L-clump, 1555 DAF), For 16-year old clusps of

Rendrocelamus strigtus. Shanmuganathan gt al. (1980) had
reported that the mmber of internodes renged from 26 to &5,
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Table 29 Number of Nodes/culm LAEQO CLUMPS
In the tallest Mean over all the culms in the clump
Days after planting out
1355 1622 1449 1558 1681 2152
- e e et 2 ovs e ot e e '

1. Influence of Vigour of the Clump (V)

L 25.917 21.792 23.257 28.123 24.552 18.980
H 23.583 20,997 22.579 24.630 26.115 17.630
F ;

NS ] K8 Ks ns NS
SE 1.530 1.079 1.248 - 1.187 0.854
o)) - - - - - -

2. Infiuence of phosphorus levels (P)

Py 23.875 20,532 21.554 22.444 25.083 17.712
26,750 24,043  25.395 29.209 27.577 19.704

Fy 23.625% 19.609 21.808 27.477 23,401 17.501
F s NS NS NS NS NS
SE 1.874 1,322 1.528 - 1.453 1,046

cu - - - - - -

3. Interaction VXP

F NS s NS NS * NS

& = Square roct transfcrmation done before anslysis



BAMBOO CLUMPS

Table 29 (a) Mean Nuaber of Nodes/culm as on 1681 DAP

Infiluence of the Interaction VXE

B lsvels Vigour of the elump (V)
L H
By 27 .808 22,358
P, 23.955 31.198
Ey 22,013 24.788
F test = *
SE - 20056

CD = 6 . 1 %
Conclusionst

8) k over ¥
=
L Py Py P

H e P Fy Fy *

b) V over P
Po- L H

Fy = H L *

P2- T
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The data for the present investigation fall near the lower
1imit of the above range, obviously because the clumps were
three times younger than those of Shanmuganathan et al. (1980).

Neither the vigour of the clump nor F application exerted
any significant influence at any of the stages during the period
01 observation. However, the interaction V X P was significent
at 1681 DAP (Table 29(a)). It was seen thet while under the
'low vigour' (L) clumps 21l the three levels wers on a par,
under the 'high vigour' (H) clumps, the level P, recorded
significantly more number of nodes/culm as compared to P, which
was itself on a par with P, (control). Comparing the two vigour
levels under each one of the three F levels, the H-clumps were
significantly superior to the L-clumps under the P, level,
there being no significant difference mnder the other two F
levels., While it must be admitted that it appears that the
nusber of nodes/culm is pre-iixed by zenetic factors for any
particular species of bamboo, ant while it is also true that
only the visible nodes are counted in culm enumerations, it
is also likely that the number of such visible nodes to be
influenced within certain limits, by the manipulation of the
environmental factors such as application of chemical
fertilizers.

It must be borne in mind that this interaction was
observed at 1681 DAF which fell in between Expt.2 and Expt.3
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of the soybean experiments, which implies that by then P
fertilizer had been applied twice, i.e., Bfter application

of a total quantity of 200 kg and 400 kg onslha. 10 the P1

and P, treatments respectively. Viewed against this background
of heavy and continucus application of P, it 1is clear that
there is a response to added P, though the response is delayed
because of a necessity for the pre-accumuletion of available

F in the soil before & response could be evoked. The reason
for this is perhaps that 2ll the applied P cannot be utilized
by the uamboo clumps immediately; it had to wait for the root
system of the bamboo €lumps to progressively expand in space,
over a span of time. The residual effect of zpplied P ferti-
lizers is well known in other c¢rops, Also, the 'high vigour'
{(H) clumps appear to be more respconsive to the added fertilizer.

4.2,5 Number of primary ganegs[ggl
(Tebles 30 and 30{(a))

The vigour of the bamboo clumps did not exercise any
significant influence on branching. The number of primary
branches/culm ranged from 21.943 (H-clump, 1681 DAP) to 61,348
(L=clump, 1558 LAP). Since branches arise only at nodes thers
is a relationship between the number of nodes in a culm and
the number of branches borne by it. The expression 'primary
branch' as used in the present investigation, refers to any
lateral branch arisirg from a culm node. One or more such
branches may srise from the some node depending on the cutting
treatments given to culms or the first formsd branch as reported
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Table 30 Mean Number of Primary Branches/culm EAMBOO CLUMPS
Days after Planting out
1822 449 1558 587
[
1. Influence of Vigour of the clump (V)
L 28,813 44,350 61,348 19.568
H 34,010 44,943 56 .244 21,943
F NS NS NS NS
SE 4,351 3.162 - 1+264
co - - - -
2, Influence of Fhosphorus leveis (F)
Fy 32,488 45.988 57.685 20.127
Fy 23.105 47.604 67 .862 23.106
2 28.642 40.348 50.841 19.034
F K3 NS NS NS
SL 5-378 3-873 - 1-57}
CcDh - - - -

3. Interaction VXP

P

NS NS

wd

L 4

€ = squere root trznsformaztion dom{berore analysis
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Table 30(e2) Mean Number of Fri Eranches/culm EAMBOC CLUMPS
As on 5355 DAP

Influence of the interaction VXP

P levels Vigour of the clump (V)
Py 22.613 17,640
P, 19.048 27.163
P, 17.043 21,025
i F test = *
SE = 2,225
CD - 6.70‘0
Conclusions:

a) P over V

L = ¥ P, P,

) 1 2
H = Py Py Py -
b} ¥ over P
POI T 3
P, = i L *
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by Kadambl (1949). Teking the data on the number of nodes/
culs already discussed and the number of primary branches/culm
for correspondins times of observetion and the vigour cless of
the clump, it is seen that the aversge numter of branches/pode
works out to from as low as 1.322 for an L-clump as at 1422 DAP
to as much as 2,283 for a H-clump as at 1558 DAP., It is seen
that the Heclumps always had more number of prisary brenches/
node than the L-cluaps. In other words, the density of branch-
ing was more in H-clumps than in L-clumps. It is quite likely
that such differences arise due to differences in the genetie
make=-up of the different clumps. Hence the idea emerges that
€ven though all the eclumps inciuded in the present study
phenotypically belong to one and the same category, viz., the
'normal type' as defined by Deogun {1937), the possibility for
the existence of genotypic differences cannot be ruled out,
with resultant expressions in btranchiness. Hence, the classi~-
fication of the clumps into two vigour classes seems to be

appropriate and valid.

A lot of thougHfbas been bestowed by carlier workers om
congestion in bamboo clumps as related to branching. Rao (197%)
observed that in Dendroallamus strictus the clumps look much
congested with a lot of dry thin culms by the 4th year of
planting seedlings. Clump congestion is an aspect of economic
importance since it intc{:,ufii with the ease of felling culms
and thus affects labour coets which in turn influences the
cost of exploitation and therefore ultimately the cost of
production of culms. Of course, branchiness is only ane of
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the two factors of clump congestion, the other being the
'density ratio' (i.e., number of culms/circumference of the

clump) as suggested by Chakravarti (1549). Still, branchiness
counts,

In the present investigation there was a spurt in the
number of primary branches on 1558 DAP as compared to the perlods
of observation immedistely preceding it (1449 and 1422 DAPS) as
wall immediately after it (1681 DAP), Thus, if the average mumber
of primary branches/culm (44.646) for 1449 DAP is considered as
100%, then the number of branches/culm at 1558 DAP rose to 132%
and then fell to 46% at 1681 DAP. Two entirely different

reasons were responsible for these shifts.

It must be remembsred that immediately after 1449 DAP

and Just before the c‘anmnenent of Expt.? on soybean, the lower
branchee occurring upto a height of 1.5 » from ground level were
cut off as part of the pre-treatment given to the bamboo crowns,
so as to facilitate the sowing of the soybean intercrop. The
immediate consequence of this was the production of more mmber
of fresh branches, eventhough they did not seriously interefere
with the subseguent cultural operations on the soybean inter-
erop, Kadambl (1949) has drawn attention to the reaction of
banboo clumps and specifically Dendrocalsmus strictus, to
ocutting heights of culms. Eventhough he has not sdduced any
physiclogical Teason for the production of side btranches when
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& oulm ig cut upto ths 2nd year of its emergence, it may be
inferred that this is a matural reaction caused by the diver
sion of the immediately available assimilstes to branch produc-
tion instead of to new culm production, since nev eulm produc—
tion is relatively a long-drewn out proposition which involves
the production of a new rhizome first. In other words, there
is an acute need for creating sufficient sink immediately
efter culm cutting, and the immediate solution is the produec-
tion of new branches, It then stands to reason that a similar
mecheniszm must operate if branches also are removed which would
explain the spurt in the number of branches seen immediately
after branch removel and trimming of tops of 2 few culms, in
the present investigation.,

As rezards the sharp fall in the mean number of primary
branches/culm at 1681 DAF, this resulted Ifrom the fact that
between 1558 DAF and 1681 DAP, the number of living culms/clump
had incre=sed by ean aversge of 3,583 (i.e., difference between
1556 and 1681 DAPs averaged for L- and H-clumps) as seen from
Table 31. This increase represents the new culms produced
and their maximum age at 1681 DAP must therefore have been
hardly 3 months {(1.e., 1681 = 1558 = 123 days). Since Kadambi
(1945) has reported that in the dry plains the sezson of
emergence of nev culms is any time between July to CUctober,

for Depdrocalamus sirictug, and Dutta snd Tomar (1964) had
reported saximum emergence during August, for the seme species,
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it could safely be presumed that these new culms that were
recorded between 15568 and 1681 DAPs, must have euwerged between
August ~ Uctober 1979. Late emergence also is gquite possible
since the bulk of the annual rainfall received atCoimbatore is
only during the NE monsoon and the peak rainfsll ususlly occurs
during November only. In fact, it was during the period 12th
to 25th November 1979, which corresponds to the period imme-
dlately preceding 1558 DAP of the present investigation, that
the maximum amount of rainfall, viz., 577.2 om was received in
Just 9 rainy days (Appendix 3 and Fi1g.5), This quantity of
rainfall represents 92% of the average annual rainfall of 676 ma
for Coimbatore, Hence the new culms observed at 1681 DAP must
have emerged late in the season, arcund Octoher-November 1979.

Elongation of the new culms 1z completsd in 2~3 months
(Deogun, 1937; Kadambi, 1949) during which phese, it is
leafless and hranches. Varmah and babadur (1980) have stated
that .ranches develop only after growth in height is complete.
fignce the newly emerged culms observed at 1691??:1-0 tranchless
and while other culms which had emerged much earlier, contri-
buted to an increase in the number of culms/clump, the recent
culms that had emerged during October-November 1979 did not
contribute to the total number of branches/clump and thus the
mean number of primary brenches/culm, whose computation is
based on both the totel number of culms as well as the total
number of branches in the clump, was decreased.
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Phosphorus applicatian also failed to influence the
nuaber of primary brenches significantly. However, the inter—
action V X P was significant. The pattern of interaction was
almost identical to the one seen under the number of nodes/
¢ulm, the only difference being, under H~clumps the P, level
while tstill being numerically superior to both Pz and Po. was
on a par with the Pz level. The arguments put forward while
discussing the number of nodes/culm hold good for fhe number
of primary branches as well,

4.2,6 lumber of living culms/clump
(Table 31 and Fig.7(a))

All the living culms ©f age 1 year or more were enumeratad
on 11 different occesions encompassing a total period of about
2 1/2 years, starting from the time when the clumps were 3 1/4
years of age to 5 3/4 years of age., It must be noted that
changes in the number of living culms/clump truly reflect the
rate of production of new culms since only the living culms
that have existed atleast for 12 months after emergence are
included in this parameter. All komalig snd culms of lesa
than 1~year age which are generally leafless and are usually
designated &s ‘new recruits', both of which sometimes may
perish at any stege after emergence and thim whose emmeratien
as a measure of nev culm productien is very unnligblc. have
besn axcluded from this parameter. Newly produced culms which
have successfully crossed the age of t-year have a fair degrse
of probability of contipulng to live and grow into mature culms,



Table 31 Number of Living Culms/clump {1-year snd more aged culme)
Deys after plantirg out

1 1 5 T
S AR B o hatd 6 M°B1 W% e iggo 2067 2403
1. Influence of Vigour of the clump (V) D
F NS £ () L2 L3 E2 % a - . -
SE 0.356 0,586 2,518 0.590 1,204 1.400 2,394 2,088 2,536 2.62% 2.59%
o) - 1,765 2.158 2.877 5.186 5.833 9975 8,742 10,569  7.903 7.832
Average of L and H 2.375 4,250 4,081 5.458 9.956 13541 22,667  1B.667 23.955 24,542 24,417
Ditference (%) 179 ~5% 135% 182% 136% 167% -8 12 102 =0.%
Total difference - JERE SN NOSS, 14§ . - / S, S
Lenigth of fnterval )
(days) 184 7 7 109 123 133 40 108 127 16
Average rate of 0,01015 -Go.00031 0.2C243 0.04128 0,02913 0.0696€  -0,10000 0.048¢9 0.00460 -~0.00781
living culms
existing/day
2. Influence of Phosphorus levels (F)
Eg 2,37% 5.125 4,750 5.875 10,500 14,500 22,625 20,250 25,000 25,750 28.62
Py 2.12% 4,12% 4,125 5.750  10.375 13.625 23,375  12.625 24,375 25.125 25.12
P, 2.625 3,500 3.250 4,750 9.000 12.500 21,000 17.125 22,500 22,750 22.50
F NS NS N5 55 NS NS NE N5 NS L NS
SE 0.436 0.718 0.634 0.845 1.524 1.7146 2,9%2 2,509 3,106 3.212 3.1
CD hd - - - - - - - - - -
3, Interaction V X P ‘
F NS NS NS NS NS 5S 1S NS K3 s




fable 31(a) Number of 1living Culms/clump (1=-year and more age culms)

BAMBOO CLUMPS
Influence cf Clump Size on New Culm Froduction

Days after Planting out

T s tee2 BT 1558 1681 1812 1852 1960 2087 2103

1. L-clump 2.083 3,083 2.833 3.833 7.083 10,000 17&17_13;':7— ‘16.667‘”’“1/9.167 19,167
Change (%) Len -B% 35 o L1y Th. -2z e » o

2. H-clump 2.667 5417 5.250 7,087  12.833  17.083 27,917 25667 29,250 26.197  29.667
Change (%) |- -3 358 81% 3% 63 -15% 24 0 2%
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It 1a proposed to discuss the number of living culms/cliump
under the following headings and in that order - 1. changes
in the number of living culms/clump averzged over both the
'low vigowr' (L) and 'high vigour' (H) clumpa, over the span
of time during which tha observations were recorded, 2. in-
fluence of the vigour of the clumps, and 3. responses to P
applicetion,

4,2,6,1 Changes in the average number of living culms/clump
over time:

the
It may be noted thatAm intervals of time between the

successive pairs of stages of observation, were not of a unifora
length, Starting with the period from 1171 DAP to 1355 DAP when
the interval was 184 days, the other intervals in striect order
were 67, 7, 109, 123, 131, &0, 108, 127 and 16 days. This
means that a straightforward comparison of the mmber of living
culms recorded at different times will be misleeding, if we
consider only the number of living culms in absolute terams.
While percenta e diiferences between two stages of observation
may help in comparison, still they do not take into account

the variability in the time intervals. Hence the quantity the
‘average number of living culms present/day/clusp' was
calculated which is the equivalent of 'par day production' used

in annual crops research.

It is seen that, comparing the average number of living
culas/clusp as at 1171 DAP with that for 2103 DAP, there was
an increase of 1028% over a period of about 2 1/2 years. This
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steep increase indicates the rapidity of clump expansion in
this investigation, while it may not be sc under forest condi-
tions. Deogun (1937) has stated that, in artificially raised
Lsndrocalampus strictus plants which are regularly watered and
weeded, the time required for the formation ig about after 3
seasons and that the clumps may be workable after 6 seasons,

while natural lccdnngl develop much more slowly.

The data presented in Table 31 reveals that though in
general the average mumber of living culms/clump continued to
increase throughout, there were three occasions when there were
decreases as compsred to the immediately preceding stage of
observation. Thus there were reductions of 5%, 18% and 0,5%
at 1355 - 1422 DAFs, 1812 - 1852 DAPs, &nd 2087 - 2103 DAPs
respectively. These reductions were causzed by the removal of
dead and malformed culms as part of the cleanting of the clumps
during the above mentioned periods.

As regards the increases in the average number of living
culme/clunp between successive stages of observation, they were
179%, 135%, 182%, 136%, 167%, 128%, and 102% during the time
intervals 1171 - 1355 DAPs, 1422 = 1449 DAFs, 1449 - 1558 DAPs,
1558 - 1681 DAFs, 1681 - 1812 DAPs, 1852 - 1960 DAPs, and 1960 -
2087 LAPs. 1t is seen that the increases varied from as low
as 2% (1960 = 2087 DAFs) to as high as 82% (1449 - 1558 DAPs).
The data on per day production of living culms show that it
ranged from as low as 0,0031 for the interval 1355 - 1422 DAFS,
to as high as 0,2024 for the interval 1422 - 1449 DAPs. Apart
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from the high rate of production just mentioned, thers were

& other intervals also wherein the ratesof production of

1iving culms were of a relatively high order. Thus, retes of
0.0697, 0.0490, 0.0413, 0.0291 living culms/day were produced
during the time intervals 1681 - 1812 DAPs, 1852 ~ 1960 DAPs, =
1449 - 1558 DAPs, and 1558 - 1681 DAPs respectively.

Earlier workers heve reported variable numbers for new
culm production, These have always been in terms of mmber of
nev culms produced/clump/anpum, So as to facllitate the com~
parison of these figures with those of the present investigatien,
the figures of the garlur workers, besides being reproduced
here as reported by them, have also been converted to 'number
of culms produced/day' which is shown within parentheses.
Kadambi =nd Rawat (1945) reviewing an esarly experiment on
Lendrocalamus strictus conducted at the Forest Research Insti-
tute, Dehra Dun, reported that clumps established by three
different methods, 7 years after planting produced an average
of 2,9 new culms/clump/annum (1.e., 0,0079 culms/day). Rao
(197%) reported that in artificially reised plantztions of
Depdrocalamus strictus, clumps of 5 or more years of age
produced 5-6 new culms/clump/enmum (0.0137 ~ 0.01644 culma/day).
These figures agree in genersl with the results observed in
the present investigation.

The increases mentioned alrsady resulted from different
causes. Taking the highest rate of increase of 0,2024 living
culns/day observed during the time interval 1422-1449 DAPs
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first, we note that this occurred just before the starting of
the series of the three soybean experiments. It is significant
that this period corresponded to the later two-thirds of July
and the first week of August 1979 during which the SW monsoon
raina were received. Deogun (1937) reported that rainfall

is ap important factor in culm production. Besides, a general
cleaning of the clumps was carried out during this period,

and dead culms were removed as part of the pre-treatment given
to the clumps before starting the soybean experiments. It 1is
¢lear that these two factors, viz., rainfall and clump clearning,
were responsible for the steep increase in the rate of produc-
tion of living culmse., That, years of plentiful rainfall
generally produces & larger number of culms than those with
scanty or deficient rainfall, has been reported by Kadambi
(1945); he had also reported that the mere cleaning of the
clumps (i.e., cutting away all dry culms) results in an increased
production of culms in the years following this treatment.

It was during the succeeding periods, viz., 1449 - 1558
LaFs, 155 ~ 1681 UAFs, and 1681 - 1812 DAPs, that Expt.1,
Expt,2, and Expt.3 on soybian, respectively were conducted.
The corresponding rates of living culms produced/day were
0,0413, 0.0291 and 0,0697., During the period 1852 « 1960
DAPS the rate was 0.0490. Subsequently, the rate tapered
off to very low rites of 0,0045 and 0.0078. Thease rates if
expresssed for an year, reveal that for the lowest rate of
increass, seen during the soybean expsriments, viz., 0.0291,



the ennual addition of living culms works out to 10.63 culms/
at

year/clump, Similarly, Athe maximum rate of 0.0697 the annusl

rate works out to 25.43 culms/year/clump.

It is evident that these high daily rates of production
of living culms resulted from the agronomic manipulations
carried out within the bamboo stand on the soybean intercrop,
which incidentally bemﬁ.t\';}d the associated bamboo clumps.

The agronomic manipulations were, soil digging thrice in the
interspaces between the clumps for sowing the soybean, hoeing
thrice, provision of irrigations almost every week over a
continuous period of one year, and systematic weeding. Besides,
the possible contribution of the intercrop of soybean by way of
of the fixation of atmospheric nitrogen has also to be taken

into account.

The subsequent reductions in the retes of per day living
culs number from 1960 DAP onwards lends support to the fore-
going arguments. It may therefore be concluded thet batter
man-gement of a stand of Dendrocalamus strictus (soil working,
provision of periodical irrigations and systematic weeding)
conduces to increased production of survivable culms, besides
the known fact of higher rates of production of new culms
during the wet sesason. However, nothing can be said about the
advantage or othe wise of raising an intercrop, particularly
a legume crop like soybean, in as much there was no provisioa
for comparison with a sole crop stand of Depdrocalamug
Atrictus bamboo in the present investigation.
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4.2.6.2 Infiuspce of the vigeur of the clumps

Vigour of the bambes clump significantly influenced the
number of culms/clump: at all stages of cbservation emcepting
only at 1171 DAF, Thus, initially, when the clumps wers about
3 1/4 years of age (1171 DAP), the clumps d1d not differ much
in the number of living culms they had., But, soon the situatiem
changed, and by 1355 DAFP differences in the number of living
culms/clump startec appsaring and they were significant,
even though the clumps had not been claasified into the two
vigour classes at that time. These differences were significant
at p = 0,05 level.

At 1422 DAP the differences got accentuated and were
highly significant (p = 0.01)., Similarly, the differences as
at 1449 DiAP were highly significant (p = 0.01) with the 'low
vigour' (L) clumps recording a mean number of living culms/
clump Of 3.833 while the 'high vigour' (H) clumps recorded a
mesn of 7.083. It was only after this enumerstion that the
classification of the 24 experimental clumps into the two
vigour classes was actually effected, with 5 or lesser number

of living culma/clump as the dividing line.

During all the subsequent successive stages of observa~
tion, the cifferences between the L- and H-clumps were statisti-
cally significant Eesides, the differences between the two
classes of clumps progressively increased such thata the tiss
of the last observation (2103 DAP), while the low 'vigour clusp'
(L) clumps had & mean number of living culms of omly 19.167,
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the 'high vigour' (H) clumps recorded a mean of as high as
23,667 living culms/clump, theredy showing & difference of 3%K.

That, 'clump size', i.e., the number of culms present
already in a clump, influences the rate of production of new
culms has been pointed out by earlier workers., This in essence
is the 'initial capital' phencmenon. Thus, Deogun (1937)
studied the pattern of new culm production by individual clumps
a8 related to 'clump size', basing his study on a very large
population of 2,650 clumps of Dendrocalamus strictus bamboo
spread over 5 states. For the then Madras province (presently
Tamil Nedu) he found that a clump having 10 culms already,
produced 1.7 new culms/annum (i.e., 0.0047 culms/day), & clump
of 15 culms produced 1,9 new culms/annum (i.e., 0,0052 culms/
day) etc., upto a clump size 0of 50 culms which produced 3.0
new culms/annum (i.e,, 0,0082 culms/day). Evidently the clumps
included in this study were not of identical ages and hence
comparability must suifer. He concluded that although bigger
clumps (i.e., the ones having a large number of existing oculas)
produce more new oculms and the ratio between the new and old
culms in bigger clumps falls off with increasing size of clump
80 that two small clumps produce more new culms than one big
clump of the size of the two combined., He further concluded
that clumps of 20~40 culms should be the idesl from the manage~
ment point of vics. Kadambi (1949) reportsd that in Dengre-
sajamug strietug, with increasing size of clump, upto a certain
upper size limit, the production of nev culms alsc increases)
thus for a clump size of 5 culma; new culms produced rangsd



from 1.0 - 2,5/annum (i.e., 0,0027 to 0,0068 culms/day), for

8 size of 10 culms it ranged from 2.25 - 4.00 new culms/annum -
(L.e., 0,0062 to 0.0199 culms/day) etec., upto a size of 75
culms which produced 9.0 = 12.5 new culms/annum (i.e., 0.0247
to 0.0342 culms/day), Dutta and Tomar (1964) who studied 88
clumps of Dendrocalamus strictus concluded similarly and stated
that the percentage of new culm production is higher for small
clumps as compared to the large ones. He added that, the yisld
of culms will be more from an area conteining smaller clumpa
than from an area having larger clumps.

In the present investigation also, it was the 'low vigour!'
(L) clumps, i.e., clumps of a smaller size, that recorded a
slightly higher rate ¢f production of new culms as compared to
the 'high vigour' (H), i.e., larger clumps. Dutta and Tomar
(1964) suggested that the reason for the percentage of new
culm production being higher for small clumps 8s compared to
the large ones, was probably due to the fact thzt the majority
of the new culms are contributed mainly by rhizomes of 1-2
year-old culms; further, a smell clump consists mostly of
culms 1-2 year-old, as compared to a large clump where thers
is compar=tively a higher proportion of more than 2-year-old
culms, vhich are not probably very effective so far as nevw
culm production is concerned. They also suggested that the
higher peroentesse of nsw culm productien in smaller elumps
may also be due to more clump~periphery area as well as more
utilizsbale area/cula being available. It is very likely



that these were the causative mechanisas for the alightly
increased percentage of production of new culms by the 'low
vigour' (L) clumps seen in the present investigetion. The
initial spurt in one group of clumps (the H~clumps) might have
originated from a genetic superiority.

4,2,6.3 onse to F application:

Phosphorus application did not exert any significant
influence on the number of living culms/clump, throughout and
more specifically during the period following its applicatien,
viz,, after 1449 DAP., VWatanabe (1972) who tried different
doses 0f a fertilizer mixture consisting of N, F, K, Mg amd 81,
on young seedlings of Thyrsostachys giamensis bamboo, concluded
that the new culms produced were more in the fertilized pots.
Ueda (1960) who tried the combtinations NK, PK, NP and NFK in a
field experiment on Fhyllogtachys reticulata bemboo, concluded
applic-tion of NPK combination was the best from the point of
new culm production. VWhile these reports indicate a general
response in new culm production to application of chemical
fertilizers they do not provide evidence specifically bearing om
P fertilization.

The absence of response to the added P obssrved tn the
present investigation, perhaps emphesizes the fact that some
other plant nutricnt is more important in the mutritien of
bamboos. It is moat likely that nitrogen is the element that
plays a vital role in culm production in dbamboos, perticularly



80 when we consider the facta that culms represent the major
aserisl vegetative parts and constitute the major portion of
the dry matter of bemboos, and that it is well eatablished
that the influence of nitrogen is the greatest on the vege-
tative parts of plants in general. Ueda (1960) from a pot
experiment on ssedlings of the bamboo species Pleloblastus
pubescens concluded that N is the element most reguired by
bamboos, followed by K and then by P, Thus it may be inferred
that application phosphatic fertilizers alone without any
addition of N or K, to clumps of Lendrocalamus strictus bamboo

is not advantageous from the point of new culm production.

4.2.7 Number of culms (total)/clump
(Table 32, Fig.7(b))

As already explained under section 3.7.2.1, the distine-
tion between the parameter 'number of living culms/clump' and
the perameter now taken up for discussion, viz., 'mmber of
culms (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 (i.e., komalis and 'new
recruits, both of which are less than 1-year in age + culms
which bave already been cut and removed). Thus, this paremeter
measures the potential productivity of the clumps, i.e., how
many culms would have been produced had all the komalis and
'nev recruits' that emerged from the ground survived and grew
to maturity, besides taking into account the culms that dried
up, died and removed,. In other words, this measures the
theoretical production.



Table 32__ Number of Culms (Total/cluap)

___Rumber 02 L

Lays after Flanting Out

M—M:JL_-“,E&_,.._J:%,‘“Q“ e 1681 ez 1852 2087 2103
1o ELL%'—QSWL‘L_CM) e
L 4,667 5,917 64333 7323 10,167 13,000 186,000 1&,083 23,000 22,7%0
H 4,687 7,917 g.000  11.833 16,167 20,533  28.667  29.%83 32,417 32.167
F KNS NS N& » - L »a - RS -
SE 0,681 0.816 0,952 1,408 1,628 1,994 2.523 2,608 7,680 3,014
CD - - - 44203 4,905 6,010 106,513 10,867 - 9,084
Comparisen of Tnamber of Totel cuime’ with 'Nusber of Living Culas® per Clusp o
(411 Iigures are aversges of L= 2nd - clumps)
(a) Kumber of
Totel culms 4,667 64917 7,666 9,583 13,167 16,666  23.333  23.833 27.708 27.4%8
(b) Number of
Living Culms 2,375 4,250 L, Okt 54456 9,998 13,541 22,567 18,667 24,542 24.417
(@) Cifference
(a=B) 24292 2,567 34625 4,125 3,209 3,125 0.666 5,166 3,166 3,041
Percentaie
difference 49 9% 7% % 24% 19% e 22 11% 11%
(d) Change
- nuxter 00375 0.958 0.500 ’0!916 '0-95“6 «2 459 44590 2.000 0,125
- percentage 16% 36 Ak -22% -3 7% 576%
e T R ey
2. Influence ,9&.9@991»,!1.9!&!&&93.@
Po 5,625 8,000 6,625 11,375 1625 18,000 2450 25,425 29,000 29.000
Fq 4,500 7250 7.875  $.675  13+623 16,780 23,750 220 28,500  Z7.873
Py 3.87% 5,500 6,900  T.500 11.2% 15,250 21730 22.125 25.62% 25.500
F NS ns NS kS NS KS NS NS NS RE
SE 1,079 1.000 1.2k 1,724 1,594 2,442 3,050 3,194 9.367 3.692
cD - - - - - - - - - -

e
De Interaction V XP
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A scrutiny of the data for the total culms showa that
theugh the figures were higher than that for the 'number of
living culms/clump' et all stages, as it should be, the
patterna of changss over time were similar. Hence, all the
discussions made under section 4.2.6 will hold good for this
parameter also, and it is not proposed to discuss this espect
further., .

The total mmber of culms/clump increased from an average
of 4,667 at 1171 DAF to an average of 27.458 at 2103 DAP. The
difference between the average (mean of 'L' and 'H' clumps)
number of total culms/clump and the average number of living
culms/clump, ranged from &s low as 0.666 culms/clump at 1812
DAF to as high as 5,166 culms/clump at 1852 DAP, in terms of
number of culms. A more meaningful method of comparison would
be to express these differences as percentagss of the total
number of culms/clump. The percentege differences betwean
the total number of culms/clump and the number of living culms/
clump, were 49%, 39%, 47w%, 42%, 24, 19%, i, 22%, 11% and 11%,
at 1171, 1355, 1422, .49, 1558, 1681, 1812, 1852, 2087, and
2103 LAFs respectively. This means that the 'would-be culms'
that were lost, ranged from as low as 3% to aa high as 49%.
The data also reveals thet initially upto and inclusive of
1449 DAF, the loat culms ranged between 39 to 49X which subse~
quently reduced progressively, though slightly erratically, and
reached a value of 11% finaslly. This is not surprising, sinece
during the initial stages of clump developmant when there were




only a few culms/clump, the loss of even a single 'would-be~
culn' through the death of a Eomall or drying of one culm

would represent a substantial percentage of the total, Subse~
Guently when the clump had developed almost to its full size
and the rate of production of new culms and rate of loss of
culms stabilize, the loss of a aingle culm would represent

only 2 small percentage of the total. In conclusion, it may

be inferred thst, by the time the clumps attain the age of about
6 years, a total of only 11% of the total of all the culms or
culm precursors like komalis or 'new recrults' are lost, upto
that point in time. It therefore implies that if care 1is
exercised to make all the komalls and 'new recruits' to survive
and to prevent early death of culms, an additional yleld of
culms of about 10k could be expected.

Regarding the influence of the two factors of study,
the arguments presented under ‘number of living culms/clumpt
(sections 4.2.6.2 and 4.2.6.3) apply for the total number of
culms/clusp also, Hence these are not discussed here. However,
Jjt pust be pointed out that while under the 'number of living
culms', the differences betweer the 'low vigour' (L) and 'high
vigour!' (H) clumps were statistically significant at all stages
excepting 1171 AP, as regards the 'total culms/clump) the
differences did not reach levels of statistical significance
during & stages, viz., 1171, 1355, 1422 and 2087 DAPs.
Further, in gensral, the level at which the differences were
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significant was p = 0,05 under ‘total number of culms/clump'.
This difference between the two paremetera as regards the
sensitivity to the F-test, arose because of differences in
the percentage losses between the two vigour classes, VWhile
initially (when ¢lumps were 3 1/4 years of age) both the L-
and fi~clumps had identical number of total culms/clw:p, ViZ.,
4,667, they differed very much at 2103 DAF, with the L-clumps
recording 22.750 and the lH-clumps recording 32.167 number of
total culms/clump. Fhosphorus application also failed to
exert any significant influence on the total number of culms/
clump.

4.,2,8 Number of usable culms harvested (i.e., culm yield)

(Table 33)

As already mentioned in section 3.7.2.1, culms were
gelectively harvested following certain speclfic felling rules,
when the clumps had attained an age of almost 6 years.

The vigour of the clump exerted a significant influence
on the number of usable culms harvested. V¥hile the yleld of
usai:le culmg/clump was a8 low as 9.500 in the 'low vigour'
(L) clumps, it was 16.517 for the 'high vigour' (H) clumps,
and the difference was highly significant (p=0.01). This
clearly demonstrates the superior culm productivity of vigoe
rously growing clumps of bamboo.
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Tabtle 33 Final harvest data on selectively felled culms
{aa on 2152 DAF)

BAMBOO CLUMPS

Number of Mean Mean Freah Fresh Aeris)l Total

usable Mid-culm Veight/ weight Biomass/ culm

cuins Diamgter culm (alone) of bran- culm yield/

harvested/ (mm) (kg) ches + (Fresh ¢}

clump leaves ¢+ weight)(Fre
sheaths/ (kg) wty
cula (xg)

(xg)

1. Influence of Vigour of the clump (V)

L 94500 144855 0,965 1.080 2,029  9.821
H 16,917 14,307 0.845 0.903 1,792 th,7hé
F e NS KS NS NS ]
SE 1,727 0.784 0,096 0.136 0.217 1.927
Ccu 7.197 - - - - -

2. Influence of Fhosphorus levels (P)

Fg 14,000 15.020 1.007 0.996 1.938 13,388
Py 13.500 15,008 0.983 1,126 2.099 13,351
P, 12.12% 13,716 0,802 0,853 1,634 104113
¥ N3 KS NS NS RS N3
SE 2,115 0.960 0.117 0.161 0,266  2.36¢
cc - - - - - -

Je t yxp

F NS N8B N8 N8 NS Ks
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The aversge number of usable culms harvested {(1.e.,
averaged over the L= and H-clumps) works out to 13,2085 culms/
clump, At the planting spacing of & x & m, the population
works out to 625 clumps/ba, Assuming & 100% stocking, and
taking the average of 13,2085 culms/clump, & total yleld of
84255 culms/ha could be expected when the clumps reach 6-years

of age.

From Table 33 it is seen that these usable culms that
were harvested, hed mid-culm diameters of 14.859% mm and 14,307
mm, for the L= and H-clumps respectively, the average working
out*fm.sm mm. Similerly, the average height works out te
3,184 om (Table 27). These aizes are not the lengths and dia~
meters of the culms of commerce where still larger culm dia~-
peters and longer lengths are expectad, Thus, if these smalle
sized culms harvested when the clumps are 6-years old, though
saleable, will fetch relatively low pricee only. Still they
are usable and thus saleable, because of the s0lidity of the
culas. It thus appears that since most of the culms harvested
must have been of more than 1-year age, and perhaps upte about
3 years of age, 1f the next harvest is carried out after
another 3 years, i.e,, when the clumps attain the age of 9
years, commercial sized culms may be expected to be ylelded,
as sufficient time would then have become available for the
culns to rezch maturity.

Phosphorus application did not exert any significent
influence o8 the number of usable culms harvested. The



348

cansistent failure of F to influence the number of culms, be
it the number of living culmz or the total culms or the usable
culms hervested, indicates that it 1is not advantageous to

apply F singly, from the point of culm ylelds in terms of number.

4.2.9 Weight of individual culms

(Table 33)

The mean fresh welght of a single culm (without branches,
leaves nd she ths) ranged Iromn 0.895 kg for the "high vigour!
(i) ciumps to 0.965 kg for the 'low vigour' (L) clumps the
avera;e workiug out to 0,930 kg. The C¢ifference, however, was
not significant. That the culim weight 1s alightly higher under
the L=-clumcs cuuld be expected from the fact that these culms
in general were slightly longer (YTable 27) and thicker (mid=culm
diapever under Table 33) at 2152 DsF, as coupared to the culma

harvested from the 'high vigour' (H) clumps,

¥hile mature culms may welgh several kilograms, generally
3.0 to 3.5 kg/culm at exploitable age, it is not surprising
that the culm weight in the opresent investigation iz far less,

when we consider the fact that the clumps were very young.
Phosphorus applic-tion did not exert sny significant
infiuence on the fresh weight of individual culms.

£.2.,10 VWelzht of 8 aves, and sheaths/c
Table 33)

While the non-culm aerial vegetative parts, viz,, the
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branches, leaves, and culs sheaths have no commercisl value,
still, an idea about their relative proportions to the econo-
mically valuable culm proper, will help to assess the efficiency
of conversion of solar energy into saleable produce. .

The fresh weight of the non~culm serial vegetative parts
was 1,080 kg/culm for the L-clumps, and 0.903 kg/culm for the
Heclumps, the average therefore working out to 0,991 kg/culm.
If the welght of a single culm 28 seen under section 4.2.10, viz,.,
0.930 kg, is compared with the weight of the non-culm parts
associated with the culm, viz., 0,991 kg, it is seen that the
ratio works out to 1:1,067. If differences in the moisture
contents of the different plant parts are ignored, this ratie
of almost unity would imply that approximately half the dry
matter (DM) produced by the bamboo clump is tied up in non-
seleable plant perts. Eventhough this inference is based on
6~year old clumps of Dendrocalamus strictus, it is very likely
that thie may be valid for still older clumps also, and perhaps
to the other species of tropicel bamboos also., Incidentally,
the ratio of unity for culmj non-culm aerial vegetative parts,
observed in this investigation bears a strong resemblance to
the graintstraw ratio of most high-yielding varieties of annual
cereal cropa also belng about unity.

Nelther the vigour of the clump nor P applicatien
affected the fresh weight of the non-culm aerisl vegetative
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parts significantly.

4,2.11 perjal biomass
{Table 33)

The aerial biomass represents the fresh weight of all
they aerial plant parts, viz., culme + branches + leaves + culm
sheaths, In the present investigation, the average fresh weight
aerial biomzss worked out to 1.910 kg/culm (averaze of L-and
He clumpse), when the clumps were about 6-year old. This data
ie based only on the selectively felled culms and thus, strictly
apeaking, is not applicable to the remaining culms leftover in
the clump itself, since selection had been exercised in chossing
the culms to be felled, However, if 1t is assumed that (1)
the aerial blomass of culme is the szme for diiferent culms in
a clumr, and further that (ii) substantial chenges in aerial
blomass could not have coccurred within a short periocd of about
50 days {l.e., 2103 Duak to 2152 DAF), then we ¢an use the above
averaze of 1.910 kg/culm and the average of 24.417 number of
living culms/clump recorded at 2102 DiF (lable 31), for arrive~
ing at a rough estimate of the total aerial biomass/hectare.
Multiplyin: the above two fisures together, and then by the
population of 625 clumps/ha (8t the spacing of & X 4 m) assum=-
ing a 100% stocking, we get the estimated aerial biomass yleld
of 29,145 tonnes/ha at the end of 6 years after planting
Dendrocalamus strictus bamboo seedlings. E“ur*thwgh this
meant that the average annual production of aerial biomass
was only of the order of about 5 tonnes/ha/year, which is tar

leas than that for a ocommon seaseonal tuber crop, it must be
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borne in mind that these data pertain to bamboo clumps which

vere in their formative stage,

Neither the vigour of the clumps nor P application
significantly influenced the aerial biomass, This pattern
of results is = repetition of those seen under the components
oonstiiuting the aerial biomass, viz., fresh weight of culm
and fresh weight of the non-culm serial vegetative parts. The
lack of response of the aerial biomass to P application seen
in the present investigetion is in contrast with the results
of Fatil (1980) for the same species of bamboo, of course,
as reported for dry matter DM) accumulation., He cbserved the
DM accumulastion to increase with applic~tion of N,P,K in combi~-
nation. The absence of response noticed in the present
investigation ig perhaps ascribable to the application of
only P, instead of N, P, and K, together.

4.2,12 Total culm yield/clump (fresh weizht)
(Table 33)

It wag already pointed out under section 2.1.7 that the
yield of the economic product from bamboos, viz. the culms, ia
often expressed on a weight basis also, The data reveel that
the total fresh weight of all the extracted culms/clump, i.e.,
the 'usable culms'/clump, was 9.821 kg for the 'low vigour!
(L) clumps, and 14,746 kg far the 'high vigour' (H) clumps}
the average of the two being 12.2835 kg The spacing batwu‘n
the bamboo clumps in thie investigation boini 4 X & n, the
calculated bamboo population works out to 625 clumps/hectare,
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Assuming 100% stocking (which is possible under farm condi-
tions in contradistinction to forest conditions) end using

the average yleld of 12,2835 kg of culms/clump calculated
above, the theoretically projected yleld works out to 7.8677
tonnes of green culms/hectare at the first harvest, from G-year

old clumps of Dendrocalamus stirictus raised partly under irri-
gation, under Colmbatore conditions,

¥hile the estimates as regercs culm yields expreased on
e weight besis, for Dendrocalamus strictug bawboo, by the earlier
vorkers (Osmaston, F.C., as reported by Deogun, 1537, Chaudhaprs,
1966, Seth and Kharbanda, 1972, Watanabe, 1972, Seth, 1978; amd
Varmah and Bahadur, 1980) are very low, ranging froa 0.173 t/ba/
year to 4,45 ‘t/ba/year, it must be remembered that these esti-
mates were based on bamboo clumps growing naturally i forests,
and further that, these are estimetes of sustained annual
ylelds, after the clumps had grown to their full size and the
yields had stabilized., On the other hand, the high ylelds of
culms secured in the present investigation are ascribadble to
(1) the artificial conditions of raising the clumpa under farm
situations, and (ii) the accumulation of culms over a period
of about 6 years from planting the seedlinzs. It is quite
likely, that in subsequent harvests, the annusl yields may
not be the same 7.68 tonnes of green culms/hectare , but may
be lower. Rao (1975) hed predicted that in artificislly-

ralsed plentations of Dendrocalgmus strictus bamboo, an
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optimiatic eulm yfeld of 4 t/ha for the first cut can be
expected, He had also forecasted that, over a life cycle
of 32 years, a total yleld of 74 t/ha, which works out to a
mean annual yield of 2.3 t/ha. The results of the present
investigetion lend support to the above view,

The vigour of the clump did not exert any significant
influence on culm yield. This is contrast to the significant
difference seen under the mean number of usable culms harvested/
clump, l.,e., culm yleld axpreased in terms of number. In this
context, it muat be remembered that the selectively felled culms
from the 'low vigour' (L) clumps were slightly longer and thicker
and thus slightly heavier (0.965 kg/culm) as compared to the
culms felled from the 'high vigour' (H) clumps, as was pointed
out under section 4.2.9. Thue, eventhough the mean number of
usable culms harvested were significantly lower for the L-~clumps
(9.500 culms/clump) s compared to the culm yield from H-clumps
(16,917 culma/clump), the slightly heavier weight of individusl
culms of the L-clumps, compensated for. the reductioen in the
number of culms/clump, such that the difference in the total
welght of harveated culms/clump from the L-and H-clumps narrowed
down to such a level that the difference was not statiastically
significant,

Phosphorus application also did not evoke any significamt
response, It may therefore be concluded that neither the vigour
of the clump nor P application influences the yield of culms en
a weight basis, and that an yield of about 7.7 tonnes of green
culms/ha oould he expected during the first harvest, i.e., at



the end of 6 years after planting Dendrocalamus strictug
seedlings,

4,3. LIGHT INTENSITY

(Appendix 1 and Fig.8)

The data on daily light intensities aa recorded both
within the bamboo stand &and in the open field, at 12 noon loeal
time, and at ground level, were summerised by computing the
weekly means for standard weeks and are presented in Appendix 1,
The data reveals that the light intensities in the open were
generally very high during the iirst three weeks of Octobder
1979 (Standard weeks 40 - 43), renging from 132.1 to 167.1 X
Lux (which waa the highest value recorded during the observa-
tion period of 11 months). The lowest value of 21.9 K lux was
recorded during the period 12th - 18th November 1579 {Standard
week 46).

4.3.1 Light tensitie n t opens

As regards the pattern of changes of ambient light, the
inteneity which was very high, though fluctuating rather widely,
during the wmonths of September and October 1979, fell sharply
to low levels during the first week of November 1979 and reached
the lowest value of 21,9 K lux during the third week of Novembar
1979 (Standard week 46), Thereafter the light intensity pro~
gressively increased and reached the peak of 115,2 K lux duriag
the second week of May 1980 (Standard week 19). After this,
the light intensity fell very sharply and touched the low
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value of 37,1 K lux during the period 3rd - 9th June 1980
{5tandard week 23), followed by & spurt of increass to 84.3
K lux during the next week, and then a fell to 32.7 K lux
during the last week of June 1980, Thereafter the 1light
intensity started to increase once again.

In the above pattern of changes, if we ignore the sudden
spurts and falla noticed as random fluctustions, a clear trend
of movement of ambient light intensity emerges, which may be
stated as follows, The merch of ambient light intensity over
an year shows two peeks and two trougha. The first peak ococurs
during the third week of October and the second peak which is
smaller, occurs during the second week of May, The troughs
which are more or less similar in magnitude occur during the
third week of November and the last week of June., Further,
the rate of rise of light intensity from the trough of

November to the peak of May, 18 very slow.

The high light intensity during the month of May is to
be expected as it 1s the peak of summer when clear skies and
tright sunshine prevail., But it is seen from the data that
the light intensity was still higher during the first three
weeks of October. The reason for this is that this period
corresponds to the lull between the two monscons viz., SW and
NE, and while the rainfsll during this inter-monsoon brask is
reletively less, the sky is generally dominated by large cloud
masses., The westher dats for the period 1-21 October 1979
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(Appendix 3) reveals that during this period a total quamtity
of 69.4 ma of rainfell was received in 4 days. Thus, there
were 17 non-rainy days during this period, which were cloudy
but not overcast. The reflection of sunlight by the olouds
increased the diffuse skylight component which accounts for
the very high light intensities recorded during this period,
The subseguent sharp fall in light intensities was dus teo

heavily overcast skies.

4,3.2 Light intensities within the bamboc stand:

As could be expected, the light intensities within the
bamboo st=nd were always lower then that in the open. But ths
differences between the two varied, though in general the light
intensity within the bamboo stzand followed closely that in the
open. The highest light intensity of 120.0 K lux for the bambdoe
stand was recorded during the first week of October 1979, and
the lowest of 17,2 K lux during about the third week of
November 1979 (Standard week 45). In terms of percentage
fractiaons of the light intensity in the open, 1t ranged from
as high as 91.2% {(Appendix 1) (Standard week 38) to as low as
35.3% during the period 5 - 11 November 1979 (Standard week 43).

In general, the relative percentage light intensity
within the bamboo stand as compared to the open was high
during September and the first week of November 1979. Thare
were two reasons for this. Firstly, the bamdoo canopy was
relatively more open at thst stage decause the clumps were



comparatively younger and their crowns had been trimmed as
part of a pre-treatment carried out during August 1979.

Hence more light reached the ground, Secondly, the bemboe
clumps being relatively younger possessed lesz foliage and
thus contributed more as reflectors of light than as screens
for shutting out light. Saeki (1963} has reported thet when
direct sunlight is blanked off from the measuring instruments,
the direct sunlight is diffused by foliage and branches within
8 wooded area and thus 1light 1s incident on the measuring
inatrument from a much wider angle thersby resulting in an
increase in the relative light intensity accompanied by a
shift in the spectral composition of the shade 1ight in the

wood,

From the last week of October 1979 onwards upto the emd
of the third week of December 1979, the percentage light inten-
sity within the bamboo stand was reletively very low, barring
one exception (Standard week 46), This, it would appear, is
because lizht attenuation within the bamboo canopy follows
the exponential model proposed by Davidson and Philip (1938).
lowever, the high relative percentage value of 78,%5§ recorded
during Standard week 46 i1s difficult to explain,

In general, the light intensity within the bemboo stand
was in the range of 60% to 75% of the ambilent light. It may
therefore be conc.uded that, about a quarter to vuhe~third: of
the ambient light is cut cut by the bamboo canopy when the
cluEps are about 4~5 years of age and spaced 4 X & m apart,

e
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This 1s in contrast to light transmission values of 50 - 3%
for coconut stands reported bty Litscher and Whiteman (1982)
and very sharply so with the 28 - 5% relative light intensity
for forest floors reported by Monsi and Saeki (1953).

4.6, MICROCLIMATE

4,.4,1 AE iemperaturs
(Appendix 2.1(a) and (b), F1g.9)

hob,1.1 Seasonal chenges:

The overall behaviour of temperature showed that it was
very low during the months of December 1979 - January 1980 and
started rising to reach the highest values faor the year as a
whole, sometime during the months of April 1980 -~ May 1980,
after which it started to fall, Thus, there was a2 peak of high
temperzature during summer and a trough of low temperatures during

the cold weat:ser period (Appendix 2.1 (&) and (b».

Though the march of temperature as described above was
similar for both the X~epoch (i.e., morning, 7.22 hours) and
the N-sepoch (i.e., afternoon, 14,22 hours), the periocds of
occurrences of the annual maximum and minimum temperatures far

the two epochs were not coincicental.

Thus while for the X-epoch, the lowest temperature for
the yeer was recorded during the last week of January (Standard
week 4) at all the 3 altitudes (15450, and 250 cm above ground
level), and under both the environments (blnbﬁo stand and open),
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for the N-epoch, it was during the period 5th November to
25th November (Standerd weeks 45~ 47) that the lowest tempera-
tures were recorded. Similarly, the highest temperatures of
the year, were generally recorded during the period 6th -~ 12th
May (Standerd week 19) for the X-epoch, at all the 3 altitudes
for the open field environment and at 15 and 50 cm altitudes for
the bamboo stand, while for the 250 cm altitude the maximum
tempersture for the bamboo stand wos recorded during 15th -~ 21st
April 1980 (Standard week 16). In addition, there was another
peak of the same magnitude during the first week of April 1980
(Standard week 14) for the 50 cm altitude within the bamboo
stand,

As regarda the N-epoch, the lowest temperatures were
recorded during 5th=-25th November 1975 (Standard weeks 45-47)
for both the environments and at all the 3 altitudes, while
the highest temperatures were recorded during the period Bth-
21st April 1980 (Standard weeks 15 and 16) for both the
environments =nd at the 3 altitudes.

Thus, it is seen that while for the )(-epoch, the lowest
temperaturesz were resched during the typical cold weather
season, viz., the last week of Januery (Standard week 4),
for the N-epoch, the lovwest temperatures were reeched much
earlier and recorded during the last phase of the NE monsoon,
viz., uaoﬁpart of November (Standard weeks 45-47). Similarly,
as regards the highest temperatures also there was no ceinci-

dence. For the :.X-cpoch, the naximum temperatures were
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reached, in general, during the second week of May, while
for the N-epoch, it was one month ahead of it, viz., the second
week of April, in all cases excepting the 15 cm altitude of the
bamboo stand, whose highest temperature also was reached in
the immediately following week, f.e., 15th - 21at April
(Standard week 16). It may therefore be concluded thet there
exists a precession rhenomenon as regards temperature behaviour
in the N-epoch. The coldest period of N-epoch appears to precede
that for the X~epoch by nearly 2 1/4 months and the warmest period
by a2bout a month. The reasons for such non-toincidence between
the two epochs are traceable to macro-climatological changes

in weather elements 2nd hence are not discusszed here.

As regards actual temperatures, the lowest temperature
recorded during the period of obgervation, was 15.8°C for the
open 1ield eavironment at 15 cm altitude for the K-epoch
during 22nd-28th January 1980 (Standard week &4). The highest
temperature of 37.7°C was als=o recorded by the open field
envirorment at 15 cm altitude, but during the N-epoch, during
dth-14th April 1960 (Standard week 15). The range in tempera-
ture between the highest and loweet was more (11.4¢C) during
the N-epoch then during the X-epoch (3.5°C).

b4.4.1,2. Diurnal varigtionss

The greatest differencee in temperature between the two
epochs (X-i.e., morning, and K-i.e., afternoon) occurred during
the third week o¢ March (Standard week 12) and wes in the range
o1 14,8 - 16,5°C for the three different altitudes. The
sinimum differences between the two epochsl (X~ and N-)
teaperatures, on the other hend were recorded during two
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periods, viz., the period of 12th-25th November (Standard

weeks 45 and 47) when the diiferences ranged between 3.6-6.0°C,
depending on thse enviromment and the altitude, and again during
the period 1st = 14th July (Standard weeks 27 and 28) when the
differences ranged between 2.8 -~ 7,4°C depending on the envirem-
ment and altitude.

It is apperent that; while the maximum diurn=l difference
between K- and X-epochs occurred only at one time, viz., during
the third week of March and further thet the differences bhetween
the different environments and sltitudes was within a very marrow
ran52f1.7'c, the minimum diurnal diffsrence occurred during two
periocs, once during November, wheén the differences, between
the different enviromments and eltitudes were only 2.4°C and
thus narrow, and azein curing .uly, when the differences between
the different environments and altitudes were a bit wider, to

the extent of 4.6°C,

Theae diurnal variations also belng macroclimatological
phenomena, they are not discussed here any further. It is
sufficient to note thet these data bring out the point that
heat astress 1s likely to be experienced by annusl crops during
the month of March, particularly during the third. week, under
Coimbatore conditions.

4,4.1.3 Comparison of temperatures within the two environments:

From Appendix 2.1(a) it is seen that the temperatures in
the open field, for the X-epoch, ranged detween 15,8-25.6, 15,9~
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25.6, and 16,3=25.7°C, for the altitudes 15,50, and 250 om
respectively, It is seen from the data that, while at the
two higher altitudes (50 and 250 em) the temperatures in the
two environments did not differ much, near the ground surface
(15 cm altitude), the bamboo atend tempsratures were generelly
hizher, to the tune of even 1.2°C during the cool season (viz.,
the third week of Fetruary 1980) as compared to the open field.
1hus, in zeneral, the air layer near the ground surfece was
slightly warmer within the bamdoo stand as compared to the open
iields Thie agrees with the findings of Debral et al, (1969)
who studied the microclimate within a 14~year old stand of the
sawe species Oof bamboo used in the present investigation, viz.,
Dendrocalamus strictus, 2nd planted at elmost the same spacing,
vize, 12 ft, X 12 ft, (l.e., 3.66 X 3.66 mi. They 2lso reparted
that the ground surface remained warmer inside the bamboo (as
well as chir pine) plantstions, ss compared to the open fleld,

and the effect w2s more pronounced during the cool season.

This effect of the air layer nezr the ground being warmer
within a bamboo stznd was attributed by Dabral et al. (1969)
to the sheltering and blanketing effects of the bamboo cover,
which effectively checked the outflow of heat. From tha view-
point of raising intercrops of annuals within a bamboo stand,
this implies that the growth conditions for =nnuals, whoae
statures are not very high and thus lie within the air layer
near the groun, are more f:voursble within a bamboo stand
than in the open, perticularly during the c¢ool sezson, whea
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the rate of growth of the annual intercrops is bound to be
rather slow. Thus, while a bamboo stand mey impose a stress
on an essociated annual intercrop by way of ahading and root
competition, it alsc confers a bencfit by keeping the zone
nezr the ground warmer, during the chilly morning hours.

As regards the N-epoch (i.e., afterncon) the pattern was
different, the temperature difference between the two environ-
ments being very much accentuaied, with the bsmboo st=nd almost
invariably recording a lower temperature 8s compered to the
open ileld, at all the three altitudes, Froa Appendix 2.1(b)
it is seen thet the bamboo stznd temperatures ranged within
the limits of 26.1=34.7, 26.4-35.1, and 25.7-34.5°C, for 15,50,
and 250 cm altitudes recspectively, while the corresponding
temperatures in the open field were 26.5-37.7, 26.2-35.9, and
26,0-55.2°C, This clearly shows the cocler temperatures that
prevailed within the bamboo stand, the ranges in the illitl of
the tecmperature Jdepression being C.4-3,0, 0,1-0.8, and 0.3 =
0.7°C for 15, 50, and <50 cm altitudes respectively, These
differences are, of coursé, between the extremes which naturally
were recorded during entirely different periods. But, still
they serve to highlight the cooling effect of thc,‘huuboo stand.

Restricting the considerstion only to particular periods
of the N~ epoch, the maximum differences in temperature between
the two enviromments (bamboo stand always being cooler) were 3.2%C
during the seconu week of April 1980 (Standard week 15) for the
15 cm altitude, 2.3°C during the third week of July 1980
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(Standard week 29) for the 15 ea and 50 cm altitudes. Thus,
the maximum cooling by the bamboo stand to the tune of 3,2°C
occurred around mid-April very near the ground surface (1% om
above ground level), precisely the zone where any low-statured
annual intercrop will be growing. Radke and Hagstrom (1973)
also had observed an air temperature difference of 1.5°C
between an unpheltered stand of soybean and a soybean stand

sheltered by a windbreak.

That the cooling effect of the bamboo stand should be
maximum during the hot weather period of the year (April and
Yuly), which incidentally is the perioé when dissipation of
heat is most needed, is not surprising. UDuring the wet season,
the high latent heat oi the water comes into play and the
temperature diiference vetween the two environaents is not
much, while during the hot we tner periocd which ie ususlly
dry, this factor does nct operate and the cooling etfect of the
shade cast Dy the bamboo canopy wanifests itself in a pronounced

menner.

from the point of intercropping within a bamboo stand this
cooling effect, particularly curing the hot weather period of
the year, is a welcome feature. Summing up, it is seen that
the air leyer very neaer the ground within the bambooc stand,
while being warmer during the cool period of the year, is ceoler
durdng the hot weather period, thus modersiing the microeclimate

in favour of any associated annual intercrop.
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The results of the present investigation, in so far as
the 2ir being cooler within the bemboo stand neer ground
surface, ie in conflict with those of Dabral et al. (1969)
who recorded hi_her temperstures within the bamboo stand as
compared to the open, during the hot seasons. They explained
the higher temper:ture in terms of the b=mmboo defoliating
1tself Suring the hot season thus allowing more heat to reach
the ground, while the culms continued to prevent the free
movement of air., The anomely between these findings is due to
the fact that while under the conditions of Dehra Dun, which is
in (he extreme north of India, Dendrocalemus strictus bamboo
w3y defoliate itself during hot sessons, it is not so under
e conditions of Coimbatore, which is far down south., At
Colmbatore, during the hot weather period Dendrocalamus
strictus bawboo, while drying up 1ts leaves with accompanied
colour chznge, does not shed 1ts leaves, thereby shading the
ground substantially., It must be remebered thet as far as
sround shading is concerned, it is immaterial whether the

shade is dead or living.

&.4.2. Relative Humidity
(Appendix 2.2(a) and (b),Fig.10)

4.,4.2.1 Seasonal a8t

The march of relative humicity showed the usual interest-
ing feature of differential patterns of change between the two
spochs. While :he X-eapoch (morning) relative humidity was



Fig. 10 MICROCLIMATE UNDER 2 ENVIRONMENTS
2. RELATIVE HUMIDITY tw

----- «within the BA
«in the OPEN

.22 M.

s 7.220rs.

g

%

RELATIVE HUMIDLTY (%)
. Ll

L.22 hrs.

7.22hra

-
»
L SR M2 N N N R R A M A IR R R A M S A A
- e 0 eer = ot e W am am  ow Y
1978 - 1979 1980

STANDARD WEEK




=0
s

“LdX — b zgX3 o | XA -
LY Avi L\ ia z(h 239 AON 126 438 sy
oﬂﬂ.uﬁau-nﬁunuud 13 0T & &1 4t 91 14 €T :o. € § ¢t % £ & €T LTI on::: ucn' v'n- iy aq-.pwx.mmhmlnm.dq "

M) NOSYNOAYAT ¢ 2 o 2 o o o = =

\l’
»
'o L -
e a -
t.::\n:(\u .l/
. v’
. \
-

. AN
' ~——em
4 _- \\.\ \
’ v
7 A
Koy o— \\\ e
» / ~ v
-~ 4 M s
- S Y
r -~ P =
B TUUVEIIDL v
/

I

THUVGSAL NV &«

__:j_

MDA W -y

(@86l XNC 0L 6461 1SNONV)

L6t 4

ura iy 4 e 2 ] :«:3.m

NOIVINIWIY3dX3 40 QO34 3FHL ONtYNA SNOILIONDYD ¥3IHLYIM

L4
Leve
Al S
Losw| oy
* D
lear 5

1] -
i
—

fust}® -
Tivanwy



370

more or less constant and at a high level, almost throughout
the year, the K~epoch (afterncon) relative humidity showed two
peaks and two troughs, thereby fluctuating within wide limits.
This was the gensral pattern for all the three altitudes
(Appendix 2.2(a) and (b)). Aa regards the N-epoch, the first
peak which was more pronounced and rether sharp, occurred
during the period 12th-18th November 1979 (Standard week 46)
when the relative humidity ranged between 70.0% to 83.3% depend-
ing on the environment and altitude. The second peak, whose
amplitude was lesser aas compared with the first peak, occurred
during the period 3#d-9th June, the relative humidity ranging
between 74,7% and 80.1%. The troughs intervened between the

two peaks.

As regards absclute values, invariably the relative
huridity was higher during the mornings (X-epoch) as compared
to the afternoons (N-epoch). During the X~gpoch, the maximum
values Ior relative humidity, which ranged between 93.9% and 96,1%
dejpending on the environment and the altitude, were recorded
during the period 22nd October to 2nd December 1979 (Standard
weeks 43-48), which corresponded to the wettest part of the
year, i.e., the NE monsoon rains, which thus explains ths
very high relative humidities, The lowest values of relative
humidity for X-spoch, occurred during the first week of July
1980 (Standard week 27) and renged between 73.2% and 81.1N.

It can be seen that the maximum differsnce in relative humidity
between the extremes was only 22.9% which indicates that the
fluctuation was not very such during the X-epoch,



371
During the N-spoch, the highest ever relative humidities,
which rapged between 79.0% and 83.7%, occurred during 12th-18th
November 1979 (Standerd week 46), while the lowest velues, which
ranged between 24.6% and 31.9% depending on the environment and
the altitude, occurred during 19th February to 10th March 1980,
Thus, the maximum diiference between the extemes was 58,7%
which shows the higher magnitude of swing in relative humidities

during different seesons.

This pattern of the moraing relative humidity being
higher and more or less constant, end the afternoon relative
humidity being lower in value and fluctusting widely over time
is well known, as to need an explan:tion. Further such diffe-

rences are due to macroclimatological phenomena.

4.4,2.,2 Lirunal variationss

The divraal difference between the X- and N-epochs was
the maximum during the period 19th-25th February 1980 (Standard
week 8). The differences, i.e., the swings in the relative
humidity between the X- and Ne-epoch, were 58.1%, 61.9%, and
53.1% at 15, 50, and 250 em altitudes respectively, for the
open field, while, for the bamboo stand, the corresponding
values were 47.2%, 56.6%, and 56.7%. These show that the
divrmal fluctuations in relative humidity were more wild in
the open, as comparsd to within the bamboo stand. The buffering
effect of the bamboo stand on the daily nuetugtionl of relative
humidity, is ascribable principally to its shading effect which

Teduces the ambient temperature slightly (as was seen under
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section 4,4.1.3) theredy suppreasing evapotranspirational
losses to the atmosphere besides preventing adwection by its
blanketing effect,

The altitudinel differences in relative humidity were
very insignificant, be it the X-epoch or the Nespoch.

4.4.2.3 Comperison of relative humdities within the two

environmentst

ihe differences in the relative humidities between the
open field and the vamboo stand were fluctuating widely; though
certain definite trends were discernible. In general, the
diiferences in the relative humidities between the two envirom-
ments were not very much during the X-epoch; they were more
or lesa the same for the two envirorments at all the 3 altitudes.
but, during the N-epoch, the bamboo stand generally recorded a
higher relative humidity than in the open field, at all ths 3
altitudes, with one notable exception during the period 18th
march to 7th April 1980 (Standard weeks 12- 14) when the open
field recorded a higher relative humidity than within the
bamboo stand., The differences were most pronounced during the
last week of Harch 1980 (Standard week 13).

The maximum differences in the relative humidities, at
all the 3 altitudes, between the bamboo stend and the open
f1eld occurred during the period 29th JYapuary - 4th February,
1980 (Standard week 5), The actual differences were 15.9%,
1%5.0%, and 11,3% for 15, 50 and 250 cm altitudes respectively.



in all cases, it waa the bamboo stand that recorded the higher
humidity and these meximum differences between the two environ-

ments arose only during the hottest part of the day, viz., the
l-~gpoch.

Though the maximum difference occurred during vanuary =
i ebruary which are the cooler parts of the year, still, the
s2me treand of the bamboo stand recording a higher humidity even
ouring the hot weather period (laster part of April through July)
1s seen, which will be beneficlal to any assocliated 2nnual crop
raised as an intercrop within the bamboo stend. The higher
humidity observed within the bamboo st2nd is due both to the
shading effect by the caznovy which reduces evaporational losses,
and to the blanketing effect of the culms which effectively

reduce the advectional losses of moisture in the ~ir,

ihe singular exception of the period 1&th march to 7th
spril 1980 when the open ile€ld recorded higher releotive humidi-
ties as compared to the bamboo stand -« 1o the extent of even
c3.1n at 250 cm altitude during the period 25th - 31st March
1960 - was caused by a unigue combinetion of circumstances.
i1 must be remeuzbered thet soybean was intercropred during the
period when microclimatic cobservations were recorded and the
soybean crop w&8 provided with weekly irrigations excepting
during perilode of ralny weather and during the last stazes
of woturity of the crop. The soybean intercrop of Expt.2 w=s

harvested on 6th #arch 1980, and the next soybean crop (Lxpt.3)
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wBs nct sown until 16th April 1980. Thus, during the interval
between the last irrigstion for the soybean crop of Expt.2,
which wis given in February 1980 and the sprout irrig tion
&iven to the soybean crop of Expte3 on 18th April 1980, the
80il was not wetted. During this interval (26th February to
14th April 1960;, 2 totsl g@antity of only 28.2 mm of rainfall
w=5 received in 4 reiny days, while the ven evaporstion during
thic period amounted to &s much z8 4G.2 mm (Appendix 3 and
rigeilj. Under these conditions of evaporation exceeding very
much tiie precipitztion, with no irrigetion to supplement the
soll moisture, the resicusl soil moisture must have been -
derleted at & very fast rote by the large tamboo clumps with
their extenszive root systems, which soon led to a relatively
drier =0il within the bamboo stand ze compzred to the cpen,
with no s0il moisture for evsapouratio:n, the relative humidity
within tihe bamboo stend fell to v:ilues lower than th=t for open
iiela,

Lo.4,3 Uverall couclusions zbout microclimate.

The Lamboo stand amelior=tesz both the 2ir temrer ture
{(by recucing it) and the reirtive humicity (by incre sing it)
tliereby recucing the heat load on an associnted annual intercrop
nd reducing evapor:ticnal loss of soil moisture, both of which
will beneiit an associcted annuel intercrop. On the other hand
the bamboo stund deleteriously influences the annual intercrop
through reducing the light intensity avezilable for photosynthesis

and through root competition.
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4.5 SOIL HMOQISTUKE
(Tacle 34;

ihe significant fact that strikes the eye vwhen the data
on tihe fiuctuations in the soil moisture status of the two
environments 1s examined, is that the soll moisture content w=s
tnpoubég hisher within the bamboo stand as compared to the open,

exce, ting on three ocec:sions (lable 34).

reckoning the so0il wolsture in the open field 25 the
stendurd, it is seen that the incresse within the bemboo stznd
rang €6 from $,.7% at 47 LiS to 30.1% at 26 LaS, for Expt.1, the
range thus being 2G.4%.. Expt.?1 was conducted during the months
of sugust to mid-liovember, 1979, During this period, there
wae one owceslon (68 LnS, i.e,, 25th vctober 1979, when the

pattern wase inverted, and the bauboo stand recorded 2 lower

weisture content, the depression telng -~ 15.4%.

~8 regards Expt.2, the increzsed s0il woi-ture within the
bamnboo stand as compared to the open, ranged from 25 low as
31.0% to as much as 162.9%, the raenge thus being 131.9%,
Lxpte.c was conducted during tne months of Lecember 1979 to
early sarch 1980, In this case 21s0, there were two occasions,
when the bamboo stand recordec lower soil moisture contents as
compared to the open field, in the first instance (75 045, i.e,
218t February 1980) to the tune of = 15.1%, and in the second
instance (83 LiaS, i.e., 26th February 1980, to a still gre-ter

extent, viz., =32,35%.



Table 34 ueekly Soi]l Moigture fluctustions under two Environments

E1 = Within the bamboo stond; EZ = In the open field

Experiment Stage of sampling 50il moisture sifference
w.r.t. the Date (») uncer as & ¥
- soybean crop L4 L, £ 2
12 LAS 30 aug 1979 12.48 G,9& 25,
19 DAS 6 Sep 7¢ 12.08 10.2Z 27.8
g6 " 13 cep 79 18.865 1441 301
3z 0" 20 Ler 79 17.70 A5.74 12.4
gy n 27 Cep 7S 12.81 10.53 16.6
nxpt.1 47 4 Uct 79 8,03 7.22 9.7
54 11 et TG £1.02 1435 117
65 25 Oct 72 12.02 1367 {~)15.b
7% " 2 llov 79 15.60 13,42 16.2
R 9 wov 79 20.68 18.45 12.1
1 F 17 hov 75 22.2C 10.72 17 .6
21low 6 LaH 20 Nov 72 19.08 15.01 Ouls
1 o & lee 79 18.09 13,40 C.0
8 ad 13 Lee 79 21.86 16.69 31.0
14 ¢ 2lewee 73 21.75 18.21 34,2
20w 27 vec 7% 10,85 12,31 36.9
27 " % Sap 1980 22,06 12,77 72.7
30 v 6 Jan 80 12.33 0.5% 37 .4
3 @ 12 Jen 50 17.87 6.72 162.9
55553 S Lo M Zh.han BU  Bld5  5.6D 128.8
55 * 21 Jden ES 22.10 13,75 63.7
c2 ¥ 7 rekb a0 14,32 10.42 374
69 14 Teb 8D 21,46 9,59 123.8
YE 27 reb 80 1Z.E82 15,19 (=)15.1
cs 0 28 Teb  EQ 7.93 10.39 (-)32.3

Fellow 1 DAl 7 zar BC  7.22 6.74 7.2




The higher soil moisture noticed within the bamboo
8tand was the direct consequence of reduced evapotrenspiration
due to the shading effect of the banboo canopy and the wind=-
bresk effect. Aase anc 51lcdoway (1476} had shown that wind-
breaks of tall wheat yrass (Apropyron elonuatum) reduce

evapoar=tion from the scll surface,

Yadav et a2l. (1963) studled the pattern o chenges 1in
the soil soisture conient: at & Oliferent de:ths (O=1', 1te2t,
2'=3'y anc 3 =4') withdn a 10=year old stenc of Lencroealamus
strictus, spaced 12' x 12', anc coupiared it witn an adjlscent
«rage plote This etudy le cowpsrsble with the prezent investi-
gxtion i1 certzin aspects - the ' rass plot' would correspond
to the 'open fielc', the 0O=1' gepth roughly corresronds to the
O=1% cm ecll depth of sampiling of the present investigation,
the species of the bexboo used i=s the sapme »nc the spacing
between the clumps are 2lmost same. hkowever, the 2:€8 of the
tapboo clumps difler very much anc while in the study of Yadav
& 2l. (190%) the banboo stand wae entirely rairnfed, in the
present investi,ation, the issbou clumis recelved the benefit
of weekly irrigztions mece to the soybern intercrop. ibove =all,
in tre former etuc; there w:g no intercrop to complicate inter-
pretations. Yadev gt al. (1903) aleo reportec thet the soil
molsture content wss pgenerzlly of » higher order uncder bamboo
than under grass cdue lorgely to less eveporational losses and

hioher water ret lning power of the soll under the former.
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Yhe instances where the scil moisture content of the
bamboo stand were lower than that of the open field may now
be examined. 1In kxpt.1, when the soytean crop was 68 LAS eld
(i.e., on 25th Cctober 1979) the bamboo stand recorded 15.4%
less moisture than the open field. An examination of the
weather data (Appencdix 3 and Fig.11) reveals th=t during the
perioc Z2Znd=268th Getober 1579, a total rainfzll of £8,.2 mm was
received in 4 rainy days. thile this represented the highest
ever received upto thet stage of soybean growth, and thus
sufiiciently soaked up the soil in the open field (with only
the soybean cover;, it was not hi h enough toc penetrate the
banboo canopy suificiently ss to add a similar quantity of
water through drip, bBulk of the rainfall was intercepted by
the bawboo canopy. Hence the soil within the bamboo stand
while being wet wag not as wet as in the open fleld, which
e€xplains the anomaly. Subsequently (12th~18th Kovember 197%)
when a very heavy rainfall of 263.6 um was received in 5 rainy
days, the reiniall was far in excess of the infiltration rate
for the soil and the run off loss wus high, while the bamboo
canopy moderated this and rrolonged (through leaf drip, the
period of addition of rain water such that the soll molsture
content within the bamboo stand wes once again higher than

that for the open fleld.

In Expte2, the two consecutive occassions when the soil
moisture within .he bamboo stand woa leas than that for the
open field, occurred during the last phase of crop growth of
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the soybean ecrop (76 = B3 DAS), when irrigations had been cut
out. These two periods of saxpling, viz., 21st February and
28th February 1980, corresponded with the rainless period of
the year (sppendix 3). ¥ith no irrigation to supplement the
801l moisture, and the weather being dry, the root competition
for soil moisture from the bamboo clump must have been 80
intense tha;CAhfou moisture reserve wes quickly depleted within
the bamboo stand such thzt it recorded a lower soil moisture

ag compared to the open field.

The differences during the fallow periods were relatively
not 3uch and bence lend support to the inferences draswn above,
however, 1t must be pointed out that further work 1is indiceted
for resolving the com;leéx inter-relstions between weather, the
sheltering effect of the bauboo cznopy, root coapetition for
s0il moisture between bamboo and an associzted intercrop, and

above all tne effect of super-imposition of irrigation.

As regards absolute molsture contents, it r-nged from
6.03> to 23.20% for the bamboo stand and from 7,32% to 19.73%
lor the open fleld, cduring Lxirt.t. In this experiment, the
times of occurrence of the lowest e20il moisture content (4th
vetober 1979) anc the hizhest soil molsture content (17th

ikovember 1975) were the same for both the environments.

buring Expt.2 the soil moisture contents ranged from
7.03 {on 28th Frbruary 1980) to 22,10 {(on 31st January 1980)
tor the bamboo stand and from 3.65% (on 24th January 1980) to
16.69% (on 13th Lecember 1979) for the open field. Thus, unlike
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in ixpt.1, the times of occurrence of the lowest as well as

the highest soil molsture contents were not coincidental in
kxpts2. The reeson for this was that while Expt.1 was con-
Gucted cduring the wet seeson, Expt.2 wes conducted during the
cool dry season, so that a time lag developed bLetween the two
environments as far 26 soll moisture charging anc devpletion

are ccncerned, due to the presence of the bamboc canopy chiefly
an the conseguent difference introduced. Yadav et al. (1963)
obterved a similer phenomenon in their study which was conducted
under entirely razinfed conditiong. They found tha4vhilc the
minimun soll moisture values were reached ainultanéously or

2 little later in the grass plot as compared to the bamboo
stand in O=-1' goll layer, they were recorded much earlier in
the Ceeper layers of soll under grass plot. The time lag
observed in the present fnvestigation may be due to a thermal
lag within the pamboo stend caused by an inertia of the air
m=58 within the bamboo stand to respond qulekly to tempercture

changes in the atmosphere.

Comparing the two experiments (Expt.1 and Expt.2) it is
seen that the soll molsture differences between the two environ-
ments were more pronounced in Expt.2 than in Expt.i. The
reason for thiz is that while Expt.? was conducted during the
wettest part of the year, Expt.2 w2s run during the dry,
though cool season. It is obvicus the heevy rainfall during
Exptel marked the protective mulch effect of the bemboo stand
and thus reduced the differences betwean the two envircnments.
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It may theretore bse concluded that from the point of soil
moisture conservation, under irrigsted conditions, the bamboo
etand ie superior to the open field, acting simiiar to a wtleh,
by reducing evapotrasgirationzl loszses. This advantage may be
useful in reducing the irrigation water demand, and possibly alse
in increasin; the wrter use efficlency (WUE) as reported by

nadke and rurrows (1970) for sheltered soybean,

4.6 wPiED Li
(iabvle 35, 3%5(a) and 36)

LSTATION

Thouzh hoeing 2nd weeding was carried out unce, when the
s0ybean crop was young, subseguently the weeds were not removed,
in the c2se of Expt.Z, 80 88 to observe the pattern of weed

intestation, as Judped after the harvest of the soybean.

irom Table 25 it is seen certain clesr=-cut differences
emerie¢ between the two environmente. [irstly, the weed popula-
tion was substantially lower within the bamboo stand {mean
frcicence of 24.4 weed plantl/nz) ag compzred tu the open field
(mean incidence of 34,3 weed plante/nz). Secondly, while
monocot weecs were very zbundznt in the open field (45.64%
incivence) as compared with the bamboo etand, (14,05 incidence),
the reverse was the case with the bamboo etand, where digot
weeds dominnted (85.95% .anid.onca) as compared to the open field
(51.30% incidence). Thirdly, there were differences in the
floristic compos!tiona of the weed populations, dDetvween the two
environments, Thus, while certain species like Corchorus

olitorius and Euphorbiz hirta were very abundant and more or
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Teaocle 25(a) NKatursl-order wise distribution of Weed florz WEEDS
in two environments

bxpt.3
3 ok ; . #“ithia the in the open
Sel0.  Natural order bamboo stand field
(Eq) (£5)
e e e ed ot
humber total Number total
1 Alzoaceae 2 0.28 2 0.19
2  amaranthaceae 34 4,68 14 1.36
3 Compsoitee 182 25.07 116G 10.70
4 Convolvulaceae a 1.10 2 0.19
5 Luphorbiaceae 168 23.14 184 17 .90
6 latiateae 2 3.58 2 0,19
7  #alvaceae 12 1.85 10 0.97
& Nyctaginaceae 12 1.65 18 1.75
3  Papilionacene 30 4.13 24 2,33
10 hubiaceae 30 4,13 14 1.36
11 Tillzcene 112 15.4% 146 14,20
1z  Verbenacese 8 1.10 2 0.19
AR A LS
1 Lotuielinaceae 35 5e23 - 0,00
2

Greminae 64 8,81 500 4,64

Total 725 100,90 1,028 100.00
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WEEBS
fabie 36 tlomacs (tresh weicht) of weeds under twe environments
Expt. 3 at horveet of soybear crap (kg/ha)
witnin the bamboo stand (E,) In the open
TR R PR s field Mean
F levels ¥isour of temooo clumy (V) (g) )
L Fel
E, 107.5 122,58 536.2  255.4
Py 150.0 72.5 460.0  227.%
P, 270.0 85.0 493.7  282.9
HEEn 175.8 S5e5
Uverall rean 134.6 L9€,7
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less aimilar in incidence under both environments, spscies
like smarapthus sp.y Lejascs mollis, Leucsg aspera, Rhyncosia
minima, etc., were more abundant within the bamboo stand than
in the open, the maximum difference being seen in the cass of
Leucns aspera which recorded a 15-fold increase within the

bamboo stand.

That the weed populatior. within the bamboo stand 1s
lesser could be expected, since it was seen th~t the intercrop
of soybean, particulariy in txpt.3, was deleteriously infiuenced
by the bamboo shade ané root competition. It stands to reason
that the weed plents also must have been similarly affected.
iaking the mean weed incidence for the vpen field (34-3/!2) as
the standard, it is seen that there was a2 reduction in weed
population within the bamboo stand, to the tune of 30k. This
bezrs z very close resemblance to the reduction in soybean
population, where 1t was 22x {(Table 25) at the end of Expt.3.
ihe weed population havirng suffered wanton removal once (i.e.,
hoedny and weeding) unilke the soybean, can naturally be
expected to show a population reduction higher (30%) than that

for soybean (22%).

Viewed from an entirely different angle, the presence of
a substantiel numbsr of weeds (2,42,000 populztion/ha; within
the bamboo stand 1s indicative of the fact that inspite of
the adverse conditions for plant growth within the bamboo
stand, still, many annusl green plants appear to thrive, This
conclusively establishes the fersibility of raising some
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economically uszeful anpual crop within a btamboo stand of

slmilar age (upto about 5 years), the only lacun> being the
identiticstion of the ideal crop species which will effectively
compete with the bamboo roots, adapt itself to the reduced light
concitionsz, and thrive tc maturity., Though soybe>n perhaps may
not be the ideal intercrop witnin a bamboo stand, theére may
exiet other crops adapted to the conditionz rrevailing within
the bamboo atand.

The predominance of dicot weeds within the bamboo stend
su u€ests 8 superior adaptation on their part. It iz known
that there are distinct differences between monocot end dicot
plants in so far az sorption cof mineral nutrients is concerned,
Thus dicot plants sorb cetions much more thnn anions., As &
corvllary, in a mixed stand of both monocots anc dicots, there
msy not be competition for the same nutrient element. Thus,
vamboo being a monocot must differ from the dicot weeds in its
nutritional preferences, which would exclain the predominance
of dicot weeds and the suppression if not total exclusion of
monocot weeds. This, differentizl behaviour, incidentally,
would simplify cholce of weedicldes in chemicsl weed killing
Lecause of the disparity between bamboo, & monocot, 2nd the

dicot weeds, which is a2 practical advantage.

1f we examine the composition of weeds in terms of the
natursl orders to which they belong(lable 35(a)) it is seen
thxt it 1a Eupho. blaceae that dominates both the environments
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followed by Tiliceas. but compositae, while being dominant
within the bamboo stand was not so in the open field.

This line of discussion cannot, however, be extended to
ti:e monocot weeds, since there are not many natural ordere in
monocots as compared to dicote, as to effect sny meaningful

comparison at the natur2l order level.

¥hile discuseing naturesl orders of the weeds, it is interest-

ing to note that rapilionamceae, to which soybean aleo belongs,
accounts for only 4,13 in the bamboo stznd and 2.33% in the

open fleld., Ferhaps these low percentages are the result cf

less abundance of kaiuiomccoue weeds, as a whole, in the eco~
1opical enviromment Aof tlhe present investigetion, However, the
higzher percentage of 'raleionaceous weeds seen within the bamboo
stand would perhaps su;gest their natural adaptation to low

iizht intensitiee. j.ore particularly, the 11-fold abundance

of the Papilionacecus weed Rhyncosia minima within the bamboo

stand lends support to this line of reasoning.

hs regards individuml species, as already mentioned some
weed species like Corchiorus olitorius which recorded the highest
sbundance (about 135,552 of the total weed population) for any
one weed species, in this investijation, occurred equally
abundantly in both environments, It is very likely that this
species is shade tolerant and adapts itself to the reduced
1ight conditiona prevailing within the bamboo st-nd, That

such adaptations on the part of one and the same specles in
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both open and shady habitats exists, has been reported by
urime (1968) as seen in Acer rubrum. In contrast the 19-fold
abundance of the Labiatese weed Leucas Rgpgra within the temboo
B8t:nd suggests tnst it 1s a shade plant rather than & sun=-plente.

Tatle 3 presents d=ta on the biomass of weeds, It is
scen th:t the Iresh weights uf whole weed plants were 496.7 kg/ha
in tne open field while it was as low as 134.6 kg/ha within the
bacboo stand. This drastic reduction in weed biomass within
the barboo stand to the extent of 73 highlizhts the adverse
conditions prevailing therein. Couparing this with the soybean
biomass yields (Table 22) for Expt.3, it 1s seen that soybean
blomass wag depressed much more, to the extent of 61%, within
the vamboo stand, 1hese reductions within the bamboo stand
were caused by the shade effect of the bamboo which must have
seriously curtailed the photcsynthesis of the weed plents and
the roovt competition froum the bamboo clumps. This is further
highii,hted by the diiferentisal tehaviour among bagboo clumps
tremselves. Thus, while the weed bilomess was 175.8 kg/ha
under 'low vigour' (L) clumps, it was &8s low as §%,3 kg/ha
under the 'high visour' (k) clumps. On the other hand, P

levels did not inf.uence the weed infestation materially.

It may be summed up that, like the intercrop, the weed
flora also suifer serivus setbacks in growth, within the bamboo
stand. This setbeck manifests itself as reductions in weed
popul:tion and weed biomaas. Such a setback while focuasing
attention on the adverse conditions for green plant growth
within the bamboo stand, 15 a welcome feature in so far as
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veed suppression is concerned., Some spscies of weeds thrive
¢Gually well in both environzents while yet others thrive
better within the bamboo stand which points to their shade
acdaptetion. between monocot and dicot weeds, the latter pre-
roncerate within the pemboo Btand, which may be taken advantage
of in chemical weed control in sole crop bamboo plantations
since vamboos are monocots and thus selectivity is ensured.

4.7 ECUNUSICS ob INTFECRUrPLING LAMBUC STALDS ~ni ASTECTS OF
PRACTICAL #AAGEMENT

In evaluating the costt benefit ratio of raising dAnnual
intercrops between woody perennlal crops, like bamboos, certain

constraints as listed velow, need consideration.

1. The woody perennizl crop which 1= the base crop, is of
relatively very long duration and its yleld is rezlisable
only terminally at the end of several years after planting.
itowever, in the case of bamboos the wood yleld is repeti-
tively realisable, usually once in three years. Still,
even in bamboos it takes more than a deczde veiore the
felllr, cycle yields stabilize., Hence, judging bemboe
culm ylelds based on a young crop of about & years will
not be realiatic but only indicative.

2, rurther, the culms horvested from a young crop will be
swmaller in size to that obtained from full-grown &nd
yleld=-stabilized clumps and hence will fetch very low
prices in the market,
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iLuring the first 5 tor 6 years of establishment of a
80le crop of bamboo, no re¢turn is realisable., On the

Other hanc expenditure is involved in establishing the

crop.

ihe coets of establishing bamboo plantations have been
estimeted by several forest officimsls., Unfortunately
these estimztes are not directly appliczble to farm

situztions because,

i) the estimates pertain to large-scale plantations of
several hundreds of hectares with sttendont economies

of scale;

i1) they pertzin to Government-owned lands and hence
inclucde chargee for supervision, protection, and

interest on capital etc.,

111) they pertain to forest situations where certain
un-voidzble expenditures like scaring away of wild
life, cost of transport over long leads and difficult
terrain etc., arise, which are absent under farm
situitions; on the other hand, the vlantation once
established is inverisbly rainfed 2nd practieally
unwceded which in turn reduce the cost of main~-

tenance of the crop., amnd

iv) they usually sssume pro-rata costs for exploitstion,
the harvesting being usually carried out by contrac-

tors supplying peper mills.
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5. Kegarding costs of cultivation of intercrops between tree

crocs 2lsc, rractically nc published intormstion is evailable

as of date since this agroforestry practice is yet to gain

momentum as many of the problems of such a eystem remsin un-

solved., Even 1f the cost of cultivation under xumri cultivation

conditions for znnusl intercrops rzised betwee:n young trees are

gathered through any survey, they can at vzst be only indicative

for the followins reascns =

i

1)

iiy)

v)

vi;

tue kumridhar uses oniy fnwlly lavour since he lives

o

inside the forest;

the forest soil is more fertile, telng richer in humus,

end hence cannot be compared with: the ferm soll;

all oper-tions are wxnually carried out since no bullock

power is 2vailable within the Iorest;

maintenznce uf soil fertility =2nd sustained levels of

production ci annual ¢rup yieids are nut ficed by the

Kumrichar, wheo is only a shifting cultivetor;

Conmonly no fertilizers or agrochewiczls sre zpplied

ty him 2nd hence the costs are recuced;

dnstitutional finence ic not needed by him, for he

produces tlie crovs generally for his own consumption

rathicr than for the distant oorkets



vil) part of the cost of r-ising the base crop (seedling
production and transport to site) as well ae mzlntenance
of estatlished tree crop are borne by the forest depart-

ments; and

viii; his annual crope are generally reinfed, the forest cli-

wi:te being vastly different from that of the plains.

6, iven during the initi-l phases of growth of th%basc crop,
when 'estailishuent intercropping' is practicsble, bullock or
mechenicsl power may not be usable unless the spacing betwean
the tree crop is very wide; hence manuml labour costs will be

increaged es compared sole crops ©f the annual crops concerned.

4.7.1 Cost estimates by earlier workers:

With these congtir>ints regarding arriving at an accurate
estim te of costs of cultivation in mind, the situstion may
now be examined., Andiyappan anc ¥ilson (1963) reported that
the cost of reising & bambo0 plantntion in Tamll Nadu, even
on a large scale, will be not lees than Ke,500 per hectare,
under reserved forest conditions., ieelay (1572) estimated the
cost of establishment of bamioos under Machya Pradesh reserved
forest conuitions at Fe.243.90 apnc 349.50 per hectare for
6.0 X 6.0 @ and 4.5 X 4.5 spacings respectively, ior the first
year &lone; subsecuent maintensznce costs were Rs.100 and
1.8.200 per hectare for the above twc spacings, and for the
second and third years.
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Venkatakrishnan (1972} who studied departmental
exploitation of bamboo plant-tions In certain reserved forests
of Tamil iiadu, reported that the cost of raising 2 bamboo
plantation and maintaining it upto 10 years (1960~1970) worked
out to only Ks.1,844 for 16.0 hectares, which is Rs.111 per
nectare, Jn the other hand, the expenditure incurred on
extraction, converaion (i.e., clewnin; and trimming to size)
and transport of the culms to the nearest depot w:s i-8.19,620.50,
which works out Ks.941 per hectere, while the total revenue
rexlised by s2le of the extracted bamboos was Ka,.34,670, which
works out to ih8.2,089 per hectare. 7<hus, based on the total
expersiture of hs.1,052 per hectare, the cost: tenefit ratio

works out to 1.Y%.

The experience gained in estaotlishing commereizl planta-
tions uf bsmboos by the wWest Coast Faper Mille Ltd., st Dandell
{harnataka State) has been reportec by Chaudhari (1966), He
has turnished the cost of raieing .lant>tions of Bambusa
arundinaces bamboo} this cost does not include cost of raising
the seedlin,s since they were obtalned from neturally rezeners-—
ted seedlin.s. However, costs of fertilizers, thelir zpplication
and manual weeding are inciuded, though certain costs like
supervision, Iire protection, inspection roads, and watch and
ward are also included, which do not normzlly arise under farm
situations. he reported ;er hectare (converted from the per

acre figures) exrenditures of Hs,.247, Rs.74, RKs.12,35, and
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R8.99 for the 1st, 2nd, 3rd and 6th years of establishment
respectively, no expenditure being incurred during the 4th and
5th years, The total expenditure thus worked out to Rs.432.3%

per hectare.

Siva Prasad (1980) from ‘ndhra kradesh, reported that
wendrocalamus strictus plantations with clump spscings of 5 X 6m
having a stocking of sround 140 clumps/acre \346 clumps/ha) will
come for first feiling on the 7th year when 20 culms/clump (i.e.,
2,800 culms/acre’/ will be re:dy for extraction, out of which
only 2000 culms will be exploitable to maintein the life eycle.
ne agsuned a rete of hs.2/culm for the 7th year felling and
thus calculated that & total return of Rs.4,000/acre (i.e.,
115,9,880/ha) will result, while, according to him the cost of
developin, and wainteining such a plantation will not exceed
rne,500/acre (i.e., K5,1235/ha). And, in enother 2 years, the
s«me plantation will yield another F2.5000-6000 {(i.e., F8,12,350 -
1-8.14,520/ha,;, tie also stated that intercropping of dry land
ve,etable, pulse or coarse graln crops with the bamboo, is also

poseible upto 3 to 4 yecrs,

Kathan (1960 countered these estimates and based on the
experience of cultivation of Lendrocalamus strictus on the
ailuvial soils of the Thanjavur delta (Tamil Nadu State) under
farm situ-tions, stated that the culms attain thelir meximum size
only by about the 12th=15th year after planting after which it
stabilizes. Thuas, though the first felling can be done after
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7 yeers, feir-sized culms can be had by the 12th year only.

he further stated that even if 140 clumps are planted tc an
acre, through a process of natural selection, only 40 clumps/
acre (i.e., 99 clumps/ha) will survive 10 yesrs after planting.
tie recommended thzt it is vetter to limit the clump size to
atout 40-50 culma/clump anc stated that every year new culms
will be added 2t tue rete of 1/4th of the clump size, whils
every alternate year 1/3rd of the culms can be cut away. He
reported thrt the then (1980) prevailing merket rate for a culm
of 40' (i.e., 12.2 ®) length and 5° (i.e., 127 mm) diameter, was
i\8.10, and added thet Ks,4,000/acre (ks.9,860/ha;} can be realised

every alternate year.

A survey conducted by the staff of the [epsrtment of
torestry of the Tamil Nadu sgriculturel Undversity, Coimbatore
{#nonymous, 1975, in the Thanjavur district (Tamil Nadu State)

rnowed thit the revenue realisable by sale of the harvested
culss (1979 tigures) renged from hs,34,580/ha for 5-year old
clunys (at an average of 40 culms/clump out of which 50% are
felled, and at 432 clumps/ha) at the time of the first harvest,
t0 h8.2v,640/1€lling, after the yleld ahad stabilized, for
20-year old clumps. Seshadri et al. (1577b), based on the
experience of raising bamboos under farm conditions snd under
scientific methocs ol management, furnished a detailed packege
of practices for bamboo cultivation, They stated that an yleld
of 2,500 culas/ha can be expected froa middle-aged clumps, and
that each culm will fetch Ra.3=5 in the retail merket.
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From the foregoing discussion it 1s seen that the cost
©of establishment of bamboo stands and their maintenance upto
the first felliny, as reported by different worskers, veries
fron Ks.111 ~ 500/hs under reserved forest conditions and
about Rs.432 for commercizl plantations, Nathan (1980 reported
thet the annual expenditure on intercultivatior, trashing, fenc-
ing ang some propping and culling i£ fully met by the price
obtailned for the bamboo 'thorns' (i.e., the branches) that

are trashed anc sold, under farm situ~tions,

It may therefore be safely assumed that under form condi-
tions and at present day (1385) coets, the cost of esteblishment
and meintenance of a stand of Dendrocalamus gtrictus bamboo,
uptc the 6th year would work out to zbout Rs.750 per hectare.
in adgition, the cost of felling, cleaning anc transporting of
culms from 6 year old tamboo clumps could be safey assumed at
hs.1000 per hectare. Similarly, the culms as harveated at the
end of the 6th year, being em~11l, could be assumed to fetch
onljhs.G/culm, which 1s a conserv tive estimote. Taking the
ave;abe yield of 8,255 culms/h2, which 1s based on the data
from actual harvests made in tne present investigation (dias-
cussed under section 4.2.8), the revenue rezlisable by sale of
harvested culms vworks out to ks.49,530/ha at the time of the
first harvest (i.,e., 5 years after rlanting).

hegarding the soybean crop used in the present investi-
g2tion, the cultur:zl details were icenticzl both for the sole
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C€rop grown in the open field as well as for the intercrop

&£rown within the bamboo stand. Hence, the costa of cultivation
were the same. Any diiference in labour costs on weeding that
could have arisen due to the reduced soybean population within
the bamboo atznd was offset by the increased dirficulty of
moving about within the stand, such that weedin. costs were

the same. Tihie cost ot cultivation of sole cpop of soybean
raleed under irrigation, works out to about K=z.750/hectare, at

the present time (1445) costs,
4,7.24 conomics of intercroppipg in bamboo

based on the above il ures for bamboo and acybean, and
rest:ictin; the ylelds of both the bamboo and soybean to the
actual figures obeerved 1n the present investigation, the
following balance sheet 1z woriked out.

(8, Lconomics of cultivating a sole erop ¢f soybean over 1
hectare and over a 6eyesr period

(vide Table 26)
i) Cost of cultivation for 18

crops, at the rate of 3 crops/
year X 6 years X 1s.750 per hectare k8.13,500

i) Yield of  rain/year

1st crop = 201 kg
2nd crop = 1,072 kg
3rd crop w 1,401 kg

Total - 2.67‘. k&



i11) Total return by sale of srain
at the rate of 2,674 kg/year

X & years X hs.3/kg
iv) Net profit for 6 years -
v) Cozt: Leneiit Tatio -

(b) tconomics of cultivating a bage crop of bamboo, inter=—

Es 48,132

[F5]

crepped with soybean, over 1 hectare and over a 6 yeer

period,

1. base crop -~ l:amboo
1) Cost of cultivation of bambtoo up to
the 6th year

11) Cost of harvesting culms 2t the
end of the 6th yesr
2. intercrop - Soybean

i11) Coet of cultivation for 18 crops,
at k8,750 per crop per hectare

iv) Total expenciturs for 6 years

3. Leturna
vj Total return from bvamboo by male of
6,255 culms (Tatle 33) at Ha.6/culm,
at the end of 6 yeers

vi) Yield of srain of soybean/year
(Table 26)

1st crop - 245 kg
2né crop w 177 kg
¢ orp = 190 kg

Total = 616 kg

|- 19 750

fis. 1,000

RS."B.W

K8.15,250

I ] .‘lg » 5”

[Ww)



vii) Total return by sale of grain at the
rate of 616 kg/year ¥ 6 years X Rs.3/kg ks.11,088

viil) Grand total return = Rs.60,618
ix) Net proiit for 6 years Hs.h5,368
x} Cost: renefit ratio = 3.97

{e¢) Comperison of systems (a) and (b)

Net profif for
9 _Yyears

i) Intercroppin, system of bamboo + soybean R8.45,308

ii) Sole crop system of only soybean Fge3U,632

o o o o

Lifference in profit over a 6~year
period =  FB.10,736

———— - ——

Therefore,

Aversge 2nnual difference = £8.,1,789/ha

It is evident from the above calculaticns thct the inter-
cropiing syetew is more profitable (11,5% higter cost: benefit
ratio) then raising a sole crop of either soybean or bamboo,
as Judged over a b-year perlod, GPor periods less then this,
the returns from the intercrop;ing system will obviously be
lower tnan those from scle crop soybean. Undoubtedly, the
return irom the soybean couponent in the intercropring system
will be very poor as compared to that from a sole crop soybeen,
due to severe yleld reduction. But the average extra income
of h8,1,789/ha/year derivable from the intercropping system
more than offset- this disadvantage.



401

4.7.3 Validity of assumptions and alternative belance shests

in the foreszoing calculations certain assumptions, as re-
&erds rates hi:ve been made though actually observed yields have
been used. W¥hile cuitivation costs, for both bamboo and scybesn,
have been estimated r-ther accurately ané the preveiling market
rete for soybean groin hes been used, the sele price for the
produce from the base crop (i.e., ks.6/culm) assumed 18 a very
conservative estimate., In the ret-ll merkets, the price for a
well-sized culm ranges from Fs,15-20. These prices are, of
course for Lamboo used as timber. However, when bamboo culms
ere sold as pulpwood raw materizl to paper mills, the price
oifered will be very low. Taking the avera,e yleld of culms
of 7.677 tomries/ha (as discussed under section 4.2,12) and the
current (1985) price of Rz,350/tonne of bamboo offered by the
paper mills in the State (their actual buying rate from the
uovernment iorests being much lower than this), the total
return from bamboo, if apld on & weight basis, will work out
to anly #8.2,687/ha at the end of the 6th year of planting.
Lventhough, this level of returs would still give a profit,
gince the cozt of cultivation of bemboo is Jjust Ks,.1,750/ha
over a o-year period, it cannot compete with the profit

realisable throuih sale of bamboo culms as timber,

Another assumption made 1s the uniform rate of annual

yleld of 616 kg grain/hectare for the soybean when grown =s
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intercrop. 1his is based on the sctual yields secured during
the period S5th - 6th year after planting the bamboo, by which
time bamboo cluaps had grown very much &s to serioualy curteil
soybesn ylelds. It stands 1o reason thet during the earlier
years {(i.e,, uito the Sth year) still higher yields could be
expecled for the soybean, eince the bamboo plants would not

have even developed into clumps. iience, the actuzl profits from
the bamboo + soybean intercropiing system will, in preoctice

be aucn more than shown under section 4.7.2.

burtcer, the soybean as well as bamboo yields used in
triese calculetions have been secured under concditions of non-
applic:tion of N and K fertilizers. In actual practice, when
these fertilizers aleo will be applied, the yields are bound

t0o lncrease further anc thus increase the profita.

Moreover, the yield for bamboo in these czlculations
pertzine to thst obtainable 2t the first harvest. Subsequent
harvests must yileld much more than this yield 2nd thus increease
the LetT proilte. Simultaneously soybean yields are bound to
decrease surther as the shading anc root effects of the bamboos
increcse, and intercropping may become impoussible, at the
existing spzcing of 4 X 4 m between the bamboo clumps, Thus,
the need tor further research work on optimising the spacing
between the bamboo clumps, anc canopy manipulation through
trimming of the bamboo crowns, such that bamboo yields will
not suffer while the yileld of the intercrop will be maximised,
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is brought cut, W¥hile such research will be a long drawn—out
one spread perhaps over & continuous period of a decade from
the time of planting the bamboo, the results secured in the
present investigetion have brought out the fact thet economi-
cally proiitable intercroppring within bamboo stends iz 2

practical proposition,
498 ADVARIAGLS OF I87LHCRUIFING I BAKEOC

wuite apart from tne monetsry advintege of the bamboo +
soybesn intercrop:ing systiem, zlready discussed under section

4,7, tiiere are certzin otier sdvznte.es 21so, as cshown below,

1. {he interspuceSbetween tihe Lamboo clumps &re utilised
more efiiciently. 48 was indic:zted under section
4e1417, the zctuzl ground gpsce occupied by the clumps
wag estimated to be _ust 2bout 409 =sq.m in 2 hectare
by about 4 1/2 years, which implies thzt nezrly 96%
of the land ares is locked ur in the interspaces, when

the clumps are pianted =t = spacing of & X 4 m,

2., Thne wmixin, of two entirely cdifferent crops on the same
land confers the advant: e of insursnce 2againet risks,
particularly westher hazards. :amboo being 8 hardy
crop and Lendrocalamus strictug in yarticular being so,
return {rom the land is esssured, though afier a few
years wait, while the snnual intercror earns money

during the intervening period,
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3+ The mixing of two different crops with entirely
diiferent end uses - {00d anc wood, offers a sound
coabinstion from the markcting point of view, in
contrast to the conventional mixtures of annual food

crogs with other annual food crops.

4, weed suppression, soll conserv:tion and molsture
utilisation will be zore effective if intercrops are

ralged within bemboo stands.

It wey therefcre be conciuded that a gystem of bamvoo +
annuvel intercrop cultivation cifers =any advintages ag compared

to sole crops of either tamboo or snnual CIrope.



Summary and Conclusions




CHAPIEK 5
SUMMARY AND CORCLUSICHS

Three field experiments during three different sezsons
(August - November, December - March, end April - July) were
conducted in the fields of the Department of Forestry of the
Tamil Nadu Agricultural University campus during 1979 - BO,
to explore the feasibility of raising soybean (Glycine !gz)
ag an intercrop within & stand of 4-5 year old clumps of
*golid' bamboo (Deggrocalamus strictus Neee) planted at a
gpacing of 4 m elther way. The intercrop was r-ised under
irrigation., A sole crop of soybean was ralsed in an adjacent
open field for comparison. Besldes a comparison of the per-
formance of the soybean under these two environments ('within the
bamboo stand' and 'in the open field'), the influence of the
vigour of the bamboo clumps on, as well ag the response to
three levels of F applicetion (0, 100 and 200 kg Ezoslha) by
the soybean were also evaluste¢. Additionelly, the growth
of the bamboo clumps over 2 period of Z2 months (from age 3.
years and 3 months to 5 years and 11 months) ae well as their
culm ylelds a2t the end of this period were evalucted in terms
of the effect of the vigour of tre clump and response to the
afiorementioned three levels of F application through data
collected on 12 occasione. Lesides, data were collected on
light intensity, microclimete, soll molsture snd weed
infestation. The conciusions besed on these studles are

presented below.
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A, Soybean
1. Flant height was siznificantly influenced by the environ-
ment., Soybean plants growing within the baxboo stand were
taller as compared to the open field, and significantly so

in many instances,

2, Stem diameter, in generel, was thinner in soybean plants
growing within the bamboo stand, as compared to those growing
in the open field.

3. The number of branches were signiiicantly more in the

soybean plante zrowing in the open field.

4, The number of lezilets/plant was si:nificantly infiuenced
by the environment. While in Lkxperiment 1 the soybean plants
growing within the bamboo stand alw2ys recorded more number

of lexflets, the oppusite was true during the subsequent two
experiments with the open field-grown soybean plants recording

more leaflets.

Se The total leaf area/plant was significantly influenced
tiroughout. Initially (Experiment 1} the soybean plants

srowing within the pamboo stand had higher leaf =ress. But
izter on (kxperiment 3) the open field-grown soybean plants

recorded hi_her leaf areas.

6., Mean leai area/leaflet was siznificantly influenced by
the environment. 1Initially (Experiment 1) the soybeanm plants
growing within the bamboo stand had larger leaves, but later
on (Experiment 3), those gzrowing in the open field had larger
leaves. This was explained in terms of the shade being only
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partial initially and thus optimising the light intensity,

and the shade deepening subseyuently.

7« The length of the taproot was initially (Experiment 1)
not infiuenced by any of the three factors studied, but later
on (Experiment 2) was influenced by both environment as well
ae by phosphorus applieation, and finally (Experiment 3) by
only the environment. In generrl, the soybean plants growing

in the open field had longer taprocts.

Eo The number of root nodules/plant was more in the soybean
plants growing within the Lamboo stanc upto 60 DAS, but subse~-
quently it wes the open field-grown plants that recorded more

number of nodules.

Ye koot shoot retioc wes ;enerally infiuenced significantly
by the environment upto about 70 LAS. Hi her rocts shoot
retio was recurded by soybean plants growing in the copen fleld,

ithroughout .

10. The number of flowers were consietently more in the plants

growing in the open field,

11. The number of pods/plant was significently infiuenced by
environment. While initially (Experiment 1) the plants
growlng within the bamboo stand had significantly more number
of pods, subsequently (Experiments 2 and 3), it was the plants
growing in the open field environment that had more pods.

12. Dry matter production (DMF) was significantly infiuenced

only by environment. Open field-grown soybean recorded more



DM than those growing within the bamboo stand.

13. siomaes yield was influenced significantly only by
environment, andé thet too in Experiments 2 and 3 only.
Initially (Experiment 1) the plants growing within the bamboo
£tand recorded a non-significant incresse of 195 more biomass.
Lut subsequently the plants yrowing in the open field recorded
significentily hi her viomrss (429 in bxperiment 2 nnd 425%

in kxperiment 3,

14, The number oif . rolas wos sigrniiic .ntly ind.uenced by
environment, Initially (Lxperiment 1) the soybean plants
erowing within the bomboo gtand had signiticantly more number
o przins tuon those growlng in the open tield, kut later on,
in botn :xperumerts 2 tné 3, the oupen field- rown piants were
£l nizicontly superior to those zrowing within tbe tamboo

stand,

1%. ihe 9100=grain weight was significently infiuenced by
the environment. ‘hile initislly (lxperiment 1) the plants
growlny within the bamboo stand had significently heavier
®r-ins subsecuently (iXperiment 2) it w-s the open field=-

grown soybean that recorded signiiicantly heavier grains.

1¢. Grein yielé/plant {s2usple plant) was infiuenced
sizeificantly only by environment, Initizlly (Exreriment 1)
the soybesn plonte growing s»itiin ihe bamboo stond registered
a si:pificantly hisher (44% wore) Jrain yield is ccmpared to

those growling in the cpen field. IDut later on, the tlants



409
growing in the open field outyielded (by 300% in Experiment 2
and 092% in Experiment 3) those growing within the bamboo
stand, end the differences were siznificant. This pattern of
results was the result of the beneficial influence of initial
'partial shade' that prevailed curing Experiment 1, which sub-
sequently changed to heavy shading, and which, along with
possible root coupetition, led to the yleld reduction observed

within the bamboo stané during the subseguent exueriments.

17. The number of pods/plant was very highly significantly
(p=0.051) and positively correlated with grain yield/plent,
throughout (in all the three experiments) in the cese of the
open field-grown soybean plants, an¢ in bxperiments 1 and 3
in the czse of the soybean plants growing within the bamboo
stznd. The number of groins/plant also, was very highly
si.nificantly (p=0.001;, positively and closely (r=0,96)

correlzted with grain yleld/plant, under both the environments.

18, &ultiple regression analysis brought out the dispearity in
the values of the intercert, which was 18-folds higher for

the open field environmment asrcompared to the bamboo stand
environment. While in the open field situztion leaf area
gppeared 1o positively contribute the mzximum towerds grain
yield/plant, it was the weight of the soybean roots, followed
by the length of the taproot, and then by the number of leaf-
lets/plent that contributed positively towaerds grein yleld/
plant, within the bamboo stand.



410

19. Neither the vigour of the bemboo clumps nor phosphorus
application exerted any signiiicznt influence on single sample
plant grain yielid.

20, The soybean plant population at harvest stage signifi-
cantly differed between the environments, with the open fleld
enviromment always recording a2 hi her population thrt the

bamboo environment. While even at the start of the investi-
gations (i.€., 2t sowing of bExperiment 1) the porpulation within
the vamboo stand was only 98.4% of tnat for the open field, due
to the ground space occupled by the bamboo clumps, the finsl

(at harvest) populations were 91.3%, 71.7% and 77.5;: for Experi~-

ments 1,2 and 3 respectively.

21, ihe _rin yield/ha was si;nificantly infiuenced only by
the environuent foctur and thngzgnly in the later two experi=-
ments, while initially (Experiment 1) the soybean intercrop
raiced within the bamboo stand outyielded by 24% the sole crop
zrown in the open field, the difference not beins significant,
in the two subsecuent experiments, it was the sole crop that
outyielded the intercrop, &nd very highly significantly
(p=0.001) so. The sole crop grain yield was 607% and 773%
compared to the yleld of the intererop, in Experiments 2 and

3 respectively.

22. The initial (Experiment 1) non-siznificant yield increase
cbserved, wag cue to the beneficizl influence of *partial
shade' which led to a 44s (siznificant) increase in single
plant grain yleld while at the same time reducing the final
soybean population only a2 little (to the tune of 8,7%) as

compared to the sole crop. '
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Subsequent severe reductions in grain yield/hﬂ of the
intercrop (to the extent of £3.5 and 87.0% in Experiments 2
anu 3 respectively) were the result of heavier shading coupled
with possible increasing root cospetition offered by the bamboo

clumps.

23. %he grein ylelds were 245,177 and 190 kg/ha for the
intercroj grown within the bamboo etand, and 201, 1072 and 1471
kg/he tor the sole crop grown in the open field, in ixperiments

1, 2 and 3 respgctively.

24, kventhough the vigour of the bemboo clump dic not
exercice any signiricant influence on the greain yleld of the
associsted intercrop or soybean, & trendé of the grein yleld
weling slightly higher under the 'low vigour' bamboc clumpe was

noticeable.

&5, rhospuorus applicetion alsv fzlled to evoke zny signifi-
cant res;onse, either within tone wamvoo stand or in the open
{ielid or even in terms of its overzll effect poolin: both the
environments. nowever, based on the trends it appesrs that an
application level of 100 kg P205/ha appesrs to be the optimum
dose for 3 sole crop ¢i soybean grown in the open field.
Similar.y, a trend favouring the aprlication of 200 kg P205/ha
for soybean grown as an interc¢ror between tamboos, was notice-
able, which indicates th-t the deleterioug influence exerted

by the bamboo clumpe on the assgociatéd intercrop of soybean
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could be mitigated, atleast partially, through phosphorus
fertilization at higher levels.

26, bBased on all the foregoing resultg, it was concluded

that it is agronomically possible to practice "establishment
irtercropping®. Within a young stand of Dendrocalamus strictus
bamboo, and raise a successful intercrop of soybean, when the
vamboo clumps are spaced 4 x 4 m, and upto the age of about

4 1/4 years for tne bamboo, provided the bamboo cznopy has

not closed campletely but casts only partial shade. Summing
up, the study demonstrates the feasibility of intercropping of

annual crop within a bamboo stand.

27. Serious yleld depression i: soybean will result if
intercropping of soybean is attempted lneide a more older

t.mbog stand.

28, If intercropping of soybean, and possibly also other
annual crops, is aimed at within still older stands of bamboo,
it is evident tnat the bemboo canopy has to be suitably menie
pulated (through crown trimming) to open it up 80 as to increase
the 1lizht intensity reaching the ground, besides pertial pruning
of the bamboo roots through Jjudlcious disging of the eoil,

Under such conditions, it mey then be poseible to practise
intercropping within a bamboo st nd beyond even &4 1/4 years

oif age, perhaps upto adbout 9 years of age.

riowever, tr: information collected in the present investi-

!
gation does not permit of any forecast ag regarde thﬁimnediatc
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&nd long range consequences on the yleld of bamboo culms by
such menipulstione. This needs further study.

29. ¥hile vigorously growing bamboo clumps adversely affect
an associated soybean crop than less vigorous clumps, the former
( 'high vigour' clumps) are logically to be preferred from the
angle of maximizing the yield of bamboo culms. This confliet
uey perhaps be resolved by incressing the spacing between the
bamboo clumps from the & X 4 m used in the present investiga~
tion to @bout € X 6 m or a still wider spacing, if intercropping

ie contempiated.

Es  Bamboo
3G The height of culms was not iniluenced by either the
vigour of tue cliump or by phosphorus application. 1The mean
height of culms over the period of observation (i.e., about

2 3/& years; remzined constant at =n average of J.23 m.

%1, The basal diameters of culms ranged from an average of
18,102 um (3 1/b4 years age) to 26.95¢ mm (5 3/4 years age).
Eut, while the basal diameter of the culms progressively
increased as time passed, at no stace were the differences
between the 'high vigour' and 'low vigour' c¢lumps, siznificant,
Fhosphorus agplication alsc failed to evoke any significant
response in the basal diameter of the culm throughout. Simi-

larly, the mid-culm diameter, as measured on culms felled when
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clump age was almost 6 years, was not siznificantly influenced
€ither by the vigour of the clump or by rhosphorus spplication,
The average mid-culm diemeter wos 14.581 mm, i.e., 66X of the

basal diameter.

3z. The numier of nodes/cuim ronged from ztout 21.0 to about
2L41. Neither itne vigour of the clump nor vhosj:horus applica-

tion exerted any signiifcent ingluence.

33. The number of primary branches/culm ragsed from 21,9 to
61.3. ‘he uuantity 'avera.e number of primery tranches/node’
was computed which ringeé from 1.322 to 2.265. The vigour of
ti€e clumpy Gid¢ not exert any significant infiouence on the number
of primery branches/culm 2t any stace. Similarly phosphorue
cppiication also fziled tu evuke any response., Clump cleaning
ihrough removal of & few branches resulted in increased

pranchiness.,

3h, The number of living culme of a,e 1-year or more/clump,
rro.ressively increzsed from an averaze of 2.375 {(at 3 1/4
years clump 2.€} to 24.417 (at 5 3/h years ciump age) an
incresse of 1,028.. The dstx cunverted inte the quantity,
taver=_ e number of living cuims present/day/clump’ brought
cut the hLeneiicial inf.uences of (a) monsoon rzins, (b) clump
cleanin., and (c¢) agronomic manipulations in the interspaces

between the bamboo clumps, on new culm prcduction.

5. The increases in new culm production ranged between

0.0291 culms/day/clump (i.e., 10.63 culms/year/clump) teo
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0.0697 culms/day/clump {(i.€., 25.43 culms/year/clump) when the
cluups were between tne ages of 4 - 5 years., The agronomic
manipul~tions were, digging the soil for sowing the intercrop,
£0il stirring through hoeing, periocdical irrigetions, and
weedin. , besides the ralsing of the le.ume intercrop itself

which possibly conduced to addition of nitrogen.

3. 1he vigour ui the bemboo clump significently infiuenced

tre economic attribuie, the 'numier of living culms/clump's The
'hicl: vigour' clumps recorded significantly more number of living
culms, throughout (excevting initially, et 3 1/4 yesrs nge), as
compared to the 'low pi.owr' clumpe., 1ne difference in the
nuuber of culms, wnich was initially small, increased progres-
sivel, as time possed, such tnzt when tae clumps were about

5 3/4 yenrs of age, the 'high vigour' clumps had 254 more number
oi livins culms sg compored to tane 'low vigour' clumrs. This
civergence aid dispsarit, was ascrived to the infiuence of the

‘elum; size'.

iTe fhosphorus applicstion did not significantly affect the
nunber of livin. culme/clump. It weg inferred thet application
of vhoephatic fertilizers zlone, without eny eddition of other
priucry nutrients (N or k or both) is not advantageous from the

point of new culm production.

%8, ‘‘he 'total numier of culms/clump' (i.c., all living culms
of a.e 1~year anc nmore + all komalis and 'new recruita', both
of which, are living but not fully formed culms and are of a:ze

less than 1 year + all cut and removed culms, either tecause
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they died or were malformed), like the number of living cu‘u:s/5
clumps, continuously increesed from en average of 4.667 culms/
clump (at 3 1/4 yezrs clump =re) to =n average of 27.456 culme/
cluwp (2t 5 3/4 years clump age). At 5 3/4 years of age,
32.167 and 22,750 total culus/cluay were recordeé Ly the 'high!
and 'low' vijour clucps respectively.

39, Vigour oi the bamboo ciump, though initially did not
iniiuence the total number <f culms/cluu, , startec to influence
it sigrificantly frei ithe time when the clumrs were 4-years
ola. fFheosphutus cpplicstion i:ziled to exert any significant

inliluence on tie tut-l number of cul g/ciunpe.

40, Lhe 'nunter of usatle culas/clump' thit were selectively
harvested when tie clumps were © years old, were 9,500 for
the 'low vigour! clumps and 16.917 for the 'hi.h visour' clumps,

i€ cifference wee nignly eignificant (p = 0.01).

41. 4t uan avers,e of 13,2065 usatie culiuws/clumg, nd sssum-
ing a 100 stocking tor the 625 vamboo clumps/ha (at 4 X & m
e.icing,, # total yiels of ©,255 usable culms/hectzre is
tneoretict 1y rossible when the clun~e ~ttain the 2.e uf about
6 years. Thougn sucn culme uay not fetch a high price in the
marset, they teing relstively slenzer (a5 aversgeé mid-culm
cizmeter of 4.0 mr) sne saorter (nverc.e lemgtn of 2.18 w)

as compared to the bamboos of comuerce, still they are saleable

beczuse of tie solidity of the culms.

42+ The fresh v izbt of 2 cleaned culm {i.e., without

cranches, leaves, =nd she-ths) ranged from 0,895 kg for the
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'high vigour' ciumps to 0.965 kg for the 'low vigour' clumps,
the average working out to 0.$30 kge The difference, however,
Wis not significant. rhospnhorus application did not influence

tiae iresh weight o0i tie culm.

43, The ratio between the fresh wei hts of the non-culm

aerial vegetative perte (i.e., branchee + leaves + sheaths)

ant the culw pruper, was 1.067:1. The everage iresh welght of
the =2erizl biomass (i.e., culm + branches + leaves + sheaths)
was 1,910 kg/culm, and it was estimated thzt the standing aerial
biomass wes 29 tonnes/ha when the clumps were about 6 years of

Age.

44, Culm yields, expressed in terms of weizht, for the usatle
culms selectively felled, were $.821 kg/clump for the 'low
vigour' and 14,746 kg/clump for the 'hign vigour' clumps, the
averzie being 12.283 kg/clump. With 2 population of 625 clumps/
ha \at the spacing of 4 X 4 m and assuming 100% stocking) tris
implies that the total yleld of cleaned green culme will be
7.677 tonnes/ha fur a Uendrocalamus strictus plantation of
O=yeirs age, rcised partly under irrigation, on a brown clay
ivam sodl ol pH cel with a rainfzll of about 600-700 mm, and

under farm conuitions of wanagementa.

C. Exvironmental aspects
45. Luring the period of observation (i.e., sver about 1
year), the ambier. light intensity fluctuated Letween 21.9 K
lux ang 167.1 K lux, while within the bamboo gtand it ranged
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between 17.2 K lux anc 120,0 K lux, In general, the light
intensity within the bamboo stanc wes 60-75% of that for the
open field. Light intensity within the bamboo stand was high
during Septemter end November 1979 since the bamboo clumps
were younger then, and since a partial pruning of the bamboo
crowns wag carried out during fugust 1579. Uncer such condi-
tions, the bamboo leaves acted more as reflectors than as
8creens, leading to an increase in the diffuse ;1ght component

within the bamboo st=nd,

46, The relatively very hizh ambient 1i ht intensities
observed during the wet month of October 1979 was because of
the increased skylizht component due to the reflection of
sunlight by the huge cloud masses of October, as compered to

the dry and cloudless month of may 1980,

47. As regaras microclimate, air temperaturez within the
bamio0 stand were jenerz2lly lower as compared to the open
1ield, the maximum depression being 3.2°C recorded near the
zrouné level (15 cm above) during mid-April 1980, 7The cooling
eifect of the bamboo stand was therefore, more pronounced
during the hot weather period, It was therefore concluded
that this is a positive advantage from the point of raising

a low-statured annual intercropr within a bemboo stand, since
the heat 1030 on the annual crop is reduced by the bamboo

canopy

48. The relative humidity did not differ much between the
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two environments in the morning, but showed wide differences
in the afternocon, with the bamboo stand, generally recording
a2 hi her humidity than the open field, excepting during March -

April 1980 when the reverse was true.

4g, The higher relative humidity observed almost throughout
the ye2r within the bamboo stznd resulted from the shading
eifect of the bamboo canopy which recuced evaporational losees,
and due to the blanketing effect of the culms which reduced

advectional losses,

50, Seoil moisture content was almost invariably higher within
the bamboo stand as compared toc the open. This was due to the
shading by the bamboo canojyy and the windbreak effect of the
baxboc culms which reduced evaporationel lose of soil molsture.
The diiference between the bamboo stand end the open fleld, aa
repards soll moisture conients renged from $,7-30.1% during

the wet czezson, and from 31.0-162.9% during the dey season,
the soil moisture within the bamboo stant being almost always
higher. Thue, the differencee betweern the two environments
were more proncunced during the drier part of the year when

the mzeking infiuence of rains was absent,

51. Weed infestation weg less withir the btemboc stand (mean
incivence of 24.2 weed plants/m2) ep compared to the open
field (mean incidence of 34.3 weed plants/nz). While monocot
weeds were very ~bundant (48,.64% incidence) in the open fileld,
dicot weeds dominated (85.95% incidence) within the bamboo
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stand. Weeds of the natural orders Euphorbiaceae followed

by Iiliaceae, dominated in both environments. 5ut CQmpoaitae,
while being dominent within the bamboo stand, wns not =6 in
the open field.

5¢. ¥hile some speciee v weeds occurred equally abundantly
in voth the environments, some others appesred to prefer a

particwler environment: Thus, while Corchorus olitorius, which

recorded the highest aburdance (12.55%) for eny weed species,
occurred egually aburcantly in both the environments, the

k%élionaceous weéed khyncosie minime wes 11-fold more abundant
witain the bamboo stand, and the Latliateae weed Leucas aspera
recorded the riaximum difference between the two environments,

it being 19~told more alLuncvant within the bamboo stand.

£3. Veed biotr st wng drastically reduced within the bamboo
sterd (136.6 ke/h2) as compored to the open fleld (496.7 kg/ha).
i urther, amonp the bamboo clumps themselves, the weed biomass
was severely curtailed by the ‘hign vigour' clumps (93,3 kg/ha)
as cempared to the 'low vigour' clumcs (175.5 kg/ha), The
recuction irn weed biomass seen within the bamboo atand was

ihie airect conseguence of tne anade-and root-effects of the
bamboo clumps, Irhosphorus application did not exert any

material influence on weed infestatione.

5o Comparing the economics of cultivation of sole crops of
soybean over a period of 6 years, and & crop of bamboo inter-

crogped with soybean, over the same period of 6 years, it was



seen that an extrs profit of Rs.10,736/ha over a period of

6 years (or an average extrs profit of ks.1,789/ha/yesr) 1s
obtainsble. The cost: benefit ratio, computed for the entire
perivd .f 6 yesrs, worked out to 3.56 and 3,97 for the sole
¢rop soybean and bamboo + soybean intercrop:-ing system res-
pectively. In these estimates, the actual ylelidés of the inter-~
crop of soyvean when the bamboo clumps were 4-5 years old,
have been used., Since intercrop yield of soybean raised
ouring the still earlier years of th%bamboo clumps will be
wuch more than this, the actusl monetery benefit from the
bambeo + 30ybean intercropplng system during the first 6 years
aiter planting tiie camboo will be stili higher than the esti-
msted £8,10,736/ha. rence it was conciuded tast tne bamboo +
soytean intercropping system is more profitavle than raising a

sole crop 2f soybean,

55e Lesides the monetary advanta e, certain other advanta:es
1like increised lanz utilization in bamboo 71 ntatioms (the
inter~-gpaces between the bamboo ciumps accountin, for about
965 of the land area), insurance agninst rieks, particularly
weather hazards, advantages in marketing through mixing of
two crops with entirely different e¢nd uses (food and woodj,
tetter weed surpression, better soil conservation and better
utilization of so0il moisture also accrue from intercropping

& bamboo stand with znnual intercrope.
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56. Hence, the raising of an intercrop of soybean between
clumps of Dendrocslemus strictus bemboo, upto the first 6 years

of planting the bamboo, is an economically vieble syatem and

thus m2y be recommended to the farmers for wider acoption.

be Future lines of research

57. All valuable annual crop species will have to be screened

for their compatitility as intercrops betwsen bauboo clumps.

5¢. The full economice of the first phese the initial 6
yezrs sfter planting the bamboo clumps must be stucied to
arrive at an accurste estinate of the monetary tenefits,
burther, & sole cron of bamboo zlso may be inciuded, along
with 2 sole crug of the annual ¢erop concerned, vesides the

bamboe + annua. crov intercrop;.dn. system, in such studies.

5% the influence of diiferent levels and methods of mani-
pulation of the baumboo clumps on the yields oif, not only the
agsoclated annual intercrop, but also the bamboo clumps
tnemselves, will have to be studied in depth. Such mani-
puilations way involve trying different wider spacings and
diiferent planting geometries bvetween the brAnboo clumps,
thinning/peri. heral pruning. of the tzmboc crowns, different
levels of pruning the rocte of the bamboo clumps etec. The
long-renae effects of such manipulations on the bamboo clumps

ti:emsclves will have to be studied,
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60. ine Leneficial iniiuence of ‘partiazl shade' must Le
investiznted further and the 1i,ht intensity for different

annual intercrops will have to be optimised.

61. The study of the effect of light enrichment through
reflcciors at the {a, ¢rown level of the opzmboo clumpe, and

{B) grund ievel, on the annual intercrop yleld holds promise.

e ihe infiuence of othner fertilirer elements like & and K
2dsc will have to be stuGied on ike yleids of the banboo clumps

as well as any zssoclated ennual intercropring system.

6%, <he beneficial irnfiuence of 2 bamboo stznd on the micro=-
climste =ni soll moisture in so fer 28 n 2nnual intercrop

is concerned, must be investi;ated in detsi1l, and irrigntion
scheduling of the bamboo + annual crop system must be pre-
cisery restructured. JSuch studies may be concucted under
surely reinfed cunoitions also, to assess Lhe Lenelite of the

witered microclimate.

6h. Similsr studies cn the other important specieg of boamboo,

ViZe, -cBbuse aruncireces *isze will hove to be initi-ted,

o5 PIRREE



Acknowledgement




ACKNOWLEDGEN.ENT

I sincerely thank Dr.Y.b.Morachan, M.S5c.(Ag.).,
Fhid.(Iowa), Reglstrer (Retd.), Temil Nadu Agriculturel
University and Chairman of the Advisory Committee for his
adroit guidance, constructive crticism and constant encourage-

ment during the entire course of the investigation.

1 am specially grateful to Dr.SP.Palaniappen, K.Sc.(4g.),
iheL.(11linois), Froiessor of Agrenomy, Tamil NKedu Agricule
tural University, Coimbatore, for the heloful counsels, patient
and sympathetic aprruach in sorting out cifficulties and above

all corstant enccurs ement glven to me.

1 wish to place on recorc my sincere gratitude to FProf.,
Pral.ehyyaSwaiiyy :e3Cey /880Cicte rruiessor of sgrl. Statistics,
Tamil hadu sgricultural University, Coimbeatore, for suggesting
the lay=-out and providing statictical guidance atevery stage

of the study.

my sincere thénks are due to Lr.C.Surendran, 1 e3Ce(5ge) uy
Flialre, ssociute Frofessor, Tamll kadu fgricultural University,
Coimuatore, who hue been a constant =ource of inspiration for

me ané unfziling support.

¥y erateful thanks are due to Dr.S.Sutramaniam, M.Sc.(Ag.),
Fh.i., Lirector, Centre for Soil and Crop iianagement Stucles,
Temil Nedu sgricustural University, Coimbatore, for help

received.



I wish to place on record my heart-felt gratitude to
br.S.i.oree Rangasamy, #.S5C.{ig.)., Ph.l,, Ulrector, School
of Genetics, Tamil fiadu Agricultural University, Coimbatore
for his personal interest in the progrese of my work and for

the concrete support he gave me which enabled me to complete

the work.

I am immeasurably indebted to my colleagues Dr.f K.
tazlullah Khan, #.5Ce{Age/ay Fhale, DK .Sodiahangir, .5c.(Age) oy
blrel oy Druse ciasthicgdir, MN.iCey i'heise, 1hiru i.R.warsyanan,
PraiCal: poJay BLC LT oicevalKaran, mn«SCelig.) e, Fhalis, ABBOCizte
irolessurs, ianil iacu Agricultural Unlversity, for their

nsclicited anc unremitting help during diiferent stages of

the invesiigation.

fo Thiru L.Fondes, 1.F.5., Chilef Conservator of Forests,
rzdrag, whe wee formerly Protessor and Hesc of the Uepartment
of Forestry, ilamil wadu sgriculturzl University, Coimbatore, who
initizted me into the study oi forestry 1 owe a deep sense of
grotitude, It was he who introduced me into the irscinating
realn of bamioos and inspired meé tc uncertake thebresent
investigetion.

I cam ever prateful to the Tamil Nadu sgricultural
University for permitting me to undergo the coursze on a part
time basis,

1y profound yratitude are due to my wife and chiléren for

their understinding and support and but for whose silent

sacriiices this work would not bave been possible.

<y

i REBE L



Plates




Plate 1 Visit of Dr.M.S.Swaminathan, th
Director-General, ICAR and Secretary (Agriculturo)
to the Govornmont of India, and now Director-
General, International Rice Research Institute,
The Philippines, to the experimental field,

on 30th October 1979, when Expt.l was in progress.
The author of the present investigation (to the
left) explains the work to Dr.Swaminathan (teo the
right). The Chairman of the Advisory Committee,
Dr.Y.B.Morachan is at the extreme left.



Plate 2 Another view of the above.



ate 4 Pre-treatment (cont-
ylled pruning) being given

) the bamboo

P ) crowns before the
iart of the investigations.

Plate 3 Method of recording
Assman psychrometer readings
using the pole device devel-
oped by the author.

(*within the bamboo stand®
environment)




Plate 5 Pre~treated bamboo (Dendrocalamus sirictus)
clumps, at the start of Expt.l., Note the shade
buffer strip at left bottom corner. (soybean
intercrop not sown),

Plate 7 A close-up view of the soybean intercrop
bamboo

struggling to grow, close to &
(Rendrocalamus strictus) clump, Photo taken during

-~ P R R e wsanme af acon



Plate 6 Within the bamboo (Dendrccalemus strictus) stand,
Start of Expte.2 (sowing of the soybean intererop, in
progress)., Note that the: bamboo canopy has started
closing in,

Plate 8 A general view of the two enviromnments,
taken immediately after completion of Expt.3.
Note the mlot. olom ot tho b-boo

Iﬂ.gﬂll ( 'bamboo stand®
is in the backgroun 'om uold' is in the foreground),
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AFFENDIX 1

LIGHT INTI:L'NSITIES FR.VALILING AT NOOM IN TWO ENVIROKMENTS

Standard Period (in kilo lul;}ght intensity
week ¥ithinthe bamboo In the open £, as a
s G pelemtare
e (%
der9
36 Sep 5 == g 99.0 14,3 86.6
37 10 =-16 5144 111.9 81,7
38 17 =~=2% G2.9 101.¢ 91.2
35 24 -7 £0.0 117.6 75.7
40 Cet 1 ~= 7 120.0 151.8 79.1
41 € —-14 G4.3 132.1 71.4
42 15 =29 110.5 167.1 66.1
L3 22 --28 Th,2 75.8 45,1
Ly 258 == 4 jov 55,0 114.5 48,0
45 Nov 5 ==11 27.6 78.1 35.3
46 12 -t 17.2 21.9 78.5
L7 19 =25 30.6 57.2 53.5
L8 26 == 2 Lec LE.1 99.7 46,2
49 Lec 3 -- 9 48,2 100.3 48,2
50 10 -=16 3749 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 - 47.4 75.7 62.6
3 15 —21 43.2 65.0 66.5
4 22 --28 51.4 80.0 64,3
5 29 — 4 Feb 47.1 70.0 67.3



dix 1

td

Standarg
week

6

Feriod
Fe£> 5 - 11
12 -- 18
19 «-' 25
26 -~ 3
Mar 4 -- 10
11 -~ 17
18 =~ 24
25 == 31
Apr 1 == 7
B = b
15 == 21
22 == 28
29 == 5
May 6 == 12
13 -- 19
20 == 26
27 ~~ 2
Jun 3 -~ §
10 == 16
17 == 23
24 -~ 30
Jul 1 -- 7
8 == 1
15 — 21
22 -~ 28

Far

ray

Jun

(in kilo lux)

Light intensity

] E1 as 8
wit:$:§§ bamboo InI:2§d°P'ﬂ percentage
(E4) (E) M

54,3 82.1 66.1
54,2 78.3 €9.2
59.% 93.8 63.4
60.5 9.4 66.2
66.2 100.0 66.2
63,4 90.5 69.7
66.9 104.3 bu.1
62.4 96.4 64.7
65.9 100.0 65.9
79.5 109.8 72,4
£9.8 93,2 74.9
73.1 97.1 75.2
Th 7 102.1 73.2
#0.0 118.2 69.4
78.1 112.9 69.2
66 .4 97.1 68.4
7.4 57.9 64,5
24.8 37.1 66.9
52.7 84.3 62.5
32.1 53,2 60.3
18.9 32.7 7.8
LA 64,0 53.8
37.5 68.6 54.7
3.9 76.9 57.1
39.5 67.9 58.1



Appendix 2
MICROCLIMATIC DATA FOR TWO ENVIROMMENTS
1. TEXPERATUKE (*C)
(a) at 07.22 hours (X - epoch)
E1 = ¥ithin the bamboo stand; Ez = In the open field

sé%?:- Feriod ] s ﬁ;titude abo;; g:ound 250 ca

A 1 B, By B2 E E2
Agre

3% sSep L= 9 2141 23.3 22,2  23.3 23.0 23.2
37 10 - 16 23,3 23.2  23.3 23,3 23.0 23.1
3e 17 = 23 23.2 23,0  22.5 23.1  22.9 23.1
3 zh - 30 23 .4 23.6 23.5  23.6 23.4 23,5
40 et 1+ 7 22,9 22,7 22.6  22.7 22.5 22.7
41 8 - 14 23,4 22,4 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 2.4 22,4 22,5 22.4 22,5
A 29 - 4 Nov 22,7 22.5 22,1 22,6 22.1 22.7
45 Kov 5 = 11 22,5 22,3 22,4 22,3 22.1 22.3
4 12 - 18 22.5 22.2 22,5 22,5 22.4 22.b
47 15 = 25 21.9 21.9 21.7 21.8 21.8 21.7
48 26 - 2 Lec 22.5 22,5 22,5 22,6 22.5 22.4
4 Dec 3- S 21.8 21.5 21.5 21.6 2%.4 21.6
50 10 = 16 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 1%.5 18,5 1E.9 19,0 18.8 18,0

1980

1 Jen 1- 7 18.5 17.5 18.0  18.0 18.0 18.3
2 8- .4 179 173 17.6  17.6 17.6 17.9
3 15 - 21 18,7 18.2 18.5  18.3 18.5 18,3
4 22--28 16.8 15,8 15.9  15.9 16.2 16.3
5 29 = 4 Beb 18.8 18,2 18,5  18.4 18,7 18,9



. Appendix 2 (Contd,) {-a

Stand- Altitude above grou
:;;;Wq“,”ﬂfffffi_m__wmﬂwE1 v E2 E150 4 B2 .
a7

6 Feb 5 - 11 19.9 19,46 19,5 193 19.5 19.6
7 12 - 18 18.2 174  17.8 17.7 17.8 17.7
& 19 - 2% 18.6 17.2  17.9 17.4 18.0 18,1
9 26 - 3 Kar  20.2 19.2  19.5 19.2 19.8 19.9
10 Mar &4 - 10 21.9 21,7 21,5 22.0 21.5 22,0
1 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 - 3 22.2 22.3 21,9 22.2 21.8 22,2
Wospr 1~ 7 2541 24,9 25.0 25,0 24.7 24,9
15 & - 14 25.0 2,8 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 - 5iay 244 b4 24,3 24,5 2b.2 24.6
19 kay 6 = 12 254 25.6 25,0 25.6 25.0 25,7
20 13 - 18 25.0 25.2 24,8 25.4 20,7 25.1
21 20 - 26 24.0 23.8  23.6 23.9 23.6 23.8
22 27 « 2 Jun 23.8 23,9 23.8 23.9 23,7 23.8
23 Jun 3 -9 234 23.5 2b4.7 23.5 23.2 23.4
24 10 - 16 26,1 b4 24,2 24,5 24,3 24,5
25 17 - 23 74,2 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 Ju 1 - 7 24,3 23.9 26,4  24.3 24,5 24,8
28 8 - "4 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




E, = within the bamboo ltaixd;

Appendix 2 (Contd,)
1. TEY;PFENTURL (‘C)
(v) ot 14,22 hours (N - epoch)

1;2 = In the open field

ié%x(d- Perio ] 15 cné AltL;udosgbz; groun: 250 E
A . 1 2 1 2 1 2
ri]
36 Sep &~ g 3.8 30,1 3.7 31.5 30.9  30.9
a7 10 - 16 25.9 31.0 30.1 30.6 29.9  30.4
38 17 - 23 28.1  28.8 28.3 28,5 28.3 28,3
39 24 = 30 30.0 30,9 30.0 30.46  29.7 29,7
40 Oct 1 - 7 31.5 32,2 30.1 30,1 31.0 31,2
b B - 14 29,5 30.7 29.8 30.7 29.9  30.3
4z 15 ~ 21 30,9 3.4 30.8 31.8 30,7 3.2
43 22 - 28 28,4 28,8 28,5 28.7 28.3  28.3
b4y 29 - 4 Nov 28,3 29.8 28.7 30.0 28,9  29.7
45 HNov 5 - 11 26,7 28.5 26,9 26.2 26.9  26.0
46 122 - 18 26.1 26,6 zb.b4 26,5 26.2 26,0
47 19 - 25 26.5 27.8 26.8 27.8 25,7  27.5
48 26 - 2 Dec 26.6 28.0 26.8 27.8  26.5  27.1
43 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  2B8.8 27.9 28.8 28,2  28.7
52 24 = 3 26,8 2841 2741 28.0 26.9  27.6
10

1 Jan 1~ 7 27.0 284 275 29.0 27.6  29.0
2 8 =1 27,3 28.6 273 28,3 27.4 28,3
3 15 = 21 27.6 29.5 27.6 29.1 27.8 29.0
4 22 - 28 28.7 30,1 2943 29.9 29.0 29.5
5 29 - & Feb 26,2 28.8 27.0 29.3 27.8  29.2

Contd,.



Appendix 2 -~ 2(a) Continued

S:Ex£§~ Pertoa 5 Altitude ;(b)o:: ground 250 oa

Eq E, E, E, Ey E,

6 Feb 5 « 11 82.0 87.0 86.0 86.6 85.4 85.4
7 12 - 18 83.5 86.5  B4.B 86.8 85.0 84 .4
8 19 - 25 75.1 89,0 84,3 89.0 82.6 83,7
) 26 - 3 Her 76.9 87.3  80.6 85.3 78.3 77.6
10 FMar & - 10 84,6 8L9  87.6 84,7 87.6 83.7
" 1 -7 90,0 90,8  91.5 88.7 89.8 88,8
12 18 - 24 84,5 88.0  Bk.1 84,9 B4.3 84,3
13 25 - 82.7 81,6  83.4 83.7 83.3 83.9
W o Apr 1 - 7 B1.7 831 62.6 83,7 61,0 84.6
15 & - 1 86.3 87.1  89.6 86.7 B8B.4 86.0
16 15 - 21 Brob  B3.4 BL,3 82.0 Bh.1 80.0
17 22 - 26 88.3 ©7.9  89.0 87.0 BY.5 81.9
18 29 - Siey  92.6  Su.h 91,9 89.6 92.7 88,6
19 Mey 6 - 12 91.8 90.8  95.3 91.3 92,3 89.0
20 13 - 49 92.1  BZ.6 93,3 88.6 92.7 88,7
21 20 - 26 89.3 914 924 90.6 90.9 89.6
22 27 - 2Jdun 99,6 9t.1 92,7 90.7 91.3 89,2
23 Jun 3 - 9 g2.32 92,3 S$1.7 91.1  §1.1 90.4
24 10 - 16 B4.0  Bhl1 82,9 83.6 B82.6 80,2
25 17 - 23 81.9 82.0 80,8 83.7 B0.3 78.1
26 24 - 30 80,0 BZ.6  79.7 BO.1 78.3 75.9
27 Ju 1~ 7 78,7 81,1 75.6 T7.4  73.9 73.2
28 & - 14 gs.6 B8.7  88.4 88.9 88.6 84,1
25 1% « 21 90.7 97.8 90,3 92.4 85.4 90.6

30 22 - 28 77.6 811 82.3 79.4 81.0 78.6
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Appendix 2 (Continued)

2. RELATIVE HUMDITY (%)
(b) at 14.22 hours (N - epoch)
E1 = %ithin thebamboo stand;

Ez = In the open field

Altitude above ground

Period 15 cm O cm 250 cm
N Eq E E4q 2 B 2
1579
L - g9 55.8 54,7 53.5 51.8 5I.8 53.0
10 - 16 64k 55,1 B1.6 £7.9 58.9 56.0
17 - 23 77.1 77.1  T1.6  72.1 68.4 70.0
24 - 30 5¢e9 58.9  56.3 $6.3 55.7 55.7
1 -7 60.7 56.2 52.3 €1.7 5.1 53.1
8 =14 75.0  £5.3 68,6 56.4 60,4 56.3
15 « 21 46,2 Lh,h 45,4 WD WA 40,3
2z - 26 72.9 59,9  67.4 64.7 65,0 64,7
29 - 4 hov 68,7  50.9 63.9 53,0 59.1 53.3
5 -1 777 753 7Tha2 72.3 72.5 72.0
12 - 18 83.3 82,7 83.0 83.0 79.0 80.3
19 - 25 82.7 77.8 81,0 65,0 76.2 68.6
26 = 2 Dez 80.4  75.4  77.1 70.7 76.9 71.3
3 -9 64,8 63,0 64.6 62.8B 62.4 60.0
10 - 16 67.4 62.5 66,9 60,0 62,4 59.6
17 - 23 53.0 53,9 53.0  49.0 51,2 46,4
24 = 3 58,0  54.4  55.6 51.6 53.8 50,2
1980
1«7 56.6 44,9 52.3 42,7 49.6 42,1
8 = 14 47.4 42,1 bb,1 3¢.4 42.0 3.4
15 « 21 54,0  39.7 47.3 39.6 41.7 37.1
22 - 28 %€.0 .0 33.6 32,1 34 30.0
29 = 4 Feb 64.3 48,4 58,3 43.3 52.0 40,7



Appendix 2 - 2(b) (Cantinued)

S:E;:‘:‘:- Feriod E 15 ¢em v Altit:de;)b:c groun: 250 GE
__ 1 2 1 2 1 2

6 Feb 5- 11 43,7  42.4 40,0  41.1 38.4 36,9
7 12 - 18 49.8 34,6 41,2 35.7 36.8 32.8
8 19 - 25 31,9 30,9  27.7 27.1 25.9 24.6
v 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  23.9
1 1M -7 604 59,3 55,9 56,3 36.6 55.6
12 18 - 24 46,0 54,0 52,0 56,4 36.8 57.6
13 25 - 1 51.5  73.0 55,3 70.6 57.0 80.4
% spr 1. 7 5341 £1.6 5h.6 63.0 54,9 63.3
15 & - 14 5147 404 46,7 43,1 47.1  bh.b
16 15 - 21 57.3 25,9 44,0 42,3 45,0 42,7
17 22 - 28 60,7  60.4 54,6 53.7 £5.7 5z.0
18 29 = S May 62,5 57.9 60.0 53.0 £9.3 45.0
19 tay 6 - 12 65.9  64.7  66.1 61.0 €5.9 6C.7
20 13 - 19 65.1 533 59,0 53.9 58.7 45.0
21 20 - 26 76.4 73,0 724 56,0 £9.0 63.7
22 27 - 2Jdun  79.5  76.6 75,7 72.9 67.1 69.0
23 Jun 3~ O 80.1 73.6 76.0 74.7 73.3 75.0
24 10 - 16 57.5 601 56,6 55.4 66.6 51,7
25 17 - 23 70,8  71.8  70.3 67.3 70.2 64,7
2 24 - 30 67.6  69.4 66,7 66.0 67.3 63.9
27 Ju 1= 7 72.6  75.4  69.7 69.8 66.7 67.1
28 8 - 14 66.6  67.4 65.3 63.9 66.1 62.1
29 15 - 21 65.7 61.0 62.3 57.8 61.0 5641
30 22 - 28 70,6  70.6 69.0 69.1 68.9 67.7




AFPENDIX 3

WEATHER DATA FUR TNAU, COIMBATORE
e (for the period of experimentation)
itan=- e "

rain- . -

ﬁzg Period f;t:; I%:i:: Tcu%ssturc g:::;}li‘t'; };:mb:l- ﬁ?m-
ays Max. Min, (%) ght tion

07.22 14.22 sun- (mm)

hrs. bhrs. ghine
e e e e (ml)
979
32 hAug 6-12 19,7 5 28.5 22.2 77 5% 5.5 7.3
33 13-19 - - 336 21.1 81 49 7.8 9.2
34 20-26 0.8 - 32,1 21.5 90 49 5.4 6.8
35 27-BSep. 1.0 - 22,2 217 0o 49 4,1 5.6
> Sep 3 -9 4,3 4 32.2 22.0 89 5€ 5.1 £.2
37 10-16  28.6 4 2.1 22,1 92 57 5¢5 51
38 17-23  68.4 3 25,9 21.9 93. 72 4,0 3.8
29 24=30 - - 20,7  22.1 81 54 5.7 7.2
40 et 1-7 15,8 1 32.5 20,9 88 50 8.8 7.3
41 8-14 452 2 30,5 22.37 94 59 6.7 4,3
42 15-21 3.4 1 31,2 20.5 87 43 10,2 5ok
43 20-23 88,3 4 29.1 21,3 93 70 4.1 4,0
L 2G~bivov 5S4 3 29.6 21,0 95 &0 6.6 2.7
45 Nov 5-11 21.7 2 27.7 21,3 94 75 3.0 2.0
46 12-18 283.6 5 27.% 21,2 96 B4 2.7 1.3
47 15-25 293.6 4 27.4 211 ok 75 2.7 2.1
48 26 -2Lec 15.2 1 “8.3 21.6 94 65 6.0 3.0
45 Dec  3-S C.7 - 28,2 20,5 93 61 6.7 3.3
50 10-16 3.7 1 28,2 20.8 91 60 5.2 3.6
51 17-25 - - 255 191 9 45 8.9 4.5
52 24-31 Qb - 26,5 17.2 SO 49 8.7 4.5
2280

1 Jan 1-7 - - 2G4 1€.6 8% 43 10.3 5.0
2 8=14 -~ - 29.0 15,7 89 37 10.0 5.3
3 1521 = - 29.1 17.4 85 38 10,0 5.6
4 22-26 - - IU.O W7 BB 30 0.8 8.1
5 29- 4Feb - - 30.8 17 .1 81 31 B.9 55
6 Feb 5-11 - - 31.5 17.6 85 31 9.6 6.6
7 12-186 - - 32,0 16.8 85 29 10,0 6.4

Contd.



Appendix 3 (Contd.)

ﬁ;*’;g‘ beriod l;ain- No, of Teupersture Relative Hours Eva
all rainy *c) Humidity of bri- por
week (o) Qays Max. Min. (%) ght tio
07.22 14.22 sun- (mm

hre, hrs. shine

e o . (hrs.)
8 iPeb 19525 - - 33,3 16,5 81 23 11,2 8.C
9 26-3 mer - - w,7 16,3 &5 32 10,6 7.2
W har 4-10 5.5 1 3.5 19.5 B84 32 9,0 6.9
11 11+17 15,0 2 32.3  19.9 86 36 9.8 6.1
12 18-24 - - 4.9 17.2 75 21 11.1 7.5
13 25=31 - - Jb  21.9 78 37 9.2 6.7
16 apr 17 3.3 1 3.3 23.6 77 41 7.0 7.2
5 B=1b - - 5.7 23.4 40 10.b4 7.4
16 15-21 16.9 2 34,8 23.2 76 47 7.7 7.2
17 22-28 650 4 34,8 2245 88 48 7.2 5.5
16 2%=5 hay 2uel 1 32.8 23,3 87 47 8.1 5.2
19 ray €-12 1G.7 4 35.4  Z3.5 87 45 Bd7 6.2
20 13=1¢ 47,3 1 1% 2249 89 47 8.4 6.1
21 20-26 T3 1 4.8 23,3 83 48 10,2 6.7
22 27-2 Jun 15.3 2 2.1 22,3 BS &9 2.6 5.C
23 Jen  3-9 112 2 5046 2245 83 62 4,3 &,k
FIN 10-16 2B 1 S3.1 22,2 74 S0 4ok 8.1
28 17-23 c7 2 30,5 23.2  TT 66 5.0 6.°
26 2h=30 &4 1 20,4 22.8 77 67 2.1 6.¢
27 Jul  1-7 21.5 3 25,7  23.1 81 65 5.1 7!
26 om1b 1.0 - 0.9 22,6 B4 56 6,2 7.1
2¢ 15-21 1.7 - 22,1 210 87 47 5.2 6.’
%) 22=28 1.0 - 31.5 22.% 70 52 4.2 Tt




Expt.1

Appendix 4 SOYEEAN
Correlation Coefficients

Single Sample Plants Data as on 30 DAS

Y = Grain ylelda/plant

X1 = nelght ot plant

Diameter of ster at bmse

x3 = Rumber of leaflets (Total)/plant
X, = Leaf area (Total)/plant

3
n
L}

(as an 40 L/£)

3 X4 Y

(2) Vithin tue bumboo stand (E)

No S S NS
h1 1 [y Ga2532 0.,001€ (.1E08
X, 1 o NS *
0.5347 0.3150  1.5066
X NS -
’ 1 0.0669  0.6547
&£ 1 NS
“ ~3,0368
Y 1
(b) In the open iield (£;)
by 1 4 G 3 Xx® NS
1 0.4138  0,5448 0.5662  0,3781
X, 1 *w T2 e
< L6260 $.,6000 0.6500
A 1 b2 T 3 EL X )
5 0.7379 0.8448
. 1 ey
Xy 0.6768
Y 1




Expt.1

Appendix §
Correlation Coefficients

SOYEEAN

Single Sagple Flants Data ag on 60 DAS

Y = Grain yieid/piant
Ly = leight of plant

xz = Dismeter of siem at bass

Xy = bumber of le=flets (Tctal)/plant

X, = Leaf ares (Total)/plant {(as on BO DLAS)

X5 = Lumber of pods/plant

X, E X, Xg, Y
{e) withiu the bamboo stand {(E4)
* A Y 3 %% i
Ay 1 0.4851  0.5390 0.6169 0.5262  0.5405
*» 5N " LY 3 EYe 3
A, 1 0.7479  0.6147 0.5939  D.737h
* e L X2 4 £ L 2]
X5, 1 0,6020 0.7610  0,73%%
L 2] %
Xy 1 0.5592 0.5%37
1 RS T
X 0.7513
Y 1
) - (b} In the oper ticld (EZ)
. i — .
X4 1 0.72%e 082313 0. %541 0.8240  0.8016
EE. 2 ) * EX = 3 £ 2 2 3
X, 1 0.64L70 =0.5142 0,7293  0.7452
X ] NS L2 L2713
3 -0.0762 0.5465 0.8143
N NS
X, 1 0895 _; ones
. L 22 2
iy 1 0.8602
Y 1




Expt,
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Aprendix 6 S0YBEAN
Correlation Coeffigcients
Single Sample Plants Data as on 90 DAS
Y = Grein yield/plant
X4 = Helght of plant
xz » Diameter cf stem at base
X3 = Number of lesflets (Total)/plant
X, = Leaf area (Total)/plant (as on 80 DAS)
Xg = Numder of pods/plant
Xg = Kumber of grains/plant
S S S NN T S T
{2) within the vemboostenod (E,)
1 L3 S *wx * * o *q
C.4534 ~0,073E 06235 0.5009 0.658& 0.6069
* 5 ” ¥ £ w * %
1 0.5171 0.4775 0.6723 0.8321 0.7576
g w8 » NS
1 0.2045 0.3398 0,4098 0.3235
*x ¥ »
1 0.605%1 0.6203 0,5534
* 5B ad
1 0.6901 0,6593
*x
1 0.9637
1
in ﬂ;é o;ﬁe; Tiele (L)
T wE TR O HE s 2 *a R L2 & g
1 0.6199 0.,4580 -0.171C 0.843% 0,3501 0,7503
Ns P - *tQ" Lal ] »an »e
1 0uI767 ~0. 7512 0,6865 0,6972 0.6063
S » - -
1 =0.1511  0.4882 0,4352 0,4321
NE& NS NS
1 =0.3495 ~0.3382 -0.2866
L2 1] *ng
1 0.9826 0,9346
£l 2
1 0.961h

1




Appendix 7

Correl=tien Coefficients

SOYBEANR

Single Sample Plants Data 28 on 30 DAS

Grain yleld/plant
dei ht of plant
viameter of stem at base

Xy = Number of le=flets (Total)/plant

2y X2 13 Y

(8, within bamboo etand (E1)

Xy 1

(b) 1n the open fiele (E)

NS
C.0772

NS
~-0,1992

NS
-0,0645

NS
-0, 30%

L3
0,0402




Expt,.2 Appendix 8 SOYBEAN

Correlation Coefficients

Single Sample Plants Date as on 60 DAS

Y = Grsin yleld/plant
X4y = Height of plant
x2 » CLlameter of stem at base

x3 = Number of leaflets (Tlotal)/plant

X, X X Y

2 3
(a, ®ithin the bamboc stend (E4)
Xq K5 ¥S *
1 ~0.1097 0.1730 0.4570
NS NS
Ay 1 -0,2267 042289
, NS
Xy 1 0.1120
Y 1
(v) In the open field (E;)
X, 1 5 55 KS
0.0503 0,349 0.1812
X 1 &3 NS
2 92,2141 0.0164
L
. 1 0.515%
*3




hppendix 9

SOYBEAN
Corrpeletion Coefficients
Single Sample Plants Data as on 90 DAS
Y « Grain yield/plant
X4= Helzht of plant
xz- Diameter of stem at base
X= Number of leailets (Total)/plant
X,= Number of pods/piant
X5- kumber of grains/plant
‘ B T SR S S RN
(a) within the temboo stand (E,)
“8 ) NS 38 J1139
)’.1 1 0,136 [Se745) 0.2543 G.3262 04014
1S iS5 s NS
Xy 1 ~0,2510 0.3888 0.0726 0.0764
5 Ns N3
13 1 «0.3316 0.2260 0.,2018
* NS
i 1 0.4071  0,3403
L 24
X, 1 0.9615
Y 1
{b) ir the vpen field ~(""22)
e s S ne N3
Xy 1 0.1281 -U.321€ ~0,2025 =0,2468 «0,2421
b * | S NS
X 1 G 4E63 0.6055 0.3229 0.2413
< *r 5% NS
X 1 0.5907 0,5467 0.3932
2 * N %R
X 1 n,7583  0.725%
& *x i
x 1 0,.9626
5
1



Expt.2

Appendix 10 SGYBEAN
Correlation Coefficients

Single Semple Plents Data as on 30 DiS

= Grein yield/plant

= Height of plant

= Ulameter of stem at base

= Humber of leaflete/plant

= Lent area (Total)/plant

= Length of tarroot

= Huuter of roct nodules/plent

= Lry Matter Production ([ 7)/Flant
(e; within the bzmboo stand (E,)

X:’ )\3 )'h )\5 X6 X7 Y._
NS s ns T ms T Trs T Tws NS
“U 0258 Col1506 (1,2513  «0,202C 0.G0bh 0,1656 «0.236!

s rE oo e S NS
1 0.1864 0.3145 0,1550 0,0755 0.3257 0.065(
ey el [ ikl NS
1 Oe 7506 0.,3407 0.2782 00,5482 0,1961
L& s P8 NS
1 0.2029 0,3465 0,454 0,048
1S ¥ L 2 ]
d =0.0557 C.5203 0,542
jof=4 NS
1 0.,115% =0.269
*
1 0,492

1



Ixpt,g Arrendix 10 (Contd.) SUYBEAN
Correlation Coefficients
Single Sample Flonts Lata 28 on 30 D48

{b) in the open field (EZ)

iq B gy Xy X, B Xg g Xg Y
X.‘ LS L NS KS s HS NE
1 0.0048 Q.318 0.2255 =0,2422 0,6948 <0,1363 -~0.11

Az L e *% N NS NS NS
T GB5Y 0.5720 0.306¢ «0,1469 0,0512 0.2%

X3 1 o NS ne NS NS
0.5597 0.%986  0.1633 {,0875 -0.21

A, 1 % ) xS NS
i 0,6165 =0,044L 0.1624 0,31
Xg 1 * NS NS
~0.4778 00,1652 0.07

%o 1 NS N
=0.,2671 =0,1E

iy 1 NS
‘0.0‘_

a
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Expt,1 Appendix 13 Correlation Coefficients SOIL MOISTURE

Soll moisture during different stages of crop
growth and graln yleld of soybean

Y = Grain yield/plant (single sample plant)
X4= 5011 moisture as on 33 DAS

Xg= . 47 Das
X;- R 54 LAS
X"- L} 68 LAS
15- w 76 DiS
X1 3’.2 3’,3 Xh X5 Y
(2, witlidn tae vamboc stand (L1)
X, @ i 1S s gk
1 0.2806 C.0101 0,0217 0.0315 -0.2112
XZ S NS NS N3
1 0.2221 7.0582 0,3064 0,1336
Xa NS bl NS
1 0.0218 0,6L40 00,0209
Xy N5 NS
1 0,1428 -0.0658
X5 NS
1 =0.0392
Y 1
(t) In the open fisld (Fz)
NS NS NS NS NS
}11 1 -0.2875 =0 132% -0 2230 ~-0.0417 «0,.3400
X, N2 NS NS NS
= 1 342977 2.1116 0.4265 -~0.0589
N * NS
4 1 0.0651 0.5126 0.3135%
X, NS NS
4 1 0.2580 ~0.187%
b NS
5 1 0.3487




Expt.2 Appendix 14 Correlation Coefficlents

SOIL MCIST
Soil moisture during different stages of ero
gErowth and grein yleld of soybean
Y = Grain yield/plant (aingle sample plants)
X4 = 50i] molsture as on 36 DAS
Xy = " 48 LhS
13 - L] 55 LAS
X, = " 69 pas
x5 - n 76 DAS
)11 X’Z X3 Xk YS Y
(B) vitidi the brmboo etond LLl)
Xy $is NS ] R NS
1 0.4042 ~0,10%8 -0.0188 0.0126 -0.1096
NS NS NS NS
X2 1 0.1298 0.3290 C.17156 =0.2584
X3 1S | ) N
1 2.741  0.,2246  0.2352
};4 NS *
1 0,2230 00,4126
X 15
5 1 0.,2452
Y 1
VI, Inothe open ilend jliz)
*E e NS NS ¥
Ay 1 U.0725 0.5558 U.3727 =0.3161 0.5988
05 e A NS
X, 1 U, 36869 00,3228 -0,5281 0.,4004
) WS WS "
X 4 0,2230 0,023 0.5434h
- % »*
X, 1 ~0.56891  0,4446
NS
15 1 -0,1838
Y 1




Expt,3 Appendix 15 SOYBEAN
Multiple linear regression equation fitted
(attributes as on 30 DAS)

Y = Predicted grein yield of soybean (grams/plant)
X4 = Heizht of plant (eém)

X, = Diameter of stem at base (mm)

X3 = Number of lenflets /plant

Xy = Leaf area (Total}/rl~rt (cmz)

= Lenpgth of t2proot {(em)

Xg = Wumber of rout nodulez/plant

Lo m Q.. weleht of roots/plant {(grame)

“g = Iry wstter provuction (0wk) (grams/plont)

(#) For the environment ‘within ine bawboo stand' (21)

1) sredicted yileld

A
Y = 0.8091 - 2,0712 X 1 =~ 0.,1308 X 2 + 0.,0239 X 3
+ 15230 X & o+ 0,0206 X 5 - 0.1181 X 6

+ Go56HU A T = 02001 X 8
ii) Standardised partial Regression Coefficients
Beta X 1 = =0,1664
heta X 2 = =(,0860
Beta X 3 - 1,2538
beta X 4 = 0,0093
beta X 5 = 0.2785

Eeta & 6 = <0,3445

i11)

Beta X 7

Bete X 8

tiple Coefficient of Dete

(1.5240
=043593

romination

R* = 0,509




Appendix 15 (Continued)

iv) Correlation between the predicted and actual ylelds
R = 0,7138

(b) For the environment ‘open field' (E,)

1) Predicted Yield
Q m 14,6053 - 0.0486 X 1 = 0.5672 X 2 = 0.6050 X 3
+ 0,0295 X 4 - 0,347 X 5 = 1,0086 X 6§
- 6.6814 % 7 - 1,8499 X 8

1i) Standerdised rartial Hegression Coefficients

Beta X 1 = ~0,1212
teta X 2 = -0,0822
beta X 3 » ~0,4576
Eeta X 4 = 11,0207
beta & 5 = =0,2859
Leta X 6 = =0,2175
beta X 7 a ~0,2057
Beta X & a =C.z07h

114) multiple Coefficlent of Letermination

“% = 0.6195
iv) Correlrtion retwee: the prrecicted =nd sctual ylelds

K = 0,0477
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