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Tree species are an integral and indispensable constituent of 

our natural surroundings. 'l'tley make the envirOl'l8MtDt agUe and 

benevolent. Landseapee devoid of trees or tnele •• land. an 

generally called wastelands considered an und.sirable iDheritanee. 

'!'hough a tree maans different to different people but _oiding IOUell 

controveray it may ba defined (ItUDkel. 1978) as a long living woody 

or fibrous plant, with .. single or multiple trunk, in its ... ture 

stage and in a suitable emrir...,.,nt lazver than a bush. SaMti .... 

trees are refarred as high and upright terrestrial plants. Their 

growth over an _tensi.,.. area of land i .. called a forest. 

Trees have always baen regarded as representing the apex of 

devel"l"'"'nt in the pl ... t kingdClft (H_r, 1937). '!'his i8 why the 

forests are ranked remarkably efficient ecosystem. tor achieving 

very hillh Ie_I. of biClftass production baaide. a n..-r of other 

resource u .... for welfare of the ... nkind. Approximately 90 per 

cent of the bi ................. lated on the earth i8 found in forests 

predominantly in the torm of tree trunks, branche., leave., roots 

and fellen matter, together with the .. _1 ..... d m1erooqrani ..... 

feeding upon it (Ll.th and Wh1tt""ker, 1975, Lleth, 1977). '!'he 

annual net bicmass production is est_ted to be about 50 billion 

t, whJch exceeds that of all fields. _adCW8. "a.turtle. amppes. 

tundras and other fO.",8 of "getaticn produclng 1>1001 .... through 

photosynthesis, the chlef proe ..... of chemical ayntheal. on the 

earth. 
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Inter alia, thus the forests axe of par ......... t ~r ... n ... 

and uniquene". for the1r .iqn1fiCant contrU>utlons ....... ring 

prosperity and economy of II nation. '!hey help signifiCant eo_1c 

d.velopment (we.toby, 1962, Brown. 1967, Pant, 1980). The other 

aarlted beneflte of trees and foreeta ere their infl ... ace on the 

anyirODBent (Klttredge, 1948' PAO, 1962, Singh. 1976, TaJwan1, 1979). 

'1'b1e influence bell'S in stabilising the soil (Lundgren, 1978' RiCe, 

1978) whicb is a vital natural ""soure .. , pxeftnting sol1 erosion 

(Anderson at al., 1976, Bruniq. 1977, Kunkle. 1978), controll1nq 

water run-off in aate_at areas (Kunkle, 1974, GbOfb. 1978' Tejvan1. 

1977, Gboab and Rao. 1979), proY14ing abel tlor f ..... wind and b".t 

(Payne. 1968, Delv8ulle, 1977, sanger at aI" 1977, PAO, 1975a) and 

against sand and dust .. to .... 8 (Muse, 1977), Despite the .... glar1nq 

facts "nd ...,...alation in b1eto"l" that biqbly d ..... loped c1vilis.tiona 

went down at the same time as their foxeats ... re lost (G .. iger, 1965), 

the forest resoutee is d1e""r.l8aring fast oYer the world in general 

(I~N, 1977, C'Vi"9ton. 1965) snd /le"eloping and or tropiCal 

countries in rart1cul.r (o,,1nc;rton, 1972, Spears, 1979, lIorld BanI<, 

1978) , Ind 1a in tb i& respect cClUld not be an exception to th1e 

•• dous drift. 

In ancient tt.es, extenal". and /lena .. forests cocupie/! yery 

large tract of India. But their exploitation oYer the last yery 

aany decades for continual generation of huic necessities of life 

for alarmingly iuO .... ing population of the country baa left it 

poor with only about 22 per cent of its total eres under forest. 

(Anonymeus, 1982). Por ex .. pl .. , the whole of erstwhile north 

PunJ at> was a forest in days of Alexander the G .. at hut at present 

most of tbis large ..... a is beecming dry and treeless (Puri. 1960) ." 



Continuation of tiliB unfortunate trend unchecltad "auld 1mpoyerillh 

aqrloul toral bas3d .. concay by endangering tile beal til of the aqre­

ecolog 10 a1 systeat. 
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Insurance of 8Ool09loal s .. curity to austein B9rlcultoral 

prodl.X!'ticn in lonq term· eleo rests on the proportJ.on of the to'tal 

area un.der forests. uniwraa11y reeoqnized: minimal 33 per cent of 

the ge"9rapblcal area under forest cover _ry _uob ooineidea vitil 

India's National For .. at pol1ey enunciated 10119 beelt on May 12. 1952. 

Ita implementation,b"""""r, has remained to aebie"... But mul tipli_ 

city of d"velcpm!lntal activities in tile .... an t:lme in otiler spheres 

built up en ecneistent pressure to produce more and more food to 

f'eed rseidly burg-$ning J:"OJ)ulatiQn infatuebd the forest cower i:o 

shrink further. Betwe"" 1951_52 and 1975-76 about 4.15 million h. 

of forest have been deforested to utiliae land for agricultural use. 

riyery vall.ay projects. establish_nt of industries. construction 

of roa4s, ccrururbatlon and other miscellaneous J')urposes (Svaminathan. 

1980). In de .... lopi09 eountrl •• about half of the forest lend are 

reportedly (World _It, 1978) cleered for B9rla ul tural use between 

1900-1965. Though forecasts .,ary. toe ie esU.awd t:ha~ bl deyelop­

ing countri~s forests are dllappearln; at a rats of 15-20 .,illion 

ba an.,ually (world BmaIt. 1978). At p,..,..nt'le_ls of da.end the 

remaining tropical forest w11l disappear in 60 to 80 years (Spears, 

1979) • Indiscriminate deforestation £'oJ.' "9,,~c\tl tural u .. of land 

in eountries 11ka ours to maet food requir_ant is tile moat eerious 

oause behind this undesirable trend. 

A lerge fraction (about 80 per cent) of Indi ... s are rural 

1nbsbltants. Firewood 1s tile ch1ef sour<>e of wanatil and energy 

to cock food (Argel, 1978). Depending upon climate (-.inly".Z'IIth 

• 
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and wood IlCMeity), conallllption of fi .... ood yarle. be_a 0.5 

to 2.0 cubi<! "",tre per person .... nually (Amold, 1978). 'DIe present 

.upply of fi .... oo<1 anti t1lober in our cOIlntty is e""eedinqly 1 ••• 

t:ben 1 ts "e"and end tb1s qap is pradi<!ta<! to widen furtber 

taveminet:ban, 1980). '!henfora, illicit fallinq of _. end 

production forests besides burninq of a tew million t of nutrient 

al ..... nt. in the fo,," of dung paU1es end ot:ber eqrlcultural va.tes 

of potential manurial value nearly aqual to t:be present consumption 

of fertilizers oecur 8S a coneaquence of this d1smatx:h. 't'he National 

C .... 1ssion en Agrlculture (1976) while revisvinq the situation 

.""""silled extension of forest c.",..r tbrough .tforestation (est;j)l_ 

1ah .... nt of trees on bare or \lress land h ..... inq no forest for at le"st 

50 y~ars, FAG, 1967 a) of about 40 .. Ull .... ha land presently lyinq 

barren due to one or the otber constraint. Secten: pol1cJes of the 

World BanI< <197e) anti the Adan Development Bank (R1ch"Xdson, 1978) 

endorse the important development potential of plantation (a foreat 

crop or etend raised art1fically. either by aovinq or planting, 

Fcrd_t<cbertaon.. 1.71). '!benfon:. aany oountries h ..... 1ait;,iatod 

afforestation proqra_s • _ _ ra directly at local .... ed. ot the 

qiven areas (FAC. 197eb). 

The Government ot India has also recently _quivocally 

ellpheslsed to devi .... plans tor afforestation of w •• telend. in tbe 

country. A N'"m1sine;; category emong such lends occupying a sizeable 

chunl< in India (Abrol and """"la, 1971) and the world (s.abolcs, 

1977) i8 cOIIIIIOnly referred as ealt attecta<! soU". 'DIe salt affected 

soils ere wide spread in many states of the country but this problem 

i8 be 1ng wi tnsssed prine Spally in t:b. Indo-G_~t:i<! plains, arid and 

semi-arid area of Gujar .. t. Rajasthan. black cotton 80118 and the 
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coastal tracts. Nearly 40 per cent of the salt affected soU. 

are c'_of1ned to the Indo-G_t1e plains of U.P., Haryan. and 

Punjab (Bhumbl<, 1977). Pr1Dcipal constraint tnat impatrs thelr 

productiyity is the "oil sodlclty h ..... rd. Sod1e so11s in this 

rev1cn have been formed uDder the 1oflu.""e of sod1 ... camonate 

salt whose hydrolysis iJoparts h1qh pH and &31' (_anc;eable sodi ... 

percentage) throughout the soU prof lIe. H1c;b ESP end pH ceu_ 

tnese so11s to POS88SS poor phy.1oo-ehea1oal (Abrol, 19771 _..ry. 
and Abrol, 19781 Sandhu at al., 19801 GUpta.t al., 1981) and 

b1clogioal conditions (Reo and Ghal, 1985). 50410 so11s c;.nerally 

have " hard ltp!!ltar pen (calc1e horizon) of widtn yszy inC; between 

40 to 60 CIII erouod one .. ",tw deptn of tne protU". This acts ... a 

barrier not only aqainst dowmr8l'! grOW'tn of plent rects but also in 

tna transmission of ..,!sture wltnin the 8011 profile. 

Utllization of sodio so11s for "fforest .. tlon eppe .. r" to be a 

promising 1 and use because of the 1Dcreaa1ng 'Pre ssum on good aol1s 

lor foo.1 f'roducticn. feat exhaust.ion of firewood res:;-ureea ant! for 

heal thY' _intenMc .. of tna aqro-eaoloc;lcal syst.... unlike the 

...... l_tien of onlY' the .urf .... (0-15 em) layer of sodio soils for 

yiable orop production tbrough gypsum appllcation (Abrol at d., 

19731 Abrol and Bhulllbl ... 1979). mao_nt of these so11s for affor­

•• tation requires _l1or .. tl00 of the soil vitn 11alited queotity of 

gypsum to ed_per depth of the soil profile. Only a few efforts 

hSYB b .... n made to afforest th .... soils in tba pest (rodav. 1980) 

end these were ..,.tty complete failures for want to soientif1e 

information eyelved through research work on the .field leyel. 'l'hus. 

lack of systematic exJ)erimental evidences pose a ae .... re reetri-:t1on 

on successful planniDg and planting ope rat ions~ Tolerance of various 

tree species oOlllllOnly c;ram on C;oad soU. to sol1 scs!1eity and 



..ahan1cal impedance confraoted by the1r roots because of 

eOllJ>ae~ and indurated newre of sodie so11s a~ d1ff.ren~ depths 

1" c_pletely 1",,1<1n9' There.fo"", field exper~nts were under_ 

taken to evaluate selected tree spec i ... for their tolerance to 

soil sod1c1qr and .. ch",,1cel i_danee in a h1ghly sodic so11 

with pert1cular reference to 'their root growth 'beheviour. 

Followinl) _"" the obJeetivea of expert..ntaUon. 

l. Evaluation of selected ttee "peeles for their tolerance to 
high sol1 lIOdic1ty 

2. Study ef the chanqea in root systems of selected tree 
specles due to varying deq ....... of sodleity and 

3. Isolation of the effe,,~ of sodlclty and .... eh .. icel 
impedance on the qrowth of _lecmd t.:ee sptct ••• 

UUb 
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IUl:VIEW OF LI'l'BRA'I'URB 

Enormoud,y 1nereadng pOpulat.ion aed its expanding demands 

for livelihood hEW cau •• d """r exploit.aUon and .i ... anag_nt. of 

the earth' s most abundant natural Nsouree: • ita forests. For 

_ample, about 7.5 million ha fON.t. are being defoxesbod annually 

(Lanly and Clement., 1979) to) put. tha land llllder other uae" in tha 

humid t.ropics of the '!bird World alone. 'ft>U8, the moat urgent taak 

that. faces .. _ind today de_" mit.igat.ing t.be probleas of hunger 

and malnutrit.ion by ways that do not. .,.,.,murdan the non-renewable 

A80ure •• of e_E9Y and. that do net impoveri8h the environment. 

One of the important. avenues censidered relevant. in this respect. 

throughout the world is affo .... taUOft of barNn and degraded fo ... st. 

lands. 

These day., _rafora, growing awareness is being witnessed 

regarding I"lanting of trees ... d .... n_mant of forests not simply 

for commercial logging but also for t.he dl"..raa benefit.s and 

wqulr"ment.s of the local cO_ity (Josh!, 1982). 8...,.r,,1 "ozkan 

(Ilene. 1974, King, 1975, Wood. 1975, Johnston. 1976, lI:el<holm, 1979, 

Swaminethan. 1980) have urged eontinuad 1Jryes_nt. on planhUon 

afbor considering the vhbillty of this concept of phnned use of 

_. for the benefit. of villagers and inbogration of t.rees into 

agrlcul turel systems BO as to austain greabor producUvity of fire_ 

wood. focld9r end food. In order to core forest resources of India 

in long tent. NaUonal Ca..iss1on on Agr1cul t.ure (1976) has 

e.ealBed the extension of fo ... st cover through affore8tation of 

eat.1aat.ed 40 mUlion he land pre_ntly lying waate. AIIlong verloue 



wastelands. salt affected 8011s oceupy a sis ..... l" aere_ that 

possess a vast scope for afforestation. But the scientific 

infOE'lll"t1on in this respect is greatly Uatted. '!he literatu.:. 

pertinent to this investigation was. therefore. reviewed and i8 

presented under five head.1 
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10 SlIlt Affected Sol1s _ The 1r Genesis. Classif ication and Extent 

Salt effected 8011s ere f .. Uhr to IlIaD for a 1009 t1ae an4 _= studied earlier aostly in "",adeaic interest. Population 

pressure., hCM& •• r. caused it to baaaae all important aconanie use 

for their "lIluel_ 1nhe,....t potential agriculturlllly. These so11s 

are generally charaeter1:oed as tho !It thAt hAve bean adversely 

modified for the growth of IIOIIt plants by the action or pre ........ of 

soluble salts <saline) or exehsoqeable sodi_ <sodic) or both (t.utll 

et Ill •• 1965). AB·a generlll te .... for popular ....... sill t affected 

80US lneluile both the .aUne ... <'1 the sodle 8011. (Bower at "I •• 

1958). Many workers in Indie (Leather. 1893, 18971 Talati. 19&1. 

19471 Agarwal end Yadav. 195~1 Hoon. 19551 Kanwar. 19611 Unplll. 

19621 Ksnwar an~ Bhumbla. 1969; Abrol and a,,_la. 19711 !!harqava 

et al •• 19721 !!humble. 19771 !!harg""" and Abrol. 19781 Abrol et al., 

1980) and abroad (S1gaond. 19241 R1chaEds, 19541 Kovd ... 196!>. 19711 

Szabolcs, 196!> and 1980) investigated their nature and properties 

for their classification .., ..... sure. of _l1cr"t1on. In diffarent 

parts cf India. sal t affected so11s are known by different loclll 

tums. '!bey are .,.lled KlIllar or !!!.!!£ in Punjab. ~ or J!!!!!. in 

U.P., ~ in RaJa.than. !!h£ or Kshar in GuJarat aad Maharaahtra. 

Cboudu and Uippu in A.P. and Chopan in KarnataJta. 
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1.A. Genesis of the Salt Affected Soils, 11<>8t: of the salt: 

affected soils occur in the .r14 and .8m1-ar14 regions. In 98""ral 

8011s in th ..... regions refleet. largely the pc-optrtias of parent. 

... terial (Buol. 1965) .... d _1r formation under natural coDd ition. 

ia a part of the continual geochemical proces •• s going on since 

ancient geological time. Salt affected S0118 are fonad wIIe""""r 

soluble salts at:cQlBU.ltlte. scatt1lftes only temporarily. in. excessive 

~unts. The ultimate .,urce of soluble salt.s in so11 originate 

from tile weathering of primuy .i""r,,18 being the rocks, structQral 

constituents (FAD, 196Tb. 1973, URESCO/FAD, 1973). Th. posaibl. 

Cause of the excess sal ts am 0 ... o.t" .ore ot the several source. 

n_ly (.) original 8alt. deposits in the sol1, (bl salt.s conteimd 

in the irrigation water .pplied or lost. 1n c",,"yanee through 

irrigetion distribution sy._. (c) .al te in .. ater inflows (_eg.) 

fxom upelope, anrl (d) salta fram upward aareaant (ceplilary rl .. ) 

of "ater from ground .. ater cloae to the soil ..... fnee (Abrol and 

Fireman, 1977). 

It. has been _11 recognised that soluble salts meye with watar 

from land to oce ... , and extent. of their transf .. r depends larll"ly upon 

their relat.ive aolub1U.t.i •• and extent. of r .. in washing in the 8011 

profile. Soluble salts in oour ... of their tranafer from land along­

w1th water confront: so11s .. nd sub-eoils, so11 solutions, ground 

waters" drainage outlets. streams and. rlyers before teaching the 

oceans ul Umately. "Ibis 1s ecm:tinuous and reY<,1raible ~roc.s8. '!be 

post tien of thia cycle is detlermimd again largely by relative 

solubilities of the salts pre •• nt (UNgSCO/FAO, 1973, PAO, 1973) aDd 

the amcunt. of .... tar (rainfall) .. vailable (Sen, 19!5a) to d1880lve 

them. 
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Def inite types of reUef and oeaoorpholegy play a 810nif !cant 

role in salt a,,,,_l,,tion in the soil. '.!bus, a cOlllbination of 

geological (Leather, 1893, 1897, Holland and Christia. 1909, Kovda, 

1961). climatological (Shah .. t al •• 1958, Bharo_a et al., 1980) 

and hydrological (Noble, 1950, Kelley, 19511 Ku1l<ami, 19611 Pandey 

et aI., 1972) factors are reported to determine nature and formation 

of a sal t affected soil. Activities of men "ere also found to play 

.. 810nificant rele in this context (FAC, 1973). A ccosiderabl, araa 

UDder no"," .. l or only to a very low degree saline or sodic sol1s f_ 

degradation by saliniz3tion and or sodifiCation due to hu ...... inter_ 

vention especially i=1gaUon. Such soUs are referred potenUal 

aal t affeet-.ed soils. 

1.B. ClaSSification of the Salt Affected So11s' The .... jor 

indices used to categorise salt affected so11s ara (al salinity of 

the soU saturation extract a8 naasu...,d by electrical conduct:1v:1 ty 

(.x:e) at 25'C, (b) exchenoe""'le sodi .... p8"""ntage and (a) pH of the 

sol1 saturation extract or pasta or 11011 water suspensions in a 

oiven ratio. Broadly these eo11s aan be divided'izlto f:1".. cle .... 

(Szabolcs, 1980) ....... 11' (a) aaline soUs. (b) sodiC soils. (a) 

9YT'siferous so11s, (d) acid sulphate soils and (e) atronoly deqrsded 

sodie soUs. H ...... r. first two represent the bull< of salt affected 

so11s (Sigmond, 1924, TalaU, 1941r Bower at a1., 1958, Ksnwar and 

Sehgal, 19621 K09da. 1965, 19711 BhUBbla, 1917). A third aategory 

of saline-sodiC soils 18 reportJed <6RiChardB, 1951) to posses. 

attributes both of the saline "nd sodie group but recently a f_ 

woders (Sehgel at al., 1915, Bhargava et al.. 1976, Bhergava, 1977, 

BhUBblo, 1977, Abre1 and lIhud:>1e, 1978' Dhulllble and IIbrol, 1979' 

IIbrol et al., 1980 end Szaboles. 1980) h""" emrbasised th.t based 

upon analytical <'lata and mode of amelioration, slCh soU. should 
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be cat'llor1zed either saline or soa ic. 'l'be salient eheraci:8ristic. 

am criteria which distinqulsh the .. are depicted in Table 1. H"".,er, 

the salt content or the exahanqeableable sodium above which plant 

qrowth is impaired de""n(!e upon ........ ral ether factors, texture, 

distributicn of "lectrolyw or exahangeable sodiwn in the sol1 

profile, aompcsition of the electrolyte and plant spe"ies (R1chuds, 

1954). Phydcal c( ndition of all mils "as also reported (McNeal 

am Coleman, 19661 Kovda, 1971, Bhumbla, 1977) to be affected 

differently 88 the d,grae of 80il sodlelty and or salinity increases. 

Physico-chem.tcel ch .... ""terl.tic. of IIal t affected SOils 

reflect amcunt and type of the sal t preeent. 'l'his is used to 

classify such so11s end is detexmined by .... aly.ie of the 80il 

water under field .,tatun cond1t1O-ne ... though it 1s not cOnYenient. 

'l'herefore most often .. soil 8_le is tested in the lehoratozy. 

The standard procedure 8 require saturation Of a s" 11 s_le wi th 

distilled wa""r and then extract with "acuum filtration the 

Iftolsture from the so11 for enalyses (Richards, 1954) for EC, pH, 

qu .... ti ty and quality of soluble cations (Ca, Mq, He and X) and 

.... lons (el, so.' He03 am 0(3), 'l'hus, composi tiOD of the saturat­

ion extract and the relat! .... proportion of exchange..,l" cations 

detetmined by the soil enalyses is used to categorize SOU8 into 

seline. sodie and nODRal. 

1.C. Extent of the Salt Affected soY.!' Salt affected 8011s in 

Indie (Abrol and BhUlllbI ... 1971) and the world (Szaboles, 1977) are 

estimated to occupy 7 and 952 .. tllion ha of otherwise reasonably 
---~-.'--- -- ---" 

fertile land respectt ... ly. 'l'he ... sol1_ """ prevalent throuQhout 

the cros .... ection 01' the countzy (Fig.l) but .. online largaly in 
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Table 1. Criteria used to d istinguillh salina and sodie so 11s 

Charac te r is tic" 

So11 5 .. 1 tine •• (liCe in daM-i) 

&xchangeable sodium percentage 

So11 reaetion (pile) 

Chemistry of 8011 solution 

&fleet of electrolytes on 
so11 particle 

Main el!verce (t""ic) effects 

Geograrh1Cf-~ di8tribution 

First aim of reelemation 

Source. Szaboles (1980). 

Saline 8011s 

f.O or 180M 

lass than 15 

Lesa than 8.3 

Domina ted by 
8ulp>ate and 
chloride 
anioDe 

Flocoulation 

High osmotie 
l're IUlure of 
80il solution 

Assocl"tIOd 
.... inly with 
arid and Bemi­
arid areas 

Remoyal of 
excess el.etr­
l1'te through 
leaching 

Sodic aoila 

Less than 4.0 

15 or RIOno 

e.3 or more 

DOII\inated _inll' 
by carbonate and 
or bie erbanatlO 
anioo8 

Dispersion 

Alkalinity of 
soil solution 

Associated melllly 
with semi-arid and 
semi-humid areaS 

Lowering or neut­
ral1alng the high 
pH through et.emica! 
_lieration 
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the sub-humM and arM aud _i-ar1d regials end in the coastal 

areas subj-=-ct to inunda1:icn. Increasing pressure on loM1d 

resources has affected their reclamation 'tC:I some extent: for 

aqr1culturel crops partlculerly in Punjab and Haryana during the 

past few years. But the exact. estimates of area under salt 

affected soils ha .. not been studied in gnat dateU .. 0 .. r:ecently. 

8ased on the nature of the 11011 prcblea and their 

qeoqraph1cal distribution, s.lt "ffected soUs in the country we .. 

broallly grcuped (Tob1e 2) by IJbwobl" (1977). The Figures given 

in Table 2 are only appraxiatate, a. pointed cut by Ken"ar (1977) 

Tabla 2. 8roall groups of the salt affected sol1s and their 
extent in 1ndia 

1. Co .... tal eal t effected ... l1s 

Stetes in 
which the 
8011s occur 

(al Coastal sel t affected so11s Gujarat 
of arM regions 

AppraxilMte 
area (000 hal 

714 
(10.14) 

(b) Deltaic coastal salt affect- w.8sngal. 1394 
ed so11s of the hUIBM regions Orissa, A.P. (19.79) 

(c) AC jd sal t affected 801ls 

2. Salt "ffeeted 80 11e of the 
medium and deep black 8011 
regicns. 

4. 

Sal t affected 80ils of the 
ar Id and .... 1.-.r1d reg lone 

Sadie so11 .. of the Ind .... 
gangetlc plains 

& '1' ... 11 Nallu 

16 
(0.23) 

Karnateka,M.P.1420 
A.P .. and 
M l!Iharashtra (20.15) 

Punjab, 
Huyana aud 
ts.P. 

U.P •• Haryana, 
Punj ab, Bihar. 
M.P. and 
Rajasthan 

1000 
(14 .20) 

2500 
(35.49) 

Figures in parentheses are parcenteqe .. of the total. 



the magni tlJde of the p""hlem is much more severe bee.u .... en 

additicnal 21) mUlion ha in the canal irr1gated .Aas already 

run the risk of being degrade" through tbe influence of salU. 

Ae this investigation was carried out on a representative 

aodic 8011 of the :Indo-Gangetio plain, follow ing few paragraphs 

are devcwd to tbe ir distribution and eal1ent ]:hysieo-ehemic.l 

properties. 

Sod 10 seils in the Indo-Gengetie plains are generally 

conf1n~d to areas with .. ".811 annual rainfall between 550_1000 

mm (Bharqeva at. a1., 1980). Sodlc soils alsc OC'cur in isolated 

patches in Rajasthan. M.P. and team.taka. solIs in the coastal 

areas in a...,asarl d iatrict of Guj arat h ..... been reported ('ralati, 

1947) to have aodici1:;y problem. Salt affeotad soils rarely ooour 

DB 

in areas with rain.fall mont than 1000 .... whereas in areas with rain_ 

fall leos than 550 "'"' dcminaAt soluble salts am ehlorldea and 

sulphate. whioh impart the soils saline charactar rather than 

sodie (Bha<9""e et al., 19761 Abrol and IIbUlllbl .. 1977, a.,lIIt,le 

.... d Abrcl, 1978). Sodie 80ils occur intarspersad with normal SOils 

and may extend" sonetJDes. to a few thousand be at a stretch. 

Sodl0 soils usually ocoupy oomeomat l"""r ela"ation in the otherwise 

flat terrain (Bharvava at al., 1980), 

During the rainy seaaon (July to Sept,), water accumulates in 

the low lying areas.· Weathering of alumino-silicate .inotrals 

provides 0 staady state of al1<ali bicarbonate. whioh aoou.ulate in 

the undrained baeine. During the .,.suing dry :season eyaporat1on 

Causes s011 sclutJ.on eoneentrated resulting in an 1.n::rease of SAR 

(sodium adsorption ratio) of the soil solution. In turn,· 8011 

SSP and pH inCreases. The d1aplaee~ oalc 1um precipitates affectin9 



fomatlon of sodic solla. Cmtinuanae of this JllSChanl .. over 

many centuries appears to cause origin of socU" 801ls and sodi .. 

carbonate. Rise in ground water 1.".1 in reqlons where such 

waters hsve 8 high sodium froction relatl_ to divalent md/or 

h19h residual .all<al1nl1;V (aSC) also favour ... eumuhtioo of sodi .... 

in tile root zone. In some sAM use of qround weters with hlqh 

sodic hazard for irrigation has resul ted 1n the extension of 

sodie soils. 

Leather (1893) is oredited (Ag ..... al at al •• 1979) .. s the 

first "'ient1fl" worker who took u!, systa."tie studies em _ 
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nature., formatien and improveaant of eod1c 8011s oe'Curr1ng in U'.P. 

Kow""..r the f tnil ing. re_1nsd obseura until the implieations of the 

prio::i~le5 of cation exehange pb.ena.na in 8011s ware fully under­

stood. Renewed aM vigorous reMarch efforts to underst,",nd rroble_ 

of soilie soils we ..... ode be_en the period 1955 to 1966 by Aqarwal, 

Tad"" and as ,"""lata& wodt1n9 1n u.p. (Aq .. rwel at al •• 1979) and 

It_ar, Bhulllble md .... socl.",.. "orl<1n9 in Punjab (ltanwar and "umble, 

1960-62). The impact of th .... " re ........ hes led to the estebllsh_nt 

of an instltute (CSSRI) in 1969 to UDdertelte misslon orlented 

re.~,.rch wh1eh could ultimately benefit the farming co unity. 

ReSi!srcb efforts OV'Br the recent paat have resulted considerable 

lnform"ticn on the l'hydeo-ehemjce1 ehareeter1stjcs of sod1e soils 

of the Indc..aanget1e plaine. 'these solIs have several C'C1I'IftOft 

feature.(Kanw.r and 5ehge1, 1962, G-viod"rejan ane! Murthy, 19691 

Itanwar «1<'1 Bhumbla, 19691 "_Ie et d., 19721 "erg ..... " et d., 

19721 B1argeva ene! Abrol,1978). The sal ient characteristics are 

sUllfted up below, 
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(a) <:xc .. ,s soluble salts a ... present chiefly in the surface 

(0_30 CIO) leyer. Soc!iwo carbOllate and bicaEbonate tom an 

arrreciable fractiOll ot the total soluble salts. So11s heft 

high pH" upto 10.5 of soil_vater suspension in 112 rat.!o. 

(b) Excess 8041uOl c"moneta in the Boil causes precipitation of 

calei .... in the soil Solution rasultJAq eceumulotton ot .ad_ 
on the exahange coaplex, hiqh pH and hiqh ~SP. The ESP "alues 

of 80-90 or more aN COJftlllOn in the surface layerse Generally. 

sodiclty ileere,s •• with depth. 

(e) The soils era hjqhly di_reed and consequently have poor 

physical propertie .. resultin9 in ftry 1_ hydraulic conductivity 

and restricted air ..,.,...nt. The upper IIOst hornon has platy 

• trueture. 

(d) Sod!c ,..,ils era usually c"lcsre"". and always contain calci_ 

carbcn.te th£Oll9hout the profile with otten a aone of calcilllll 

carbcnate accuMulaticn in emounts larva enough to quality .s 

a calcic horiaon. This sone "aries around 90-140 .,. below the 

sur.faoe. 

(e) Ground waters in sodic soil era .... qenerally h.".. low tx> medi_ 

electrolyte concentration end are fit tor profitable irriqaticn. 

Howe .... r. the qround water may hava siqnificant proportion of 

bie i' rboneta lon. 

(!) The water table may be near the surfaCe in the _Oft800n seaaoa. 

but rece~es to about 4 III subsequently. 

(9) The solls elso show ferro-manqanese eonereUons ebou-t. the 

calcic horizon. 



(h) There is usually a !eyer of clay accumul.ation "ith very hiqh 

bulk dansit¥. Many soils may have natrie herizon usually 

without a aolUlftllar structure. 

(i) '11l" common vegetation in the highly sodie .reas includes 

sporobclu~ marg1natu8 Hoehst ex .a.Rich end in low lying area. 

of low salt incrustation Diplaobne fueaa (L.) P.8eaUY. 

2. Tolerance of Tree species to Salt Affected Soils and their 
Afforestation 

Mul tiferious benefits of trees and forests on the ecology 

Ull 

(Ghosh et al •• 1982, W.tson, 1983, Pal, 1984) MIl ecODOIIlY of a 

natiol) (westcby. 1962, Brown, 19671 Singh, 19751 Richardson. 1978' 

World Bank, 19781 Grainger, 1980) are .. foxoe behind ... ny countria. 

in the world which have under_en 1.E98 .fforestation progr ....... 

(Lanl\" and Cla .... at. 197,). '11lase prograJ!llllE!s require • suitable l.ad 

for growing tree •• Though it is dlffScult to grow trees on sema 

sites yet there are only a few envircrwents where tree growth is 

1mPossible. Apart fran these environ nta. correct chciee of tree 

.rec1es and e Care~ul treatment of the aita may aid establiehment ~ 

tolerant of poor growing conditions but raising 1-..nes on natunally 

inhosritabb site" usually require special treatnent. '11l1. neails a 

thorough underst<::ndlng of 1be feetors th",t make the site hostile 

for plant grcwt:h. 

A. large fr""t1on of aalt affected so11s in Haryan ... Punjab and 

U.P .. form i'j part of the village common lands or the Panchayat (a 

judicial village body) lands. Although these lends .... _ant to be 

used as gr .... ing qre""". for .111ag8 "attle, most often these ara 

devoid of any veqe:tation of economic value. Thus. these land. clo not 



oontribute to the vUlage ecClllomy in any WIlY but add to the 

aocio-ecouomic and environmental prcblems br ancour8Qing run-off 
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and 80il erosion. AffoI8st8~ion of such area. or forest%)'" for 

rural communities (Arnold, 19781 'lAO, 1978b) lillY generate resourc •• 

to mitigate local needs. 

The .!!!.!I! Land ReclUlaticn COIIIDitta •• t1.P. (Anon"""us. 1938). 

BIle", "va, 1948 and Yadav (1956) first suggested possible a>q>loitation 

of the salt affected soils for afforestation beeaus. trees are 

conSidered relatively lIOn tole rent to inhospitable sites. '1'tIe 

Maticnal COIIIIIission on AVrieulture (1976) has recently advocated 

SOai:> the need of carrying systematic research on the multiple 

uti11 ty ba.ed 'orestry in diverse agro-el1matie regions of India. 

ftlerefore, growing of t ..... crops in the salt affected soils have 

.85""",d still special dgnUie .. " •• 

2.A. Trials and Techniques on Tree Plant1ns!' In view of _ 

constraints :Impairing plant gr .... th in .alt affected so11s. estab­

Hshment of a plantation requires a suit"'1. planting technique 

which fulfils requisites such as (s) availabiHty of so11 environ­

.. nt favourable for optiMuM root growth (h) manipulation of .. icro­

relief ccnducive for leaching of sol ubI .. eal 1:8 (c) ...... iIIum ... tention 

of available moieture by 80il mass (d) maintsnance of soil fertility 

through aprl1c"tion of fertilisers and orgenie .... nures anI! (e) 

perforetion of any type of hard pan pre""nt in the subsoU. 

Only a few eft crts have been made in the pest to afforest 

salt affected soils in India and elsewhen. The earliest evidence 

dates back to 1863. In 1884, Aeaeia nilot1ca (L.) "'11ld ex Del. 

(B&bull. Oslber<;ia desoo RCII<b. (Shish_) and ABadiraehta indica Jun. 
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(Neam) were planted in an are .. of 1155 ha called Fidler Forest 

near ~tewah. Eetabliah_nt of Bahul plantation during initial 

stag". was good but ah_ad mortality af1:er 10 to 12 years of grow1:b. 

Duthie (1896) """ ...... nd .. d "lanting of Butes lI\OIIo!)?8rma (Leml<.) Taub. 

(Dhak) in salt affected sol1s. T ... ar1x articulata Vahl. (T_arial<l 

and !_gs111ca L. were a180 found to ado-nt well on fJaline soils. 

In M.P., Babul.~ and Mesquite were found (Bharg&V&, 1956) suitable 

for afforesteticn cn 8eline .odic so11 s. 

In an investigation started in 1951 near Lucknow, the 

comparative performance of. Bahnl, Nee ... Siris white (Albisia procera 

Benth) and 1'=918 jullflora (Sw.) DC. (~.qulte) ""s better 

(Pande, 1956) when planted in pit. 120 em deep and refilled with 

good 8011. E:xper1ments condlJOted by the dlv1c .. l turist of V.I'. at 

different places alRO showed that planting of trees in circular pits, 

40 cm wide and 120 cm deep, reUlled with good 80il yielded vazying 

success depend11lC'J on the degree of 8011 salinity., sod1clty. natum 

and ex tent of kenltar pan. 

Ploughing deep to 35 cm alongwith mulehing of II 20 em 

chernCZ3m soil layer was found (Antipov-Karataey et al., 1957) be~t 

for growth of meny tree.. Bol ahaltov and En>er1: (1956) "lao emph .... 

sised the need of deep ploughing before planting. Technique of !OOWinq 

or planting of Mesquita on ridges r2ther than pits gave good 

performene" (Shah, 1957). This lOay be attribu~",!1 to the decreased 

sal1: content of ~,he ridges through lea<lhing. .Josh! (1957) observed 

heevy casllalit1j~1! in eowlnq cf tree sJ"'!clea in saline areas Of Kutch 

desert. Surface and subsoil salinity in eonjun::tion with salty winds 

blOWing- frcm the sea in the coastal areaS of Gujarat was observed a 

_Jor adversity for plant 9'rowth~ In such areas. planting of 



Mesquite saplings g_ better reBults than its direct .""inq 

(Kulkarni, 1959). 
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Khan ;:;nn Yadav (1962) 8uooested that: Bucc •• sful afforestat,ion 

of selt effected 'C118 had rather 1101ited prospects unless the 8011 

conditions _re _liorated to a desired lewl by adopting suitable 

_tbcds. State forest departJents of Punjab. Haryana and U.P. ha" 

.ode ._.,eral attempts during the last three decodes to raise plant­

ations on such soil. but without. much auoeese. Pande (1967) reported 

that soil t"epleo.ceMent". taehnique elds a lot for afforestetion of salt 

affeet~ 80il. This i"",,1'19d di99inV of ci • ..:u1cr pits, 90 em 'uch 

in depth and width, aad th.lr :ntUUinv wi th Vood soil fran another 

area before plaDtiD9 tree saplings. 

Planting of trees on rldqes adjoining trenches has been 

observed fairly suitable for saline and waterlogged so11s as ridge 

provides relati""ly salt free conditione anI! favourable so11 .. ass for 

noot growth. Yadav end Singh (1970) ohee"",d about 50 per cent 

deere"." in scluble salts in the soil of ridges as ccapered to the 

original level and .. scribed this reduction to leaching effected 

durioC; the reiny seeson. In kuwaiti salt tel.ret ~ie8 &'tt raiaed. 

in pits and trenches adjoining ridges with and without irrigation. 

In saline soils, smell mounds of 8011 ere .ade betve-!tn the planted 

row. so that salt water aeves toward them by capillary action and 

have. behind .alts Oft .."aporatlon on th ...... heaps in.t.ead of around 

the plantE ("sja Singh. 1965).. Planting of 150 CIII cuttings of 

'l'amarix aphyll. (L.) Karst. ('l'~isk} \lave 900:1 nsul ts in 

comparison to its plal'1ts in contain&rs;_ 



In Sudan, seedlings of ttUC:alyptus microtheca P.Nuell grown 

in "",lythene blbes ccnta!nill9 e mixture of ri".,r s11t and sand 

were planted to raise irrigated plantations on salt "ffacted 
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.... rtiscls rich in sodium salts and 1"" permeability (Jackson. 1977). 

ArBa to be planted is plowed tID produce .. s.ries of ridge. 60-100 om 

high and 240_270 cm apart for epplication of irrigs.tion through 

ehenn;31s inbetween the ridge •• 

Mixing of 10 kg gypsum and 24 k9 FYM with original sodic 

(pH 10.0) so11 per pit. 90 cm .... ch in depth and diameter, was 

reported (Yedav at al., 1975) at par with the goed so11 for survival 

and "arly growth of sel .. cted tree species. Alkali Regional Il:xper!msnt 

state .t Puspol<ledany in Hungary (Yedav, 1980) has adopted .. technique 

that requires mskin9 ridges 100 CII high and 10 m apart by scrappill9 

ftoraal soil of A horizon. "ftl1s increaee5 the amount of good solI in 

fOEm of • ridge and tree plantin9 i8 done both by transplanting two 

year old se"dlinq_ and direct seeding on the tol' as well as sides of 

ridges. Th is halps in rain water con_ryation. As the A horizon 1. 

acidic, 11me is "dded at the rate of 25 t ha- l in the ridge area. 

Good plantetions o-t. Oaks and Populus have been. raised on the aherncs_ 

8011 with '" natric B horizon. 

In an experimsnt conducted in 1964 by the sllvlculturist of 

Rajasthan on a saline sodie solI at Chaksu near .Jairur. planting 

techuique included staqgered interrupted trenches 3.3 I1l apart within 

the 11nes and 16 • apert between the rowe. pits with 60 cm each in 

diameter end depth were due at a distance of 16 WI between rows of 

treoohes. Half illhe tremb wes ref 11led vith the orillinal eo11 
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vbereas the pits were refilled differently with good and orSqinel 

80il end its mixture with half kg !WI''''"'' par pit (yod .... 1980). 

Various Speeies triad include" Maei .. seMgel (L) Wllld •• T ...... rindu. 

1o('1ca L.., Prosopts 1uliflora (Sw) DC., Prosorts spic1qerll L., T!J!larix 

articulate VallI. and Park.1nsCXlia aculeate L. State Forest departlNtnt 

of Haryilna conducted an experiMent CD • highly sadie soil in Saraswa1:.i. 

area in 1975 end planted Eucaly ... tus hybdrt. Babul and Sid5 black 

(Albizia lebbee (L.) Benth. in pits treated with 5 kg gypsum and 20 

kg i?YM. survival of Eucalyptus and Bebul waS Blere than 60 per cent 

but it wes only 16 per cent in Siris. In anot:h!!r trial on the S81D!t 

site. ",,"lsce ... nt of the orSqinal soil with Oood sol1 and mixino of 

gypsum with original soil demonstrated greater survival. Mesquite 

performeo M+.t'.er than Sebul but .!!!!!. waS a failure. 

Better survival of saplings planted in the deep pits (60 .... " 

60 em x 90 em) than in the shallower one. (30 em x 30 CIa x 50 em) W88 

reported by Ghosh (1977). In another ""ped_nt on soil with pH 9.0 

9.5 and scetter"d kanker pan in the subsoll. trenches (45 elft w14th 

and 60 em depth) edJoining ridges and pits with 120 em each in depth. 

length and breadth were dug. ~r half of the "it sol1 wa. repls:ed 

by good so11 ·(non-sodic) in half of the pits and in the remaining pits 

whole of the soil was replaced. Yermicullite. 9Ypsum and FrM .... ra 

.. ix~ seperetely in different pits. IrrSqation was epplied in halt 

of the pi te. Results showed better qrclfth in irrigated oi ts but 

plants ill pits having cOIOplete replac ..... nt with good Boil or eddiUcn 

of gypsum showed best survival. 

In saline BOils of Rann of Kutch area of Gujarat. trenc:h •• of 

69 em x 45 em x 30 em wem dug at a t'I"ae~nt of 3 m x 3 1ft. Mesquite 

raised in polythene bags was planted 1n t:hese trenches.. In A.P., 



tranching end hundln'1 for sowlnq .. ads on buDde (rid'1ee} is cOI'Isi-

dered an easiest method of raising Mesquite ~lant8tlons. In 

Sunderbm area of west BelJ9al. ridges 183 em high are 111~. to 

prevent saline vater entry durln'1 tides. '\be ..... a is kept fallow 

for 1-2 yeers to leach out accumulated sal. t!9 and then eoeonut plants 

are nlanted cn small mounds (Ghosh. 1977}. 

2.8. Tolerance cf Tree Specie!! to Salt Affected Soilsi 'l'olerence 

of tree "reeles to so11 oaliniqr and or sodiciqr can be defined e8 

the abUiqr of plants to survive and produce 8COI'IOIIic '1"'_ under 

adverse conditions caused by excess ~ soluble salts or exchanoeable 
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sodi ... percentaq. respectively. Tolerance of aqriCul tural crops to 

sal t affeetad soils 18 qrpltoally e""no .... d in terms of yJeld raduet.1on 

as a result of an increase in 8011 oaUJlitr or sodiCiqr or as tboo 

relative crop yield on 8 aalt affected .... rsus nonealine-nonsodiC 

soils (llaas and Hoff ........ 1977). The aalt toler""c .. of o"" ..... ntal 

\ plants" however. 1s better expnsaed Oft the beals of survival and 

1, appearance beeause yleld is not qenerally :IJnportant for sucSl specles. 

'trees mlf( also be • ."e lusted as the ornamental plants during initial 

stages of q"""th. But the ultiwlate and determining criteria for 

their euitab111qr to the salt affected 8011s would. obviously. rest 

on their economic '1rowth. Appare1a81 regardin'1 toler..,ce of tree 

species to " given Bslt affected 8011 is 98nerally investigated 

according to the followinq !lUllSeUnee la) ability of the tree species 

to sur""!"" on edt "ffected soil ... (b) '1"""th of the tree species 

on selt affected seUs. and (c) the rel .. ti .... production of hi_us 

(timber. fuelwocd. for •• fruits eto.} bjr _s on salt affected 

"ol1s as ",,,,,,,,ared with it. production 01'1 a normal so11 (nonsaline and 

~r Donsodic). 



The adverse "ffeets of salt affeeted soils on tft6 speeies 

Oan be divided into the following th ..... categorie. and should be 

notioed while studying a given selt ef'scted 80ih 

(a) Osmotic or total salt effect. 'nils phenomenon is 11_ to 
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the osmotic movement of water from the eell towards the mora 

concentrated scil solution ceusing shrinkaqe of the protoplasmic 

lining (ph.moly.i.). The cell then oollapses and ultimately the 

pl51t elso. But that critical concentretion varies with the nature 

of soluble salts. their J)ropertlonal .-ounts. their total coneen­

trat.icn and their d1atribution in the solt.llR. The structure of the 

soil and its drainage ancl aeration ant a180 important. 

(b) Specific_ion effects or toxicity of spec1fic ions to various 

plant physiological proceSHS. In sodic soils dominated by active 

sodium caEbonate and bicarbonate three detrlm9ntal effects normally 

ob.erv">iI ore, (i) caustic influence of the high sodicity exerted by 

sodium carbonate, (U) toxicity of the bicaIDon ate anien., end (iii) 

the i:ldverse effeets of llCtive sodium ions on plant mettabcl1sm and 

nutriticn. 

The capacity of higher plants to grow satisfactorily on sel t 

affectsri 50ils depends on e nUJrber of interrelated f~tor8. Th.e 

phYSiological constitution of the plant, it£ stsge of growth end 

rvotinll habi ts certainly are "",eng them. A review of .&1 t tolerance 

stud 1 ~s m<::.r!>,! 00 far m(licate focus on the evaluation of Il9ricul tural 

creps and orn<:'m:lntel rlants for saline 80ils. A first S'3m!-cpusnt1t­

ative s~l t tolerance groupi1198 we:m made by the u.s. Salinity 

LabcrF.tory Staff ([{!chard_. 1954) and ether researchers have added 

plant srecies to these lists a5 mere sal t tolerance data have beC0Jn8 

available (Wilcc<, 1900, Bernal et at., 1974, Carter, 1975, Maa .. and 



Hoffman. 1917). Plants have not been grouped a. extansi-tely 

with r9ST'le!ct tc their tole ranee to exchangeable sodlua as COilparad 

to soil salinity .. however. Bome workers (Pearson. 1960, Bernstein 

025 

at al •• 1972, a,rnsteln. 1975, Abrol. 1982) h_ .. ade attempts in 

this direction. Cror yields generally show no eignifieant rec!uction 

until the salinll:¥ or sodielty exceeds a speciflc value for .""h 
crop. Thls value Is celled the threshold salinll:¥/sodlcil:¥ le""l 

or the threshold salinity (EOlt)/sod1city (gSp) fcrthet crop. 

studies on the tolerance of tree specie!! to salt affected 

s011s are a very few. It has been ob8erved. however. that certain 

forest tree species show greater tolerance to the ealine and sodie 

soil conditions as COIllpS<ed to tm agricultural crope. Lilte crop 

plents tree specie. differ greatly in thair tlOlerence to ",line and 

sodie conditions. But only II few efforts _re .. <de to in""etigete 

treo, for their suitability to sal t affected 80110. This .... y be 

attr1t:uted to our priority for aorieult:.ural "reduction and immen ... 

41ffleul i:1ee faced by research workers while invest:.iqet!nq treee. 

Major fl'lCtorR are their long~r I ife spans. slow growth and" nutrition. 

and crep!t:ly d If fert"'nt: rehrticneh:l~ with the soil system as canpared 

to agriculturel crors .. 

Ar~ investigaticr .. e:f the solI prof lles undl!!-r natural 9 rowtb of 

" few forest s!"'cu,s were ulldcrtcl<en by Heon and Mehta (1936) who 

reporte(~ qraat veric:tion BlDong tne tree species in their tolerance to 

s,,11n11:¥ anI' codlcll:¥ etetus. '!bey noticed" fair <"agree of sodif1-

caticn but low salt content in the seils under ProSOp1F splc1qera L. 

whereat; 5cila under Tamarix articulata. vahle had. very high salt:. 

content and somewhat low pH values. Seils growing Cepparis aphylla 

Roth. shewed high pH und h 19b .. 1 t ccntent 1n the lcwer depths. 
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II vreater var1etion _ the t .... species for their tolerence 

to salt affected soils under different n8tural flora waS reported 

(~adav and Fathel<. 1957, lChan and ,(adav. 1962) associated with place 

to plc.ce in different states of India. Tnes like Acacia specJee. 

~u'b:!a n .. onosperma (Lamk.) Taub ... Tamarix articulata Vehl., Prosop1s 

juliflora (Sw.) DC." Presorts spiclgere L •• AZadlrachta indica JUSB. 

and Alblzia species were sUljlqested for 1'1cttnt1ng in salt affected solIe. 

Griffith (194~ .. 1946) conducted a few ,ield eX1"'riments in the 

erstwhile Punjat1 to .. valuate suitability of different tree species 

on Bodie soils and "'ported Acacia nilot1ca (L.) W1l1d.ex.DeI •• 

prosopi5 Jul1flora (5, .. ) DC. and Prosoris spicigera L. to be more 

promiSing orecl".. Chopra (1945) found Tame.rix ,articulata Vahl. good 

on salt affect",,! (~.Uar) sol1 though it de_loped into on open crep. 

He alse prepared a comprehensive list (Chopra. 1939) of trees suItable 

for afforestCiticn aod Imd reclamation. List in:::ludi3rl Acacia dealbeta. 

Link." }'-\cacla modasta wall., ~ caesium Wall.,. ~ rictum Thu1lU'lb., 

Butaa frondosi!l .ioxb., Ca.-rpar!!! aphylla Roth., C,~drela aerrulata Mig., 

Cupre~,sus torulosa i).Don., Dodonaea vlsco8&. Jacq., Eucalyr-tu5 robusta 

sm., Ma=lure aurant!eca ~utt., Mslia aaedaraeh L., Parkinsoni. 

8Cul·,H!.ta L., PrOsoRts 91anduloll8 P. ,Ju11tlor.:s (St4.) DC., P. spicigera 

L., ~~ubina ps.!!ud-acacia. I.., :.ia1.1x bebylonloa L., Tamarix articulata L., 

!.Ji.::ica L., 111evotia hMlri!folia Juss. lk::.kshl (1946) has also found. 

ACacia. arabic. auct. Inul t. to b!t: a valuabl., 8'0-:]0.10$ for planting in 

kallar dod still clay s011s. 

Acecia nilot1ca (L.) Wl11d. (!J(. Del., Butca m.onosp~rma (Lamk.) 

!!!!!a., Oalb.!rgia B18800 ~., Prosorts jullflora (3W.} :)~., Acacia 

tortl1is (~"'orsk.) Hayne, Salvadore! parsica L. a~'l·1 Tamarix articulata 

Vehl. '~~c.a Su.~qQ.£t.e1 (!wla'f_ 195,ar Rgq;~ %M Tamhane. 1.964) aa tolerant 

trees for rl?,ntinQ in seline end sodie 10i15 that cannot be reclaimed 

econoaieally for agricultural crops. Yad"" and Melhur (1962) reported 



thet seedlings of Shore. robusta Gaertn. IIntw well onl,. in the pH 

range of 5.6 to 7.8 but failed. to survive above this range. 

In the Negev Region of Israel. Eucalyptus e.aldulensi8 Dehn. 

and Pinus haler<'ns1s Mill _re found to be most tolerl!llt to soU 

salinity (Bi<lner_BarIJsva .nd R_ati, 1967). '!be chlorine content 
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in the le~ve. of tolerant EucalyPtus speeies WeS found to be saUer 

to same species when grown in non_saline solI in humid region. In 

Kuwait and Sudan" !_celdulensis Dehn. hes also "rovi~ed to be most 

promising species in a-id and saline sites (Raja Singh, 19651. Other 

species of eUcalyptus fou.nd tolerant in such eonditions are !_lIIIIicrotheca 

'.Huell •• .£,_'terticornis Sat. in Sudan find !._qompbocephalla A.DC. and 

€.Obtusa L.Herlt in Kuwait. 

Kaushil< at 81. (1969) reported that .i!:ucalyntus hybrid failed to 

grow on ".line BOdie soils with pH more than 10.0 and soluble salt 

content above 0.1 per cent and a compact indurated subsoil mostly due 

to kankar. This species was found to grow sa.tiefac:torl1r on 8011s 

hilVlng pH below 9.0 end a 80luble salt content of upto 0.3 per eent. 

But bett;~r 9rotth occurred when 8011 pH aoo soluble salts ".re le88 

than 8,5 and 0,2 per eent respeetiYely. Yadav em Sinqh (1970) 

investigated the range of tolerance of important species for salt 

affecte<l soils in Vrijbumi Afforeatstion Divi8ien of U.P. All the 

lpeeies showed mortality in so11s having pH above 10.n and 801uble 

salt eont:"lot ebov'~ 3.42 in the surface and 1.14 J'8r cent in the subec11 

and an indur;;;-ted subsoil with a cemented bed of kenkar nodules. 

Prosopis jullflora (Sill.) DC. would grow on 80ils having pH upto 9.5 and 

loluble sal t content upto 0.54 per cent though it caald also tolerate 

• soil heving pH upto 10.0 and 1I01uble salt eentent upto one per cent. 

AOacia nllot1ca (L.) 11111<1. ex. Del. could IIrow satisfactorily on the 
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soils havillCJ pH below 9.0 and soluble. salt content below 0.3 per 

cent. AZadirachta indica .Juss •• Bute. aonospe.rma (Lamk.) Taub •• 

D.lberaia !l i8800 '{oxb.,. Pong_is glabra Vent. and 'fermin_Iia arjuna 

Wight et. Am. we .... found to grow on soils free of salts in the top 

60 ca but oH upto 9.8 and _cluble salts upto 0.45 per aent 1n the 

aubllOl1. 

Mchindra (1973) observed thct afforestation of salt affected 

soils in pun.jab was a Hrious problem unl.s. such Boils are _1-

iorated to tIk, desixed level. All the species planted during 1963 

(Sllviculturist Research Division, Ilhadaon, Patialal failell to grow 

due to excessive "alinity end soIIieity. In another fielll trial 

Prosort. juliflore (SII.) DC., Tamarix articulata Vahl. anrl Eucaly"tu" 

tereticornis SII. did _ll whereas all the olanta of Dalbergia "iS8OO 

Raxb., Alb!.!. procere Benth., Acacia nllotiee (L.) WilJd. ex. Del. 

and Salix tetrespe"",a lIilld. died. 

t:ucalyntue csmeldulensis Dehn. has been found (JCarsehon. 1966) 

to possess h 19h tele ranee (in the !!ill "Valley in Israel) of 80ils 

rich io calcium cerbonate and high. levels of eoluble s alta mainly 

chlorides ail.d sulrbat:es with J'Ii 7.6 to 8.1. In Kuwait and in Sudan 

!.cameldulensis Dehn. has elsa proyed to be the IIIOst promising speci •• 

in the < rid end saline sites (Raja Singh, 1965). E. microtheca Ii'.Muell •• 

!.teretleornls Sm. and !.~qommocephala. A.DC., !.obtUS8 L.Herlt. wen 

found tolerant under such conditions in Sudan end Kuwait respectively. 

Tamarix mannifera l:i:hrenb. has been repOrted (Kerschan, 1966) to do 

well ill sclonchak solIs of Israel. .Eucalyptus cameldulensis Dehn.# 

ACacia eburnia wl11d., Casuarine torulosa Dryland,. Cupre •• uB 

sempdrvlrons L. end vpr10us species of Tam~r1x have been found to 

give goed results under saline water irrigation in French Sahara 
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(Karschon, 1906). The cutt1nlls of !.!!!?hylla (L.) Karst. ha".. _n 

found (Raja Singh, 1965) auccessful 1n 8011s of Kuwait hay1ng alkali 

salt concentr",·tion at surface with poor N and nutrient ate:t:us and. 

hard pan fermed by _~u .. and calcium c"rbonete. Migunov8 (1976) 

reported abili1:;y of !.raaoa.1as1ma Ledeb. and !.tetrandra L. to root 

successfully 1n 8011 horizons conta1n1ng salts upto 6 per cent 

includ lng RIera than 3 per cent Sul~Ate8 and one per cent Chlorides. 

Zelenin (1976) 1n a trial started in 1962 on solonets soile 

found Ailanthus eltiB8~e Desf. to be a promising species in dry 

and saline ccnd1tions. Brawn et ale (1918) in a green hcuse ex~eriment 

obsqrved l\lnus glutinosa M~1c •• Hlprophaft rhamnoldes I .• Porulu~ 

·Oxforrl· L •• Sel!x purpurea L. Nlfl !.rubens L. t.o be highly tolerant: 

to selt~. Itt Pp.kif;tan. :tizyphus ju1uba Lemlt .•• Al.b1zie lebbec (L.) 

Benth., an,~ Acacia nl1ot1ca (I..) W111d. ex. Del. were found JDOst 

selt toleran~ species (Bangssh, 1977). Lehani (1979) repOrte~ that 

Leucaenc leucocephale (Lamk.) de wit •• fest growing 1egUl8!nUOUII tree 

of tropics showed good growth on moderate to heavy sal t affected S011B 

having pH 9-10. Yadav (1980) showed that ProBoRts juHflora (,;".) DC., 

Il:ucslyrtus hybrid and Acacia nUotiea (L.) W111d. ex. Del. can be qrown 

on calcareous sodic 8011s by treating the BOU of the plantinll pit 

with gYl'sum .... d FrM alonqw1th applications of a SIIISll dOM of nitrooen 

and phosphorus fertilizers. Chaturwdi (1984) reported th"t Eucalyptus 

h'{brid grows _11 in the first year as long as the roots are conf1ned 

to the top layer of sand Boil but stagnates 88 it reaches the clay 

layers offering severe mechanSc 81 1JRpedanee. Other species ni!llN'J:ly 

Presorts Juliflora (SW .. ) DC •• Acacia nilotice (L.) Willt1. ex. Del •• 
, 

're1'lllinalla arJuna Wig:ht. et. Am., Albiza lebbec (L.) Benth. grows well. 



3. AmaUoratlve Effect of Tree Pl ... tatione on Salt Affected Soil8 

Plant10q and establish_nt of trees on salt "ffected sol1s, 

del ra<1":!d l~nrls, sites used for ~ disposal of industrial wastes 
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and .,no dunes can be the first important step in soil rehabilitation 

end l~_nd reclam:atJ.on. 'ftle influence of trees and forest on the 

environment is well understood (Kittredge, 1948' Singh, 1960, FAr" 

1962, Tejwani, 1979, Ghosh ~t al., 1982, Pal, 1984) as it is conducive 

for reclamation of sites,. J)rovision of shelter and shade,. weterWled 

managenent,. sci1 stabilisation and prewent10n of erosion end arrest. 

of desertif:lcation. T ..... grcwth is reported to cause amelloration 

of salt affected .oils by 1Ioproving 1heir phys:lcsl, che .. ical "nd 

biological properties. Howher, studIes wh:lch ex ... 1ooo chBlge 10 

so11 characteristic. as .. result of tree grcwth I!Ce too few to permit 

generalize its _lioratiy. ispact. 

The soil improve_nt is based on the penetration of strong 

roots" improvement of humus and nutrients content through z:etum 

of organic substdlC9S from. deeattr'Qsed plant T'~rts aM on the enrich. • 

... nt of nitrogen status of the 80il thr0U9h symbIotically fixed 

nitrogen in eaee of N f1xing trees. Tree species with t1eep and 

farreeehing roots loosen the 8011 ·to promote ac:eess of oxygen and. 

water c.nd thus facilitate develoT""'tlElnt of m.icrofauna and flora in the 

8011. Species that are sheding and c..".,ring the soil with their 

"anopies change the .. icrocU .... te drest:lcalJy enabling the soil 

fauna to survive end humus to develop rapidly_ A suitable climate 

also f"llays a m~jor role in the rate of decay of plant parts am 
determines cmcunt and quality of humus the-.t dewlOl's. Thus, 

suitability of a tree &peeles for I'uq.ose. of land recl .... etian ""quire 



possession of following three ebaracteristies,. i.e. (e) General 

pioneering quall ties,. i.e. species should be spontaneous raw 
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llineral Boil invaders and ... ""h their c1110ax there. They diasppear 

only fifter hwing provided the neeessa,ry eor.d.itions for the de'f'81op-

m'>nt of more comrlex/Plant communities. (b) The abU lty to surive the 

and (e) The ability to stabilize and bind the soil. Chopra (1939) in 

his monumental publie,tion mentioned suitability of s.,..,. opee1es out 

of a eOlllpreh.nslve list for afforestation and reel ..... tion of land in 

Punjab. although, information regarding th .. ir impact on 80il u.prove­

mant wal not aral1able then. 

sol 

TAB growth in solonatoo1e 80il was observed (Vadiunina, 1964) 

to increa.e water pemeabllity aubstsntiBlly and l ....... ring salt 

content of sol1 .. s a ","sul t of eff1eient leeching. water pe_abiUty 

waS 17 an under forest plantation. against 10 ... and 4 mm under 

agricultural eEOt>8 and virgin lend, respectively. Similar observations 

were made by him earlier (Vediunina, 1957) also with variouo shrubs 

espeeially Tamarix which exerted a loosenlng effect in the soil and 

increesed its l'OiatlJre eapeclty. 

Growth of Prosop16 Jul1flore (SW.) DC. was found (Shah, 1957, 

Shah M~ lIora, 1965) to lower sl!linlty and exchangeable sodium per_ 

centa<;-e of the 5011 after rrolonged ~upat1on. A ben'3f1c fal effaet 

vas alSO observed und~r the growth of Tamarix articUlata Vahl. Smith 

(1961) advocated ~ro"ing of Kochia brevifol1.3 L. for reclamation of 

aeverely affected salty lands of weetern Australi •• Ghlldyal at ale 

(1962) reported that soll under forest cover maintained a higher 

orqen:1c oarbon and nitrogen con tent th5ll under ~ontinuous cul t:1vatlon. 

l'orest; soils maintain high 8tatus of phosrbate and potash where .. 

continuous cul tJ,.vat.lon of crops sbow removal every year with alumina 

fraa surface to deeper horizODs occured in cuI t1vated 8011. Increase 

• 



in exchang,,,oble ""leium applied through IlYPsum 1n _ .. solonoataes 

of the wOO<'!ed stappe waS observed by swnbur (1963) in a field 

.xperiment. Boyko and Ilcyko (1966) re.".,rted that succulent 1 ... " ... 

of Calotrod11s shew .. h1gh salt intake and its cul tiYatien offers 

desal1n1&atlon .".,ss1bll1ties for saline sol1s. 

Kretin1n (1967) noted deSalinization and desolonets1&ation 
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unddr 30 years old sheltar belts. On modBrataly IIOlonetz-like 80US 

in ~SSR. Migunova (1972) found desolonets~t10n under the tree growth. 

Yedav and Singh (1970) reported a deere ...... in the pH values and 

soluble salt content and an 1nerease 1n the _t of orgsnlo .... tter 

and nitrogen in the surf ,..,. 8011 (0-15 <mI) """er Proeopio julifloB 

(sw.) DC. though the soluble salts increased to ... me extent below 

15 em depth peresumably d .. to "a1r downwatd translocation through 

l.aching as " r~sult of 1mproved per ..... bll1ty of sod;\C so11. 

If left unnistu<bed the ground bene.th tree. becomes ca.ered 

with a layer cf tlebrls called forest litter eoftlDrieinq dead leavee',. 

twiQs" branchee, flowers,. fruits and seeds et'.c. This litter layer 

further protects the solI surface. Loss of 8I'l eff~tive litter lcyer 

frequently leads to 8011 erosion. lle11 (1971) founl!. that soil 10 •• 

during one year under te~ stands was two and I'J half +-..0 nine times 

IOOre than under natural forest. Ghosh (1978) .. lao r<3porte,j an 

increase In raindrop erosion from 10 to 90 tilM's de!'9nding upon 

rainfall Intensit;y under Shorea robuftte Geertn. forest where the 

litter had been lost through burning. 

Beneath III forest ttutre is generally an almost uninterrupted 

.at of roots which binds and stebilizes soIl particles. 'lhe total 

quantities of roots am very larve. Even in a s1Jltr'l1e ecosystem such 

.8 a plantation of Cupressua lus!tsn;\ca ~'lll .. Lun/!.gren (1978) found 
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6.1 t ha-1 fine roots (leu than S _ dle.) ln the top SO ca aoll 

layer wh:\<:h slll\ost half _re ln the top 10 ca. '1'he total below 

ground biomass of all roots,. stumps and root crowns vas 71 t h.-1 • 

Whll, trees are ellve this root .. at is cont1ouelly renewed and if a 

root 01es a new one BOeD replaees it. This 1 lving netwoxk cf root. 

prov!rles R8chanical aupport on ateep slopes end is the main contrI.­

bution to slope strength and rz:eventlon of land slides (Rice, 1978). 

Under forest Cover rain water infil tratle:s at a higher rate 

(Ghosh ,n<'! Rae, 1979) which reduce. runoff .... rk .. dly (Mathur et el., 

1976, Ghosh, 1978) and consequent benefit reported (Anderson at al., 

1976, Brunig, 1977, JCun~le, 1978) weS s1qn1ficmt reduetion in eroslon 

and sediment loeding of .tre .... s and rivers. In India, study of 17 

_jor reservcirF showed that sedimont deposition rates """r~ 917 

a 3 km-2 annu:l.ly whleh is th",", tiaea qreatBr than wee pl_d 

beca.use VEst areas of forests 1n the catc:m.nt areaS had been 

dafor"sted (Tejwani, 1977). Other effect" of trees and forests 

reported b",nefic1s1 are shelter from w10ds (Payne, 1968, Delwaulle, 

19771 Sengar at al., 19771 FN>, 1975al, dust and sand sto ... s (Mus., 

1977), moderation of evapotranspiration stress (Delwaulle, 1977), 

arreet of desertification (Darling, 19691 Mikol., 19781 Sharma, 19781 

KassBs, 1979) and ..... lioration of industrial wastes (Hartley, 1977). 

In addition to growth of trees on salt affected soils, their 

effects cn the changes in suc:ce.aion of u.nderstory vegetation and 

their qrowth are coapletaly lacking. Different tree _cias would 

have olfferent effee'ts en the underqrafth of natural qras8es. Such 

eff<>ets of different tree spseies need to be ev~luat .. d sinao planting 

Of trees in ccmb.inBtlon wi1tJ crops (agroforestry. farm-forestry. 

shelted>~l ts) are pr""Uaed coaaonly 10 aqrlcul rurally advanced 

states of India. 
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Some pl .. ts can avoid drought by rel ..... ing eheOlicals whjch 

inhibit seed germination and growth of edjacent plants (allelopathy). 

sueh allelc-pathic chemicals may be releaM<! fro .. plants by le5'hing. 

volatiliz<ft1on. excretion. exudation and decay either directly or 

through micrcbial aetivity. I\IIIOng the naturally ocourring oOlllPOUnde 

h .... ing inhibitory effects on growth of neighbouring plants are. 

or~anlc ~lds. lactcnes. fatty acids, quinones, terpenoidee. steroids, 

phenols. benzoic acids, c1nnam1e acid. coumar1ne. flevonoids. tannin., 

emino aeids. Jlolypeptide ... alkaloides. ey_ydrins, sulphides, 

..... terd oil glycoside., purine" and nuleaoside. (Riee, 1914). 

Best lmown allelcmathic chemicsl i8 juglone in "nglans. It 

is washad into the soU from 18 a"" 8 and fruits and inhibits growth 

of adjacent plants. went and westergaard (1949) ob ........ d. in 

California deserts, th at Larrea .. edlings died in the vieinity of 

adult Lerrea plants becau .... of the toxic ""tion of chem!cal excreted 

by roots of adult plants. Inhibition of seed gemination by existing 

shrubs W,,8 shewn in the cae .. of Salvia maUifara L. which alaost 

cOlllpletely prevented establishment of Adenostama seedlings under it 

(Went, 1952). Naturally ocourring Jllant growth inhibitors are widely 

distribut"d in trodcal and subtropical vegetation. Inhibitors of 

fruits of ~ Vomitoria I .. Grey inhibited germination of seeds of 

BroeoRis Jullflora (5W.) DC. (Boyey and Di .. -oo10n, 1969). In India, 

.rosopis 1!!.~iflora (5W.) DC. forms dense thickets of small .hrub. to 

la:rge trees. very few plants come up within the cOIIImUnity' of 

these tress alld shrubs and the ground is c.",.red with a thick 

leyer of leaf litter., Inhibitors in the Ie ....... inhibit .eed 

9IIl:IIIination and growth of shoots and roots of seedlings (Lab ir1 

aDd Gaur, 1909). 



4. £ffec:t c:f Mec:hanical Impe<!ance and Soil SaUnity on Root 
Growth Behev10ur of Plants 

035 

itoots are the only plant organs that keep close intilllacy with 

the growth medium" s011" for almost all the terrestrial 'Plants. 8u~ 

until rec:ently thh intimacy was considered to anchor plant in the 

soil and absorb water and nutrients while shoots entrap solar 

radiation through ):i'Iotosynthes1s elaborating the ... toi>ol1tes on which 

all growth depends. But it ill now evident that interrelation8h!p. 

bytwacu reots and shoots are con.1derably more cOIDPlex. Mechanisae 

gov"cnin<;; growth of the entire plant depend on growth substance. 

produced both by roots and shoots and the effect of unfavourable 

soil c:ondition. are BClMt1Jlles primarily due to interference with 

these mechanism. rather than to reduced absorption of water and 

nu.trients. 

Moe t commonly rec:ogni8ed f actors 'that m.ake the so 11 ineonduc 1 .... 

for ortimum plant <;;rowth (Arltin and Taylor, 1981) and problematiC 

include salin5.ty" moisture stress" mechanical iMpedanc~# nutrient 

stress. t~mper;:?-ture IItresS. oxygen stress,. aluminium toxicity and 

p8.thOQen eff~cts. Most of the rellearch"!re en root systems of plant 

confine to agricultural crops. Information regarding growth 

behaviour of tree roots under cond itions of good soils in general 

and salt affected 80ils in particular is leeking. Sinat thi_ 

8tudy dealt with growth of trees in salt affected (sodiCl soils 

wiler3 major problems that check plant growth ..... salin ity stre •• 

Of alkel i produc ing s03.1um 118.1 ts, naehanJc at impedance due to 

""lc:iC hort.on in the soil profile and unfavourable soU structure, 

relevant literature is reviewe:~ under two heads. f. e. effect of 

(1) mechaniCal !wIped"nee and (11) soil salinity on growth beh_tour 

of plants with partiCular ..-phasis on roots., 



4.A. MechaniCal Impedance end Plant Root 9""",t111 The ta .. 

mechanical impedance "",fers to the growth ""'''Ponse of .008 plent 

part as it 1s mechenicslly contributed by a volume of 80:11. 

Compaction of the soil reduces the volume ClClCupied by pores ceusinq 

greater trecbanlcal inlpadanee or resistance to root exbtnslon. g •• 

and water tr8ll111111eslon chare::ter1stics of the soil. The oar_tara 

that ttecsure Boil COIBpaatnes8 are (8) Bulk density. rnaee of oven 

dried solids contained in a unit vol_ of so11. Cb) The retio of 

the volume of voids to volUft'e of so11ds void ratio. (0) Porosity, 

the ratio of volume of voids to total volume of soil. Cd) So11 

textura. reletlve ~roportion of variously a1se~ part1clas in a 

solI meSS (Donahue at al •• 1977). and (e) So11 structunt. "the 

fortuitous arrangement of eoqr8gstes and primary particles .a 

influenced by total psst hi.teET (Gill ..nd V .... der Berg. 1967). 

il.oct growth in so11 tslte plsoe when new cells are formed aid 

the turgor pres .... '" inelda these celle i5 sufficient te overcoae 

constraint of the cell walls end any extarnsl constraint caused by 

the surrcunding 5011 ml'lltr:lx. The difference between turgor 

pressu!'s: and cell wall constraint 1s defined aa root growth pressure 

(Gill and Bolt. 1955). Growth pressu .... must be gAater than the 

1mpedcnce acting on the crosssect1on ot the plant root if it 1.5 to 

grew. 

Dynamic nature of eol1 water content universally affect. 

soil machen1cal propert1es. Devices used to .... sluem t:be effects 
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of soil water content end bulk density OIl. sol1 MechaniCal properU"" 

include so11 penetrometers (Davidson. 1965). sbeer vsnes ('Freitag. 

1971) un'~~nfined compressive strength machines CSBllberg. 1965). 
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.odulus of ru"ture (Re ...... , 1965) end tansile atn09th .. _iDee 

(G111 and Vanden Berg, 1967). soil !>"netromsten he".. been u_ 

to a greater extent than the other devices for deterRIin1n9 the 

effects of lSoil bulle. density and water content on root penetration. 

AS soil bulk density :InCreases or u the soll wabtr content dacre ... a. 

penetrometer valu,'3:s increase. hOweYer" exact change' is soil dependent. 

Penetrcmeters of various sizes and shapes have blten used in mechaniCal 

1IIIpedanee .tun ie.. '11> .. three .. ain 9rouP. include. (e) Those ""!Dh 

_ .. sura the l"reSSUT>e required to \"AIM the til' to • s!>"eific IU.ts .... 

into the so11 velume usually ealled .. ststie tiv penetrometer, (b) 

'11>0 .. which .. asure the pressure (or force) required to ..",.. the U" 

through the soil at a more or leBs constant rate. called 8 lIIOYing tip 

!>"netrc:meter, and (c) 'I1>ose ""ich record the nu_r of blows required 

to "rive the penetrc>ln9ter U" through a spacific depth of so11, 

called an impact !>" ... troaeter. 

lt has been censidered easSer to sh"" the ral •. tionllhip be_n 

pres .. !!ce of ..,ehanically impeding layers end root growth or shoot 

emergence than it is to !":how that such a relationship exillts between 

raechenical. .1JDpedance and crop yield. Several reasons for this eres 

(a) Plants require watar, essential nutrients and anchorage from the 

solI. If ~ding layers do not increa.se plant streaMS beeallse of 

a lack of !hese ite ... at any t~ of g~th eyel .. , 1a!>8danc .. wUl Dot 

affect yield, (b) Definitive exper~nts showing that ",chanical 

iDlpedarce rer~uces met growth were conducted in the laboratory \lftder 

conditions of clocely controlled uniformity but these condiUon .. 

seldom exist if> fields where IIIOst yield trials are eonduetad and (c) 

All comnonly used strength sensing devloes integrate 'their measure_nt. 

over soil volumes substantially larger then the size of the plent root. 



Small n=1ble plant roots can penetrate soil layers through 

soil cracks, worm holes, root channels and other 'YOids that do 

not slgniEl~antly affect results obtained with strength sensing 

devices (DeviF et a1., 1968, Nash and Salinger. 1974). 

Despite these limit.ations,. many experiments (Carter et al •• 

19651 Barton et al., 19661 ~aylor and Bruce, 19681 Lowery at al., 

19701 ~ogar5 and Thurlow, 1973, Grimes at al., 1975) have shewn 
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that ero,", yields deerease a8 the .t:xenqth of IIOU layers or volunes 

increase. S inca nechan1cal. :l.mpedane~ 1e a fW'lC'tion of both soil 

bulk density and water content. add.ition of water or occurrence of 

rain (Taylor et a1.,. 19M) decreases eo11 st.tength and increases 

root renetratJan. The li1:er.2ture also pos •• es referelX:es to the 

pan shattering abilities of various plants such as alfolfa, sweet 

clo .... r and. guar. IUklns et aI. (1977) reported that behlagr"s .. 

root penetrate soU layers th"t mechan1eelly 1Jnpede cotton roots. 

The value cf penetration resistance at which root el09gation 

(criUcel stren"th) ceases have been reported to range between 8_50 

bars (BC),rley c ... nd G_'l!&Cen .. 1967 end Greaeen at, a1.,. 1968). Soil 

strength,. but net bulk d.ensity .. was reported to be a critical 

iq:edan-::e fir-tor controlling root penetret.ion (Taylor and Gardner. 

1963, Taylor and Burnett, 19(4). Menzel et al. (1968) found ineraaad 

crop yields by d .. "p ploughing and very little effeot of sodi_ 

carbonate 8!'1pJ icat10n at th9 rate of 22.4 t ha- i • However,. &ek and 

Davi. (1971) reported d"crsas& in root y1<>lds (Sudan grass, Soyabeans 

aM Sugaroeets l with deep ploughing but root-.s t"nd.ed to be evenly 

distributo<i throughout the 90 "'" profile when 22.4 t ha-1 sodium 

carbonate wa5 applied to 90 em plough depth. Sodium c~monate 

treatment: implies use of a chemical that di8Courag'~s rooting_ It 



was found ( .... nzel 'Ot al., 1967) effective to do 80 "hile 

inve~tig?t1n~ and ~'~gregat1ng the effects of soil moisture. 

t111ag,', deep plough lng end profile mod1f le ation ete. on rooting 

habits of creps. 

~ands et 81. (1979) reported that orgenic matter and 

039 

managrl1rent were imr,ortmt in maintaining fowurable soil structure 

were im~ort ... t in maintaining f l'VOurrole so11 structu re of sandy 

f:,oilR in Australian Radiata pine forests. Gerard et ':11. (1982) 

rerorted that bulk density. voids .end clay oontent influenee soil 

str9nG til at: ell depths. They found s!gnif leant infl uen::e of sol1 

str-~ngth. volumetric water content. voids am clay content on root 

growth. The critical strength defined liS t:l'lE! pro~ pressure at. 

which root elofi(,ation stopred was a function of clay content am 

ranc;J<ul from 60_70 bars in coarse texturefi to 2S bars in elay eol1s. 

The <:ol1mati-::: fC"ctcrf' 1 ike temnerE'ture and rainfall are also very 

important in til is context. Low temperature in th! planting season 

imposes c, mt.jor restricticn on early root _generation whk:h in 'blrn 

infllets water stress in the tr"'Splants (liembiar et: el •• 1979). 

This need" to be considered during the planning of planting and 

fertllizeticn. 

Viewing foragoing discussion in light of objective of pre,.,nt 

stony it ·,mNlasises qreat important Of the meohe,nleel impedance to 

trea growth. Becau .. of perennial growth of tree species am their 

de~p ,;-'u<1 exteneive root system .. studylnq growth behaviour toward 

root impeding layers in soHe so11s is imPerative. This umerstending 

.. y h','lp manipulating a planting technique and selectlcn of tree 

speci"" for sucees~ful esteblb~nt of phntations in sodie sol1s 



wh1ch are oenerally denae and compact wi th a hard clay layer or 

a cenented b:-d of ltanker in the lower depth and present seven 

jJnpedallce to root growth and d...,..lopment. 

".B. soil Salinity and Root Growths ""'st of the reported 

o~o 

studiQG on plant response to lIOil ea1ln1t:y show ~8t 'Oredom.t.nent 

influence of soil salinity on planta is g"""til 8Uppression. 

:Tyrically, orowtil decreases linearly as 8alini1V or sodicity 

1nerease:;. Comprahensiye enUMration regarding eel t tolerance of 

aoricul turel and hortinul tural crops has been done by .e""ral 

workers (Pearson, 1960, WilcOK, 1960, Bernstein, 1975, Carter, 1975, 

Reisenauer, 1976, Maas and HoffMan, 1977, and Abrol, 1982). lnspibt 

of better under, tanding of affects of so11 salinity on plant groortil, 

• ...,h still is uDknown. Allaviation of salinity stren through 

aoronoll\ic manaoement and recl_tion of root zona for aorieul tural 

production in salt affected soils has dr ...... Il\UCh attention (Hoft.sn, 

1981). But inforlftation about root grcwtil behaviour of plents aDder 

8uch situaticns 18 limited. 

It 1s well knCIWD that BOU effects the plant primarily through 

its effect on the root sy.tam.. Aaounts of nutrients ayailable to 

roots. oxygen supply, 8011 lDOisture content. 8011 telllperature" 1 .... 1 

of toxins and patilnoens in tile soil, aystam of pores into whinh the 

roots can grow, shear 8trenotil and caapress1bility of so11 are the 

principal factors detezaining the rate at which tile root system of a 

plant will grow. But in sal t affected 8011s, beside these factors, 

reduc:tions in growth occur fr0lll1 (a) osmotic IIt%eSB caused by the 

total soluble salt concentration, (b) tOKicitiea of nutrient 

iDbelances createfl when specific eolutes become exceseive" and (0) 

" reducticn of weter .penetration tiltough the root aone c .. used by 



excess eed! .. 1Dduc1ng • deterioration of solI .tructure. 

Abrol and Acbarya (1975) obsened that during the initial 

years of sodie soil reel_tion, root distribution 1s .... tricted 

to surf.ce soil beoause of bi\lh 5Od1eity in the sabsoil. 'file 

tolerance of root systems of different species to aod1eity at 
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lower denth. ther»fore, <:IeteI1ll1nes the solI volume oonfronted by 

roots for nutrition and water Nqul~ente. Acherya at a1. (1979) 

reported that w1 th inoreaetng axcbangeeble sodiUJI the root 80M 

beccnes limited and this coupled with ... d..,ed upward flux of wate .. 

to the growing roots resulte in rapld depletion of the surf""e 8011. 

Taylor and Itleppe .. (1973) found that corn <oots <:Ieep in the prof1le 

vere probably 180 ... eff1eient per em of I:OOt for weter uptake th .... 

shallow roots because they were younger and in the vatter sone. Root 

d 1.trihutlcQ of diffezent ero!,s on different so11s _ ... 1mrestloated 

by several workers (Bloodworth at al., 1958, Long, 19591 Foth, 1962, 

lIecb at al., 1967, Bumett am Heuser, 1968, Eek and Taylor. 1969). 

Carlson (1966) and reoently _ .. (1979) reyieved numerous _thode far 

ch".~ct"rizatlon of root syste •• and _ir ad,,""teges and d1ead"ant­

ages. But such studie. in salt affected soils ..... mat general 

ot'ftrlooll. 

The development of roots freat an ane_ica1 "ievpoint hes bee .. 

zeporte~ for many tree species (Bannan, 1910, Stcut, 1956, ICr_r 

end Ko.o .. o1<1, 1960. wilcox, 1962, Bray, 1963, Wilson, 1964, Kozlowski, 

1971) and it was fotmd that mot structure is similar .... ong widely 

separate g~nera of trees (Laitak .. ri, 1929, € .. 8U, 1943, Wilcox, 1954, 

0I1lson, 19641 Lyr end Hoffman, 1967, ZiJnmermenn and Brown, 1971). 

Generally salinity cheeks root growth as _11 .... shoot growth of 

plants. suberisation occurs closer to the toot. tip in the 8al~ 



affected soils bee ....... root growth is ret8rded. S~ti_. 

bu'" .-I I,pg ions Aevelep just behind the Up. But effect. of so11 
/.J/ 

..... ...,nity ~nd oodlc1ty on the rcot growth behaviour of different 

O~2 

tree spec ie s. has not been evaluated thus far. I:nformation on 

'these cspects 1ft. however. vital for planning forestry programmes. 

Further_more, most of the ..... labl. information about treea of 

teAlptrate cl1lllate studied eith.r u~.r controll.d (green houa.) 

or natural forest co~itlon. holds no goed for rel"ti_ly fast 

growing tropical and subtropk:al trees graorn unIIar di_rae situat-

ions of soil and cltmate. 

s. Water Relations ard Tree Growth 

The d1atribution of _g.tation on the .arths surface 1e 

controlled ... re by the ... ailability of vater than by any other 

Single feCtor (J:r_r, 1969). The ~r .. effects of plant water 

stress resulting from lack of precipitation Can be checked by 

irrigaticn. For efficient water use in crop produetion. water muat. 

be stored i .. so11 snd plents "",at be c"pable of extracting it .... sUy 

for growth and reproductive purposes. 'I'he posy .syatem fOEm a 

reservoir for the ",,,ter that enables plents to survive and grow. 

e"..n though the water additions are inteElllittant (Gamnar, 1968). 

Factor. which affect 80il w .. ter storage inClude sol1 texture, 

organic matter content, depth to illlpervious layers, density and 

atructur... The upper 1110110 of water .", .. Uobility to plants (field 

eapacity) generally ba ... on water contents after saturated soil has 

freely drained by subjecting "etted sol1 to pre .... ures in the r8l19-

froa 0.05 to 0.3 bar (>30 kPa) in pressure ch"""rr Tha lower 

11111110 (pet1llanent wi! ting point) is e .. t1lllated by determining the water 



content at which indicator plent:s llrow:lng in ttl. sol1 wUt aDd 

then fail to recayer turgor .... en aubjected c:wemiqbt to a h_id 

atmosphere. or by detexmining the equUibrium vater content of 

wetted soil subjected to pressure .. of 15 bars (1500 ItPa) in an 

appropriate equipment (Feters, 1965, Kr_r. 1969). Ilut this 

rangd may very with plant spec1ss and s011 types. 

Sodic sol1s era den_ and ba_ coapact subsoil underlain by 

e. calcareou5 ~ankar) 8011 sone. The den.e. high lIocU.WD-B011 and 

:Indurated calcic layer restrict water infiltr..tion and root devel_ 

... nt (Abrol and _arye, 1975, """barya et al., 1979). Thus, root sone 

aodifications for alleviating plant water stre .... re made to cbange 

the physical end cb .... ical en"l ....... nt of solh so ttI~t more water 1.8 

..,de aveUeble for 1'1ant llrowth. This implies that in sodlc soUs 

any aodification which expaDds root aone would be helpful. Deep 

rootad woody vegetation extz'<cts IROn water frc. a greater so11 

depth than the grassy vegetation (l!ethlahnor. 1962, Rogerson, 1976, 

Grey. 1971, McColl. 1977) so that moisture extraction and stor_ 

in the profile b differential with different plants. Deep 1'lOUllhinll 

haa been reTorted to :Increase crop yields in .. alt affected soils by 

1IIproYing water storsge (Rasmuseen at al •• 1964, Sendoyal et al •• 

1972, Carins and _ser, 1977) aDd by l.ssen:lng of sol1 etrengttl 

(Taylor ano Burnett, 1964, Taylor and Bruoe, 1968). 

A f"vourable internal water bala""e is alao an important tEctor 

determining the growth of forest tree •• 

photosynthetically active quare! cells. 

Water maintains turgor of 

lJn!>ortance of high turgor to 

phot'.osyntbeeie C'annct be ,,"remrhae!zed.. Furthermore the loa" of 

IJJ<Oi<th frequently attributed to eo_t11:ion or root injury is of tan 

tr..,eable to decreased I!bflOrption of water leading to desiccation 



Of the trae crOWD. 'l'hua. ab1lity of ....,t syatem to ab80d> 

water has an iIIportaot beariDg OD the water relations of _ 

8p,x:1es. 

Trees primar1ly obtain ""tar from thot soil but they maY 

also obtain from the atmoePb • .a (Slatyar. 1957, Waieel. 1960, 

Fritschen end Dorai_amy. 11173, Mayedo and Morq .. n. 1974) and 
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from adj acent tre •• if lileir roots are grafted together (lCOSlowBlti 

end Cooley. 19611 saa. 1972). Transpiration demands can be 

fulfilled atleast in part br ""tar .tored in "arlou. ti ....... 

This 1s r>srticularly e"ident in orchard _. haYing fruits "ith 

large ",""unts of watar (Chaney and ICOIIolow.k1. 19711 waring and 

Running. 1976, !'ere ira and JCozlowsk 1. 1978). 

",at"r deficits in trees h"". been characterized in terms of 

acisture content on freab or dry .. eight bash. "",lathe water 

content also called releti". turgidity. saturation defioits and 

watar potential. Watar deficits in traes affect many physlological 

processes resulting 10 •• of growth. Severe water streSH. "1" 

injure trees and often Itill _m. z_r (1966) re"iewed _ 

information show1nq edYerse effects of water deficits on tree 

growth. H_r information on ralationabip of tree growth and 

vater balance of sell and plants is limited and needs to be studied 

intensively. 



MATBRlAIS AND METHODS 

The present study a1aed at the evaluet10n of selected tree 

species for their tolerance to sadici1¥ sad mechanical 1nIpedanca 

O~5 

in ... hiqhly sadic BOil with particular referellce to their root 

~r.,.th behaviour was accomplished by earryillg out field ""ParS-llt. 

oeside detailed analytical appraisal of the soil of ..,.".,rimontsl 

site (Plat6 1) for its salient physical and chemicel characteristic •• 

Field eXf"eriments were conduoted at an experimental ferRI. of the 

:antrel 5011 Salinity aesea'r:ch Institute near v11la9'l Gudha of 

tsmal district of HaryellS (l'ig.2). High soil aodici1¥ h_ard of 

the site is representative of the sizeable chunk of aodic soils 

occurrillQ in th" lndo-Gangetic plaine of Haryana. Punjab. uttar 

pradesh. Blh.r. Madhya Pradesh and Rajasthan. 

3.1 Physico-chemicel Characteristics of the BxperS-lltal Site 

Before experS-ntat1on. pits _re dug to expose vertical 

.. ction of the soil thn:>ll9hout its horizolls extending down to a 

depth of two metres (80il pn:>flle) et three places within the 

experimental field. This VaS dOlle to have an insight into the 

problems of high soil aodici1¥ and ... chanical s.pedance of an indur_ 

ated hard pan in the sol1 which may explain behaviour of the sol1 

_erda its use and .. an~llt for growing tree plantations. S.­

of the important physico-chemical properties of different hor1sons 

of soil are presented in Table 3., The morphological descriptioll of 

lila representative 5011 pn:>flle within the experimental field was 

ncordec1 and is presented below. 



t. VC'd'l] (42 mont'h~ el,j) nlantation cf Acacia on a 
~1J(.Jh':' / sc<1ic 5011. 
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~.1. I. a_ ~n.nt: phy.ic ...... beM1cal PZOll'trtSa. of • hiqhly .odic 8011 prof11. in til. 
_p ....... t:al fie14. 

Soll horaon l'fI* IIC* Daultoa. caCO, S&D4 Sl1t: Clay _tu-
(4 ..... 1) 

III 100 11-1 ... 111 
ral 

.. --.. ---~- oIls • 
0.. 11 ca 10.5 '.911 0.18 G •• M 27 lS 811 

(to"-10 .6) (3.6-11.2) (0.'-0.,) (0.11-1.1) (S2_18) (22-32) (16-20) 

16- 27 o. 10.2 1.76 2.66 0.72 11 27 2J 811 
(10.1-10.4) <1.4-1.8) (1.1-3.2) (0.6-1.1) (48-52) (25-31) (21_24) 

28- 46 .. 10.1 1006 3.81 0.7, 6' 26 26 .11 
(10.0-10.2) (0.9-1.6) (3.6-4.0) (0.6-0.,) (46-50) (24_28) (21-21) 

46- .7 o. 10.0 1.12 15..2 0.'2 14 20 IS 01 
( 9.9-10. ) (0.9-1.:&) (3.6-9.2) (0.6-1<8) (50-18) (18-23) (22_28) 

87-1" .. 10.0 0.96 34.26 6.32 11 ZJ I' 1 
( 9.1-10.1) (0.e-l.2) (21.6-46.6) (2.6-'.,) (66-14) (21-27) (16-23) 

140_200 •• 9., 0 .• 62 7.46 ,.37 6. 18 11 lei« 
( 9.3-10.1) (0.6-1.11 (5.4-11.2) (1.6-18.7) (61-67l <16-20) ( 8-14) 

J'loU •• in parenthes •• 1od1c.te cb •• m" .... r1aUoD -110 aU 4atexain.t1e .... 

...... ure/l after shaking .011 ".ter .... pIIIl.1 .... in • raUo of 182 fer half lID h ....... 

_tural 01 ......... 4esig ... _ followino u1aDgular w.t ..... l 41ap'_ b_4 en 1nteno.Uonal 
fr ... t1 ..... 

a. 

,. 
(M-9II) 

97 (,'-',) 

91 
("'-911) 

96 
(M-ta) 

92 
(to.96) 

72 
(58-78) 

<::> 
~ 

cr'> 



sob hods_ 

16 - 27 c. 

28 _ 46 _ 

47 _ 87_ 

O~7 

Jtord!ologJCal aatlOrlpBOll 
T.Uow111h b_ (10 'tR 5/4) vben _1st aa4 'MEr pale 

brown (10 'tR 7/') vb ... dE\" dlq 10_ .....,.r.ta to 

atro"I/' fina to _d1...., pl.ty """ .ub_l ... blocky, 

sticlly and pl_tic, .UQIltly Una _ .. _1st. hard 

fina roots, 01 .... _th boom4aE\'. 

Dan y.llowillh bzow .. (10 'tR 4/4) vb ... _1st""" ftEr 

pel. b ........ (10 'tR 7/') vben 4Er' .Uq 10_ .trong. 

00_. .ub_lar blocky, wEr .ticky. wEr pl.stic, 

f1l:ll _B _btl exu..ly hard Oft dEriB9, few fina 

po .... , wE\' few fina ROW .trong .U ........ ""., 

cl.ar 8IIOOth boundaEr' 

Dan y.ll .... 111h brown (10 'tR 4/4) vben _1st aa4 pel. 

brown (10 'tR 6/3) vben dEr' few. f1 .. prom1nttBt. 

yellow1sh Ad (5 'tR 4/6) IIOttl •• , dlq 10_ .tro"'lJ. 

00 ...... _1 ... blocky, wry sticlly. ftry pl •• tic, 

f1_ vben _1st •• "u..ly h.xd _n dE\" thin P.tchy 

o .. tan., oo_ .. emn fina po .... , wEr few fina root., .tro"'lJ 

eff ............... ' 01 ..... 81100~ beIIn4aE\'. 

D • .,. yellow111h brown (10 'tR 4/4) vb.n _1at ant!. pel. 

brown (10 1!Jl 613) _n dry, few U ... faint yallowillh . 
b .. own (10 1!Jl 5/ll IIOttl •• , olay 10_ strong. coa .. _. 

anl/"l ... blocky, WE\' "Er .Uclly. "Er pl •• tic, 

.lightly f1na when lI01stl thicll patchy clay aIlin. OIl 

.,..s ."rt ..... , c_n fina po .... , .tro"'lJ .ff ........... nc., 
fev fina 1nm •• 01/_" conc ... tions (l.u th ... 5 .." 

w aYY. ...,.,th boundary. 
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Brown1sh yellow (10 YR 6/6) when _1s~ and Uqll~ 

yellaw1sh browa (10 YR 6/.) when dry, 10_ aUoD9, 

medium, sub_lar blocky, s~1clty. plas~ and 

friable "hen ..,isu faw fine, obli_ poms, ,,101en~ 

efferveecence, few fine iZ'on-manqane_ conGRtiona 

(leos than 5 .." abundan~. fine ~ ".ry coar .. 

calei_ c.,mODate conano~lon. (lIpW 60 per cent), 

wavy, a.::totb. bounda.cy. 

140 - 200 "'" Yellowish browa (10 YR 5/4) wheD IIIOtau f __ 1_ 

d1st1na~ yellaw1ah bra"'" (10 YR 5/6) mottles, 10...,. 

s ... d, _ak and fine subanvular blocky, non-sticky, 

Don-plu~, friable when lIIOis~, th1n patchy c"taos, 

few fine pores, 'Yiol.D~ efterweeeence, coaree ealeiu. 

carbonat:e eonent.ione, -.err strong effer.eaeenee, 

very faw i~_se conare~ion. (less than 5 ..,. 

The pH and ESP _re _ry hlqll throuqllou~ the soil profile. 

'ftIe sol1 of exp.rimen~sl site had • layer of <:81c1_ carbonate 

concretions at .. depth of 80-90 "'" ~ 130-140 CIIl, Bu~ them vas 

aiqD1f1cant loe,l variation in mapect of the vSdth end positlOD of 

cODCretion (kaDkar) layer in the profile, dze of concretions and 

C";::03 cootent of the 8011 (exclndinq detritus oflOOre than 2 _ 

41a1Deter). Detailed. analyei. of IIOll ~or aQIM: of 'the J.IIportent 

pbyeical and chelRic.al charaeteriatie. of soil layers each of 15 C1I 

width from the surface down ~ 240 cm wes cerried out w identify 

ODd quantity their effect on qrov1:lt of tree species and for batter 

_erstandinq of the qrowth constraint. in • h1¢ly sodie so11. 



~e relevant data obtamed frca th18 .... lytic.l ex • ..,1 .. are 

preHnted and d1ecu ... d 1n Chapter _ IV. ~ specific detail. 

of eacb of the expert.ents including the aaterial. and _thods an 

presented in _ next chapter "parately alongvith the expert-ntal 

results for the slllte of brevity. ~e _thodolO9!' c_n to all the 

experiments 18 preHnted bel"". 

).2 Cultural Practice. Adopted for IExpert.entation 

(al Bund 1ng of the Expert_ntal 1'1eld. I'iret operation tnvol-....! 

in carrying out f!ald trials vas conetruction of adequately stronq 

and high bued. on per1J;>hery of _ exper:l .. atal plot. Thla wa. done 

to restrict antry of run-off vater fro .. outside into the expert.ental 

uea and ccneervation of oood quality rain watar within _ field 

.0 the'; its use can be made by _ growing tree plante and natural 

""oet .. t1on eff<>cting reclamation. ChMnels _re 1>rovided for the 

drainage of excess water acc~latec! on MaY}" oaeurrence of rainfall,. 

if any •• .,..,times durino the rainy .... on or o_ntis.. Within an 

experimental field as many plots _n made to accOleOdate _ ol_n 

nwd:>er of replicatlons of each tn._nta. In each nplioation four 

saplingB _re planted. lIUIIber and s18e of the plots depended on the 

epaolng Bnd tre._ata in an experiment. The network of rldo •• 

favouXlOd con_nation of rain water by pre_nting its acc_Iation 

in dapressions within the field and In turn ch_inO of run-off 

lo.ses. 

(b) Digging of Postholes and Plts for Planting Trees, Poetholes 

an<! 1'1 ts (where required) were dUO out udnq .oil auoers and an 

assortment of implements lilt_ lIT'ad" •• nd IIIhcnels respectl_ly. Two 

types of so 11 auoers we re used. ~e first type inc laded auge ra 

operated menlSally end the medlan10ally operated anger run throuqb 
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uector power conatituted the esc:ond. )!enually operated 11011 

auqers were fabricated locally but the lHChanical one wea puzcbaaed 

from the UniOil FOEV109. Ludhi .... (Plate 2). Th. diaandona (depth 

and di_ter) of tha _thol.a were controlled IIIa1nly through tha 

sise of auger blades end tha1r _ding to dug out J>Ostholee down 

to the desired depth. '1'IIe rapid preparation of posthole. was faw>d 

ccn""nient follow1og addition of water in J>Oatholea being duq out 

through manually operated so11 augera. '1'IIia resulted ln the ... 11 

turn10g 1oto a paate unauitable for nUN in pnparing a fUling 

aixture. Therefore. the sol1 usad in the U1l1og aixture waa prepared 

arreah (explained on the aaxt pegs Nparately). But maklng of pOSthole. 

with mechanically auqer did not in_I .. addition of water and the dug 

out 8011 could be used for f11110g of poatholes after .. ixing proper 

40MS of amanc:t.ante with it. However. to aln1mlse variation ill the 

nature of aol1 to .ffect sepling growth during early atag"a of planting. 

8011 fro .. the s_ location waa u_ to prepaze a filling mixture for all 

the postholes and or pita within en experiment. 

(e) F11lino of the Po.thol •• and Pits. The dug out postholes and pita 

vere refilled. with an appropriate fill10g .,ixture. A filling mixture 

_ans the _ndad sol1 .. ae prepared by through mixing of _ndBtanta 

Uke gyp ...... MM. sand. rice huak and f"rtiU."re with the original 

dle 8011 collected from e suitable site within the .xper1m!!ntlll 

field. Their dos8 "aried depend 1ng _n the objecti"" of an 1nA1yidual 

o.periaant. '1'IIe .-cunt of mixture nquind to nUll e J>Osthole or 

• pit was determined by filling a d_ in each caea. After knowing 

tile quantity of mixture nqu1red to fill .. gi ...... J>Osthole and pit. 

JOOIIthole. and pits were pecked COOIpact by pressing the mixture added 



Plate 2 

A tractor p"",er driven mechanical pos-thell:! dlCgar 
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1D inar ..... t. thxOti9h .t.tlt_ •• 1 .... JAv. of ... epproprl.ulr 

ai.ed wood ... 109. 'l'b1a wea do.- to .ffect aOllp ... t nfl11JAv .. 

th .. t there "'ould be little _ttlJAv d ...... of fU1JAv .ixtun within 

_ pOsthole. aDd r>ita UpOn w.urJAv to the pl __ aapl109a of 

tree epee 1e8. 

(d) PNN.r .. tion of • 1'1111ng IUxtlixel .saed IlJl(In the re.ul ta of 

detailed an"lys!8 of aoll npn_tinO' diff.n .. t locationa within 

_ ItXpariJe .. ta! £i.14, it wu cb_rwed that "POta a"PportiDq 

.. atural .... O' .. tation cc.pr1aJAv O'r .... Uk. Dipl""' ... £" .... (L.) P. 

........ (Kamal gr ... ', Crnod .... dea!;rlO!! (L). ...... (8eE1llUCla gre .. ' 

aDd Diohenthillm lI!!!"l.tion (:ron •• ) atapf. h .... relati ... lr l ••• r 

alkal1Dity aDd aaliAity head. Such "POt. wen .818"ud for pnpU_ 

ation of the posthol./pit fill1ag aixtllra.. Bat .urf ..... 0U ""'''''JAv 

Datural gmwth of De.-o.+rh:r' bipinDeta (L.) ._f. and Sporobol .... 

_arsin,tua Hoc:bat. ex. A. RJeh was found .... nly .ffected with either 

hiqh soil 8aliAity or alkalinity or both, Th"nfo"., d.peftdJAv IlpCIII 

the natural wvetation, tranche. 500 .,. lonq, 200 .,.. vide aDd 30 a. 

deep (500 :x 200 x 30 a.3) were du9 with aped •• to aollect ....... t 5 t 

of the soU per trench at aa ...,. locatio ... to ... ffioe the aalau1atled 

requirement for _ 9i ....... _r of posthol •• aDd or pita in ... 

expert.ent. 

Dug out sol1 w .... arushed to break alod. aDd atubble. into a 

fiM tilth ..... ndabl. for thorough aixiDq of _~nta. ..fore 

sixing the amend_nta, fin .. ly prepared soil was laft in the a" .. for 

dryiDq so that it did nct tnour clod fC1'lllation aDd re_iMd in a 

friable state. Stubblos and extraneous _tarial vas picked or ""'''''*4' 
d"ring the diqllinq aDd aixing operatione.e Diqllin9 of wet aoll ii 
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ccmducive to clod fO~tiOD and dUt1cult to voldt .i1l> _n •• 

too dry seil requlred laborious d1gving end .bnolt_ ..... 1:E01Ibl ..... 

clod crush in\1. After preparing • triable .011 .... 1be d •• in<! 

... unt of amemment vas .. Jxed to _ soU 1I>0roaghly vi1l> sp..s •• 

for use a. a fil11n9 aJxtuft. Ccapoal1:100 of the filling .Jx1:ure 

varie41 depending __ tnatsan1: end _nby dUfennt type. of 

fUling mJxture _re prepared nparately u.ing the .011 tor .11 

t.ype. of mJxtur.s fma _ ._ location. 

(e) Planting of Tne Saplings 10 Pits aDd Po_thole_. In the 

dltterently prepared 1'11:8 and posthole., saplings of: a 91""n tn. 

specles veta plan1:ad. Jlequin<! nlllliber of robust •• pl1ng- for .aoh 

"'p"riIMnt were n9rega1:ad troa a 1a~ popu1a1:1nn in respect of 

their uniform grow1l> to e1ia1na1:8 davel~nt of .1\1111£1<:&01: dUtenn­

ee. among thea .ub_nt to plan1:in9 due to dUten., •• in _ir 

growth before plerat1ng. Sepling. for all the experiments vere 

nlected from nurseries raised by 1be l11:a1:8 Porest Depar1:aant of 

aatyana at looatlons neert>r the experieante1 sl1:8. lIapl1ng._n 

raised mo.tly in individual con1:a1nars (polythene bac:r8) and_n 

t:el<en to the plant1ng dte. lIapl1ng __ re planted vi1l> era 1n1:act 

tall of soil around the root. (af1:8r re_1ng the poly the .. b8\l) in 

the centre of each posthole or plt 10 .uch • way that whole ot the 

hall va. hurried 10 c. below the aurt_ 1.".,1. _liora __ 011 

around the ball wa. replaced and pnssed with the toe. to effect 

cOlllpaction. An earthen rlog 10 ca in di_ter around each •• 1'110\18 

vee built vith the .. _ fl111ng aJxture to enable va1:8r1nQ/irr19aUon. 

An aarthen rin9 means a deep saucer _ of soil ma.s with plant in 

1I>e centre for .ax_ u.e of applied water by the plant. This also 

kept exe~es water away. 
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(f) Watering of 1'1 ... _ .apliDga, IIt_dll1ately after plantiAq the 

.aplinqs in pits or pOsthol •• and O.,...tructiOD of _61theD ring. 

arounll them, planta ware watered. SapliAq __ re v.tered for about 

six JOOnth. subsequant to plantiAq on the _d felt basla to en.1lftI 

their eatabliaMant. "requanay of vaterinq to planted aapling. 

depended on the weather conditions, growth .tage and depth of tha 

posthole or pit. Further, it alao .arted with the planting ...... n. 

Saplings planted durinq spring ........ (March-Aprll) zequired lIOn 

f.:equent watering than tho_ planted during the ..anaoon (July _ 

September) H.eon. 

(g) Weed Control' W __ tendell to grow around the sapling aub .. quent 

to plenting baaeu .. of congenial availability of ..-liorated aoil .... 

and nogulated BIOlature aupply frDII othe""i_ barnn aodic aoil. Weella 

we ... control1ed by _oal hoeinga .... tU 24 _the paet plantings. 

Hoainge may also be requind to bn_ strong cnatation, oocured after 

.. atering or irrigation, to induc. propar aeration. Natural growth of 

.. ada IDOstly grasses Oft area. between the earthen riDqa with tne 

plants in the centre waa not di.turbed. '!bis _geteticn vaa usually 

hanested during vinter seaeon (D_dlber-Januacy) and the bi_a .. 

yiald ha-1 was recorda!! on ~n dry b ... i.. .Uter 24 JOOnths of pleAting 

__ control _.sure .. _n not pr8Otiael! and thair grcorth wa.. 8000unted 

for with the ."gatation h~ .. ted eyery winter ..... on. 

3.3 Growth ..... u_nte. Growth of .epl.ings .ub .. quent to 

planting " ... ..anitorel! by "",o%ding fol1011in9 indices at IIOnthly 

late"al. durlnq the first year and quarterly afte",,_ •• 

(a) Height. '!bia was ... ured to the naano.t 011 by a calibra_ 

two ... tre rod. But in 0_ of taller plante, a t_ fixell on a 
I 

atraight Woollen pole or on iron rod of appropriate length " •• usell 

to •• suno height. 



(b) Girth Girth growth VaS ..,Ditorad by _aaurbg di_ter 

of the stem pedodically at 5. 30 _ 137 .... height abo.e ga>1Ul4 

level. 

(:!.) Diameter st S1:!ep Height (DS!!)I It 18 the d~ter b _ of 

the stem of pl .... t at stump ha1Qht (5 ... above _ Vroand le-nl). 

This "8. _aeured O"fIlr _ bad< U81Qg a calilper. 

05~ 

(U) Ds.-ter at Breast He1aht (DJIH). It is the d~ter b _ of 

the stem of plant at breast height (137 .,., aboft the ground Ie_I) 

_ "a. measured with a calilper .... r the bad<. 'l'his _"""tlon 

vas made only when __ plut. _xw _"""d V- 'lP to Pout 

tvo _tree height. 

(111) In one .xperiRant girth vaS allOO _uurad at 30 c. height 

of the etam. 

3.4 Biomas. productien 

Total blaa ... prodctbn va •• stilDated by 

harvesting stand1ng _ plants at diUexwnt ataqes of growth. 

Total bloma.s c_l884 we1Qht of each of the different pleJlt 

cOIIIpOnents namaly foliage. woody _ter1al including the bole _ 

blllets and the roote. I'reeh as _11 aa ...... n dry _ight of th ... 

cOlllpOnents vaa _ ... urad "parately to ca.pute total biOll8ss of a 

glven plant _ is ""pxwe_ in ltV or 9 plut-1 • Correep0n4bg 

"alue in kg or t h.-l l8 al.o v1"en "here con.lderad nec ••• ary 

accounting for the spacing .llowed u denslty (aree 1>1eJlt- l ) of a 

I>lantatlon effect .... d<ed influence on the b~ae. productl"lty. 

(h) Shoot. Root Relationel The shoot I root ratio (e _aaure of 

the dl8tribution of dry _1qht between ehoot end root "fete •• of 

the pl.,.ts) ."aluatea relationsh1p hetween aboft Vround and below 



v ...... oo growth of pl .. ta 80ld vas calcula_ froID the acwal 

(c) Biomass Produc~ion of Gras .... In a few exparmenta naa.ral 

vrowth of vegetation "",aUy vra.-a (1)1plachne fusea (1.) P. Bee""., 

CVnodon dactylcn (L.) Pan_, Sporobolu8 _rqin,tua Hoehat. ex. A. 

Rich. and Dican1:hium annulatum (Ponek.) Stapf). v .. let undi.w_ 

on the ground except in tha "icinit.y of .t8Oldinv ~ planta UIItll 

24 months past planting. Sub_quenUy nawral vrowth vae allowed all 

over tha surf""e (no weed "on~l). Air and oven 4ry bu.-•• yiel4 

(kg 12.-1) of plote was •• tilla_ by harvestinv grcwa up vegeu~ion 

only onc. a year 4urinv Dece_r. 

l.5 doot studies 

"'oot tJyll_ of d1ff .... nt _ apec1e. at "ariou. growth .~e 

we ... studied inten8ively. 'l'h. procedu ... followed to expose tha 

comp1e te root ay._ invol _ raaoval of the .urroaOOing soil through 

careful exc.".tion of the .011 eurrouOOing the indi"i4".l root. Attar 

_lecting a tree pl .. t, itll V- indice. were 4eta .. ine4 and reeoEded. 

Aleria1 parts of large planta __ hanested befo .... tart1nv """avation 

but in young planta t:h18 v .. not dOD... Diff.reDt atepa invol_ are 

briefly discussed below. 

(a) DWqino of ths 'I'nneh. Atter •• lectinv .. apecmen, .. trench w •• 

4ug at a distance of 200_500 ... depeOOinv on the specie., growth 

stage and vigour. Depth of treneh "aried con.iderably de~OO6ng upon 

the depth of root penetration of a qiveD plan~ and r .. ged between 

100-300 cm. 

(b) Excavation of the Root .".te.. '1'0 expose the root aystea of .. 

plant after d1qginv the .ui~Je treDCIl>, cClllbination of finely 
I 

rounded tapere4 point of screw 4river and vater under pE'luure 
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(often referred to a. wet """,.""tion procedure) .as ut111sed to 

re-.:we 80il p .... tiel •• fn. the root .,..te •• t .... t1n9 with the .urf_ 

.011 end gradually lIOrk1n9 lI_ud and into the face of the ... .-84 

prof lle. Water p"" •• ute helped lI1alo4ging and flushing awllJ' the 

.oil particles rapillly without causing break_ and 10 •• of fiM 

roota. Two type. of nos .. l. _ 1nalulled one ""'ieh produc •• a fiM 

aprq or ",ist and another ""ieh suppl1a. a pulaat1n9 stingle Darrow 

atre_ of water at _lathell' higher preasure. l1nIler water ac:c~_ 

ated on one side of the .loped bottoa of traDCIh ...,. waa bailall out 

aanually. 

(e) Layer-wi .... ..,ling of IIoot Syate... After expo"u"" of the root 

SYBtam of a tree CIl ita e .. tam Bide. entire systea w ........ plell in 

llQ">rs of 15 CIIl each lIown to the point of max1JmJm penetration ""T>"r­

atell' in IIUfe ... nt """tanVUlar .. 18 ...... (120 am X 180 ... ) alonqwith the 

.oil. This WaS ac:hie .... d by hanesting aU th" reota alongwith the 

.oil firot from the .. urf"". layer and then 11"""",.,,:/1 likew1ae with tha 

help of spadaD. ~h .. rp """""ls and a 8111Bll .aw. 
(d) First Washing of S_led IIootet Roota alonqwith the .011 8_1ed 

1D .18 ..... were _raed for half an hour in suah a vIIJ' in water bath 

that allowell no loas of roota by floating. Repeatall swirling. gi .... n 

to .!aves afterward. helped fluahing down the solI. Apart fr .. this. 

roote w ..... a""'-ll with hand and _.ratell' hard hair brush to raIIOve 

the .tlok1n9 so11 partiel ••• 

,.) Cl".n1ng of the Wa_1I Rectaa AdeqUately washed roots were then 

cleaned of extraneous organie aaterial. (rie. huak, FYM particl ••• 

roota of weed •• te.l anll inorganic (detritue, 80il eto.) _tedal. 

_ually with the help of foroepta and weehing of roota in _ller lot. 



b}' hand 10 the fJ.eld it8eU. 1I •• hed ftIOt8 _rot p .... ked ia 

approprJ.etely silled lIIOJ.etened cot_ clottl b""a for tr ... ~ to 

laboratozy. 

(f) storage of Roots. Roots p .... k.d 10 clottl bags _ra stored in • 

dry cool room for further proc ..... ing il _.ddlately. 'l'he storage of 
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roots for not IIOra than a _k was prcU_ b}' praaarying _ ln 

dilute oolut1oo of 4 pa ..... nt fo"",llo. or 10 par cent ettl.....,l. But 

preservation of root8 for _ra than a _k " ... done b}' .ter1ng in a 

freezer. 

(g) Second " .. ahing of Root8. 'fransfar of root saapl •• f"""" the fl.1d 

to labcr~tozy followed br ttleir vaahing 10 5 per cellt hydrochloric 

""ld (1.16 ;J em-I) .01llUon.· Sol1 partiele. _ra rubbed and "a_ 

way with a tooth_brush. 'fWo w .. hlog. wittl distill.d water vera 

ghen subsequently bet'o ... proc •• sing of root s~l •• for •• surlog 

aal.,,1>!d l'aramet",rs _ ...... eeo0n4 washing to atorad roots va. gi_n 

only "hen taltp.n u!' for recording root par_tare. 

(h) S"9N9atio •• of Root sel.... Mtar second v ... hing of roots 10 

laberatory. each semple vas segregated into two eub-• ..,les eontaln1Dq 

(1) fine (lees than or .qua! to 5 ... di8Rterl and (11) large (IIIOre 

than 5 ... diemater) root. using callipers and ...... teurs. _ .. 

_.-pIes were later used to measure different root par.-ters. 

The root par_tare nlect>ad to _pres. root growth behaviour 

and the RIeth"". of their .. esurewent ere briefed as follow •• 

(e) aoot 11819"1:' pzoeah •• well •• dry veight of root .. colleet>ad 

frOID eech l.yer were "Baumd for eeeh plant .s below. 
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(i) Frellb ... ightl Th .. frallb _ioht of roote v .... 4eten.1aed 

after four hours air drylll9 of w •• hed root· .8lllpl •• in the laboratory 

Just before seg ... gating the totel lot into f1ae end large roote. Air 

drying time yaried during winter end ._r to enSUA ccaplete 10 •• 

of free mol8ture adhering to the root .8lllpl .... 

(11) Dry weight. Thb w .. 4etem1ned .fter .",.n drying of each root 

88111ple at 7SoC for 60 hours or until content welghing of root saIOple •• 

(b) "_im .. Root Di_ter. The _~ root di .... ter v ...... urad 

with a calliper directly OD freahly wash .. d roots .aIOples in the tl8ld. 

3.7 Estimation of Root Cation bc:henge Capacity (RC;:C) 

on exposure of root sy.tem of " plant in the field. root .'""Ple. 

with di_ter (am) le •• then 2. 2_5. 5-10. 10-20. 20-'0 and IIIOA than 

40 ...... collected each trom the root acne representing 0-2S. 26-50. 

51-75 and 76-100 per cent of the _imum root p8ll8tration depth. 

The_ a8lllple ....... waahed carefully vith delonl8ed vater in the 

laboratory to waah ,.,ay adhering so11. The roots vere dried for 48 

hours at BOoC end gronrul. to pa •• 0Il8 _ .ie,.. in a Willey a11l. 

Sw.samplee of 0.2 g for leguminuous and 0.4 g tor nonleguminuou. tree • 

... re withdr ... n for catinn ... ch ...... capacity ..... ure_nte. The RCI!lC 

vaa dete .... 1aed in triplioate by .... pending the grou .... up roote in 0.01 

N Hel for 5 lOiDute. and then w .... ing vith distilled water and titrating 

vith 0.01 N itCH until the pH ot the root. c:haeged frem acid to neutral. 

The ~;:c value. va ... ccmputed a ... 100 g-l of dry root ti.sue 

(Crooke. 1964). 

3.8 Analysis of Plant "atarial. for Che .. ical CClllposition 

Different plant material llke Ie.... (JUYenile. fully developed. 

Old. Chlorotic and shed). lIboote (.te. or boll, billets and Juvenile 
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branchee) end roots (ftq fine. Une. ~l. _.U .... large end 

"q large with root di_tar <.) 1 .... than 2. 2_5. 5-10. 10..20. 

20-40 and IIOre thaD 40 resJ>8Ctlftly) _A anelyeed for their 

eba.joel cOlllPoslt1on. Spe"ifjoi~ edopted in their .,oUeetion is 

briefed in methodology of the gi"". axper".t. After collection. 

9i"..n plent material. _re • "ashed _11 with acidulated (O.V' HCl). 

distilled and double distilled " .. tar prior to oven dqing st 100C 

for 60 hours. The .. _re later 9Z'Ound in a Willay .111 to pasa 

throllgh a one ... .telol.... .ie".. end stored 10 poly the ... bag •• 

'lb ••• saaplas were analyead for total •• of k. Ca. Mg .. re .. Mn .. Zn. Cu" 

P and S follOll109 their digestion 10 4i ... id (H1Il031 KCI04 .. 311) 

.istuA a. outlined by Piper (1950). '!.'he s8llpl •• _re .leo analyeed 

for totcl II follow1ng tba _thad deecr1bed by wolt (1982). Uptake 

of the said nutrient el_nte by a tree plent w.s alao CCDputad 

taking into account for th.ir concentration 10 foli_. woody 

_ter1el (boll and biUets). roote and """0 dq biomu. of .ach plant 

COIIponent. 

In order to 1nYestiq"te effect of diff .... nt precti" •• relatad 

to plenting of •• leetad tree specie. on plant vater relations. 

relattye turgidl~ (RT) of 1 • ..".. vas e.timated following the prceedure 

outlined by Sarrs (1968) .,d the fo.,...l. 91"..0 beiowl 

(fresh wei9ht - dq -19ht) 
RT _ X 100 

3.10 Analy.i. of SOl1 for Ch_icel end .... yaicel Properties 

C_dte soU s .. "l ........ 0011 • .,_ fr<8 at lea.t four 

l .... ation.,lo ..... h experilioant 10 16 layer. of 15 em each f".. the 

.. dace to 240 ca depth befOA starting aD exper1eeDt. Soil s8llple. 

_re air dried under the ""ada and .ub .. que.tly each .""'Ple ..... 



div14ed into two .ub ..... l ......... ally. On. of the two VrouDl! in 

• weeden pestle end JaOrtar v •• p •• eed throuoh a 2 _ a1eye. The 

oODOretion. left over _re Vroun4 separately to pa .. 12>rough a 60 

_8h (0.25 _) aieve. The vIlol. of the eeaond .ubo_le. va. 
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vr0un4 U> pa.s througb a 60 _8h sieve. Analysi8 of _ .. differently 

proaeseed samples for" _ j,oport .... t phy.ical .... d chemical char ... ter_ 

iatics was carried out in the leboratozy follov1nV standard procedure. 

outlined by Bleck (1965) .... d Jack.on (1967). Soil bulk dano1t;y and 

distribution of cODOrations in _ profile _roo _aBurad in the 

field following core ._ling. 

3.11 Measunment of """hanical ~d"""e of Soil 

Mochanical illlpedenee of soil profile down to the dep12> of root 

peIWtration in lsye r .. of 15 "'" .ach w ........ &Urad uBing a .t~tio_tip 

penetrome tar (th,t which _a""roos the energy (J or KJ) required to 

push the tip" specific diste""e into the 80il volu .... ). This 

penetrometar (Fig.3) va. hbrioated from the" local market as per the 

requisite opecifications. This May alao be oalled an impact penetro­

_ter which rec erda the number of blows required to drive the penetro­

_ter tip through a spe,,1fic depth (15 cal of 12>e ooil. It consisted 

of the following part •• 

(a) Co..... This was medlt of sclid piece of iron with a cross-section -
_a (.,2) of 7.0686 x 10-4. It. total length was 10 cm and the angle 

of taparing _"Ede the tip 45 degree •• 

(bl Graduated li:Xtenaion Rod. Thi. rod wee hollow frOID inside aod 

solid at both eod.. 00 ita l ..... r end, a cone is fixed with screws 

inside the extension rod. The upper end bears a sol id iron platefom 

which receives a blow f ...... a falling _ight. The extension rod is 

9redua~ in 2.5 .,. (1.0 1DOhl .axltings to Dbse""" the lIpac1fic depth 

of paaetratiClll. 
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(c) Sliding Rod. It join. the iron platator. CD upper end of 

the graduated extension Z'Od and handle st the top. Ita tctal 

effective sliding length 1. 50.... It pa .... s through a cHauler 

weight: that alide. between the handle end the plstafora. It 18 

80lid from inside. l.ta croaa-aeetlonal ana 1. 1.33 e.2 • 
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(d) Slidin9 llie1ghtl It la a piece of sclld lron _ighlng 5.179 ltg. 

wlth length and aro ... aectlonal area of 20 ca and 46.6 ... 2 raspectlwly. 

It is hollow at the c .. ntre throughout 1 te length exc.pt 1 ta upper 

2.5 em. Hollow cross sectional area equal. 9.62 c.2 • But at the 

upper end of 2.5 em length, croe_Hctlonal Z'Od (1.33 .,.2) passing 

acro .. the weight faeilitating lta free fall from 50 .,. height on the 

plata form. However, there might be SOIM loa8 of energy due to 

friction when falling _1ght touche .. the s11d1ng Z'Od. But that 

re .... lns more or lese constent and is not lilt .. ly to effect the 

_asure .. nta 10 eDT way. '!he energy of a .ingle blow Can be calcal_ 

ated as below. 

Haas of slid 1n9 weight - 5.179 ltg 

Pall dis taoce 

Fora" (II) _ .. x 9 

• 0.5. 

_2 
• 5.119 x 9.8 • 8eC • 

_ 50.754 II 

_ rozee (II) x d1atence (II) 

• SO.754 x 0.5 

• 25.377 II • (01 or KJ) 

'rotal energy for x n ...... r of blow. _ 25.377 X x KJ 

1hleJ:'gy per uri"t cross section area of cone x-I blows.. thus,. would be 

_ 35904 01 or 35904 KJ 
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Proc:ed un' In the Yioinity and oppoltite aide of the _ d1l!J 

out to exc...,ate the root ..,.s_ of • ua. plant, .... ..... (2 .2) 

vee maned with r14ges around it. 'rile 91 ... n a .... v •• flooded with 

water for 10 day. to •• turate the surf_ soU (0 .. 15 cal l..,.r. 

Standing water wa" drained and the are. was l .. ft for dryin9' _r 

of blows require" to pulll> the tip 15 ca into the surt"". so11 l..,.r 

_ra recorded at 10 locaUOIUI in • sin9l. plot after 2, 4, 6, 8, 12, 

16, 1.0 (lays of draining stanc!in9 ""ter. Bach t1mB ... 11 "" •• .-pled 

for its percent moisture content (9 100 v .. 1 soU). So11 lIaa atao 

a""'Pled in a core of known ",,1_ ("6 c.3 ) to datotnnine bulk dansity, 

texture. pH and EC of so ill vater " 112 suspene1m. CeCOl _ per cent 

concretions (g 100 g-l). Pollowing th1e procotdu .... attehanical 

10Ipadance of the profile vas evaluated to pin point the fecto ... 

.. ffoetin,} roct grQfth beh...,iour of selected tree _cae. 

3.12 Stetistical Analysa 

a<38ul t8 of fald invsstigaUons we ... processed at¥! analysed 

atatistic.lly follOWing stenderd procedures outlined by anedecor and 

Cochran (196'1) and Fen ... and Sukh._ (197S). 

3.13 Climate 

As climate of • place's the _t important """"'l1 the _temel 

environment in det"mining atd regul"t1nv blol""ic&! g:rQfth and 

cellular ... eeUcns, importeDt _teorol""ical parameters of Jtarnal 

clt.ate are presented in Teble 4. !'i9ure 4 lII>ows periollic ataosJlh.ric 

and soU (5 em depth) tIa~rature for the reported growth psriolls ill 

d1fferant fleld experu...nu. Tebl. 5 1Ddicatlas _t.um sto"" ra14fall 

that •• y occur in 1-4 dar. against various ... turn par1011a and _~ 

dry spella durl"9 monsoon .... SOft. !'igun 5 depicts I'Otant:1al 

evapotrBlltlp1r,.ticn (PF.T) an<! r"in~all distribution during 1979-1"4 
I . 

alongwith the v .. rious cao_te of the soU vater budge\. 
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Table 4. He an _tilly 1RStaorolOOical parameters at CSSRI. 
Kamal 

Month '1'e1llD. ·C Rainfall pi RH Daily 
Max. Min. (-> (nn) (per cent) sunshine 

hours 

.,January 19.5 6.1 2] leI 69 7.7 

February 21·6 7.8 17 2.8 66 e.] 

March 27.0 12.1 29 4.] 6] 8.8 

April 35.0 17.7 15 7.8 43 10.4 

May 39.1 23.1 23 10.9 34 10.7 

June '37.8 24.6 78 9.1 56 8.8 

July 33.3 25.9 271 5.1 76 6.7 

August 32.5 25.2 210 4.0 B2 7.4 

Septeltlber . 32.8 22.9 7] 4.1 75 9.2 

OCtober 31.9 16.7 16 3.5 64 9.5 

November 27.1 11.0 10 2.5 62 8.6 

Decemb3r 21.8 6.B 11 1.9 67 7.9 

Maan!Total.30.0 16.7 776- 4.B 63 B.7 

Source, Annual Reports 1971-1984. CSSRI.Xamal. 
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'l'able 5. Max!mum storm ra!nfall (nml end dry spells (days) 
f l)r d iffe ran t return ptriod~. 

It-i:om Return periOd, years 
1.0 1 2.33 5 10 25 1.00 

Ma>.!mum ooe day rainfall 41 120 152 183 221 289 

Maximum two days ra!nf .. U 51 155 201 238 285 355 

Max !mum three day ere inf all 61 111 219 258 301 381 

Maximum four clays ra!nfall 67 179 228 268 318 394 

Maximum dry spell duru'9 15 28 34 39 45 54 
monsoon season 

Source:, Nal:ay ("l:lcz. e t:. C!-l. 197a. 
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RESULTS AND DISCWSION 

Resul ts of the investigations are presented and discussed 

ex-reriment wise. Th. specific _tbodology to achieve the objective. 

of each Clf the given ex."eriment 1~ aleo included. however. details 

COIllnOll tc iiIl ere given in the rrecedlng chapter. 

4.1 Analysis of Soil Profile for the Identification and Intensity" 
of :cnstraints for the Grcwth of Trees 1n a Highly Sodie Soil 

Intrccuctlcnl An intensive cpproeeh to search out a. peck age of 

pr~ct_ic·:.!~ for wid,e ly advocated afforestation of considerable anteS 

under ecdie solIs presently lying barren in the Indo-Ganget1c rlalns 

req..iire generation of 1nforDIotion about th .. (a) relaticnships 8I1Ion9 

the roct qrcwth behaviour. tree growth" local c1 imate .. (b) root zone 

manip, .. d at'..icn ;:.n,..1 (e) diiJgnos18 of the rooting ned1um for irl!entlf -feat-

ion of f:h_~ rr::,ble[l:l!; end rreseription of corrective measures that will 

reduce stres" cf <;, rowth limiting hazards. SorJlc soilfl in Int11a have 

been mostly studi6,1 (Abrol, 1982) for their suitability and reclamat-

ion fer crcp !'"·reduction. This involves amelicrBticn of only the 

surf,--ce (0-15 em) 50.i1 through addition of apr,ropriate amendments. 

Bu.t management o~ these soils for afforestation. be'":' aJ:!Je of deep 

rooted system of tree_B. requiree fnrprcy'::!ment cf the rooting zone to 

de :p'::r de! ths of the solI prof 11e with adequate quantitl,~s of an 

alII"'ml"'~nt. 're ohar.:cterl"e a highly sodic sol1 in respi!ct of 

import2.nt "hY'sico-chemical uro ..... ert1.lds of its :rrofils. a detailed 

8tuoy ~OS carried out. 

Methodology' The soil profile (0_240 em) an.ru.ysls of the highly 

15001:: soil was eonducten to not only pi~int the salient constraints 

which MC!y impair growth of tree species but also their lateral and 

verticcl vsrintion. The composite eoil 5811f>1es in layers of lS em 



each vere collected using 8 Belgian-Dutch type sol1 auger from 

the spots representing the natural landsc_ of the experimental 

area. These s""",les were analysed for the illll'Ortant physical and 

chemical characteristics in the laboratory after proceSsing them 

properly. However. analysis of sol1 layers for bull< density of 

soil and concretions seperately •• well 8S collectively wee carr1ed 

out following core (986 cm3) technique in the field itself. volUIIIII 
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of concre tlons collected weB _a.urad by immersion in water befo.te 

oyen drying_ lnInerslon va8 done after washing tbem in a saturated 

Ca::03 801ution (and removal of water using blotting paper and air 

drying for 15 (s~r) to 30 (winter) _inutee. The standard _thode 

follOWing for soil analysis are listed in the preceding chapter. 

ReBul ts and Diacu .. lon The analyt.1cal reeults of h1ghly sodic soil 

are presented WIlIer two heads, (e) phys.1cal and (b) Chemical 

cbaracterist1as. 

A. Phys.1cal· Cheracterist.1c. 

(e) Mechanical CC!!!p08ition. Data in Tabl. 6 ehow marked variation 

Db_rved in the ... ,lative proportions of the different aized primary 

particle. among diff ..... nt 80il layers of the profile. Average clay 

content (0 100 9-1 so11) in 0-15 coo layer waS low (15.4) but it 

increased gradually with depth down to 60 em. It varied between 

20.3 _ 32.3 in 61_120 em depth and declined gradually to 11-2 in 

151-165 cm layer. This fraction indicated only a sl1ght variation 

(10.2 _ 13.8) _ ",adous IllJ8rs between 151 _ 240 em depth of the 

profile. unlilte the clay content, silt fraction varies between 

14.2 _ 18.6 9 100 9-1 80il in 121-240 cm depth. Amount (9 100 9-1 

11011) of silt (29.2) in surface (0-15 em layer) waS slightly les. 
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Table 6. Mechanl"e1 cOOIT'Oe1t1on (g 1009-1 so 11) • textural class And 
dlsrersion ratio of given layers of a highly sodic exneri­
mental site (Mean of !l oClllT'o.lte s"""'le~). 

So11 "roE ile 

o _ 15 

31 - 45 

46 - 60 

61 - 75 

76 _ 90 

91 - 105 

106 - 120 

121 - 135 

136 - 150 

151 - 165 

166 - 180 

181 _ 195 

196 - 210 

211 - 225 

226 ... 240 

Meso 
( 0 _ 240) 

MechanICal composItIon Textural Dlsoerslon 
Sand Silt C1!y class ratio 
54.3 29.2 15.4 511 94.2 

(50.2 _ 58.2) (26.4 _ 31.3) (13.2 -16.S) (93.6-95.4) 

46.8 33.9 18.2 511 92.8 
(44.8 - 52.3) 00.8 - 34.9) (15.6 -19.9) (9102-94.2) 

44.4 34.2 19.6 8il 90.6 
(~2.8 - 47.2) (32.6 _ 35.2) (18.6 -21.3) (88.6-92.8) 

45.6 
(43.6 _ 49.1) 

46.4 
(40.8 _ 48.2) 

44.8 
(41.6 _ 47.3) 

47.8 
(42.8 - 53.2) 

49.6 
(46.4 - 54.8) 

52.9 
(47.9 - 55.3) 

54.8 
. ·(50.6 - 56.8) 

63.3 
(54.6 - 66.2) 

64.4 
(60.6-68.2) 

65.8 
(62.6 - 69.3) 

M.2 
(62.2 - 68 .6) 

65.6 
(60.4 - 70.2) 

65.4 
(60.6 - 69.8) 

54.8 
(41.6 - 70.2) 

24.8 25.7 511 
(22.8 _ 27.3) (23.6 _22.2) 

23.3 24.6 511 
(21.4 _ 25.3) (20.8 _32.3) 

24.4 24.3 811 
(22.7 _ 26.2) (20.6 -28.6) 

20.5 23.4 1 
(19.6 _ 21.6) (21.2 _26.3) 

18.3 22.0 1 
(17.4 _ 19.2) (20.3 _24.4) 

16.3 18.2 1 
(14.6 - 17.8) (16.6 -19.S) 

17.6 13.0 1 
(15.4 _ 18.6) (11.6 _15.2) 

16.8 11.2 Is 
(]4.6 - 17.2) (10.8 -13.6) 

17.3 11.0 Is 
(]4.2 - 17.8) (10.2 -13.8) 

17.4 10.8 1s 
(]4.8 - 17.9) (lO.O -12.9) 

1811'8 10.4 Is 
(14.6 _ 18.6) (10.0 -13.1) 

17.6 10.4 1_ 
(14.2 - 18.2) (10.0 -13.0) 

18.2 10.6 
(14.4 _ 18.4) (10.0 

21.8 16.8 
\14.2 - 35.2) (to.() 

Is 
-13.6) 

1 
_32.3) 

91.6 
(89.3-93.4) 

93.8 
(88.6-95.B) 

88.6 
(84.8-92.2) 

85.2 
(80.6-89.9) 

82.8 
(76.4-88.6) 

83.6 
(76.2-88.5) 

79.4 
(75.2-81.3) 

77.6 
(72 .9-83.1) 

75.3 
(70.2-80.4) 

76.2 
(71.5-79.9) 

76.4 
(70.8-80.2) 

75.2 
(70.2-79.1) 

71.7 
(65.8-74.3) 

83.4 
(65.8-95.8) 

E'igurl3s in pc'renthe~:'es denote correspondingly obs'=rved v-~'r1atioH. 



than in 16-30 em (33.9) and 31.45 em (34.2) layers. It declined 

gradually w1th profile depth of 120 CJII and varied very little in 
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deeper layers. However" in proportion was almost constant between 

46-90 CIR depth_ Mean value of eand in the surfecre solI was 54.3 9 

100 g-l soil, relatively more then (44.4 _ 49.6 9 100 g-l soil) in 

layers between 16-120 em depth. Sand fraction in 121-135 cm l .. yers 

was about equal to the value for surface 1 eyer. Between 151-240 em, 

prOportlcti. of sand fraction was cooelderably IIIOre but varlatioa 

among average value. (63.3 _ 68.5 g 100 g-l) for the given layers w .... 

only ne<;,;l.1g1ble. Based on the relative pro'POrtion of the three 

fractions (sand, silt end cley) end Triangular Texture Diagram on 

International Fractions (Day, 1965), all the solI layers between 

0_90 em, 91_150 em and 151-240 cm are classified as silty 10", loam 

and loamy sand respectively with loam as an average yalue acoounUno 

for the whole profile. Data on nechanica! comooslt1on brings out the 

high inherent physic"l fertility attribuqble to greater content of 

clay and siU! end in turn greater surfeee area 8M Cic::C of the soil 

who_ productivity i. constrained by high .cdiclty h ... ard. High 

sodici ty throu"hout the profile "auses high di_rsion ratio (Table 6) 

and therefore stru"ture (arrange_nt of primary and secondary 80il 

particles into secomary units or pede) of the soil is very poor end 

indue!ve f9r desired trane.iesion of moisture and air w11hin active 

root ZCI\e of the profile. 

(b) Moisture Retention CIlaracteri .. t1csl Watar retention at 0.03 

MFa ana 1.5 MPa pressure representing .bout field capacity and the 

permanent "il ting point mobture respectively sh<>wed difference among 

nrious layers of silty 10 .... (0-90 em), loam (91-150 em) and 10_ 

land (151-240 em) portion. of the profile in descending oreer. In 
I 

IICh layer, mo18turereteined (generally called available) between 
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the given two 8uctiCDs ranged 5 to 6 per cent. Saturat:lon 

moisture indic~ted sim11ar v?.rlatiOil within the pn>f11e and for 

each layer wes approximately double the field capacity. Contruy 

to its being four time_ and permanent w11ting point for nonaal so11s, 

it was about three times in 88Ch layer. This deviatia'l IA8Y' be 

ascribed to the dependence of soil "",istu". eontent cor".sponding to 

a definite equil Illrlum pressure on the mineralogical composiUon 

end exchangeable "ations. Preauming mineralogical composition 

constant .. quality of the solid surface a& influenced by exchangeable 

cations rartlc!!larly sodium (Acharye. end Abrol" 19181 Sandhu at al. 

19BO). Hone-valent cations effect a higher water density for adsorl:>ed 

water .. more specific surface and a large number of molecular layer •• 

Hance, relatively very high exchange..,le lIa+ (sodicity) c"us.s a 

distinctly higher value of .011 ...,istu ... content than Ca++ at the 

_ .... value of pF (KuUlek, 1973). 

(c) Oxidizable Organic Matter Contents The organte matter content 

was maximum in the surface laver and. absolute value was low (Table 1). 

Its ,,"ount decl inad with profile depth. Baeed on this, soil 1e 

designated very low in organic matter. a store house of nutrients 

partl~'llf:rly N. P and S essential to plant growth. aource of food 

and energy for microbes and promoter of a desirable s011 structure. 

Low orge:nic m~tter content of 8tCh a h1qhly sodie soil mar be aser1bed 

to its being barren and devoid of econOlOic growth of velletation and 

burninG aCtion of the high alkali. This also imDerte the surface 

layer derk Colour after whiCh such 5011s are sometimes called blaok 

alkali. 

(d) Concretionsl Data (Table 7) on .ount of ccncreticns (kankar 

vranules) in different layera of the profile ahow that large quantity 
I 

of oalcium as insoluble calcium carbonate present in the 8011 whiCh 
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Table 7. Moisture retention at 0.07 MFa (field capacity) and 1.5 MPa 
(wilting point) preeeuxe. saturation moisture concretions and 
oxiniz~bl~ organic matter content (g 10ng-l~o11) of given 
layer~ of a highly sodic experimental site. 

Soil prof ile 
depth (em) 

o • 15 

16 • 30 

31- 45 

46 • 60 

61 • 75 

76 _ 90 

91 ·l05 

106 ·120 

121 ·135 

136 _150 

151 .1.65 

166 -180 

181 ·195 

196 .210 

Moisture retention Saturation Organic concretIons 
0.03 MPa 1.5 MPa moisture matter 
18.2 12.3 35.6 0.457 0.44 

(15.9·18.8) (12.1·12.8) (34.4.37.2) (0.410-0.515) (0.26-0.60 

17.9 12.0 36.4 0.424 0.56 
(17.4.18.8) (1109-12.3) (35.6.37.2) (0.384.0.484) (0.38.0.72)· 

17.6 11.9 35.2 0.329 1).72 
(17.2.18.4) (11.7·12.2) (34.6.36.8) (0.292.0 .422k (0.66.0.84) 

17.e 12.0 35.1 0.319 1.30 
(17 .2·18 .6) (11.6-12.4) (34.3.36.8) (0.280.0.374) (1.15.1.46) 

18.0 12.1 35.6 0.308 4.80 
(17.0.1901) (11.7.12.4) (34.4.37.0) (0.272.0.346) (3.20.6.06) 

17.4 11.8 35.3 0.297 8.28 
(16.9·18.2) (11.6-12.0) (34.6-36.9) (0.246-0.332) (6.76-11.13) 

17.6 11.2 34.8 0.284 10.64 
(16.9-18.6) (10.9-11.4) (33.6-37.2) (0.222.0.336«7.06-20.86) 

16.9 10.8 35.1 0.22e 24.23 
(16.6.17.4) (10.6·11.1) (34.8.36.4) (0.208.0.31e) (lB.26-41.22) 

16.8 10.6 34.3 0.203 34.84 
<16.2.17.4) (10.4·10.9) (33 .2.35.6) (0.184.0.246) (24.64.411062 

16.2 10.2 33.8 0.162 26.63 
(10.°.16.5) (0.9·10.6) (32.8.34.2) (0.152.0.180) (20.84.14.68 

1.5.6 10.0 12.2 0.146 1~.32 
(15.2.16.4) (9.8.10.4) (30.4_33.8) (0.]16-0.172) (6.16.12.36) 

15.8 9.6 30.7 0.140 7.B6 
(]5.0·16.6) (9.2.10.0) (29.6-32.2) (0.126-0.164) (6.2B.I0 .26) 

15.2 9.5 30.2 0.128 3.24 
(1'.S·16.1) (9.2.9.8) (2B.6-3!.e) (~.120.0.152) (2.46.6.88) 

15.0 9.7 29.8 0.152 2.86 
(14.6-15.8) (9.4 -9.9) (28.2_32.0) (O.126.0.16fl) (2.40.4.89) 

15.0 9.4 29.6 0.128 1.96 
(14.S·15.3) 9.2. ~.7) (28.3.32.1) (0.120-0.164) (1.28.4.04) 

15.1 9.3 29.7 0.107 2.08 
(]4.4·15.6) (9. O. 9.6) (Q8.2.n.3) (0.090.0.120) (1.32.3.12) 

Ilea:) 16.6 10.S 33.3 0.238 8.67 
o .240) (4.4. 9. ) 

Detarm in a tJ.ens (Nc. 5 
9.0. 2.e) 28.2.37.2) 

15 
(0.090.0.5 5) 0.26-38.62) 

10 12 

,ligures i., parentheses· denote eorresr-onding1v observed var1aticn. 
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requires additional appl1l: <,tion of cal.,iUIII as cal.,ium 8ull'hata 

to ameliorate it for viable plant growth. Concretions (g 100 g-l 

soil) were less then unity in each of the three surface layers 

(0_45 eml. But their amount increased subsequently regularly to 

have 1.30. 4.80. 8.28 end 10.64 g 100 g-l soil in 46-60. 61-75, 

76-90 Bnd 91-105 em respectiftly. Then there wes en abrupt 

increase i'.!OO s011 layers between 106-150 em had 2 •• 23 - 34.84 0 

concretions 100 9-1 soil. Beyond 150 em. eaCh sueesedinq layer 

.xhibit~d ." decrease in C'oncntt1ons conteDt. This data ind.tcated 

the presence cf a potential barrier that may offer Bevere mecban1c:al 

impedance to growth of roots down the profile. ntis may also 

affect moisture tran .... ission within the proUle ad_rsely. 

(e) Bulk Denaity (Dblt Bulk density 1.70 _ 1.85 9 e.-3 throughout 

the given layer. of profile (Table 8). li:xcept the surface layer. 

Db values .... re relatively high for layers down to 120 em than for 

the rest beyond thlo depth. Similar was the trend when the sol1 

masS Mj a 'whole (sell + concretions) was accounted for cCllDPuting Db 

for th~ corresponding layers. However, bullt density of concretions 

assured bY their air dry weight and _raion in water to knew the 

veluma after wax coating revealed no marked variation for differeDt 

layers. Dets.. thus.. 1nd1c a'b!d relatively gftlo?lter cOI8paetneas of the 

80il and porosity varying betweeD 0.31 _ 0.36 0.3 cm-3 • Ca.paetnee8 

resul t~, from stron~! disperSive aetion Of 5011 colloids due to high. 

sodicity and low organiC metter eontellt Of such a 8011. 

(f) Particle Density lOp), 'l'he partiele density of each of the 

_3 -3 
layers ran9~d 2.54 _ 2.76 9 em for the soil. 2.82 - 2.98 gem 

for cone rations and 2 .. 62 - 2.94 9 clII-3 for the 8011 mass compriainc;J 
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Table 8. Bulk and part1cle densities (g cm-3) of the soil and concretions 
of the given layers of ;a highly scdic experimental site. 

So11 Bulk dens ltv 
profUe 
del'til (em) 

Soil Concretions soil. 
Concret_ 
ions 

SoU concretions 501] + 
Ccncrett 

0- 15 1.74 2.28 1.75 2.66 2.90 2.69 
(1.70-1.76X(2.22_2.36) (1.72-1.78) (2.62-2.68) (2.88_2 .92) (2.64_2.7· 

16- 30 1.82 2.34 1.82 2.64 2.92 2.66. 
(1.75-1.84) (2.28-2.3S) (1.76-1.84) (2.60_2.70) (2.90_2.94) (2.62_2.7' 

31- 45 1.80 2.32 1.84 2.68 2.92 2.77 
(1.72-1.90) (2.30_2.36) (1<78-1<88) (2.62_2.72) (2.R8_2.Q4) (2.68-2.7 

16- 60 1.85 2.28 1.88 2.66 2.90 2.72 
(1.78-1.90) (2.24_2.40) (1.82-1.92) (2.64_2.76) (2.86_1.02) (2.68-2.7: 

61- 75 1.e4 2.32 1.88 2.68 2.88 2.75 
(1.76-1.88) (2.28-2.3e) (1.86-1.92) (2.62-2.76) (2.84_2.92) (2.70_2.8 

76- 110 1.B) 2.24 1.90 2.68 2.90 2.72 
(1.76-1086) (2.20_2.30) (1.84-1.96) (2.6<_2.74) (2.86-2.94) (2.68_2.7: 

91-105 1.85 2.26 1.90 2.70 2.94 2.78 
(1.80-1.90) (2.22_2.30) (1.88-1.94) (2.68_2.74) (2.90_2.96) (2.72-2.a 

106-120 1.82 2.26 1.94 2.70 2.92 2.84 
(1.71-1.08) (2.24_,:.32) (1.90-2 02) (2.64_2.72) (2.88_2.94) (2.76_2.8: 

121-135 1.7S 2.34 1.96 2.72 2.94 2.e7 
(1.74-'1.86) (2.26_2.38) (1.92-2.00) (2.66_2.74) (2.90-2.9B) (2.78_2.9 

136-150 1.7r 2.32 1.96 2.68 2.92 2.84 
(1.76-1.80) (2.28-2.36) <1.94_2.00) (2.64_2.74) (2.88 .. 2.94) ( 2.78-2.9 

151-165 1.76 2.32 1.92 2.64 2.90 2.81 
(1.72-1.84) (2.30-2.34) (1.86-1.96) (2.60-2.70) (2.86-2.94) (2.76_2.9 

166-180 1.74 2.36 1.84 2.62 2.92 2.74 
(1.70-1.80) (2.30_2.40) (1.BO-l.90) (2.56-2.6,,) (2.86_2.94) (2.70_2.8 

IBl-195 1.76 2.24 1.82 2.64 2.98 2.78 
(1.70-1.81) (2.22_2.29) (1.74-1.86) (2.S8_2.70) (2.84_2.92) (2.74_2.8 

196-210 1.70 2.28 1092 2.60 2.90 2.81 
0.68-1.73) (2.24_2.32) (1.74-l.86) (2.56-2.70) (2.86-2.94) (2.70_2.8 

211-225 1.72 2.34 1.90 2.62 2.B6 2.78 
(1.66-1.70) (2.30-2.38) (1.72-1.86) (2.54_2.66) (2.82_.2.90) (2.72-2.8 

226_240 1.72 2.36 1.79 2.60 2.94 2.72 
(1.64-1.76) (2.32_2.3e) (1.74-1.88) (2.58_2.62) (2.PS-2.96) (2.70_2.71 

Mean 1.79 2.31 1.86 2.66 2.91 2.74 
( 0_240) (1'10-1.a5) (2.20_2.40) (1.72_2.02) (2.54_2.76) (2.82-2.98) (2.62_2.9, 

Determint1cns 12 . 12 12 8 8 e 
Db weS me<"~'UrAn_ fcllowing eON method and On of disturbed soil by PA'J 5011_ 
moisture C"a~:0:~ (Prjh~r and Sandh;·,. 1968) using 0.1 N N~C03 soluticn Instea 
of neicuiz -;;:1 -w,-~,:r. 



concretions and the soil (Table 8). Me.""".,..nts were made on 

the eol1 and concretions qround to p.s. through a 2 _ sle"" 

following PAU so11 .oistu~ qauga (Prihar and Sandhu, 1968). 
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In ease ot conenlUons caCO] •• turetled solution (pH 7.0) vsa u ..... 

inatead of deionlz"d "ate!:' to eliJOinete .. rror due to solubility of 

concretiona in wetec .. 1f any. Relatl.,.ly gRater values of Dp 

a1ao confiEID the indurated nature of the 5011 .. ue. This vas a180 

evident from laborious hardahip required to dig out the 'Profiles 

in the field. 

B. Chemical Characteriatic. 

(e) Soil pll Data on reaction of soil profile aa ... aaured by pH 

of the soil end water au_n81oo in U2 ratio (pH 1.2) .... d the 

saturation extract (pHe) sh ... ed (Table 9) that this "a. extre_Iy 

alkali. The pH value. deteJ:lOined by both methods shoved stronq 

relationahi" (Pig. 6a). Soil pH wes the """,1JOu .. of the .urface (0 _ 

15 em) layer and decrea .. d with depth. The pile for a gb .. n 88l11ple 

vas less than rH 1.2 by 0.1 to 0.4 units. Such a difference Va. 

more with high pH velues. This .... y primarily be ascribed to the 

dilution effect and decompcd Uon of appreciable .ount of carbonates 

UpOn extraction under pressure. 'l'he ob_rved 8011 reaction would. 

favour prese""e of moat of the e_ntial Ilutriant ele_llta in 

_available fOnls beside h""iDg a deleterious effect on Jilysical 

end biochemical processes. The h1qh pH may be attributed to the 

presence of carbonate (Crua-ROII8.r'O end Coleman. 1975). 

(b) Soluble Sal tal SOil salinity .. a _asu~d bY electrical 

conductivity (Ee) of the eoil and water suspendcn in l' 2 ratio 
, 

(EC 112) and the saturation _tr""t (Eee) indicated (Table 9) h1qh , ." ~ 

content of soluble salta of the 8011 layers down to 90 CIO depth. 
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I!able 9. So11 pH and electricel conduct1viq. of given l"l"'rs of hi9hly 

scd10 experimentel farm. 

Soil rrofile pHll2 pHe EC ECe 
depth' (em) 112 

0_ 15 10.56 10.26 3.75 20.82 
<10.42-10.70) (10.14-10.38) (2.64-4.1i4) (17.84-26.42) 

16- 30 10.44 10.15 2.16 12.38 
(10.20-10.58) (9.92-10.26) \1.18-33.38) (8.24-14.64) 

10.36 10.08 1.94 10.36 
(10.15-10.44) (9.80-10.1S) (to26-2.64) (8.06-11.60) 

46-60 10.22 10.02 1.18 7.44 
(10.06-10.32 (9.74_10.08) (1002-1.68) (6.56_ 8.(4) 

61-75 10.20 9.96 0.97 4.38 
(10.04-10.26 (9.86-10.02) (0.84-1.36) (3.68_5.72) 

76-80 10.12 9.88 0 .84 4 .04 
( <'.98-10.22) (9.70-9.92) (0.76-1.24) (3.04-4.16) 

91-105 10.06 9.82 0.72 3.16 
( 9.9°-10.16) (9.75-9.a5) (0.68_0.92) (2.22-3.82) 

106-120 9.97 9.72 0.66 2.96 
(9.86-10.12) (9.62-9.82) (0.54_0.96) \1.36-3.06) 

10.01 9.70 0.65 1.88 
(9.88-10.10) (9.58-9.78) (0.46-0.84) (1.24-2.68) 

136-150 9.92 9.65 0.53 1.a6 
(9.74-10.02) (9.48-9.75) (0.42-0.68) (1.22-2.46) 

151-165 9.88 9.58 0.45 1.80 
(9.72_9.96) (9.42_9.66) (0.38_.1.66) \1.46_2.04) 

166-180 9.80 9.56 0.36 1.62 
(9.68-9.92) (9.30-9.62) (0.32_0.54) (1.54_2.02) 

181-195 9.68 9.32 0.33 1.46 
(9.48-9.82) (9.18-9.46) (0.30-0.39) (0.84-1.66) 

186-210 9.48 9.24 0.31 1.34 
(9.34-9.68) (9.02_9.38) (°.22-0.44) (0.80-1.62) 

9.36 9.0a 0.25 1.26 
(9.21-9.46) (8.92_9.12) (0.20-0.30) (0.86-1.64) 

226-240 9.22 8.92 0.25 1.32 
«'.0<-~.38) (8.68-9.10) (0.22..0.36) (0.76-1.70) 

Mean 9.96 9.68 0.97 4.88 
( 0_240) (9.11_10.70) (8.92_10.38) (0.20-4.14) (0.76-26.42) 

Del>!>rminatibns (Nc.) 24 15 24 15 

.i'1gures in parentheses denote corres'PoDding1y ob_rved variation. 
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Maxboulll 1I01uble sal ts cccurnod in the .. urface l_r and deerea,"", 

v1th depth. All the 80il 1_" of profile below 90 em depth were 

relatively non-aal1ne. The lIC detenlined folleving tvo .... thod. 

shoved high ds9ree af cor""letion betve 3ft the .. (Fig. 6b) and lICe 
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of a 9 ivan ."""Ple wes callputed 5-6 tu-s the Be 1.2 depending upoD 

other.!acj;ars. H1gh ~C of the SOlrfac. layers is cau .... d by the 

presence of sodlUIQ earbonate. 'therefore. this 8011 ean be ele •• Uied 

a sod 10 rather than sal ina baaed on tile _istry of the so11 

solution and the a1m of recl .... atian (Bh_la. 1977, Abral et al •• 

1980, Szabole •• 1980). 

(e) Chemical Compos1t1on of the Saturat10n IIXtr""t. Quantitative 

analyses of the saturation extract. was done for both the -predominant 

(e) cations snd (b) en ion'" 

(1) Cationic COlIIPosition of tile Saturation Bxtr8Ct. Layer wiae 

d1.tribution of aodiwo. po_Biu ... calcium end aegneBium (Table 10) 

in the prof 118 a_ed that sodium is the predOlllinant cation. Its 

concentration wu """,!au.. in the surface (0-15 em) so11 and showed 

.. regular dec""ase vi th each layer down to 150 ca. But 1t ..,arJed 

l1ttle among layers between 1S. _ 240 ca. Concentration of both 

calciwa and .agnesium was ..... xy low and less than unity in layers 

be tween 0_105 cm of the profile. Both were found increasing with 

depth but the1r relative eaounte were wxy low deepite the large 

quantities of c alclum ca.d>onate (Tabla 13) pre .. nt 1n the profile. 

This may be attributed to the precipitation of theae 10ns as 

carbonates because of hjqh pH and pre ........ of altPle carbonates in 

the profile. Relative proportion of sodi_ to the total cations 

(soluble sodium percentage) wa. vexy high (98 •• ) in the ... rface so11. 

It 1ndlc"ted decrease with depth, however, in the layers betweell 
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Table 10. Cation:lc cooopoai tion (raa 1.-1) of saturAtion extract of qiven 
soil layers of highly sa!:Ic ex".rinentsl fa .... (each val ue • 
mean of 15 determinations). 

Soh SoiUble 
profile Sodil,m potesalum. Calcium Magnesium Total soli i_ 
deEth!cm) ~rcent!5J.E 

0_ 15 350.7 3.5 0.3 0.4 360.9 98.8 
(215.6-486.9) (2.6-5.8) (0.6-0.6) (0.3..0 .5) (219.6-398.8) (97.4-99.01 

16 _30 1 0 4.8 2.3 0.4 0.4 197.9 98.4-
( 98.4-248.2) (1.8-4.6) (0.3_0.7) (0.4..0 .6) (lOB .2_256.1) (97.6-98. 7J 

31- 45 154.6 2.2 0.4 1').4 157.7 98.0 
( 88.8-196.4) (1.6-5.1) (0.2_0.9) (0.3_0.7) ( 93.0_203.1) (96.8-98.6: 

46- 60 119.2 2.2 0.5 0.6 122.5 97.9 
( 65.8-146.8) (1.8-3.2) (0.3_1.2) (0.4_0.7) ( 66.5-151.9) (9308-98.0: 

61- 75 97.6 308 0.5 0.7 102.5 95.2 
(62.8_134.4) (1.6-8.6) (0.4_100) (0.5_09) (64. 3-144.8) (92.4_96.6' 

76- 90 89·1 3.0 0.7 0.9 98.7 90.7 
(59.6-132.2) (1.8_7.2) (0.5-1.3) (0.6-1.1) (60.7_144.6) (84.8-96.4 

91-105 77.7 3.1 0.9 0.9 86.6 89.7 
(52.8-126.,) (1.2-8.4) (0.8-1.4) (0.6-103) (56.3-138.1) (84.6.90.8 

106-120 59.5 3.3 1.2 1.1 75.0 91.5 
(42.B-96.2) (1.8-5.7) (0.B-l.6) (0.8-1.3) (42.4-105.8) (83.6_93.9 

121-135 52.3 3.1 1.0 1.1 57.5 90 .9 
(40 .6-81.6) (1.6_7.3) (0 08-1.9) (1.0-1.5) (41.0_96.2) (82.8_94.2 

136-150 34.8 1.7 106 1.8 39.9 87.3 
(2008-65.8) (1.4-3.6) (1.1-1.8) (1.2-2.4) (24.4_74.5) (82.3_92.9 

151-165 22.6 2.1 1.9 1.8 28.4 79.5 
(15.9-38.2) (1.1-4.4) (1.3-2.2) (t. 7_2.5) (20.5-46.3 , (74.6-86.3 

166-180 26.4 2.4 1.8 1.9 32.5 81.2 
(16.8-40.6) (1.3_5.0) (1.4-2.6) (1.6-2.6) (20.7_52.5) (75.9-84.6 

181-195 21·7 1.7 108 1.9 27.1 80.0 
(14.2-42.2) (0.8-4.6) (1.5-2.1) (1.5-2.5) (18.7-51.4) (72 .8-85.3 

196-210 2n .7 1.1 2.0 2.1 25.9 79.8 
(15.6-41.8) (0.9-2.8) (1.7-3.2) (1.5-2.9) (19.0-52.7) (73.8-84.0 

211-225 21.9 1.3 2.1 2.3 27.5 79.5 
(14.4-38.9) (1.0-4.2) (1.8-2.8) (1.6-3.2) (16.4-50.9) (72.2-82.8 

226-240 ZO.4 1.2 2.0 2.2 25.9 78.9 
(15.2-37.3) (0.6-3.4) (1.8-2.8) (1.7_3.4) (16.0-48.9) (70.6-84.2 

Mean 75.0 2.4 1.2 1.3 80.1 88.5 
( 0_<40) (11~/.-386.9) (0.6-f) .6) (0.1-3.2) (0.3_3.4) (16.1_398.8) (70.6-99.0 

Figures jn rarentheae s denote correspondingly observed varict1on. 



0-7S cm depth of profile the Yalue did not ytU:Y _ (92.4 _ 99.0). 

S1milarly in profile depth bet>ree .. 76 _ 150 em end 151-240 ... 

indic .ted little fluctu"tions. Results thus showed th"t sadi ... 

is the predominant c 2tion which exerted its illpact phyaicaUy 

causing disper810n and che.ieally to fo ... elksl i upon hydrolysis 

of carbonates favouring precipitation of calci""" _nad ... and 

other ions heneficial for plant growth end a stable soil structure. 

(11) Anionic Composition of the Saturation btr .... t' Data on 

077 

(Tabla 11) distribution of .... jor aninn. in different layers of the 

prof 118 showed rredOll\in"""" of carbonate .... d bic .rbonate ions. -'-Gunt 

of carbonate was markedly higher in the surtace layer (188.4 .. L-1) 

and it decreased abruptly to 86.6 _ L-l in 15-30 em and regularly 

but gradually with depth. But "ar1atian bet>ree .. 181-240 cm vaa not 

so evident. Bicarbon .. te ion also showed .. deere .... with depth. But 

its content in the surtac. layer was not .... Elte4ly higher as that of 

carbonate. Deeper layers bet>reen 136-240 ... d.pth of profile 1nd1-

aated about similar b1c amonate conteDt. MlOWlts of chloride aDd 

aulrhate were relaU".ly lev, hove_r, both showed a decline with 

the profile depth and being _t. ... in the surtace (0-15 clO) lay.r. 

Anienic composition, thus, clearly showed s significant influeDC. of 

til" chemistry of carbonate and bicarbonate ions that impart: high soil 

JIll U1'On th,dr hydrolysis beside their corred .... detert-ntal .ff.eta 

for the plant roots. SUBl of cations exceeded that of anions for 

.... h of the layers of the sOil profile. Cationa, aniona ratio 

yariad between 1.02 - 1.46 (Table 11) shoving _rage "alue for 

(4) Cationic CompOsition of the boh.nge CC!!pl_' '!'he CEC of 

different layers of 80il ,"profile ".ried betwean 7.00 _ 12.68 _ , 
100 9-1 so11. It waS 10.66 ... 1009-1 so11 for aurf_ layer but 
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Table 11. AI110nic cOOIpOsitlon (_L-1) of saturation e"tract of given .oil 

layers of highly BOdic experinentel ter .. (eech yalue 18 •• aD of 
15 dete""inatlons). 

Soil 
profile C?rbooate 
depth (em) 

Bic arbon _ Chloride Sulphate Total 
CatIon •• 
Anion. 
ratios 

0_ 15 188.4 !.8.6 14.6 12.4 1.32 
(12~.~~-342.C) (10.6_7e.6) (6.8-27.2) (4.2-10.8) (148.3-466.9) (1.06-1.46) 

16- 30 €~6 .6 40.8 12.3 13.2 152.9 1029 
(61.7_20n.2) (32.2_56.4) (5.2-21.6) (5.8-2e.3) (112.6-294.2) (1.10-1.42 

. 31- 45 68.6 32.3 11·8 8.3 121.0 1.30 
(5~ .2-162 .8) (26.6-42.3) (5.8-18.S) (4.0_19.9) (84.J_220.2) (1.06-1.46) 

46 _ 60 52.8 3le6 11.3 6.1 10108 1020 
(10.4_116.6) (:21.8-44.4) (5.2-19.1) (3.8_14.6) (68.9-202.6) (1.12-1034) 

61 _ 75 42.3 30.4 10.8 5.1 88.6 1·16 
(31.8-96.4 (22.8_42.9) (4.9-16.7) (2.2_12.0) (51.7-186.2) (1.08-1.28 

76 _ 90 36.7 30.2 10.7 4.2 81.8 1.21 
(28.8-74.9) (ZO.8-46.,,) (4.8_14.6) (1.8-10.6) (52.8-158.9) (1.14-1036 

91- 105 30.s 29.8 12.3 2.e 75.7 1.14 
<14 .1-41\.4) (20.1\-41.4) (5.2_16.2) (0 .9-4.8) (40 .S-120 .6) (1.02-1.32) 

106- 120 24.6 26.e 11.3 2.2 64.9 1.16 
(16.6-44.2) (2le6-~6.2) (5.6-14.3) (o.6-4.e) (36.3_106.e) (t.08-1.26) 

121- 13!) :1.9 20.9 5.2 2.3 51·3 1·12 
05.6-41.8) (t6.3-2Z.e) (4.1-12.2) (0.8_5.6) (34.6_'.)1) .2) (1.02-1.16 

136- 15,: 1b.6 17.7 6.5 1.9 42.7 1.21 
(10.2-42.6) (1".6-?~ .2) (S.2-l1oB) <10.S-5.0) (28.6-74.4) (1.10-1032 

151_165 14 .3 17.2 408 1.5 37.8 1.19 
( 7 .r-36 .2) (1~.2-10.') (0.6-4.4) (0.6-4.4) (18.2-56.3) (1.12-1.32) 

166-180 r~·2 lEl.e 4.3 1.6 36.9 1.21 
(6.A_28.3) (14.5-2Q.2) (3.6-10.2) (0.8_3.2) (16.4_60.2) (1.11-1.36) 

181-195 B.6 17.6 4.3 1.2 31·7 1.25 
(~.4-21.9) '13.6-32.1\) (3.6-1.P.8) (0.6_2.9) (18.e-42.4) (1.14-1.39) 

196-210 ~.4 16.8 3.8 1.1 3".0 ! .30 
(5.2_71_2 (11.2-24.2) (1.8-10.2) (0.4_2.2) (21.6-36.e) ( 1.16-1042) 

211-225 u.6 17.e 3.1 0.9 30.4 1.35 
('.8-14.6) (14.6-28.3) (1.e-l0.3) (0.4_2.4) ( 24.6-4102) (102a-l.46) 

226-240 0.3 17.2 3.6 1.1 30.2 1.28 
(5.6-21.2) (14.4-26.8) (1.2-10.6) (0.6-2.3) (24 .8-44 .4) (1.22_1.38) 

"'an 39.1 26.5 8 .2 4.1 78.0 1.15 
5.2-312'.C) (13.2_78.6) (1-2_27.2) (0.4_30.e) (16.4-466.9) (1.02-1.46 

~ig"re. in !',~_renthesef:'l denote corr8s[rQadingly observed yari .. Uoa.. 
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lIbowed an .tncreese of about one unit for layers be_sn 1'-135 ... 

depth. n>e lower layers exhibited little yariations. Data (Table 12) 

on cationic C!omrcei tlOI1 ehowed. that socliUIII vas the pRdo.tnent C!8't1OD 

on the exchange com-lex end its content rOll9ed 4 .16 _ 11.M _ 1009-1 

8011 for different layers of the 8011 profUe. It. content in layers 

between 0-90 em depth .. aa more or le88 constant ... d re1ati .. ly h1qher 

than the deeper layers. It decraased with depth beyond 90 ... 

al though C;:C of the deeper layars aleo dec ... ased. bIong re.t of the 

thrae catione. Ca and Mq ineraased with depth. Their ralati". .ount 

"as .low in aaoh of the 16 layers. This may be attributed 1:0 the 

high pH and axce •• J.ve lila preeence cau.a1Dg their preclpltatJ.co. and. 

removal frt>lll the exch_ coaoplex _1aultsneou81y. Mount of It on 

the ",xchallge C!""'plex ..,aried between 0.22 _ 0.89 _ 1009-1 soil but 

follol""d no partiC!ular trend 11ke the other cations. C~ted value_ 

for ~SP and ilSR and SAlle for differant layers of the so11 profile 

(Tabl~ 13) decreased "ith depth. But the rate of decraa.e of ESP 

and .E:SR was gradual without .. mad. 41ff.renee among the soU layera 

betwe .. n 0-90 eM depth. But SARe lIbowed abrupt dec ... a. with eech 

layer down to 165 ca depth witt> little chOllge beyond this depth. 

These rasul<:" again slaaw IIiIJla aodici1¥ hasud throU9hout the profile. 

hawe .... r. its scve"1¥ waS m""i .. _ in the surtace layers end decraaaed 

"l~ depth. The;;$" showed h1lJb de9ft. of correl.tion with pH 112 

(r _ 0.95.*). pHe (r WI 0.96*.). EaR (r. 0.92**) and SSP (r. 0.93*.) 

and only a week relationship with SARe (r _ 0.63**). The SARa 

uh1bited a week Alaticnship with pH 1.2 (r _ 0.76"). pHe (r _ 0.74**) 

and ESR (r _ 0.81**). n>ess values indicated that pH 112, pHe. and 

IISP are more inter ... lated and should be p ... ferred to de81qnate the 

oocl1city h .... ard of the p ... f11 .. ~r SAlle. COIIputetlon of IISR yield 

information &n the ratio with which the exchange collplex is OC!Cupied 

by .. odium. 
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'l'able 12. Caaposit100 of exchange caoplex of the 8011 in given layers 
of highly sadie experllMntal fa ... (e .... h a _an of 12 "-ter_ 
minations) • 

profile ( ... 1009-1 

del2th ~=l sS/il) 
0- 15 9.92 0.42 0.12 0.10 10.66 

(8.78-10.68) (0.38-0.64) (0.08-0.18) (0.06-0.22) (9.92-11040) 

16- 30 10.68 0.40 0.16 0.10 11062 
(9.26-11.94) (0.32_0.64) (0.06-0.26) (t) .06-0 .18) (10.14-12.54) . 

31- 45 10.78 0.38 0.22 0.10 11.68 
(9.38-11012) (0.30_0.72) (0.12-0.34) (0.06-0.20) (10.66-12.06) 

46- 60 11.16 0.28 0.20 O.lB 12.06 
( 9.06-11.64) (0.22-0.42) (0.16-0.26) (0.12-0.26) (11.36-12.68) 

61- 75 10.S7 0.30 0.32 0.16 11092 
(9.26-11.78) (0.18_0.58) (0.22_0.44) (0.10_0.22) (11.34-12.56) 

76- ro 10.62 1).52 0.41 0.24 11.B4 
(9.68-11.16) (O.H-O.76) (0.28_0.B2) (0.18-0.32) (10.92_12.4B) 

91-105 10.06 0.46 0.46 0.32 11.1iB 
(9.04-1~ .66) (0.10-0.68) (0.32_0.76) (0.26_0.52) (10.56-12.42) 

106-120 9.32 0.38 0.62 0.96 11.52 
(9.16-10.65) (0.32-0.89) (0.36_0.S8) (0.61-1.76) (10.06-12.16) 

121-135 8.88 0.42 0.66 1036 11.36 
(8.0S-9.46) (0.30-0.76) (0.44_0.92) (0080_1.5e) ( 9.84-11.88) 

136-15" 7.8e 0.46 0.60 1.68 10.64 
(6.16-9.32) (0.32_0.72) (0.38-0.90) (1.26-1.82) (9.72 -11.72) 

151-165 7.28 0.40 0.80 1.82 10.35 
(6.26-8.64) (0 .34-0. 58) (0.52-1.82) (1.64-1.98) (B.30-11.32) 

166-180 6.95 0.42 1.32 1.12 9.70 
(5.92_7.36) (0.26-0.62) (1.14-1.68) (0.88-1.32) (7.26-10.28) 

181-195 7.12 0.56 1.22 1._16 9.95 
(5.84_7.68) (0.32_0.76) (1.09-1.72) (0.94_1.28) (7.02··10.44) 

196-210 5.52 0.52 1.38 1.42 8.9B 
(4.86-6.84 ) (0.42_0.78) (1.06-1084) (1.06-1.74) (7.1d _9.88) 

211-225 4.84 0.62 1.32 1086 8.75 
(4.36-41.26) (0.40-0.84) (1012-1.66) (1.42-2.26) (7.20_9.70) 

226-240 5.34- 0.56 1.36 1.64 9.05 
(4.44_6.13) (0.40-0.72) (1.10-1.71) (1.4"-1-96) (7.00_9.64) 

.an e .58 0.45 0.70 0.90 10.74 
., 0_24~) , (4.36-11.94) (0.22_0089) (0.06-1.84) (0.06-2.26) (7.00 _ 12.68) ,ijUie. in t'srenthEul9S denote cornspoodinoly CLeerveA .8rla'tlon. 
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l.'abl .. 13. ESP. ~R. SMa end ceC0

3 
content of ghan layers of the .011 

profile of hi9hly Bodie experimental site. 

Soil ESP 
profile 
depth (em) soil lIoU+ ConcreUona 

Concretions 

0- 15 <>3.1 13.4 602., 10 15 2.04 40.42 
(92 .2-96.4) (11.6-15.!!) (486.4-612.4) (1.64-2.04) /0.44_3.16) (39.16-41.44) 

16- 30 9109 11.4 308.0 1.26 1.42 40.74 
(9(1.3_93.2) ( 9.8-14.2) (266.4-388.1) (1.18-1.3a) (0.24-2.0a) (38.64-42.12) 

30_ 45 92.3 12.. 245.4 1.46 1.92 39.06 
190.0_94.8) ( 9.9-13.9) (196.2-31103) (1.22-1069) (0.64_3.52) (37.78-41.86) 

46-60 92.5 12.4 160.7 2.34 3.71 41.46 
(91.6-94.8) (10.1-14.0) (132.8-248.4)\1.84-3.26) (0.40-6.80) (38.32_44.02) 

61- 75 91.2 10.4 126.0 5.52 11.15 38.64 
(89.6-94.0) ( 8.8-13.1) (91.9-1SI.7) (2.46-8.96) (8.08-13.84) (36.66-41.38) 

76- 90 89.7 0.7 99.6 6.12 14.88 40.72 
(a7.8_92.3) (7.2_10.0) (82.1-142.4) (5.04-10.18)(9.92_22.08) (38.26-43.12) 

91-105 B6.1 6.2 81.9 7.10 18.19 42.66 
(84 .2-89.2) (5.8_7.0) (70.6_108.2) (6.84-10.26K16.32-19.44X39.16-45.34) 

106-120 80.9 4.2 55.5 10.42 24.61 43.71 
(16 .8-86 .6) (3.2_6.4. (46.6-18.4) (7.18-11.64) 08.72-28 .06}(41.02-47 .68) 

121-135 18.2 306 51.0 12.64 29.45 41.62 
(74.8-82.8) (2.2.-5.1) (44.3-70.1) ( 8.69-15.6:} (24.36-32.36) (38.65-45.051 

136-150 74.0 2.8 26.7 14.:58 23.56 39.76 
(70.6-18.9) (2.0-4.2) (22.5-32.8) (10.12-16.36/(20.12-24 .92)(37.12-43.03) 

111-165 70.3 •• 4 16.6 8.86 20.77 42.68 
(68.6-75.3) ( 1.8-3.6) (13.8-.11·2) (5.26-13.52)( 15.60-24 .56(38 .64-44 .36) 

166-180 71.6 2.5 19.4 6.66 20.56 44.32 
(66.4_74.4) \1.6-3.e) (13.6.28.6) (4.18-10.06(14 .eO-26.sa (40 .56-48. 78) 

181-195 11.6 2.5 16.0 5.80 11.80 42.32 
(65.2-15.1) (t.4-3.e) (12.9-20.1) (3.10-9.96)(12.08-19.69) (39.26-46.06) 

196-210 61.5 1.6 14.5 6.22 13.('14 41034 
{sa .8-64 .2} ({0.9-2.6) (13 .2-17 .3) (3.84-8. 78}!10.56-14. 72) (40.36-44.16) 

211-225 55.3 1.2 14.8 6.66 12.59 40.02 
(52.6-61.3) (0.6-2.0) (12.6-16.9) (4.1!!-9.74)(11.32-13.36) (38.10-43.08) 

226-240 56.0 1.4 14.1 6.34 11.36 42.36 
(52.6-64 .2) (0.6-2.1) \12.0-17.3) (4.44-8.04)( 7.36-8.04} (38.82-45.12~ 

..... 78.7 6.0 115.8 6.24 12.82 41.39 
(52.6-96.4) (0.6-15.8) (12.0-672.4) (1018-16.36)(0.24-32.36) (36.66-48.78~ ., 

I!!tarmina tiona 12 12 15 12 12 12 

119urse in parentheses de"ote correspondingly obaerved vsrietio ... 
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(e) C.lcl_ Carbonate a Dletdbution of caCO, content (9 1009-1 aoU) 

ln ditferent layers of the 8011proflle (TobIe 13) .. aa interest1D9 

in vlew of intlended 9".",1"9 of deep rooted tree cropa in .... cb a so11. 

The average caC03 content of the eoil mee. (l.a. tban 2 ~ free of 

concretions variad be_.n 1.18 _ 3.26 9 1009-1 BOU for layers 

between 0-60 em. Howe..er. the re_in1n9 8011 layers bed a _an 

content of more thl'lD 5 9 1009-1 ... 11. But middle portion (91-165 cw 

of the profile "" ..... d en enrichment of caCO, tazyinq be_en 5.26 _ 

15.62 q 1009-1 Boil. When concretions (9reatar than 2 ~ were 

included 10 the sol1. caCO, content for eacb of the layers incressed 

appreciably dependin9 upon the ldlOWIt of concretions in dlff .... nt 

layers ( ...... Table 7) but it followed the s_ d18tribution trend for 

the so11 profile. 

found inveriably bsvinq abOOlt the e_ caCO, content. All th1a 

8bowed h1qhly cdc 10 nature of th" proUle except the upper 60 e ... 

'DIus. this 8011 being calcic also could result in pl ... t8 suffer from 

nutrltional di.order as caCO, is qanerally considered a eoqent cau .. 

of chloroeis. 

(f) AvaUable lIutrlenU' Re.ults (Table 14 and 15) on the tertility 

.. tu. in reapect of availability of important nutrient elements ..... 

»nsented under two aub-beeds below. 

(il M4Cro-nutrianta. 'DIs average aveilable (that fraction of total 

lIont"nt of a nutrient element which is 8uaceptible to absorption by 

plants) or 0.'2 per cent 1tMnO, _ extractable (Subblab and Aalj '" 1956) 

• content of the 8011 profile vas ..ezy I"" "a "whole. Its ..... raqa 

content wes mmc1mum(2S.2 IIIq K9-1) ln the aurface soil ... d decreased 

vlth depth. Poor available II 18 due to very low orqenlo c.<bon 

aaatent ."Table 14) of the soil and there existed a Cl0M reletion .... tp 
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Table 14. Organic c2rbon and available N. P and K of the so11 is 
given leyers of the highly sodie experil8ental faJ:ftl. 

Soil prof 11a OX diz e organ Ave. 1 le nutrient k 
depth (em) Carbon (g100er1 soil) N trog .. n Phosphorus Potus .. 

0- 15 

16- 30 

31- 45 

46- 60 

61- 75 

76- 90 

121-135 

136-150 

151-165 

166-180 

181-195 

196-210 

211-225 

226-240 

0.265 
(0.240-0.299) 

0.246 
(0.223-0.2811 

0·191 
(0.169-0.245) 

0·185 
(0.162-0.217) 

0.179 
(0.158-0.201) 

0.112 
(0.143_0.193) 

0.165 
(0.129-0.193) 

0.132 
(0.121-0.184) 

0.118 
(0.107-0.143) 

0.095 
(0.095_0.104) 

0.086 
(0.079-0.100) 

0.081 
(0.074-0.095) 

0.074 
(0.070_0.082) 

0.088 
(0.074_0.095) 

0.074 
(0.070_0.086) 

0.062 
(0.054-0.070) 

25.2 
(18.6-32·S) 

23.6 
(19.8-26.6) 

22.6 
(18.7-24.3) 

20.8 
(16.4-23.3) 

17.9 
(11.e-22.6) 

15.4 
(12.2-19.1) 

12.8 
(9.6-16.8) 

11.7 
(9.4-14.4) 

11.0 
(9.6-12.6) 

10.5 
(8.6-11.2) 

11.2 
(0.8-12 .4) 

37.4 186.9 
(19.2-56.3) (181.8-2n.3) 

23.0 189.4 
(13.5-28.5) (159.2_227.3) 

16.2 170.5 
(12.2-21.0) (148.7-205.6) 

9.6 159.1 
(7.0-11.6) (124.&_202.8) 

e.6 151.5 
(7.0_10.5) (102.1-193.1) 

6.2 147.7 
(2.8-9.5) (102.1-181.9) 

5.2 132.6 
(3.2_A.O) (102.1-159.2) 

2.8 121.0 
(0.5-4.5) (102.1-147.5) 

1.7 121.2 
(1.1-2.4) (90.9_159.2) 

1.7 113.5 
(0.S-1.9) (94.6-136.3) 

1.4 106.0 
(0.S-1.1) (86.3-124.e) 

1.5 98.3 
(100-2.5) (79.4-124.8) 

1.5 87.0 
Xa.S-3.0) (68.1-128.1) 

1.4 94.6 
(0.5_2.4) (68.9-126.6) 

1.5 94.6 
(0.S-2.2) (79.4-113.5) 

1.5 98.4 
(0.8-1.9) (0.8-116.6) 

Mea.. h.138 14.5 7.6 130.1 
( 0_240) (0.054-0.299) (8.2-32.8) (O.5_56.3) (6R.1_227.3) 

Dete <min .. tions 10 6 10 10 
110ures in parentheses denobt correspCiid1ngly Ob8erled variation. 
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(r - 0.92") be_en the 1:>10. Org .... iC caxbon is a _a .... m of 

8011 organic .... tter content. a atom ho .... of II _I'll" But 

avallable P end It contente in the 1'1011 _ ... 8nouqh (TobIe 14). 

Available P in tha surlace soil vas yery high (37.4 RIO I<g-l) but it 

decreased to 23.0. 16.2. 9.6, 8.6, 6.2 and 5.2 mg kg-1 8011 of layer. 

in the deacending order. Soil below 105 .,. depth showed further 

decline and all these layers we ... poor in available p. Chhabra et al. 

(1981) sho reportlBd high "'!iilable P in highly sodic soil. of this 

regioa. Although .... unt of ..... ilable It .. lao indicated .. deere .... vith 

depth but based upon ite eontent in each 1l\Y'er the .. oil proUle 

between 0-120 em may be design.ted high and the rest _dium for It 

."pplying e .. psetty. About Ca, Mg and S. their contents .s found in 

the saturation extract cd on the .exchUlge c:ocplex are .1eo .exy low 

and need their .pplie.tion. for _lleration as well as to mast 

n .. trition.l .... qui,.....nts of plante in such .011 ... 

(lil Micro-nutriente. The aveilable or DTPA..extractab Ie (Lind • .,. 

.... d llonell. 1969). Fe. lin. Zn end Cu date (Table 15) indie.ted 

their contents to be .uUiCienUy high except that of Zn. Mount of 

Fe. lin and Cu lIbowed an acc .... lation in the surlac. l.,..rs end a 

decrease vith depth. Despite the high "pH "end caC03 repOrted by •• _ral 

workers in a Rvie" (ltanvar.nd Randhawa, 1978) to reduce their 

ava11ability dra.tiCally their ..... unt was high throughout the profile 

depth. Although depthv1ae distribution of available Zn followed • 

• ilIIllar trend but its -.unt v •• low throughout the sol1 profile. 

Th. results thereby rev-al the nece.8ity ot Zo spplieation to .chie". 

optim .... growth of planta in such a highly _Ie 11011. 

The physical and chea1cal ch.r ... terist1ea of the 8011 profile. 

th .... e1..."ly show the followiog pO."jble constraints vith their 

.. yerity maximum in the ."rf .... l.,..ra. Baaed on the ......... lts. the 
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Table 15. Available aaounts of Fe. MD.. Zn end Cu in 'the soil of given 
l"""rs of the """fHe of highly sodl" axperl ... ntal fl!rm (e""h 
s "an of 10 determinations). 

S011 profile 
depth (cm) 

0_ 15 

15- 30 

31- 45 

46_ 60 

61-75 

76- 90 

91-105 

106-110 

121-135 

136-150 

151-165 

166-1BO 

181-195 

196-210 

211_225 

226-240 

Mean 
, 

DTPA-extractible micro-nutrIents {1IkJ ko-l 
lron Mang ana sa Z inc 

77 
(68-94) 

93 
(78-116) 

83 
(7n_9S) 

60 
(62_72) 

53 
(42_63) 

43 
(36-52) 

47 
(36-111) 

43 
(30_55) 

47 
(38-58) 

47 
(36-59) 

40 
(32_50) 

33 
(30-39) 

37 
(31)_44 ) 

30 
(26_36) 

30 
(24_38) 

37 
(28-46) 

50 
(24_116) 

96 
(B8-118) 

115 
( 102-134) 

109 
(98-122) 

89 
(78-100) 

74 
(65-B8) 

65 
(60_73) 

60 
(52_66) 

59 
(SO-68) 

47 
(38_58) 

59 
(52_66) 

54 
(44_66) 

51 
(40_60) 

52 
(44-58) 

46 
(42-56) 

42 
(36-52) 

41 
(36-54) 

67 
(36-134) 

0.52 
(0.33_0.60) 

f) .44 
(0.28-0.52) 

0.39 
(0.28_0.48) 

0.28 
(0.20-0.39) 

0.39 
(0. 2B-0 .46) 

0.35 
(0.26-0.42) 

0.16 
(0.08-0.28) 

0.21 
(0.10_0.12) 

0.15 
(0.12-0.19) 

0.15 
(0.10-0.21) 

0.21 
(0.14-1).31) 

0.13 
(0.10-0.22) 

0.12 
(0.08-0.16) 

0·10 
(0.06-0.16) 

o.ll 
(0.08-0.15) 

0.26 
(0.06-0.60) 

loii) 
Copper 

2.30 
(1.78-2.82) 

0.81 
(0.66-0.96) 

0.62 
(0.52_0.72) 

0.53 
(0.46-0.60) 

0.43 
(0.36-0.51) 

0.50 
(0.30_0.58) 

0.38 
(0.32-0.46) 

0.40 
(0.30_0.52) 

0.31 
(0.22-0.38) 

0.30 
(0.20_0.42) 

0.28 
(0 .20_0 .36) 

0.31 
(0.26-0.42) 

0.79 
(0.20_2.82) 
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8011 of the exper1llleatal .ite .. m be cl ••• ifiad hSqhly sodie: sod • 

representat1Ye of such soUe occupying about 2.5 allion h. (Abrol 

aDd lIhullbla, 1971) ..... in the Iado-Q""qetie: plaine. Th ..... IIOUS 

ha_ beea studied by s..-ral wo"""'" (Aqanral sod Yada". 1954, 

Govinda Raj.", end Murthy, 1969, Jtanwar and Jlhumbla. 1969, Abrol sod 

.. umble. 197U Sharga"a at 81., 1972, lIharga"e ""d Abrol, 1978' Abrol 

end Bhullble. 1978' Abrol and Jlhumble. 1979, Abrol at al •• 1980, 

Jlharga"a et al., 1980, Gupta et al •• 19811 Abrol. 1982) in the pe.t. 

Consideratioo of their findings sod analytical data 00 the exper1llleatal 

h1qhly sodie field uDder the present in"estSqat1one, a few of the 

constraints IIIaY be pia-pointed as below, 

(e) Preeenc. of _casa1Ye IIOluble selta chlefly IIOdlum .. amonate 

in the surf..,. layers (0_30 em) of the so11. 

(b) Hi,h pH of the 11011, upto 10.5 in a 112 lIOiI_water suspen.lon. 

(0) £Xeessive .-ount ~ iona a_l1" 8Odlwa. carl:onate end b.t.carbonate 

in the saturation _tract. 

(d) High ESP of the sol1 throughout the soU profU •• 

(e) Highly dlsperei".. and indurated nature of the so11. 

(f) Strong calcareousnes .. of the profile except the upper 60_75 ..... 

(9) Presence of a calc ic horiaoo (keDl< .. r) around _ ... tre depth of 

the so11 prof11e which offers .. yare meclumie:al 1Jopedence to 

downward growth o'f roots, 

(b) Poor orgenic matter .. available N. S. Ca. Mg and ZD 8tetus of 

the 190iI ,uke it "ulnereble frCIII the fert:il1ty point Of ,,1_. 

(1) Low water .."..11ability of the soU between field capacity (0.03 

lIPs) and pe ........ nt wilting point (105 MPs) tenslona. 

(J) High pH end ESP .re reported (Abrol, 1977, ""'harya and Abrol, 1978' 

Sandhu et al., 19801 Sandhu at al., 1982, ""'harya at al., 1984) to , 
affect adyarealy _l.tun transmi •• ion and nt.at1on character1e-

tic. of the 80118., 



4.2 !!val uation of Salec'" Site 
Performance of EucalY'l>tua 
(L.) Willd. ex. Del. iii a 

lntrod uctionl 'lba phydco-ch •• ical constraints which .u. • 

OS7 

h19hly BOdic 80U inhollpitable for .con-.tc growttl of the _st _ 

8p8cies when planted followinq techniq ..... uited for no~ so11. 

require en appropriate modification to achi..". re.sonably hS9b per 

cent survival and rapid early growttl. The given aodificetion •• t 

abUlty of ttle .0U en"lr=-t faYDureble for opti .... root growttl. 

(b) manipulation of ttle root zone conducive for leaching of ....... 

• oluble salts. (e) .ula ....... tention of .. ailable _i.t .... wittlin the 

root zone 80U ma.... (d) perforation of _y type of hard pan on 

.ohanic:al :lmpediJoent pre_Dt in the .ub-soil. _d (e) .ainteDaDC8 

of ttle soil fertility through epplication of fartlliaars and organic 

-.nurss. Research efforts of •• vera! workers (lChu end Yadav. 1962, 

Pande. 1961, Pathak. 1961, Yael.', et al •• 1915) in the past IIhCllfed 

that suceeuful afforeatation of highly sodic 80118 had rather 

llalted prospeets unless the eoU condition. were _liorated to • 

de sired level by adopting .uitable technique •• 

'lb. recently .uggested technique (Pande. 1961, Yeda".t al •• 

1915) for planting of tre •• in the aodic .01111 raqu1re lllaking pita. 

90 ca ea..::h in depth and d1 .... 1ar,. ntfj,lled with a _ixture of 1:be 

.odic soil. 25 kg FYM and 50 par 08Dt of GR per pit bafore planting 

• tree sapling. The~ a~ a f_ intrin.ic bottlenecks in this 

tschnique e.g. (e) considerably h19her requlreaent for the __ nt.. 

(b) laborious and time eonllulling pit digging operation. (e) gRater 

earth war!< in preparing ttle filling ,dxtuR and refilling of the pita 
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.. ith it •. (d) no perfor.tion ot tha oBlak !lorilloa of .bout 40-60 

... width between 90-140 <!II d.pth ot thit eoll pmfUe •• nd (e, l1ll1tad 

1IC0pEt of meking pit. .... hanieally. Th ... 11ll1tationlO ".uMd adoption 

of this _thod to ..... ry Uaited _tent. In vlawof tha above 

limitations and ... ed for bringing refin_nt in p18llting teehni<!IMs, 

this eXper1lllent .. u "arded out to .... alu.te tha reaponee of B""!lYPtus 

teretieornis S ... end """sei!! nilotie. (L.) Willd. _. Del. to Mleeted 

sita preparation teehniQUes in a hi9hly aodic 8011. The principal 

hyoptheds b •• ed on the re.lity is that in tree plants, by virtue of 

their having deep rooted syatams, _age_at of the root eone by 

_Hying the soil envift>DmSnt with U.-ited quantity of __ Ate 

in the profile to .. d .... per depth has .... ital mla 1n their .stabUah­

_nt unl ike for the agrjaul turd cropa. 

Mltthodolosy. Ths "elected "ite preparation teehniqus8 oo""ri_ 

planting of EucalYptus tsretkornia Sm. (a .... ry popul.rly plllfttad 

apecles in India) and Acacia nllotk. (L.) Willd. ex. Del. (a species 

that grow naturally in salt affected landllCapea) in different four 

tn>e of postholes and a pit prepared ""sing various .ised ..,il _" 

end en Assortment of sped.es and mO'gels respectively_ '!'heae poetho1 •• 

and pits wera refilled with the sodie soil .. ised with wps- and I'DI. 

Detail_ relating to th .. d1aensions (di .... ter x depth) of the posthol.s, 

the pit and tha "'""""te of _nd_A~" uMd for th"ir refilling 

are given in Table 16. 

About six IIIOnths old saplings of the bIc species ra1esd in 

polythene bags _re planted on July 17. 1979. Bxperaant vas laid 

eat in a randomized bloek design and replio etad four time.. Bac:h 

Rplicats rupresented 8 plot (6 • x 6 -> qEOWing four plante with • 

• .,1n9 sf 3 m betw_n _ rowa and the "l_ts. aluagen (ureal v .. 
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Table 16. Detal1a of ~ataant. at • qlana. 

8r. :..io. Dt.enslona Yolu .... Gy"",U1l FYI( 

(dl8 " d.pth 10 clll (c.3) (ltq) (ltq) 

!!lathole. 

'1'1 10 x 120 9425 3 (0.32) 4 (0.42) 

'1'2 10 x 180 14137 3 (0.21) 6 (0.42) 

'1'] 15 " 120 21206 3 (0.1') 8 (0.38) 

T, 15 x 180 31809 3 (0.09) 12 (0.38) 

Plt 

T5 90 x go 572555 12 (?021 24 (0.04) 

F1qu.tes 10 par8atb ... s d.note 9Ypsum and FYI( ln q .,..-3 of plt or 
~tbol ... 

• ppHe,} at th .. rata of 20 and 10 9 N plent-1 on AUg. , and lIov. 26 

of 1919 respectl".,ly. Plants ..... watare". on th .. need felt basi. 

until " ye ar pdt 1'1 entinq. Gxowth ob .. ..,,"tion. were record.d """,tilly 

during the fir.t year and quarterly sub_qu.ntly. ACacia trees were 

lopped of undesired branches after 16 "nd 42 months after plsnt1nq. 

the biomass lopped as foll8ge aad >oOOd, material wa. est1llated on 

frellb and oven ,hy basie. C_1eal .nalyst. of the biOlllas. was dons 

",,1 .... of d:lfferent .1aed bill.ts of Eucal.yptus and Ac.ci. at diff .... nt 

.. 18ture contents caused by differential air dry1nq was .stimatad 

42 aonth. pa.t plantlnq uslng a lorib Calorimeter. 

Growth Underneat11 t11e CanOPY' the b1cma,. productivity resulted 

fzaa the natural growth of ""g.tation. primarily gras."s. underneath 

.. oanop1Gs of the two tree species was quantified by ha ...... tinq "'01. 

ef the ,;orown "p veqatatlon in plots allocatad to diff.rent site 

paparstion tre,,_au once .. year in Dec. of 1982 to 1984.< 1l1 ..... 5. 

"laid .. as est1lletad on_n dry bad.. Randomly dr ..... a.ples _re 



mall'lled for chemJ<:al c_a! tion aD4 ec.puution of the """"",81 

of 1mportant nutrient ele_nte. 

Rechl-lug &Ueet aD4 MiCro-cliaste lIo.U,UcatlonJ During Jan. 

1982 - Dec. 1984 ...... rution in sol1 aoiature contllnt in 81qht 

l.,..n of 15 em .ech bebleen 0-120 em profile vu _itoAd br 

8UOpling monthly and _.eurinq the ao1ature content on dry ve1qht 

basis gravimetriCally. S1allarly. the _an 8011 tellperature at 5 

aD4 20 em deptha, th" _eo caDO!>Y telllperature (at 137 cm height 

frem the sol1 surface) of Macu aD4 Eucalyptus plantatiCns at 

similar lOCations and on th" ne1ghbour1oq d..-y bare land at the 

._ height vas lIIOIlitoAd on 15th aD4 30th day of eech IIOnth at 

0722 and 1422 hours durinq .1 ..... 1, 1982 _ Dec. 30, 1984. The 

reclaiaing effect of tre.. aD4 netural qcovth of ".qatation under_ 
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.. ath the canopies of Acacia and Eucalyptus vas •• alu.ted br 

analysing the 8011 sample. of th" profile- (0-5 cm. 6-15 cm. 16-30 cm. 

31-45 em and 46-60 an) for !'ii, Be aD4 o"'l!"ic carbon 10. Se-pt •. of 

1982 and 1984 besid". at the plantinq time in 1979. Water infiltration 

vas also measured in the field for plots under different spee iDg. 

Litter Production. Irre5pact of the 5i te preparation technique., 

the _rage foluge abed in Aceeia and Eucalyptus plantations 

during .JUly-Aug_. Sept. - OCt ... Nov. _ Dec ... Jan. - Feb.,. March. _ 

April and May..;rune bebleen July 1982 aD4 April, 1985 _re e.tiasted 

through collection of fo11_ shad in cOOU1oer.. 120 COl looq an!! 

60 cm wide, in n_r. suffiCient to represent all po_dbl. locat-

ions of the canopies of the two trees. Mouat. went expressed on 

oven dry basis. Randomly dr""n 88mp1". from the collected litter 

are ""elysed chemically to aocert:ain the .... unte of 1IIport .... t 

alttr1ent ele_nts beloq recycled or added to the soil • 
• 



Re.ults and DilIe .... ion. lIx~ru.ntel j!1Dd109. at. pn_oted aid 

dilleu .. ed below UJl4ar dUj!arent hea!109a. 

A. Fer Cent Suryl"y' SUrylyal oj! both lIeeela and _alypt:ua 

for all the slte preparaUon t:n .. _na conUnued t:o be cant per 

cent untU 72 _th .. put plantin9. About 12 per cant oj! E""alypt:u8 

pl .... ted in postholes ('1']) with 15 c. die. and 120 ... depth _n 

Db_...,..d deed be_en ]6-42 _ths oj! 9rowth perild. '""'_ ob_ ... 

"at1on.. show that plant:1n9 of the 9i".0 two t:ne. 10 poatllola. of 

considarably l1mJ.tad width but 9ftater depth an4 refUled with 

ori9inal sodic .oil (00) .ixed with ltaited ClUanUt:iaa of 9YP8ua 

an4 fa .. yard manure (FYM) auryi". as 9004 a. 10 pia requiring hi9h 

d ..... of .. mend_ot:a. D199109 of pia with 18-60 U.s 9re .. t:er .,.,1_ 

than the postholes furtha r ooeke it a labor1ou. pnpoaiUon. '"'" 

posthole technique hOl. a 98llu1ne scope for it. _anieal edopt:1oD 

•• well. And DOWa!q. power oper._ (ueet:or) posthol. d19gen 

vith di".rse apecUieaUons are be1o9 fabrie.tad an4 .. rltet:ad ill 

the country. 

(a) Heiaht Growth. D.t:a on the effeCIt of •• l.c_ site preparation 

techniques on the periodic height of E""alypt:u. ('1'able 17) and 

Macia (Table 18) indieate that difference. w .... not si9nifieant 

.tatistically at all the no_ 9rowth .t89 •• dur109 the 10itial 72 

_ths of growth. Height 9rowth of the two .pecle. ws. rapid untU 

the 10itial 24-36 "",nth. of plant:1n9 but vas IOUCh slower afterward •• 

Euc:alyl'tus tree. p ... sentad a chlorotie look vith 11al_ growth of 

yellowish brown foliage whereas Meeie de".loped • den .. (Plate 3) 

lueh green "aDOM" CuaulOltiye.M """,tilly height 9 ..... th of Eucalyp_ 
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Table 17. .ffeet of s1 te preparAtion techniques on the .... lIII 
period height (em) growth of Eucalyptus teretlcomis 
:.;m. in a highly sodie soil. 

sate Growth B tcqe Ere12aret:.1on technIques Mean LSD 
(men th ~ T'll '" t Tl T2 !'3 T4 T5 (0.05) 
12lantin~1 

0 70 65 61 74 55 65 NS 

1 74 71 68 81 59 71 N5 

2 91 90 83 102 7B B9 NS 

3 106 106 94 115 90 102 iIS 

4 116 121 100 126 99 112 NS 

5 120 123 103 129 101 115 NS 

6 121 125 106 133 106 118 NS 

7 124 129 110 137 111 122 NS 

8 132 138 121 152 123 133 NS 

9 161 177 159 222 168 177 NS 

10 228 256 232 286 239 248 lIS 

11 259 304 260 348 316 297 NS 

12 292 352 296 392 342 335 NS 

15 350 424 349 466 385 395 liS 

18 362 439 362 478 398 40B NS 

21 408 476 422 526 494 465 NS 

24 446 530 470 592 562 520 liS 

27 538 612 556 616 633 591 NS 

30 59& 638 602 652 668 631 NS 

33 610 648 622 666 677 645 NS 

36 624 658 636 679 698 659 .'6 

39 646 676 662 688 732 681 NS 

42 654 689 676 702 756 695 NS 

45 662 700 681 716 774 706 NS 

48 670 713 687 730 793 719 liS 

51 676 715 696 745 809 728 NS 

54 681 719 706 759 822 737 lIS 

57 696 734 724 776 840 754 NS 

60 743 783 768 813 883 798 NS 

63 756 798 772 826 800 BI0 NS 

66 762 812 776 e34 906 elB NS 

69 771 820 782 840 913 825 NS 

72 779 829 789 846 920 e33 NS 
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Table 18. Effect of site prapar8ticn techniques on th .. ""'an 
periodic height (em) growth of !C&Cii nUoties (L.) 
_>illd. ex. Del. in a highly sod Ie so 1. 

Growth stage SIte preparatIon techniques Mean LSD 
(mouths rast T1 T2 T3 T4 T5 (0.05) 
E;l a,n t1u5l~ 

0 53 52 54 58 46 53 Nil 

1 56 54 58 62 49 56 liS 

2 65 67 71 72 76 70 liS 

3 74 78 82 82 90 81 liS 

4 78 94 89 88 99 90 Wi 

5 81 104 98 98 109 98 NS 

6 82 104 100 99 109 99 liS 

7 B2 104 100 100 110 99 liS 

8 86 108 104 1n6 115 104 Nil 

9 132 142 156 163 174 153 NS 

10 194 210 214 222 242 216 Nil 

11 242 251 256 264 278 258 NIl 

12 276 282 274 290 310 286 lIS 

15 309 318 307 334 348 323 NS 

18 313 324 313 337 356 329 NS 

21 334 352 356 364 372 356 NS 

24 374 396 390 409 412 396 NS 

27 441 464 479 484 494 472 NIl 

30 458 4B2 494 497 513 489 liS 

33 462 488 499 506 518 495 liS 

36 478 502 543 555 562 529 NS 

39 496 519 582 571 596 553 NS 

H SOO 526 594 5a2 620 564 lIS 

45 511 536 602 596 632 575 lIS 

4B 523 552 617 614 650 589 liS 

51 556 588 629 621 660 611 lIS 

54 570 610 63. 626 667 622 NS 

57 572 614 640 630 668 625 NS 

60 580 617 642 638 674 630 liS 

63 5~ 626 644 641 680 635 liS 

66 586 630 644 643 682 637 lIS 

69 590 635 645 644 684 640 lIS , 
72 596 639 647 .. , 685 643 liS 



Plate 3 

A poorly developed open canopy of Eucalyptus wi til a 
chlorotic look, 

A well developed lush green canopy of ACacia ... 





and ACacia (Fig. 7) lIb.,...d hiQh.st inc~nte in the initial one 

year Of plantinq but eiqnifjc .... t d_na .. vas .vident in later 

year... A canful analysb of data showed rel"t:t.rely h1qhar incze-
.; 

_nte for Eucalyptus in posthole _hn1que ('1'.) than the pit _thod 

('1'5)' But rever .. vas true for Macia. bODg the gi_n posthole 

",pes. diameter of posthole. did not influe""e the height growth. 

hova .... r. depth of 180 c. fevound Bucalyptus to ad!!" out that of 

120 ca. But respon .. of ACacia to variations in di_tar or depth 

of poetholes was indifferent. 

(b) Girth Growth' Data on periodic DSH and DBH of Eucalyptus 

(Tables 19 and 20) .... d Macia (Tables 21 and 22) eqain show thet 

effect of the aite preparaticn techniques of plantinq did not result 

in si911ificent differenees in the gttth of the two spacie .. at all the 

ab .. rved growth sta91's. :In Eucalyptus. depth of the posthole rather 

than its di .... ter va. iaportant though such a trend vas not obvious 

in Case of AC ... ie. UnUlr.eheight.qrowth. inc~nt in girth 9£OWth 

(osH) of Eucalyptus wes ob .... rved (I'ig.a) .axa_ 4urinQ the second 

year. hc"ever. it also showed a gradual decrae .. vith aub_quant 

yaers. But th!. pattam 4i4 not occur in ACacia. loera_nte in DSH 

of Mecia plants in all the tre .. _nts vere more in the first year of 

planting than in the aecon4 aDd· th1r4 year of gIowtb. Aftar th1r4 

yaer. growth of Mee! .. occurred at .. r,,..1D effect incnll8nta gneter 

in the fourth year. But subMquent c ...... laUv. _ .... _thly DSH 

incremont.s in the fifth and sboth year of the growth period _ ... low. 

'!tie girth growth incr ...... nt. of Eucalyptu. were qreatar than that of 

Maci .. in the initial three years but were Ie .. in the sub •• quent 

,.an. This shows that Eucalyptus and Acacia followed diffarent 

.. _rna in girth growth. 
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Table 19. lI:ffeot of site rreparation techniques on the meeft 
per10d on DSH* (nan) of EucalyptU8 taretieom1s Sm. 1n a 
h1ghly sodi" so11. 

Growth stage site ,teoaration tedinIgues !le8O [so 
(month~ psst Tl 2 T3 "4 TS (0.05) 

I:! 1 an tillS 1 
0 5.3 5.2 5.2 5.4 5.3 5.3 lIS 

1 6.6 7.3 6.8 7.8 6.4 7.0 lIS 

2 7.8 8.0 7.8 8.3 7.7 7.9 lIS 

3 9.5 9.7 9.6 10.3 9.9 9.8 lIS 

\I 15.2 1 •• 8 14.9 17.1 15.8 16.0 lIS 

5 16,2 17.1 16.6 18.0 16.2 16.8 lIS 

6 17.4 18.6 18.2 19.6 16.8 18.1 lIS 

7 lS.3 19.6 19.0 20.4 18.8 19.2 lIS 

8 23.7 25.6 24.1 26.2 24.7 24.9 lIS 

9 29.6 30.3 30.2 31.8 29.9 30.4 lIS 

10 3103 33.6 32.2 34.8 34.6 33.3 lIS 

11 34.6 36.4 35.S 37.4 36.8 35.8 lIS 

12 37.S 40.4 39.2 42.7 40.3 40·1 NS 

15 52.2 55.6 53.4 57.4 56.2 55.0 lIS 

18 62.6 65.7 64.2 68.2 65.1 65.2 lIS 

21 61.3 86.3 82.0 87.7 lOS.8 84.6 lIS 

24 101.3 104.8 102.6 106.6 105.3 104.1 lIS 

27 11106 113.3 112.0 11v.2 115.7 113.8 lIS 

30 114.4 115.6 113.8 120.4 12103 117.1 lIS 

33 116.7 123.8 118.4 12S.3 124.2 121.7 lIS 

36 120.2 127.8 123.6 132.4 11109 127.2 lIS 

39 121.6 132.2 125.8 136.2 134.2 130.0 lIS 

42 122.8 134.4 126.2 13&.3 136.6 131.7 lIS 

45 123.0 136.2 130.3 142.8 140.3 134.5 lIS 

48 123.& 143.2 133.4 146.6 142.0 137.8 NS 

51 126.2 143.& 133.6 147.1 143.2 13e.8 lIS 

54 128.1 144.2 134.0 148.0 144.6 139.8 lIS 

57 130.2 146.8 134.0 151.3 144.8 141.4 lIS 

60 134.0 150.2 134.2 153.4 145.0 143.4 lIS 

63 133.S 148.3 136.6 154.8 157.3 146.2 lIS 

66 134.2 149.8 13&.2 155.5 160.3 147.6 NS 

69 134.0 150.2 140.4 157.1 162.2 148.8 NS 

72 134.0 151.0 143.0 158.0 165.0 150.0 NS 

*OSH stands fer girth diameter at stump h3!ght (5 crnt) • 
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Table 20, Effect of e i te preparetion tachniquee on the periodJc 
DBI!. (-> of £UI!!alxptus teretleo.mls Sm. in a highly 
sodic Boll. 

Growth stage S i te "reparatiOn teohniques Mean LSD 
(months "sst Tl 'i '1', '4 '5 (0.05) 
I2lant in,.j 

9 12.6 13.2 12.8 13.6 11.9 12.8 NS 

10 15.7 16.7 15.8 17.1 15.2 16.1 NS 

11 19.3 20.8 19.9 2102 20.3 20.3 NS 

12 23.8 27.8 24.4 27.8 26.6 26.0 NS 

15 33.2 36.9 33.8 37.6 35.9 35.5 NS 

18 36.4 39.2 37.6 41.8 38.8 38.8 NS 

21 41.6 45.5 44.2 47.3 44.6 44.6 NS 

24 52.3 55.6 54.2 59.7 54.8 55.1 NS 

27 64.8 72.3 69.7 74.6 71·3 70.3 NS 

30 66.3 76.2 71.8 ,'HI.8 78.2 74.5 IllS 

33 71.2 &0.6 74.3 82.9 82.4 78.3 lIS 

36 76.7 84.3 79.3 86.8 85.4 82.5 NS 

39 78.2 87.3 81·8 88.4 87.2 84.6 IllS 

42 78.6 88.0 82.2 88.9 87.8 85.1 NS 

45 80.8 89.1 83.6 90.5 89.1 86.6 IllS 

48 8204 90.9 85.6 9108 90.9 BB.3 NS 

51 84.3 93.2 97.3 94.6 94.6 90.8 NB 

54 B5.5 94.' 88.1 96.2 95.7 92.0 NS 

57 B6.4 96.7 90.6 100.8 99.3 94.8 NS 

60 89.3 99.0 92.3 104.1 102.3 97.4 NS 

63 89.1 101.2 94.7 106.3 106.8 99.6 NS 

66 89.2 101.e 95.2 107.1 108.9 100.4 NS 

69 89.0 102.9 96.8 108.4 112.7 102.0 lIS 

72 89.0 104.6 97.6 109.1 115.3 103 -1 NS 

-DE stanos fer girth di._ter at breast height (137 em) • 
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Tabla 21. Ufect of site preparation techniques on the mean 

periodic DSH- of Acacia nllotic, (L.) Wllld. ex. Del. 
in a highly sodic !OIl. 

GI'Qith stag. SIte preparatiOn technIques M<>an LSD 
(mcnths past Tl T2 T3 T4 TS (0.05) 
I2l an tina) 

0 11.6 10.9 11.4 11.6 9.8 1101 NS 

1 11.& 11·1 12.2 12.3 10·1 11.5 NS 

2 12.3 12.4 13.3 13.4 12.1 12.7 NS 

3 14.7 13.8 14.8 15.2 13.& 14.5 NS 

4 17.2 15.e 16.2 17.1 15.6 16.6 lIS 

5 17.3 17.0 16.4 17.3 15.& 16.e NS 

6 17.3 17.2 16.5 17.6 16.2 17.0 NS 

7 17.5 17.9 17.0 17.8 16.6 17.4 NS 

8 19.3 20.2 20.0 21.3 21·1 20.4 NS 

9 22.2 23.4 21.8 24.6 24.2 23.2 NS 

10 2e.4 29.2 27.6 30.5 30.0 29.1 lIS 

11 32.7 33.e 34.3 35.1 35.5 34.3 NS 

12 37.4 39.0 37.4 3e.8 39.4 3e.4 NS 

15 41·4 48.7 45.9 53.4 55.9 49·1 NS 

18 42.6 50.2 46.4 51..0 56.2 49.9 NS 

21 46.4 51.6 4S.S 54.8 56.6 5308 NS 

24 413.8 53.8 S2.8 55.6 57.' 53.7 NS 

27 !18.4 ta.4 63.9 64.e 64.6 62.8 NS 

30 59.2 63.8 65.2 66.2 66.P 64.2 NS 

33 63.e 70.9 72.3 77.3 7e.4 72.5 lIB 

36 G9.& 77.4 '18.2 85.6 e9.1\ Bn.2 NS 

39 SO.4 VS.6 93.9 100.1 109.6 .... 5 lIS 

42 S3.6 92.9 96.6 103.4 114.6 9R.0 lIS 

45 96.4 102.8 106.9 110.8 12103 107.6 lIB 

48 111.3 116.4 117.3 121.6 13:0..8 119.7 NS 

51 116.2 124.1- 126.6 17.7.3 p6.R 11.6.2 NS 

54 116.8 125.6 121.2 128.2 137.4 1:'.'.0 liS 

57 121.4 :0.31.8 133.2 135.6 144.6 133.3 NS 

60 12f..6 135.8 135.8 142.0 155 .. 4 139.1 NS 

63 129.8 138.2 139.9 145.0 160.2 142.6 N8 

66 130.1 138 •• 140.0 145.6 161.4 143.1 NS 

69 133.6 141.6 142.2 152.4 165.8 147.1 liS 

72 135.4 141.6 145.0 159.0 169.0 150.6 NS 

-OSH stands fer girti:: ai ..... tar at stump height (5 ClII) • 
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Table 22. Effect of site preparation techniques on the periodic 
Dill- (RIft) of Acacia nl10tlee (L.) WUld.ex. Del In e 
hlghly sodlc 8011. 

Grow th stage S lte preparation technIques Mean LSD 
(months poet Tl Ta '3 T4 T5 (0.05) 
ehntlnq) 

9 9.8 9.6 9.5 10.1 10.2 9.8 NIl 

10 t.! .3 12.4 11.8 12.8 12.6 12.4 liS 

11 14.6 14.4 13.9 15.3 15.2 14.7 NIl 

12 IP.7 18.9 17.9 19.7 20.1 19.1 lIS 

15 21.7 22.2 19.e 24.5 25.6 22.8 NS 

18 22.2 23·1 20.5 25.6 26.4 23.6 liS 

21 24.7 25.8 23.6 27.2 29.3 26.1 NIl 

24 26.3 28.4 27.6 29.8 31.4 28.7 NS 

27 3S.4 49.3 37.9 40.4 44.3 42.1 NIl 

30 40.5 50.9 39.1 42.2 46.1 43.8 NS 

33 46.8 f>S.8 47.9 56.3 58.2 53.0 lIS 

36 56.s 00.7 til.8 63.6 64.9 61.6 NS 

39 65.5 71.9 73.3 74.7 78.2 72.7 NS 

42 06.8 12.8 ?i.2 75.6 eo.o 73.9 NS 

45 72.3 81.2 80.e 86.1 91.8 82.6 NS 

48 80.8 91.3 se.4 98.6 103.8 92.6 NS 

51 83.3 90.8 95.8 105.7 114.6 99.2 NS 

54 85.6 97.6 96.4 107.3 117.8 100.1 NS 

57 91.7 103.8 102.6 113.9 121.6 106.7 NS 

60 99.3 107.e 108.3 121.8 128.8 113.2 liS 

63 100.1 10e.6 109.2 122.0 128.8 113.7 NS 

66 10C.4 109·1 110.0 122.6 1~9.0 114.2 NS 

69 101.3 110.6 110.5 123.5 130.4 115.3 NS 

72 102.0 111.6 111.4 124.7 132.6 116.5 NS 

-DBI! stands for ',lrth <liamster at breast height (137 CIR) • 



E 
E 

4 

3 

~ 2 
~ 

:J f­
E 2 
8 

(a) 

I 

,-
f--_ 

r-

r 

f-- f--

f--

f-- f--

f-- I--

.- r-l-
f--

123456 123456 

I--

-
-

f--

r-f--
l­

f---

123456 

T4 

,-

I 
r- I--

i'r 
I 
I I' I ' 

i 1 , , 

I i 

'-1-­
f--

---Treatments and successive growth years ----­

Fig,8. Site preparation techniques vis-a -vis cumulative mean monthly 

girth (DSH) growth of Eucalyptus (a) and Acacia (b) during 
successive growth years. 



099 

Comparable height and girth (DSH and DI!H) growth of ;:'lcalyptua 

and Acach planted in posthole (15 .... dia. and 180 ell depth, T4) and 

pit (90 em x 90 em) technique. bring out the development of a nev 

technique fer plenting of the txee species in highly sodie soils. 

in view of aver_ potential lleight end girth (DBH) reported (HAS, 

1980, 1983) to be attained by Euealyt'tus teratKlornis Sm. and Macit 

nl10ties (L.) Willd. ex. Del. under diverse situation. of sol1 types 

and agro-cl imates. the former wes found to have reached nearly 

stagnntlon atter ~e years of ~lantinq despite very encouraging 

orO#th during the firat three years. Growth of Acacia waS obaerved 

to occur ."Usfectorlly. Periodic height and girth growth data also 

!1"Id1-:flte thet EucalYrtU8 W{'IS sonawhet e-ens1 t1ve 1:0 the posthole depth 

than th~ d1eneter. This implies that Ae~e1a i~ relatively more 

tolerant to the mechanical impe""nce faced by roots to penetrate the 

calcic hcrizon in Case of shallOW postholes. This 1s also evident 

from about p;ame maqnitude of qrowth cf Eucaly,....tus in pesthele!; 

refIlled with ~mended mixtures containing Ya.rying do!!:~ (0.09 _ 0.32 q 

ce-1 of 1"'oethole volume) o'f qyrsum. 

'ttla re:S!.Jl ts" thus" ahowed that use of limited amount of all8ndments 

in a limited volume but greater profile depth haa ~ vital role i" 

achlevin~ high p~r c<"!ot survival and rarid eerly growth of selected 

tree spaci2's rlaot'3d in highly sodie soils. .The r-oathole method of 

tree planting waS ob_rved congenial for T'lents to qrow roots in the 

d.eper layers where moisture availability is high. Euealyrtus waS 

found d9velor·ing a 9000 root system (Plate 4) rapidly after planting 

in postholes reEI1Jed with Bodie Boll amended with gypsum and FYM. 

The high rer cent survival and early growth of Acacia and EucalYf'tu8 



Pl"te 4 

An exposed rcot system of a six 1'l\onth old 
Eucalyptus plant'3d through posthvle technique 
in a highly sodie soil. 

A close up of root pr('",liferat1cn of 
Eucalyotus 1n deeper horizons of highly sodie 
soil profile. 
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planted in postholes d_strated the prom1"" of this n_ technique. 

Yad"" et .. 1. (1975) rercrted .tailar msults obtained following pit 

method. But groWth of EUCalyptus after three y .... rs of plantin9 

occurred at a much sl.,...r rate than ... t1cipated on the basis of 

rapid grovth rate durin9 inittal .~a. 

C. Biomass Yield on Lopping of Aeac1aJ Crown growth of ACacia 

WaS very .. ncour"ging unlike that of Eucalyptua throughout the grovth 

P'" ciod. Thus. to aaintaln • propoor bal.""" between ths crown and ths 

boll fer producing quality tilllber. undesirable aboots on trunk of 

trees were lopped 16 and 42 ooonth .. aeter planting. Woody matter and 

foliage yield .. _re estimated. Dats (Table 23) show that woody matter 

and fOliege yield resulted from lC>p1>in9 was the highest in T5 • But 

diffe""nces were staUat1cel1ysignlfiCant oaly in yields caused by 

lopping af~.er 16 mcnth .. of planting. Itesults also indicate .oma 

re18ticnsh iT' w 1 't'.h the growth. by shOWing a deerease or inersese in 

blomas~ lorred with growth parmaeters recorded for the g1v~n tr~atnents. 

woody mattar inol'Jdi09 billets or branche .. and foliage yield .. d may 

be usad as Hr·, .. ood and forage respectively. Total yield of foliage 

-1 (cyan dry) and woody matter yaried between 1921-282B kg ha .nd 5306 -

7616 kg he-1 respectiyely from both the lopping". 

Results on chemical cOlllpOsition of follage (Table 24) and woody 

matter ('fable 25) indicate th~t effect of the different site preparat-

ion tech;-o1q'Je:: WIliS not sionificant on the coRC!!entration Of Na. K. Ca. 

Mg. <:I, re. s, Fe,. Mn" Zn and Cu in both of the components. HOwever" 

their r,.leUve concentration in follage lopped after 16 months were 

higher than the ._ lopped after 42 months of planting_ This may be 

attributed to the dilution effect of continual growth. But in ea •• 



Teble 23. Biomass (k~i h.- l ) lopped as branches QIOwing on the tree bolls after (16(a) and 
42 (b) months of plentinq Aeac 18 nl10tjea (L.) If illd.ex .Del. 

Treatn.nt wOodz: .. atter POli,!, Woody 
a 6 a+6 a .. 6 matter + 

PoUaae 

Tl 1662 3644 5306 565 1356 1921 7227 
(2216) • (479~) (7012) (2942) (7051) (9993) 

Ta 1835 4427 6262 642 1681 2323 7943 
(2548) (5983) (8531) (3274) (e741) (12015) 

T3 1874 3360 5234 676 1396 2072 6630 
(2677) (4667) (7344) (3515) (7259) (10774) 

T. 2264 4333 6597 874 1698 2572 9169 
(3059) (6018) (9077) (4545) (8493) (13038) 

TS 3015 4001 7616 1012 1816 2828 10444 
(4074) (6573) (10647) (5262) (8898) (14160) 

Mean 2130 4073 6203 754 1589 2343 8283 
(2915) (5607) (8522) (3908) (8088) (11996) 

!.SD(O .05) 756 .. s lIS 106 lIS lIS Jill 
( 1009) (lIS) (Jill) (8188) (lIS) (Jill) 

•• itlaft8 in parenth,,.e,- "aenote corresponding Yalue on air dried ba.i. fer woody IIIBterial and 
freah veJght basis fer tne foliage. 

~ 

"" ;.-, 
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Table 24. Chemical composition ( ... ol.l<q-l) of ths fol1_ of Acseia 
lopped attar 16 (e) and 42 (b) months of "lantinq. 

Treatment SOdIum Potassium caIcium Maaneslum .. b ! b .. b .. b 
Tl 43.5 34.8 338 302 385 340 266 200 

T2 34.8 26.1 333 287 3eO 350 270 175 

T3 35.7 31').4 353 292 382 345 279 183 

T4 47.9 30.4 359 294 405 355 275 191 

T5 39.1 34.8 346 307 395 345 266 195 

Mean 40.2 31.3 346 294 389 347 271 189 

PhosEhorua sul!,!!ur Nitrogen Iron 
a b .. b .. b a b 

Tl 124 a6.5 132 74.8 1250 918 23.9 16.4 

T2 116 94.2 133 82.2 1262 892 22.8 17.2 

T 3 120 92.3 131 80.4 1292 900 24.2 15.8 

T4 124 99.' 132 84.6 1260 910 25.2 16.6 

TS 132 94.8 130 70.8 1242 884 21.7 14.8 

Mean 123 93.6· 132 77.8 1259 901 23.6 16.2 

flaa!!51 ene 88* Zinc. c2I2~ra Na'!S. .. b .. b a b a b 

Tl 29.3 19.8 9.4 5.5 2.7 2.0 0.16 0.17 

T2 2a.6 18.6 8.8 4.8 2.6 1.9 0.13 0.15 

T3 28.1 20.2 9·l 5.2 2.4 1.8 0.13 0.17 

T4 26.9 2101 8.9 5.3 2.5 1.9 0.1'7 0.16 

T5 27.3 18.6 9.0 5.1 2.5 2.0 0.15 0.18 

Mean 28.2 19.6 9.0 5.2 2.S 1.9 0.15 0.17 

NaliC NalCe NalX+Ca Cal!!g 
a b a b a b a 6 

Tl 0.13 0.12 0.11 0·10 0.06 0.1,;5 1.4~ 10'70 

T2 0.10 0.09 0.09 0.07 0.05 0.04 1.40 2.00 

T3 0.10 0.11 0.09 0.09 0.05 0.05 1.37 1.88 

T4 0.13 0.10 0.12 0.09 0.06 0.05 1047 1085 

TS 0.11 0.11 0.10 0.10 0.05 0.05 1.48 1.76 

Man 0.11 0.11 0.10 0.09 0.05 0.05 1.43 1083 

*COftOBntrat1cn of Mn,zn and Cu 15 in 1lIII01 I<q -IX 10. 
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Table 25. Chemical eo..".,a1t1on ("""'l.kg-l ) of the woody .... tter of 
""..,1 .. lopped aftar 16 (a) and 42 (b) MOnths of planting. 

Tre~tment SOdium 
" 6 

3:;-3 22 •• 

29.8 23.2 

27 .. 6 21.6 

3008 24.5 

32.4 24.8 

30.4 23.4 

Phosphorus 
• 6 

68.3 
64.6 

65.3 

70.2 
67.9 

56.7 

58.2 

60.6 

50.8 

54 .9 

MNlQanese * 
.. b 

2.6 2.5 

2.6 2.6 

2.7 2.7 
2.6 2.7 

2.6 2.6 

2.6 2.6 

Na.K 
.. 6 

0.18 0.14 

0.16 0.13 
0.15 0.13 

0.16 0.14 

0.17 0.14 

0.17 0,14 

potassIum 
• 6 

174 •• 

182.6 

178.2 

188.5 

194.2 

183.6 

166.8 

176.4 

166.5 

172.6 

176.8 

171.8 

8ulphur 
a 6 

84.3 
&0.0 
76.6 

72.8 

78.2 

71104 

46.8 

52.4 

54.0 

46.7 

4-B.2 

49.6 

Zinc* 
• b 
2.2 2.1 

2.3 2.2 

'.4 2.2 
2.2 2.4 

2.3 2.3 

2.2 2.2 

RatC. 
a 6 

0.25 0.19 

0.23 0.1!! 

0.20 0.17 

0.25 0.20 

0.27 0.20 

0.24 0.19 

Calelullt 
a 6 

128.2 

136.3 

122.& 

120.6 

126.6 

121.6 

130.5 

124.2 

125.8 

124.2 

Nitrogen -a b 
45.3 38.8 

..... 0 

52.6 

46.4 

4!1.0 

46.7 

40.8 

36.4 

42.8 

40.8 

39.9 

Copper. 
" b 

1.0 1.0 

1.1 0.9 

1.0 100 

0., 1.1 

1·0 1.1 

100 1.0 

NaIK+Ca 
a b 

0.10 0.08 

0.10 0.08 

0.09 0.07 

0.10 0.08 

0.10 0.0& 

0.10 0.08 

* Concentration of f.-e,. MIl" Zn and t."!u is in mraol ltg-1 x 10. 

Magneaiua 
.. 6 

52.8 41.' 

46.6 36.2 

SO.3 41.0 

54.3 42.4 

48.2 46.3 

10.4 41.5 

Iron· 
a 6 
2.5 2.2 

2.4 2.3 

2.5 2.2 

2.3 2.4 

2.c. 2.3 

2.4 2.3 

0.59 

0.64 0.64 

0.55 0.53 

0.57 0.5& 

0.67 0.54 

0.60 0.56 

ee'Me! 
o 6 

2.37 2.87 

2.75 3.36 

2.71 3.18 

2.26 2.93 

2.50 2.72 

2.51 2.99 
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of woody matter, there vas only. marginel deena •• or no change 

in the concentration of these nutrient eleante with loppinq at 

the two stages. Zn oeoeral, all the nutrient ele_ata except •• , 

had a hi~her concentration in the foliaqe than in the voody .. attar. 

This is reflected in calculated ratios of He to lC., Ca, No' al)d J( + C. 

for the foliage and woody matter. Rala:ti".ly narrower ratios in 

foliage than in the woody matur indic ate th et accumulation of the 

element Na in leaves d.id not occur in levels toxic for the noE1all1 

functioning of the matabollc proce ••••• 

The mean total ""maval of "" (241 Il101 h.-1) tbrouqh the lopped 

biomass vaS considerably le88 then that of K (1827 Il101 h.-1). C" 

(1618 mel he-1) ""rl Mg (781 Il101 h.-1). Results (Table 26) indic_ 

qre,c'ter ~movel through biomass lopped after 42 than 16 months of 

planting. This is because of q""ater biomass harvested with the 

fo.tmer lor ring. The amcunts of Na, k.. Ca end Mg AIlloved through 

biomass were more in treatments which yielded higher biomas •• 

Similar tr~nd was obeexved in the .. an total removal of P (592 Il101 

ha-l ). S (592 mol h.-1). N (2641 _1 h.-1). Fe (44.7 mol h.-1) ~ 

(6.85 mol he-I). Zn (2.90 Rlol h.-1). and Cu (1.12 mol h.-I). Date 

(Table <7) Of' ~ was interestinq in POintin9 out its q ...... ter removal 

than th _:~ re :..·t of the elements despite J)OOr available N s't4tua of the 

sadie sol1. This m"l' be ascribed to the ability of lIe""'i .. to 

symbiotically fix atmospheric dinitiroqen. ADIonq the .. icronutriants. 

removal of ~'e and Mn through foliage WeS considerably WIOre than 

through the woody matter (Table 28) where ... Zn and Cu _re removed 

equal Jy by both the CC)IItT'Ionents of biemass-. Deta on Du'tr1ent.s reJIlOVal 

thus shower:'! th ;.-t deSpit".e cons1derBbly greater concentration of the 

g1wn nutrient element (except N) in the fo] lege of ACacia. their 

remove! occurred more through woody eOlRf"Cnent because it constituted 
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Table 26. Removal of Ne. K. Ca ana Mg (mol. h.-1) throUQll biomass 
loplOe<l after 16 (a) end 42 (b) IIlOIlths of planting AC..eta. 

Trea'bnent Fo11age Woodl matter Total 
• 6 Itli !! 6 .. 6 

Sodium 

'1'1 24.5 47.1 71.7 52.0 83.0 135 206 

'1'2 22.3 43.8 66.2 54.6 102.7 157 223 

'1'3 24.1 42.4 66.5 51.7 72.5 124 190 

'1'4 41·7 51.6 93.4 69.7 106.1 175 269 

'1'5 39.5 63.2 102.7 97.6 114.1 211 314 
Mean 30.4 .49.6 80.1 65.1 95.7 160 241 

POtassium 

'1'1 191 410 601 289 607 897 1499 

'1'2 213 482 696 335. 780 1115 1812 

'1'3 239 393 633 333 559 893 1526 

'1'4 313 SOO 814 426 7 ... 1174 1989 

'1'5 350 558 909 585 813 1398 230. 
Mean 261 469 730 394 701 1096 1827 

Calcium 

'1'1 217 461 678 208 433 641 1320 

'1'2 243 588 822 235 538 773 1595 

'1'3 258 481 740 255 438 693 1434 

'1'4 353 602 956 278 53. 816 1772 

'1', 399 626 1026 363 578 942 1968 
Mean 294 552 844 268 505 773 1618 

MegoeBiURI 

Tl 150 271 421 87.8 150 238 660 

'2 173 294 468 85 •• 160 245 713 

" 188 255 444 94.3 137 232 676 

'4 240 325 565 122.9 183 306 872 

T5 269 355 625 145.3 213 358 983 

lIIan 204 300 505 107.1 169 276 781 
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Table 27. demoval of p. S and II (1101. h.-1) through blCllla88 
lorred after 16 (a) and 42 (b) lIonths of planting Aceol •• 

Treatrrent FOljr weodli .... tter Totd .. .... 6 .. atb 

Rloschorus 

Tl 70 117 187 118 176 294 471 

T2 74 158 133 125 251 376 627 
TJ 81 128 210 121 195 316 512 

T4 108 169 218 141 262 410 613 

T5 134 112 306 211 233 445 619 
Mean 93 149 243 144 223 368 592 

Sulphur 

Tl 14 101 116 140 170 310 486 

T2 85 138 224 146 231 378 602 

T3 89 112 201 143 181 324 526 

T4 115 143 259 164 202 367 626 

TS 132 128 260 215 221 457 718 
Mean 99 124 224 166 201 367 592 

lIitrogan 

Tl 706 1245 1951 75 141 216 2168 

T2 IllG 1500 2310 80 180 261 2511 

T3 86& lZ57 2123 98 122 220 2344 

T4 11('1 lSU 2646 105 185 290 2937 

T5 125C. 1&06 2863 135 181 323 3181 

""an ,94S 14.31 2319 99 163 262 2641 
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Table 28. Removal of Fe, Ia. Zn .. nd Cu (-=>1.he-1) through b1olae.8 
lopr>ed ofter 16 (.) and 42 (b) months of planting Acae1a. 

Treatment FOl1F WOOdY .attar Total 
a !is a I; ... 1; 

Iron 

Tl 13503 22238 35741 415 SOl 1217 36959 

T2 14637 28913 43550 422 1018 1440 44991 

T3 16359 22056 38416 468 739 1207 39623 

'f4 22024 28186 50211 520 1039 1560 51772 

'f5 21960 26876 4S837 723 1058 1781 SOh. 
He_ 17697 25654 43351 510 931 1441 44793 

Mangane •• 

Tl 11.55 2684 4340 432 911 1343 5683 

TZ 1836 3126 4962 477 1151 1628 6590 

T3 1940 2819 4760 505 907 1413 6173 

T4 2351 3582 5934 588 1169 1758 7692 

'f5 2762 3377 6140 783 1196 1980 8120 

Mean 2109 3118 5227 557 1067 1624 6852 

Zinc 

'fl 531 745 1276 365 765 1130 2407 

'fa 564 806 1371 422 973 1395 2767 

'f3 615 725 1341 449 739 1188 2530 

'f4 777 899 1677 498 1039 1538 3215 

T5 910 925 1836 693 1058 1751 3588 

Me .... 679 820 1500 485 915 1401 2901 

Copper 

'fl 152 271 423 166 364 530 954 

T2 166 319 486 201 398 6vl) 1086 

T3 162 251 413 187 336 523 936 

'1'4 218 322 541 203 476 680 1221 

'1'5 253 363 616 301 506 807 1423 

.. an 190 305 496 212 416 628 1124 



hlqher amounts. Thl. 1Joplies that fo11_ of Aceta may sene 

as a goed for""e and woolly matter a "oed fixevoed as low esh 

content (inorganics) is reqamed to iJlrpro" .. the heat "ala" of 

woed (N/,s, 1980). 
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o. Firewood Value of Acacia and Euealxt'tua Billets. '!be firewoocl 

value in terms of Keel kg-1 of oven dry woody .. 1:erial of Acacia 

and &ucalyrtus wp~ found to be different from one lIftot:he r and 'Yaried 

with the th ickoess (')f billets or branches of both the species (Fiq.9). 

The firewood value of Eucalyptus was less than ACacia by 200_300 

Keel kg-1 for d:ty wood harvested from differ"ntly thick brI!Dahea. 

Heat Yalue of oven dry wood of Al::ae1a and Eucalyptus lnereased with 

increasing thickness of the Hrewocd billets. Heat "alue of firew004 

of differently thick brenchas of Meia and Bucalyptus was •• tS-ted 

to shew drastic decrease with increasing _oi.tun (Fig_tO) content of 

the wood. Oecre~se in heat yalue of wood with .-olatuxe conteDt vaS 

observed to I'e of greater aaqnltude for relatively thick branches 

of both the ~pecle8 • 

.;cody material lapped should be saqregsted into different 

cate90rie s depending upon the th ickness cf billets and dried proparly 

or seasoned before use. It was ob_rwe(t that fine brrnehes of ACacia 

and gucalyptus contained considerably h1ghltr moisture than the thick 

ones at the time of lOrping_ But their seasoninq caused r81'id drying. 

Thick brenche s al thcugh conteJned low moisture et lO'PT'ling time but 

took more tlm~ ~or loss cf moisture. This shows that thick branches 

should be srlit end stored for adequate s~an of time (Arnold, 1978) 

before burning_ In addition. fine brsnches when dry should be 

consumed before the th ick ones for different use of firewood. Data 



4300 

8 3900 

~ 

>-
'-
"0 

c: 
Q) 
:> 
0 3500 
I 
01 

"" 
0 
(J 

~ 

• 
<Il 3100 
.2 
0 
> 
~ 

0 
<Il 
J: 

2700 

10 

Bra nch diameter, cm 
Fig. 9. 
Firewood value of differently thick branches of Acacia and 

Eucalyptus on oven dry basis. 



5000 

~ l 4000 .... (a) (b) Branch diameter 
(cm) 

"8 .'-2 
0 
3= 3500 03-4 
I 
0-

x 5-6 
~ '" 7-8 
"0 3000 
u 
::.:: 
~ 

Q) 2500 
::> 
c 
> 

'0 2000 
G> 
J: 

1500 

10°°0 20 ~o ~o 8~ 0 20 40 60 

Moisture percent, w/w on wet weight basis 

Fig.IO.Effect of wood moisture content on heat value of differently thick (diameter range) 

Acacia (0) and Eucalyptus (b) branches. 

80 



85. 
(a) (b) 

Branch diameter 
V> 
V> 75 (em) 
0 
.c • 1- 2 
+-
.&; 

03-4 
2' 65 x 5- 6 
<I> 
3 67-8 
+-
<I> 55 3 
~ 

+-
co 
<I> 
0 45 ~ 
<I> 
Q. 

<I> 
~ 35 ~ 
+-
V> 

0 
~ 25 

15' ) \ \ \ I I II! ! ! ! 

o 10 20 30 40 50 60 0 10 20 30 40 50 60 

Air drying period, days 

Fig.lI.Rate of moisture loss on air drying of differently thick branches of Acacia (a) 

and Eucalyptus (b) during Jan. 17 to March 18, 1983. 



109 

on firewood value of Acac1a and Eucalyptus dUlOnstrate that 

foraoer species should be \liven priority in afforestation pJ:09r_. 

meant for the 93ner;:ticn of firewood resources. 

E. Growth of Netur~ Veoetation unc!erneath the Canopi... Blomaaa 

yield of nature! growth of yegetetien" primarily gras_e" uncl~rneat:h 

the canopies of ~ucelyrtu8 and AD""ia durin\l 1982-84 ehowed s1qnif1-

cant variatjon. Effect of site preparation t.eehnlqUlts on the bia.ase 

'I ield was nct significant. however" canaries of two trees influenced. 

the yield s1qnif1oantly. In a drouoht year (1982). the b1<lme8S 

(Table 29) yield waa Il10'''' in plots underneath the Aoac1a canopy. But 

during relatively wet years (1983 "nd 1984) 1t weS more in plots under 

the ~ucaly~tus plantation. Thil!l variation vas found rel ated to the 

\lr~ater availability of 8011 MOi.ture in ADeo1a plantation durlo\l 

drought ccndltlons. Dense canory of lICacia aaay a180 play a role in 

check.inc;: evapotr8l'lspir.;>t1on wherees open C8Dcrpy of Eucalyrtu8 favoured 

the opposite. During wet rears,. growth of grasses malte use of e.sl1y 
'--

."ellab 1e solar radiation and adequate supply of 8011 .. oisture to 

yield more bicmeso in Eucalyrtus than in the ACac1a plantation wham 

excess of moistt.;re and liJDited 8upply of solar radiation effect "ocr 

gro.rth of naturel v',qe~at1on. 'lb" vegetation eanprised of \lraases 

lik.~ Diplachn~ fusca (L.) P. Beauv." crnodon dactyloQ (L-.) Pera •• 

Dicanthium annuletum (l.<'orsk.) stapf. and Sporobolus lIIarainatu8 Hoch_t 

ex. A. I{ich was observed (Bhumbla at al." 1972) to tolerate high eoU 

sodicity and or salinity. More than 90 per cent Of the bi""", •• 

resulted from the growth of Diplacbne fuse a (L.) P. Beauv. wh 1m wall 

reporwd (Kumar and Abrol. 1983) to tolerate hi9h1y sadie condit10ne. 



Table 29. Averege biomoBS (oven dry) yield (kg he-1) of naturally grown u~ veyetation under 
the esnoples of eucalyptus teret1cornis Sm. at}(! Acacia nl1otic& (L. vil11d.ex.Del. 

Year Canopy sIte Ere~r.tIon technI~e. Rean I.S15 
Tl T2 3 T, 1'5 (0.05) 

1982 Euoalyptus 3694 308. 3856 2639 3148 3284 lIS 

1982 lIOac1. 5395 5849 5734 5565 547Z 5603 lIS 

Mean 4545 4466 4795 4102 4310 4444 III 

1983 Eucalyptus 7077 5462 8146 5285 4876 6169 lIS 

1983 lIOacia 3858 3962 3816 3176 3012 ~065 lIS 

Mean 5468 4712 5981 4231 3944 4867 lIS 

1984 Eucalyptus 4385 3388 3804 3696 3592 3773 lIS 

1984 AQacla 3056 2678 3026 2892 1939 2718 III 

Mean 3721 3033 3415 3294 2766 3246 lIS 

I.SD (0.05) 12§2 l2!P 1983 
Canopy or species 748 932 834 

Interaction 984 1168 1006 

Years - 1236 

..... 
1-" 
<:::> 
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Data on the cone~n'tratlon ot N8, lC" ell. Mg (Table 30). N., p. 

S (Table 31', F~, Mn, Zn and Cu (!'able 32) of the biOlllaslI in.Uca1:e 

that effect of :iifferent site l;'r'3paZ'ation tra"ltiM:nts was not 

significant in all of the three years (1982-1984). But the conce .... 

tration cf all the nutrient elenents. except. H. decreaeed with 

suecess1v~ years. Same was true for N in biomes .. harvested fna 

plots under E""alyptus plantation but controry was cb ... ",,~d in the 

Case of Acacia. This CIOl be attributed to the "dded bioma.s vhich 

in turn r~leased bI that might be ass1lllil.ted by the underneath 

vegetatlcn. Ccneentratlon of Sa in each of the years vaa .,re thaD 

of I( and followed by Mq and Ca. '1'h is illlpllas that _vetation able to 

tolerate high sodium end poor Cs "".ilabilit;y in the sodic soil CaD 

grow and re Elect the s ..... in Its chemic al """",,osition. AIDCng It, P 

and S, releti"", eon"entration of It we. msrkadly hi9h. Ititroven 

eoncentrcticn of the biomass h,""""sted frOlR /I.'''I"ia plantation showed 

an increeRe with years though it decreased in the Case of EucalY'Ptua. 

Ccncentr tion cf F waS marginally ...,re than S in the biOl'lllIl. durinv 

each of th''! threE' veers but absolute concentration of both the 

nntrient~ m;y t>e ~onsi"ered adequate. MOno the m1erClluu_nts 

(Tabl. 32', th" highest aecumulat10n of Pe vas ob .. .",.d. Iron 

follo-vred 14.1. Zn ~nd (!tJ in ortisr cf decreasing conoentrl'ltion. 

nata (Table 33) on average rem""al of biB, 1(, Ca and Mg exhibited 

tile role of' biomass r~ther than concentration of these DutrieDt 

elenants. Their remove]. waS IDOre tlu:ough the biomass harvested freta 

lIe""ia then guc"lYf'tu8 plantatIon in 1982. But oppodte was true 

durbg 1983 And 1984. Th is follows the trend of b10mass productIon 

during the three years. 'lb. --., .. &1 of Na W88 ..,re than that of It. 
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Table 30. Aver"9" concentration (1lIII01. kg-1, of Ha, IC, Ca and I4IJ 
in biomass harwsted fn. .. under the canopies of BUCalp'tua 
t.reticomis S ... and ;1"".:1& nllot1ca (L.) Wll1d.ex.De~ 

Treatment EuciiIptue lID""Ia 
198~ 198 1984 Mean 1982 198! 198. ...an 

.edi_ 

Tl 435 347 275 352 410 385 306 367 

T2 .79 398 326 401 452 360 2BB 367 

T3 41' 323 296 344 427 396 298 374 

T4 522 362 331 405 463 379 272 371 

TS 462 337 316 372 42B 390 316 378 

Mean 463 353 309 375 436 322 296 372 

Potassium 

Tl 206 182 164 184 230 IBS 170 195 

T2 232 211 146 197 241 198 163 202 

T3 225 113 157 185 233 179 170 194 

T. 249 203 167 206 216 186 176 193 

T5 236 198 153 196 232 190 168 197 

Mean 230 193 157 194 231 IB8 170 196 

CalclU10 

Tl 64 •• 0.9 7,.6 66.0 56.7 60.7 62.B 60·1 

T2 56.8 60.8 72.6 63.' 62.6 68.6 64.9 65.' 

T3 68.2 65.2 64.8 66.1 60.4 59.3 60.1 59.9 

T4 56.2 66.4 61.8 6105 58.2 66.8 5B.4 61.1 

T!) 60.3 68.3 67.3 65.3 64.8 6B.3 56.7 63.3 

Mean 61.2 64.7 67.4 64.5 60.5 64.7 60.6 62.0 

Magnesi_ 

Tl 187 154 121 154 194 160 131 162 

T2 176 148 118 147 188 154 126 156 

T3 196 143 127 155 190 157 136 161 

T, 189 156 126 155 183 163 127 157 

TS 190 146 131 156 198 150 131 160 

Me"" 187 150 125 155 191 157 130 159 



Table 310 Average concentration (JIIIIOl 1<\1-1) of p. 8 and N in 

T1 
T2 

T3 
T4 

T5 
!lean 

Tl 
'f2 

T3 
T4 
T5 
Mean 

T1 
T2 

T3 
T, 

T5 
Mean 

bioma ... harvested from under the canopies of Eueelyptua 
texatlcomls 8m. and ""acia nllot1ca (L.) WUld.ex. Del. 

AloSphorue 

90.8 76.7 62.6 76.7 86.8 82.8 71.4 eO.3 
86.4 77.B 70.B 7B.3 82.5 BO.7 72.2 7B.5 
92.6 74.3 66.4 77.B 84.6 84.2 74.3 81·0 
96.4 e2.5 68.3 82.4 87.9 82.0 710B 80.6 
90.e 84.4 70.2 81.8 90.2 e4.7 74.8 83.2 

9104 79.1 67.7 79.4 8'" e2.9 72.9 eO.7 

Sulphur 

B2.5 68.9 62.6 71.3 84.6 72.a 68.3 75.2 

1R.S 74.3 66.4 73.2 76.8 70.3 64.4 70.5 

84.6 66.5 65.9 72.3 75.4 68.2 65.5 69.7 
85.2 73.2 ,)66.6 75.0 80.9 69.9 66.7 72.5 

80.5 73.8 64.8 73.0 84.2 70.8 62.8 72.6 

82.3 71.3 65.3 73.0 eO.4 70.4 65.5 72.1 

lIitrooen 

210 230 190 130 314 360 415 363 

2B2 242 200 242 299 373 423 365 

269 227 196 230 313 365 418 365 
286 239 206 244 305 378 420 368 
276 244 205 242 317 3e5 437 379 
276 236 200 237 310 372 423 368 
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Table 32. Avar_ coneentral:ion ( ..... 1 leg-1) of Fe, lin. Zn end Cu in 
biomass harvested frolll under I:hs oanep1es of Euoalyol:us 
terel:icomis Sm. and AC""'ia niloUe .. (L.) Willd.ex. Del. 

Iron 

Tl 10.72 6.66 5.14 7.51 11.64 8.48 6.32 8.81 

T2 11.16 9.32 6.6B 9.05 9.68 9.32 8.16 !)'05 

T3 9.92 5.7S 6.32 7.34 10.55 9.64 7.68 8.96 

T, 11·84 8.96 5.76 8.85 10.04 8.00 7.24 8.43 

TS 1').92 ·9.14 5.92 8.66 11068 8.34 8.82 !h61 
M,~an 10.91 7.97 5.96- 8.28 10.72 8.56 7.64 8.97 

Mangeneae 

Tl 2.18 2.64 2.16 2.33 108B 2.72 2.30 2.30 

T2 2.34 2.46 2.24 2.35 1.82 2.64 2.42 2.29 

T3 2.04 2.48 2.16 2.23 1.94 2.78 2.40 2.37 

T, 2.38 2.36 2.36 2.37 1.88 2.74 2.32 2.31 

TS 2.24 2.4. 2.39 2.36 1·96 2.70 2.36 2.34 

"an 2.24 2.4 8 2.26 2.33 1.90 ~.72 2.36 2.ll 

Zinc 

Tl 0.36 0.28 0.21 0.28 0.34 0.30 0.18 0.27 

T2 0.32 0.26 0.19 0.26 0.32 0.26 0.22 0.27 

T3 0.38 0.28 0.20 0.29 0.32 0.28 0.22 0.27 

14 0.32 0.26 0.19 0.26 0.34 0.30 0.20 0.28 

TS 0.38 0.32 0.20 0.27 0.32 0 •. 30 0.18 0.27 

Mean 0.35 0.28 0.20 0.27 0.33 0.29 0.20 0.27 

Copper 

Tl 0.16 (1.10 0.09 0.12 0.18 0.12 0.09 0·13 

T2 0.18 0·12 o.oe 0.13 0.17 0.13 0.07 0.12 

T3 0.14 0.09 0.09 0.11 0.18 0.12 0.08 0.13 

T4 0·18 O·il 0.09 0.13 0·17 0·13 0.10 3.13 

1'5 0.20 0.12 0.09 0.14 0.19 0.12 0.10 0.14 

!toan 0.17 0.11 0.09 0.13 O.le 0·13 0.09 0.13 
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Table 33. M",r1l98 relllCVBl (1001 h.-l ) of II .. , 1(, Ca and MQ thro"llh 
hanest of biOl8asa fran under the canopies of Euc Blxptu. 
teretieomis Sm. and Acacia nUotiea (L.) Willd ..... Del. 

Sodi_ 

'1'1 1609 2460 1208 52'7'7 2216 14BB 936 4640 

'1'2 14'76 21'75 1106 4'75'7 264'7 142'7 773 4848 
" 

'1'3 1598 262S 1127 5354 2447 1511 903 4862 

'1'4 13'78 1914 1222 4515 2573 1203 '788 4565 

'1'5 1456 1642 113'7 4236 2400 11'75 613 4189 
Kean 1503 2164 1160 482B 2456 1361 B02 4621 

POtassium 

'1'1 762 1290 '722 2775 1242 '712 521 24'75 

'1'2 717 1151 496 2364 1430 '7B5 436 2652 

'1'3 B66 1406 596 2868 1334 681 515 2531 

'1'4 656 10'71 616 2344 1204 591 509 2305 

'1'5 '744 966 549 2259 1299 5'73 326 2199 
Msan 749 1177 596 2522 1302 668 461 2432 

Celci_ 

'1'1 23'7 445 309 992 305 234 191 '732 

'1'2 1'75 332 246 '753 366 2'71 1'73 811 

'1'3 263 5ll 246 1040 346 226 181 '754 

'1'4 148 350 U8 727 323 201 113 638 

'1'5 189 333 241 764 354 205 109 6'70 

Mean 202 398 254 855 339 22'7 154 '721 

Maqnea1W11 

'1'1 693 1094 534 2321 1049 618 402 20'71 

'1'2 544 809 401 1756 1100 613 338 2052 

T3 '757 1161 482 2400 1091 598 410 2099 

T4 482 B26 465 1773 1017 517 366 1900 

TS 59B 713 471 17B4 1085 453 253 1792 

Mean 615 921 4'71 2007 1068 560 354 1983 



followed by MIl awl Ca. Howe"er. the total removal of \:hese four 

elements \:hrcugh biomass harvested durinq 1982-1984 W88 only 

,"azginally more 1n Case of Eucalyptus \:han 111 AC ... ia pl .... tation. 

Similar results _xe ob"rved couounlnq the Ee,"""el of P and S 

(Table 34), Fa, Mn, zn .... d Cu (Tabla 3S). But total reROYal of H 
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Wall more thrcuqh blO1118J1s produced under Aeacia plantation desplta 

lowar yields durinq 1983 and 1984. Th1s can be attributed to qrwater 

supply of bI from the sol1 and ito acc""lation (Table 34) • 

F. }\!!iel!orati"e Effect and Micro-Climate ModltJc"tione 

(e) Soil Moisture. nate on ".rind ic per cent sol1 moi .. ture (v/v) 

content of d1fferent layers of tbt 8011 pro!!l. (0-120 em) indicated 

that besides 8011 sod1city availability of 8011 moisture is an 

1Jnportant factor Cau8inq differenees 111 qrow\:h of yeqetation includ1nq 

both. of the tree ereeiee end natural gra •• s. Moisture content of 

the 8011 under Eucalyptus plantetion (Table 36) wes observed low 111 

.""h of the leyerc at all the .... pl1nq etaqes than under \:he Ae ... ia. 

The flllotuations in J801sture content vere JIlOre prono1.Ulced in 0-15. 

15-30, end 30-4S em lay .. rs \:han 111 rest of \:he deeper horizon •• 

Variation WeB also more lRedad .in Eucalyptus than in AC ,:cia plantllt1on. 

In qeneral. "",1.ture content of diff ....... t pX'Ofile l~ rs under Aeaeia 

(Table 37) WaS found h1qher by 2_3 per cent than the respective 

figures for eucalyptus. Sucb differences ware IIl8rked throughout the 

aMlCldd derth of profile but wen mora consistent in the upper layers. 

In a rehtively dry year (1982), the BIOi.turo content of the pX'Ofilea 

uMaor both AI:: tela and Sucalyrtus ve. obeerved as low as the permauent 

!til tin~. l"01llt durinq May-July. The maintenance of relat1yely high 

aoisture content of the soil profile under ACacia plantation may be 

due to (1) the .. hede effeet of den .. e canopy on eheclt1ng losses through 



117 

Table 34. Average re_al (mol h,,-I) of p. Sand l>/ through har.eet 

Tl 

T2 

T3 

T4 

T5 
Mean 

Tl 

T2 

T3 

T4 

TS 
Mean 

Tl 

T2 

T3 

T4 

\'5 
Mean 

of bio .... s8 from UQ/Ier the canopies of ~uaalyptus teret:lc:omie 
Sm. end ACaci" DiloU". (L.) Wi11d ... x. nel. 

Phosphorue 

335 542 214 1152 468 319 218 1005 
266 424 239 931 482 319 193 995 

357 605 252 1214 485 321 224 1031 

254 672 252 ' 1178 489 260 201 951 

285 411 252 949 505 255 145 905 

299 531 254 1085 486 295 197 919 

sulphur 

304 487 214 1066 456 280 208 946 

242 405 225 813 449 411 112 1032 

326 541 250 1118 432 260 198 890 

224 386 246 857 450 222 192 865 

253 359 232 846 460 213 121 795 

270 436 245 952 449 277 178 906 

RitroQen 

998 1631 834 3464 1697 1392 1269 4358 

870 1324 619 2873 1748 1477 1132 4358 

1028 1845 "6 3621 1793 1391 1265 4450 

155 1262 762 2780 1699 1201 1215 6116 

870 1190 735 2796 1133 1158 847 3739 

904 1450 751 3107 1134 1324 1145 4204 
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Table 35. A_r8ge """"",81 (mol h .. - 1, of F., Mn, ZD MI! CU thzouvh 

harvest of biomass from under the canopies of lI:ucalxptu. 
teretieornis Sm. and Ac""ie nUotie .. (L.) WilleS.ex. Del. 

Treatment lI:ucal Y1)tUB ACacia 
19&2 19113 1984 Totel 1982 1983 1984 Tot81 

Iron 

Tl 39.60 47tt3 22.54 109.27 62.80 32.72 19.31 114.83 

T2 34.40 50.91 22.63 107.94 56.62 36.93 21.85 115.40 

T3 38.25 47.0B 24.04 109.37 60.49 32.97 23.24 116.70 

T4 31.25 47.35 21·29 99.B9 55.B7 25.41 20.94 102.22 

TS 34.3e 44.57 21.26 100.21 63.91 25.12 17.10 106·13 
Haan 35.58 47.41 22.35 105.34 59.94 30.63 20.49 111.06 

Mang""." 
Tl 8.05 18.68 9.47 36.20 10.14 10.49 7.03 27.66 

T2 1.21 13.44 1.59 28.24 10.65 10.46 6.48 27.59 

T3 7.87 20.20 8.22 36.29 11.12 10.61 7.26 28.99 

T4 6.28 12.47 8.72 27.47 10.46 8.10 6.71 25.87 

TS 7.05 11.90 8.58 27.53 10.73 8.13 4.58 23.44 

Mean 7.29 15.34 8.52 31.15 10.62 9.68 6.41 26.71 

Zinc 

Tl 1·33 1.98 0.92 4.23 1.83 1.16 0.55 3.54 

T2 0.99 1.42 0.64 3.05 1.87 1.03 0.59 3.49 

T3 1.23 2.28 0.76 4.27 1·83 1.07 0.67 3.51 

T, 0.84 1.37 0.70 2.91 1.89 0.95 0.58 3.42 

TS 1.20 1.56 0.72 3.48 1075 0.90 0.3!! 3.00 
Haan 1.12 1.72 0.75 3.59 1083 1.02 0.55 3.40 

Coppar 

Tl 0.59 0.71 0.39 1.69 0.97 0.46 0.21 1064 

T2 0.55 0.66 0.27 1.48 0.99 0.52 0.19 1.70 

T3 0.54 0.73 0.34 1.61 1.03 0.46 0.24 1073 

T4 0.48 0.63 0.33 1.44 0.95 0.41 0.29 1.65 

TS 0.63 0.59 0.32 1054 1.0' 0.36 0.19 1.59 

lIIan 0.56 0.66 0.33 1.55 1.00 0.44 0.22 1.66 
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Table 36. Period 10 cheng"" in par cent (v/w) mc1 .. ~re content of give. 

layers of the soil u.nder BuC'al.yptue plantation. 

Observational SoiI nrolll" r~r .... 
date (l5th of 6-15 16-30 31::45 46::g6 1-'~ 76-90 91-165 10&:126 
each J80nthl 

1982 Jan. 7.68 8.88 9.68 10.65 11.32 14.U 15.84 17.21 
Feb. 6.44 8.98 10.16 10.52 10.94 14.46 15.10 16.88 

March 5.62 7.94 8.82 9.16 9.18 12.36 13.92 15.26 

April 4.16 6.16 7.64 8.7S 9.26 10.94 12.84 14.11 

May 3.26 4.92 6.66 8.65 8.88 10.24 11.65 13.98 

June 2.B5 3.65 5.45 6·12 7.32 B.65 10.14 12.46 

July 3.59 4.65 5.86 6.16 7.15 8.84 10.86 11.88 

Aug- 11.53 13.63 16.24 IB.52 18.64 17.64 IB.80 18.65 

Sept. 8.56 9.68 11016 11.56 11.68 12.72 14.32 15.68 

Oct. •• 14 8.16 11.12 11.76 11.61 12.24 12.63 13.97 

Nov. 5·11 7.87 e.78 10.26 11.50 12.45 13.82 14.16 

Dec. 5.56 8.70 Sh16 11.76 12.25 12.65 13.98 14·11 

1983 Jan. 8.64 8.95 9.27 8.60 9.52 13.71 17.75 19.52 

Feb. 12.46 B.65 9.66 11.68 15.96 IB.49 20.45 22.01 

Much 7.76 8.55 10.56 11.23 12.06 15.50 19.45 20.80 

April 4.09 4.99 12.78 12.09 12.B5 13.22 15.93 17.99 

May 6.5F 11.79 16.14 17.15 IB.48 19.96 21.70 21.89 

Ju .... 5.50 5.70 14 .38 14.96 16.90 16.74 19.42 20.32 

July 6.68 9.66 11.29 14.02 15.68 17.81 17.62 17.46 

Aug. 7.43 8.62 10.4B 12.62 13.28 14.76 16.92 19.90 

sept. IS.87 18.S0 IB.96 16.78 15.07 17.27 19.90 22.95 

OCt. 14.21 15.00 14.11 13.35 12.96 15.73 17.35 20.10 

~ov. 9.82 10.23 10.35 10.07 10.51 13 .15 17.79 20.34 

Dec. 9.23 10.71 13.29 13.05 12.05 17.03 22.01 22.45 

1984 Jan. B.SB 9.62 10.02 10·16 11.68 14.56 15.80 16.19 

:reb. 7.14 11044 1104B 11.44 12.51 15.26 16.90 17.80 

MeECh 6.21 9.89 10.37 13.25 13.55 16.21 16082 1";.92 
April 6.1B B.76 10.14 11.68 12.24 14.45 15.10 1~.·86 

May 4.06 8.37 9.82 10.16 12.45 12.74 13·19 14.76 

Jun'~ 4.B4 5.66 8.16 e.64 9.49 10.02 11099 14.32 

July 9.12 9.98 10.46 11.02 10.96 11059 11.90 15.04 
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Table 37. Periodic changes in per c.nt (v/v) lI01sture content of 
given l€'Yers of 'the 8011 under Acacia plantation. 

obau""tlcn81 soll profile lepra. "'" date (15th of 0-15 16_30 31-45 46-60 61-75 76:96 91-105 106:120 
.""h ,""nthl 

1982 Jen. B.85 10.45 11-35 12.64 13.84 16.68 17.82 19.26 

Feb. 8.52 10.26 12.72 12.92 12.78 16.54 17.84 18.64 

March 7.78 10.82 11·64 12.62 12.80 15.17 16.94 17.16 

April 7·12 9.84 10.84 11·96 11.98 13.65 15.79 16.92 

May 7.26 9.76 9.66 10.49 10.77 11.14 12.72 14.86 

June 4.45 7.18 7.65 8.88 8.99 9.24 9.68 10.82 

July 4·14 7.32 8.86 9.16 9.68 10.32 11.65 13.36 

Aug. 13.68 14.68 16.48 18.32 19.64 20.12 20.96 21.75 

Sept. 11.54 13.52 13.68 14.52 14.44 15.12 16.72 17 .26 

Oct. B·16 11.16 13.54 13.64 13.78 14.96 15.60 16.20 

Niov. 8.12 10.94 11.65 12.72 11.12 13.52 15.04 15.88 
Dac. e.84 11.n 11002 12.84 13.95 14.16 15.68 16.88 

1983 Jen. 10.62 13.68 11·32 11.64 12.16 13.36 14.65 15.68 

Peb. 14.35 13.56 10.96 12.76 13.64 14.84 16.94 18.96 

March 9.68 11·36 10.84 12.65 12.88 14.76 18.78 19.21 

April 8.04 10.04 11016 12.76 13.12 14.56 17.96 18.88 

May 9.13 11.16 15.92 18.36 19.45 20.65 21.65 22.20 

June 8.92 10.84 14.84 16.16 18.32 18.16 20.94 21.16 

July 9.14 11.68 13.15 15.54 17.88 17.96 19.56 19.88 

Aug. 10.65 12.16 11.96 14.82 15.72 15.64 18.14 19.54 

Sept. 18.12 18.66 19.65 20.78 21.64 22.02 23.65 22.98 

OCt. 18.32 19.10 18.44 17.62 17.64 18.36 19.96 20.55 

Nov. 12.84 14.16 14.86 15.16 15.21 16.96 18.16 19.36 

Dec. 12.48 14.92 13.84 14.65 13.65 15.16 21.65 22.14 

1984 Jen. 11.16 13.68 13.74 14.10 12.92 14.26 18.78 19.26 

Feb. 10.94 12.65 13.15 13.76 13.84 15.32 17.82 18.66 

March 9.88 11.32 11·96 12.68 13.76 14.96 17.79 18.34 

April 9.76 11.64 12.10 12.56 13.60 1'.88 17.62 18.18 

May B.16 10.96 11·32 12.14 13.82 14.82 16.94 17.36 

June 8.35 10.54 10-88 11.65 12.50 13.52 14.94 15.68 

July 14.36 16.32 16.'4 17.65 18.10 lS.65 18.46 16.48 



evaporation and tr .... pir.t1on. (11.) .ulell effeet of the litter. and 

(11i) low d ...... nd of "",.cia tre ... for lIOieture than of Eucalyptus. 

(b) Canopy Teaperature. :tn cOllpariaon to th .. neighbouring open 
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areas.. the air or eMorT ta1Dperature beneath the tree orowns or 

canaries of ACaci. and Eucalyptus (Fig. )2) were _ified by their 

sheltering effect in cutting insol.t1cn and by their blonketing effect 

in restr1cting the outflow of heat thereby ke .. oing the ground warmer 

during winter mcnthe and coller durlnq the summer month.. Th is in 

tum helps the biclogical activity underneath the plantaticns. Such 

.tfect of Acacia plantation weS more pronouncen than Of F!ucalyptu8. 

Air temper&tur& under ACacia canary during 8uII'Ifter was found lower by 

3-5 t:lC and higher4uring winter by 2-4 °c than the neighbouring open 

area. ;;:ffect of Eucalyptus cano,.". waS the .... but its lIIOdifying illpact 

VaS less than thnt of Ac~1a. These re~ult_e eorroborate the findings 

of other workers (fAC. 19621 Ghosh et sl •• 1982). This effect helaa 

in check lng the loss of soil lIlOie'blre throu9h 8v8norBticn and 

tran5pir~tion demands of the underneath yegetation. 

(c) Soil Temperatu.Ru Bffect of Eucalyptus and ACacia canopies on 

temperature of 8011 at 5 and 15 em depths was also of modify1nq t:r"" 

(Fig. 13). The sol1 teat""rature at 15 "'" derth we. found lower 

throughout than at 5 em depth. Pluctl)etion8 were rert!c'llsrly matkfKl 

for the lower depth temperature recort"ed in the OT"en. I£ffect of 

~aCie Bud Euca!Yrtu~. during sumtlller months was that of blanketing end 

during winter montha was of sheltering tyN. Reo at al. (1992) alBa 

reT"Qrted similar observations. Morteret:.1on of soil temperature 

extremes by the .bCacia ~nd SucalyrtuB t'lant.aticns 18 ettributed to 

the effects of their canopies, leaf litter and the growth of underneath 
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'V'lgetation. AMong the.e factors. • CJood devel~_nt of den •• 

canopy may be the prineipal factor beeaus. effeet of lie"'!. to 

lIIOderet;e the ooil t:eIIIperature vas IIIOre than of l'luealYT'tus whose 

canory waS o ..... n ;nd poorly developed (Plate 3) in comparlson to th. 

fo.aner species. 

(d) Ameliorative Rffe"t of Plantations on Sol1 Properties. Rff .. "t of 

At:ecia en~ €~,lcalYrtus p18lltat1onll" irrespect of tl'e ~lte l're"aratj,on 

treatBents, on perlod1e changes in selected sol1 properties (pH, &C 

and organic cart>on) of 0_60 e .. profile was observed to be eonsider..,l •• 

Both of the pH and EC (FJq. 14) of the 8011 were _nedly lowered. 

Reduction VaS OIOre in the surface l"l'er and it decreased with depth 

to almost: negligible at 60 "'" depth. The soil organic eamon content 

VaS increased to double the initial 'Value under ~uealyptus and about 

three times under Acacia plantations. Effect of ACacia on inc.reaae in 

80U crganic carbon coatent waS more than Eucalyptus" however, their 

influence on changes 10 so11 pH aad EC was similar. Greater increase 

in organi" comon of the soil under Acacia plantation is attributed to 

additions of IIIOre lltter to the 80il. These results are in agreement 

with the findings of other woriters (Shah and Vora, 1965, Kretinin. 

1967, Vadav and Singh, 1970, Migunova, 1972) who reported desalinizatJ,.. 

on and desolonetsiaation o~ the 11011 under tree planta:t1ons. Amelio­

ration of the so 11 cceurs through the effects of growing- trees and 

of the und~rneath nfltural vegetation throuqh the penetration of roots .. 

iJlprovement of humus and nu'trients status through return of organic 

substance. from the deeCOlpo .... d plant parts and the enr1ehment of N 

st.tus of the soil through symbiot1eelly fi"ed N in case of 

leguminuous trees. 
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Intl1 tration characteristicll of the 8011 uDder Maci. aDd 

Eucalyptus plantations _re fouDd ilRpr098d with tine (Fig. 15). 

Infl1trctlon rete observed in 1983 waS same for both the ~lant~t1on •• 

In"rease in water inf11tr"tion "an be attributed to II reduction in 

the solI pH" growth of tree. and natural "Qatation vhoae roots open 

up the otherwise highly dispersed 80il, decomposition and addition 

of organic matter which stabiU ... the 8011 IItructure (sabds et al. 

1979). Ghosh et al. (1982) reported that forest "ayer results in 

.. arltedly greater 1nfl1trction in """",arillon to the cultivated field. 

and natural gras. land. Influence of root ramification on infiltration 

waS also observed. 

Litter Product&on. Forest or plant~tion eoOayll tem. contribute a lot 

of organic _tter to the 8011 in the shape of l.af fall, twigs, bronches 

and fruits, the nature and .aunt of which depeDd besides other 

factors on tbe species and the orowtb stata of their eanoT"ies. Resulu 

(Table 38) showed that Acacia produced more litter thm lI:uceJ.yt'tull 

pl .... taticn. Litter production of Maci8 W811 increased wi ttl growth 

yef'l!rs whereas such en 1DcreaFe was not observed with Eucalyptus. 

Bfn,Cllthly distribution of litter produced in a year indicate. that 

winter season (NOV. _ Feb.) accounts for more than 40 and SO 'Per cent 

of the total for ACacia aDd Sucalyptu8 respectivel}". More litter 

production by ACacia than by Eucalyptus results from bumper aerial 

growth of the foner (Plate 3). such DbBenations _re alao reported 

by Ghosh et al. (1982), however, amount of litter production is 

expected tc- vary greatlY' with the species and stoeking rate. 

G. .Nutrients Kecycled through Litterl Concentration of Na. lC. Ca 

and Mg in litter produced by Acacia and Eucalyptus during different 

grOwth reriods of all the three years (Table 39) did not vary 



or.b1_ sa. AMOUnt (kg h.-1) o~ foliage shed during given time periods of the year by the eanopiea 
of 3uealyrtul!' and 1\0801a in a hi9h1y so::t1e 5011. 

July - August 148 152 132 1" 252 465 
(14.4 ) (14.1) (12.0) (13.5) (9.9) <12.1) 

September..october1cS 178 184 176 218 326 
(16.1) ( 16.5) (16.7) (16.5) (e.6) (8.5) 

Hcvembar-Deeember2S2 234 262 249 924 1168 
(24.5) (21.8) (23.e) (23.3 ) (36.4) (30.3) 

January-February 196 212 218 209 635 1096 
(19.1) 119.e) (19.8) WI.6) (25.0) (2B.S) 

Mareh-Aprll 152 166 180 166 292 378 
(H.?) (15.5) <16.3) (15 .5) ( 11.S) (9.S) 

May-J une 114 132 126 124 216 416 
(11.1) (12.3) (11.4) (11.6) (8.6) (10.8) 

Total 1027 1072 1102 1067 2537 3849 

LSD (O.OS) 122 111 136 124 346 208 
(11.9) (10.3) (12.3) ( 11.6) (13.6) (5.4) 

Figures in parentheees St~nd5 for correspond1ng per c~nt of the total .ount. 

552 
(11.4) 

386 
(S.O) 

1494 
(30.8) 

1225 
(25.2) 

516 
(10.6) 

678 
(14.0) 

4851 

414 
(8.5) 

423 
(1103) 

310 
(8.3) 

1195 
(31.9) 

985 
(26.3) 

370 
(9.9) 

462 
(12 .3) 

3746 

285 
(7.6) 

...... 
"" >1'-
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dgnificanUyr"Me .... e .. "" .... _~ion of K, Ca and Mg showed a decline 

with successive years. There vaB not such change in We eoncentratlC1l 

in the litter of Acacia whereas it vas found to increase, though 

slightly, in eucalyptu.. 504i ... concentration in the litter of 

ACacia was 3-4 tJaeI5 les5 than that of Eucalyptus. Rewree vas true 

for l(. 1bere vas not much d1ffer,~nce ill Mg concentratJ.on of Ca. wae 

more in the litter of Eucalyptue than of Acacia. AIaOunt Of Ih! ... K. Ca 

and ~ recycled through litter (Table 40) of the two apecies varied 

significantly with the growth period of a year end with successive 

yeus (1982-1984). Their .... ount "a. more for the wintar months 

(NOV, - Feb.) for both the specie. but the quantiq. of these nutrients 

iDareased considerably with successive years only 1n ACacia. In cas. 

of Eucalyptus, llIROunt of K and Ca ahowed a 9radual dacreese but no 

chaDqf! for Mg and an increase for Ne with succeeding growth yeare. 

Conc'ntration of N, P, S (Table 411, Pe, MIl, Zn and Cu (Table 42) 

did not vary significantly """'119 9i"en growth peri04. of the three 

years. The mean cOQcenttatlal of p .. S and N vas considerably higher in 

litter of Acacia than of E:ucalyptua. Howeyar. their coooentration 

showed a steady deereaBI! with the Bucca. :-lve years. ConcentratioD of • 

in the litter of Msc!a vee abcut double the value for Eucalyptus, 

'l'he absolute concentration of N in Eucalyptus and Acacla Uttar was 

.,r3 than S by 3-4 t1ntt!s. Phosphorus eoncentration was ebc:..ut half 

that cf the 5 in Eucalyptus lltter but only little less in Meeia 

litter. Alltoog the m1cronutrients (Table 42). concentration of Fe vae 

.c)re then the rest 10 litter of AclJl.'lia whereall Mn had highest 

concentrctlon in Eucalyptus litter. Concentratj oa of eu was lowest 

and was about half the "alue. for Zn in litter of beth the specie •• 

COncentration of Mo. Zn and eu showed steady decrease 1n litter produced 

with the succeeding years. Same waS found with Fe cCftcentration 111 

Utter of Acacia but there ",""uuad no such change for Eucalyptus lltter. 
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Table 39. Concentration of Ma. K. CB and Mq (1lIII01 kll- l ) in fol1a;e 
shed during given Ilrnwtb periods by gUCalyptU8 and Acacia. 

July - Aug. 
sept._ (.Ie~. 116 124 128 123 37.1 36.1 36.9 
alov. _ Dec. 112 128 134 125 37.2 37.0 36.4 36.9 
Jan. _ Feb. 114 120 136 123 3e.e 36.2 36.0 37.0 

Ma.rch- April 114 126 120 120 37.2 36.4 35.9 36.5 

Ma:; _ .June 121 114 128 121 38.1 37.0 36.1 37.1 .... .., 114 122 130 122 37.6 36.7 36.1 36.8 

Potassium 

July - AU\l. 120 90 84.8 98 268 226 186 227 

Sept._ oct. 126 96 96.2 106 256 208 180 214 
Nov. _ Dee. 118 102 85.5 102 264 212 195 224 
Jan __ reb. 120 106 B2.e 103 258 222 189 223 

Ma.rch- April 128 98 95.2 107 268 200 200 223 

Mey _ June 126 103 90.5 106 256 212 202 223 

Mean 123 99 89.2 104 262 213 192 222 

Calo1tm 

July - Aug. 180 175 111 175 142 138 131 137 

"'pt._ OCt. 191 169 170 177 146 142 136 142 

MOY. - Dee. 195 176 158 176 141 133 126 133 

Jan. - Feb. 183 185 162 171 145 136 132 138 

March- April 181 184 156 174 139 138 124 133 

Mi\Y _ .June 194 181 152 176 146 140 122 136 

Mean 187 178 162 176 143 138 129 137 

Ma;nesium 

.tuly - AUg. 168 160 151 16') 170 152 131 151 

Sept •• oct. 172 164 160 165 168 160 135 154 

loY. - Dec. 166 166 155 163 164 156 136 152 
Jill __ Feb. 162 166 164 164 160 152 130 148 

!larCh- April 174 160 151 162 166 158 133 152 

IIaf -June 168 154 148 157 HiS 114 130 150 

III .. 168 162 155 162 166 155 133 151 
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11Il101. 40. Amount (moles he-1) of lIa. K. Ce and Mq added to the 8011 
thrcugh shedding of Eucalyptus and Acacia foliage during 
given g ..... til periods. 

Sodilml 

July - Aug. 15.7 ·17.9 17.5 51.1 9.22 16.8 19.8 45.9 
sept. _ OCt. 19.1 22.1 23.7 65.0 8.15 12.0 13.9 34·1 
1Ioy. _ Dec. 28.4 30.1 35.2 93.8 34.37 43.2 54.3 131.9 

Jan. _ Feb. 22.4 25.4 29.'7 77. '7 24.64 39.6 44.1 108.4 
M~xah _ April 17.4 21.0 21.6 60.1 10.86 13.7 18.5 43.1 

May _ June 13.9 15.1 16.1 45.2 8.23 15.3 24.4 48.1 

Cptal 117.1 131.8 144.0 393.1 95.4'7 141.0 175.2 411.7 

Potas.1um 

July _ Aug.- 17.8 13.8 11+9 42.e 67.6 105. 102 276 
~ 

sept. _ oct. 20.8 17.1 17.7 55.7 55.9 67 69 193 

1lOv. _ Dec. 29.8 24.0 22.4 76.3244.4 248 292 784 

Jan. _ Feb. 23.7 22.6 18.0 64.4164.1 244 232 640 
March _ Apr 11 19.5 16.3 17.1 53.0 7e.4 75 103 25'7 

May _ June 14.3 13.6 11.4 39.4 55.3 B8 137 281 

Total 126.1 10'7.'7 97.e 331.7665.9 829 93'7 2433 

Caloita 

July - Aug_ 26.7 26.6 22.6 76.0 35.9 64.3 72.5 175 

s.pt. _ oct. 31.6 30.1 31.3 92.0 31.9 46.5 52.8 131 -. _ Dec. 49.2 41.3 4104 132.0 130.4 155.8 189.4 475 

JeD. _ Feb. 35.9 39.2 35.4 110.7 92.2 150.0 162.0 404 
March _ April 27.6 30.5 28·1 86.3 40.6 52.2 64.1 157 

May _ June 22.1 23.9 19.1 65.2 31.6 38.4 83.2 173 

l:otal 193.3 191.9 178.3 562.5 362.8 527.4 624.3 1114 

Magne" i_ 

July _ Aug_ 24.8 24.4 19.9 69.3 42.9 70.8 72.4 186 

Sept. _ oct. 2s.4 29.3 29.5 e7.3 36.6 52.3 52.2 141 

..",. _ Dec • 42.0 39.0 40.8 121·8 152.0 182.6 203.4 538 

JeD. _ Feb. 31.8 35.1 noS 102.8 102.1 167.1 160.2 429 
IIarch _ April 26.4 26.6 27.2 80.4 48.'7 59.e 6e.7 177 

May _ June 19.1 20.3 lS.7 58.2 35.7 64.4 88.7 188 

total 172.8 174.9 172.1 520.0 418.3 597.2 645.0 1661 
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Table 41. Concentration of p. S and N (m mol kq-l) in foli_ shed 
during given growth periods of Eucalyptus and Ileac i •• 

PhoaJ:horua 
3uly - Aug- 25.6 2108 15.7 21.0 70.7 61.9 51.6 61.4 
sept. _ oct. 28.2 23.6 16.6 22.8 68.2 62.3 55.7 62.1 
Nov. _ D2C. 26.4 22.8 17.4 22.2 64.8 65.4 58.2 62.8 
3an. _ Feb. 29.3 24.4 18.6 24.1 66.5 ~ 60.4 54.0 60.3 
March _ April 26.5 20.0 15.5 20.7 68.2 63.8 52.8 6106 
I!ay _ "une 25.4 20.8 16.0 20.7 66.7 61.0 54.4 60.7 

"" ... 26.9 22.2 16.6 2109 67.5 62.5 54.4 61.5 

Sulphur 

July - Aug. 53.3 52.9 45.6 50.6 85.6 72.5 62.8 73.6 
Sept. _ oct. 50.6 53.2 47.2 SO.3 91.4 74.6 64.7 76.9 

Nov. _ Dec. 52.8 54.2 44.3 50.4 80.8 7a.2 66.3 77.8 

Jan. _ Peb. 54.3 52.0 46.4 SO.9 86.4 73.8 60.0 73.4 
Much _ April 56.2 50.4 45.8 50.8 90.5 76.6 61.2 76.1 

May _ June 51.5 50.0 50.6 50.7 84.6 71.3 62.4 72.8 

Mean 53·1 52·1 46.7 SO.6 87.9 74.5 62.9 75·1 

Nitraqen 

JIlly - AIlg. 156 162 148 155 347 345 330 341 
.. pt. _ Oct • 168 156 166 163 341 3SO 335 342 
loy. _ Dec. 176 146 152 158 364 355 326 349 

J .... _ Feb. 164 157 164 169 371 364 340 35& 
March _ April 182 166 178 175 365 356 322 348 

IIq _ .Junoa 170 156 165 164 368 358 326 351 ..... 173 157 162 164 359 355 330 348 



'1'able 42. Concentration of Fe. Mn. Zn and Cu ( ...... 1 kg-1) in foli_ 
shed during given 9J:OWth periods of Eucalyptus and Acacia 

July _ Aug. 

Sept. Oct. 
NOV. _ Dec. 

Jan, _ Feb. 

March _ Apr i1 

Mean 

July _ Aug. 

Sept. _ oct. 

Nov. Dec. 

Jan. _ Feb. 

March _ Apr 11 

IIq _ June 

July _ Aug. 

.:.i.pt., _ Oct. 

Nov. _ Dec. 

Jan. _ Feb. 

March _ April 
May _ June 

Mean 

July Aug. 
Sept. _ Oct. 

loY. _ Dec. 

Jan. ~"eb. 

March April 
IIay _ June 

110811 

6.15 

5.75 

5.68 

6.26 

5.5' 
6.00 

5.90 

30.s 

28.9 

32.6 

33. , 

30.0 

32.1 

0.28 

0.26 

0.23 

0.26 

0.26 

0.27 

0.26 

0.15 

0.14 

0·14 
0.15 

0.12 
0.14 

0.14 

5.28 
5.94 

5.82 

5.72 

6.16 

5.55 
5.75 

5.36 

6.12 

5.74 

5.B2 

6.36 

5.94 

5.B9 

Iron 
5.60 4.15 

5.94 4.44 

5.75 4.68 

5.93 4.12 

Manganese 

28.6 

30.6 

28.4 

29·1 
27.3 

31·1 

29.6 

26.7 

26.3 

27.3 

28.1 

26.4 

29.7 

28.7 

29.1 

29.9 

28.4 

29.9 

Zinc 

0.24 

0.26 0.25 
0.25 0.23 

0.24 0.22 

o.:u 
0.24 

0.24 

0.21 
0.23 

0.23 

0.25 

0.26 

0.24 

0.24 

0.23 

0.24 

0.24 

COppAr 

0.12 

0.12 

0.11 

0·10 
0.13 

0.12 
O.ll 

0.11 

0.10 

0.12 

0.12 

0.10 

0.12 

0.11 

0.13 

0.12 

0.12 

0.12 

0.12 

0.13 

0.12 

1.16 

0.98 

1.10 

1.12 

1.26 

1.0e 

0.31 

0.29 

0.30 

0.30 

0.28 

0.29 
0.30 

O.lS 

0.15 

0.14 

0.14 

0·16 
0.15 

0.15 

4.26 

4.36 

4.04 

4.30 

4.75 

4.18 

4.32 

0.84 

0.76 
0.72 

0.88 

0.82 

0.82 

0.28 

0.27 

0.30 

0.27 

3.56 3.99 

3.64 4.15 

3.78 4.17 

3.52 3.98 

0.62 

0.68 

0.70 

0.60 
0.66 

0.72 

0.25 

0.27 

0.27 

0.26 

0.87 

0.81 

0.84 

0.87 

0.91 
0.84 

0.2& 

0.21 

0.29 
0.28 

0.26 0.25 0.26 

0.28 0.25 0.27 

0.28 0.26 0.28 

0.12 
0.1' 

0.13 

0.12 

0.14 

0.12 

1""13 

0.10 0.12 

0.12 0.14 

0.10 0.12 

0.12 0.12 

0.11 0.14 
0.10 0.12 

0.11 0.13 

129 
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Table 43. Amount ("",les h .. - l ) of p. S and Ii odded to the soil throu9h 
.hedding of Eucalyptus and Acacia foliage during g1_ 
growth period •• 

Growtli perIod eucalX12tua MaeI. 
1982 1U3 1984 '!etal 1982 1983 1984 §W 

Phosphorus 

July _ AU;_ 3.79 1.31 2007 9.17 17.82 28.78 28.48 75.08 
sept. - Oct. 4.55 4.20 3.05 11.90 14.87 20.31 21.50 55.68 
Nov. _ Dec. 6.65 5.34 4.55 10.55 59.18 76.38 86.95223.21 
Jan. _ Feb. 5.74 5.17 4.05 14.96 42.23 66.20 66.15 174 .51 
H~rah _ April 4.03 3.32 2.79 10.14 19.91 24.12 27.24 71.27 
May _ June 2.90 2.75 2.02 7.57 14.41 25.38 35.88 76.67 
'1'otal _ 27.76 24.09 IB.54 70.39 169.12 241017 267.20 677.49 

Sulphur 

July _ Aug. 7.99 8.04 6.02 21.95 21.57 33.71 34.67 89.95 
Sept. _ OCt. B.35 9.47 8.68 26.50 19.93 24.32 24.97 69.22 
lloV. _ Dee. 13.31 12.68 11.51 37.50 82.05 91034 99.05 272.44 

01 ..... _ Peb. 10.64 11.02 10.12 31.78 54.95 80.88 73.50 209.24 
Mareh _ April 8.54 9.37 8.24- 25.15 26.43 2e.95 31.58 B'." 
Mar _ June 5.67 6.50 6.38 18.85 18.27 29.66 42.31 90.24 

'1'otal 54.60 56.18 51.05 161.113 223.11 268.85 305.08 818.05 

Nitrogen 

July _ Aug. 23.14 24.55 19.55 67.3 87. 150 182 430 
•• pt. _ Oct. 27.77 27.89 30.69 S6.3 74 114 129 318 
lloV. _ Dec. 44.40 34.26 39.98 118.6 337 415 487 1240 
Jan. _ Feb. 36.18 33.45 35.90 105.5 235 399 417 817 
Karch _ April 27.74 27.62 32.09 87.4 106 134 166 408 

May _ JUne 19.43 20.59 20.99 60.9 79 149 221 450 

Total 178.66 168.46 179.11 526.2 921 1374 1504 3664 



.-.--------
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Table 44 •. ~unt of Fe. lin (I .. les he-1). Zn and eu (..ole. h.-I, 
added to the sail through ahaddinq of Sucalyptus aA4 ACBOia 
foliage durinQ ghell glCOWth periods. 

:troD 

July _ Aug. 0.91 0.80 0.11 2.42 1.05 1.98 1.97 5.00 
sept. _ oct. 0.95 1.06 1.13 3014 0.91 1.42 1.61 3.80 

NOV. _ Dec. 1.43 1.36 1.50 4.29 4.32 4.12 5.65 14.69 

Jan. _ Feb. 1·23 1021 1027 3.11 2.62 4.71 4.31 11.64 

March - April 0.84 1·02 1.14 3.00 1.24 1.80 1.78 4.82 

ICoIY _ June 0.68 0.73 0.15 2.16 1.05 1.14 2.56 5.35 

Total 6.04 6.18 6.50 18.72 11.25 16.37 17.68 45.30 

M.anganese 

July _ Aug. 4.57 4.35 3.91 12.83 0.29 0.39 0.34 1.02 

Sept. _ oct. 4.18 5.45 4.93 15.16 0.21 0.25 0.26 0.12 

IIov. _ Dec. e.23 6.66 6.90 21·19 1002 0.84 1.05 2.91 

Jan. _ Feb. 6.SO 6.18 5.96 18.64 0.11 0.96 0.14 2.41 

March - April 4.56 4.54 5.06 14.16 0.31 0·31 0.34 1002 

May _June 3.61 4·12 3.33 11.12 0.23 0.34 0.49 1006 

Total 32.31 31.30 30.09 93.70 2.83 3.09 3.22 9.14 

Zinc 

July - Aug. 41.4 36.8 30.3 lOS. 78.1 130. 138 346 

sept. _ oct. 42.9 46.2 46.0 135 63.2 88 104 255 

IIov. _ Dec. 57.9 58.5 60.2 176 277.2 350 403 1030 

Jen. _ Feb. 50.9 SO.8 . 41.9 149 190.5 295 . 318 804 

March _ Aprl139.5 38.1 37.S 115 81.7 98 129 309 

May _ .June 30.7 3106 28.9 91 62.6 116 169 348 

Total 263.5 262.0 251.3 716 153.4 1079 1262 3095 

Copper 

July _ Aug. 22.2 18.2 14.5 54.9 37.8 55.8 55.2 148. 

sept. _ oct. 23.1 21.3 18.4 62.8 32.7 45.6 46.3 124 

Iov. _ Dec. 35.2 25.1 31.4 92.4 129.3 111·8 149.4 430 

Jan. - reb. 29.4 21.2 26.1 76.1 88.9 131.5 141.0 367 

~h _ Aprl11B.2 21.5 18.0 57.8 46.7 52.9 56.7 156 

!lay _ ..lune 15.9 15.8 15.1 46.9 32.4 4lJ.9 67.8 150 

'l'oI<a1 144.1 123.9 123.6 391.7 361.8 487.6 522.4 1318 



Amount of P, 5, II (Table 43), Fe, zn and eu (Table 44) 

recycled through lUter production was significantly more in Acacia 

than in Eucalyr-tus during all of the three years. But cproslte was 

observed in the Case of Mn. Distribution of their total amount 
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anonq the given growth periods of a 1'ISar showed. close as~<oolatlon 

with th~ quantity of l1tter produced in each of the l""riods. Amcunt8 

of the micronutrient. recycled was sign if icantll' lower than that of 

'the macroL1utri<3nte. But an UDU8Ua} accumulation of Mn in the litter 

of .?;ucalyptuf\ during 1992-84 vas an exception end intrigu mg. Data 

on litter rroduction" chemical composition of litter and alDOunts of 

nutrients recycled through litter showed th?t Acacia perform well 

than Eucalyptus. High II concentration beside P and 5 of Acacia 

litter make it eas.ter to undel:'\lO r",J.d deeOllt'osition to produce 

org-anie CCRlT"oUllds f;:;vourable for aJnI!IIlioration of physic al~ chemJcal. 

and biological proJ;<lrtie. of the Bodie soils. Being a II fixing tree 

and its observed encouraoing growth further m8l<e it valuable to haneat 

atmos·":tb:!ric N for enrichaaent of the 8011 with the srme. 

4.3 Evaluation of the orowth. Response of Eucalyptus teretleornia 
Sm. and Acacia nl1otlea(L.) Willd. ex. Del. tc Comnosltlon of 
selected Posthole Filling Mixturee in a Highly Sodic Soil. 

Introductions "nle eoge*t cauae which eonstrfd.nt$ normal plant 

growth in Bodie seils is the presence of (Uree!'!:slvp. qusntities of 

eleatent sodium. Excess of I!!IOdlU1ft in the root environrfto3'nt is not 

only toxic for r-lant metabol1 ... (direct eetic-n) but also results in 

extremely 8,1verse soil conditions unfnourable for nonno'!l funet.loning 

of rects (indirect effect). The ability of tree species to grow 

latisfactorily on the sodie sol1s depends on 8. number of interrelated 

factor. (phySiological compoaition. \lrowth stage and the rooting 

habits). Establishment of tree. on such Boils, thus, requlze 



_lioration of l1mlta" root "" ... to ••• t1efeetory 1 ..... 1. 

may be achieved by use of either normal soil or ... ndMants. 

earliest documented re-porta (Pande, 1956 ani! 1967) SU9gBstsd 

refUling of 120 em deep pita with the nontsl .011 for better 
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.urvival .00 per fotmanc:e of a few tn_ Bpec1e. pl .. ta" in ao4ie sol1s, 

But it locked practical feasibility. R ... az:ch eHorta Of Ye4.." et al. 

(1975) shcwe<'l that mjx1.ng gypsum at the rate of 50 per cent of GR end 

24 kg FYH with the sollie 11011 use" for ref11ling of pita 90 ""' each 

in depth and di_ter yiel""" good resulta ... " cOllparl!l>le to the u_ 

of normal soil. 

Pit methed of planting tr:e ... in 1IO"1e .0U. involves high "0 .... 

of gypsum an" FYM end their J01xing 1ft soU of coae14erably la<98 

volume. These pracUces lOake thi. technique bottleneck"" for geaeral 

a<\cpt1on on a wide soale. n.erefon, a poathol_ technique which 

overcomes these d1ff.tculties vas devised. '11'1.18 requires impzov znt 

of a limited volume of the 11011 than the pit _tholl. The Opt_ 

"oae 8nrl Combination of ..-end_nta n_ly QYT'sum and FYM for better 

survival and rapid early qrowth of different tree species vaa hyp0-

thesized to be ev€,luatad in this 1nYest1q6tlon. Tree species IHIlec1:ec! 

for the objective were Eucalyntus and Acacia. 'lbe former epeei ••• 

a fast grOWing and moat widely planted in the country, was Db_"". 
(Ye4av et al., 1975) qrowing normally after its plentiaq throuqh ,,1~ 

... tholl on " sodic XpH 10.0) soil. The latter is a relatively slow 

qrowing and mostly reqarded capable of •• tl!l>liSh .. nt OD the sodie 

soils without using _n""'nts and lIOdifieaUoo of the "lanting site." 

MethollOlogY' To invaat1qate the qrowth .:a."oose cf given speeiea 

of ~ucalYFtus and Macia to the compodtion of -posthole f11ling 

.htures, this experiment vas conducted on a highly sollie soil (Table 3). 
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'or this purpose. postholes of oonstant dimensions (15 em d1a. 

and lZO cm depth) war .. dUll out by a soil augar manually. Theae 

postholes wer, refil1~d with flY .. f111ing lIlixturfts whose composition 

is givan in Table 45. lbe robust and tmifot'lll saplings of both tbe 

specJes wer>; planted on July 17. 1979. Experiment waS laid out in 

Table 45. Details of compoait1oft of selected posthola fill1n9 
m1xtures 

Filling mixtu ... Ccaposition posthole-l of 15 CI1I db X 120 ell 

" .• pth 
Or1qinal sOOic 11011, OS 

os + 3 1<9 gyr'''. 

os + 6 1<9 gypSUM 

OS + 3 1<9 gyp • .,. + B 1<9 FYM 
, 

OS + 3 1<11 gyps.,. + 8 1<9 i'YM 
~. I 

randomiz'ld block design and repl:leoted four time!!. Zach repllc!!te 

cOIIlprlsed fcur e~rrlin9s planted in rows at ad istme!"t of 3 IR between 

the plants in 36 m2 (6 .. X 6 a) plot _ent for tho postholes refilled 

with the given fiye mutuA!!. Plen~i!!! were w.e'ltered on n"!:ed f'!'lt basis 

for about a year after planting. Nitrogen (urea) at the re.te of 25 

"nd 10 9 plant-1 was 8Pl'11e<l on Aug. 4 em Nov. 26 of 1979 with the 

lrrigFtion weter reSpectively. Details of' ""'~l>odology for re.t of 

practic.;;s and procedures are similar to those given in f'..he: preceding 

exreriment. However, obeervatione on the role ot plantetions to 

quantify 50il reclamation pm modifi".tion of microclimate and litter 

production were not made in this experiment. 
- -. - --

Results end DlscU8SioDl Experimental r(~~ultR on V~.r1ClIs at;pectf; 

are prerented and discussed below under the given he~ing~l 
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A. Per Cgnt SuryiYsl' Results on periodic per cent survival of 

Eucalyptus and Ae8Cia planted through posthole technique in a 

higilly sodic soil (Table (6) showed that the two specie" "'''ponded 

differently to diftereat posthole tilling Blixt........ Relsti"" 

mortality of Eucalyptus wss .. arkedly g ... "ter than of lIe""i .. for 

resrect1ve mJxtures at ell the noted growth stages. Mortality wae 

observ"" to occur more bstween 6-24 months of planting. Mean survival 

of sucalyrtus and Acacia lrrespect of the 9iven mixtures was found 

stabilized at 55-60 and 78-81 par c .. nt during 24_72 months of the 

growth rerlod resrectively. 

Response of Suc al~tus to Ulle of gyrsum and FYM vas more than 

of ACacia. acwever. applJeation of oyr8um wCS a must for both the 

species to ""hi.",.. ree!!Onably desire" survive!. EucalYl'tu8 !,lantad 

in postholes refille"_ with the or1Qinal sodic so11 (M t ) eat complete 

mortality just after about a ye£ir of planting. Corresponding surv1yal, 

of lIeacia lowered to a poor 6 par cent during 30_72 months of plMting 

through gradual mortality. lise of combined application of gy"su. and 

FYM with os (M.) and sand (Ms) resulted in signlficently gre"ter 

survival of eucalyptus than with an equal dose (3 kg) of gyrsum alone 

(Ma" Application of 6 kg gyr.e .... alone (M3) resulted in less 

mortality than only 3 kg and this treatoent waS inferior to the 

combined os .. of 3 It9 gyrsum _ 8 kg P'YM with OS or sand. Addition 

of gypsum e 1tbar 3 or 6 k9 elons or in combination with FYM to OS 

and sand cauaed no significant (lif~erances in J'ltr cent 9urvi"al of 

ACacia. Use of gypsum end FYM yielded II survival cf 94_100 oer cent. 

significantly more then by planting Acacia in posthol". refilled with 

original sod1c soil. These obHn'atione" thus. MOW that: cOllb1ned 
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Table fl. Effeot of oOlllposition of posthole rill ing mixtures on 
the periodic per cent .uryiyel of Eucalyptus and ACaoia. 

Growth sta<;Je Postilola ! 11 i 1DCj iiditure. ""an LSD 
(aontha paat "1 "'2 .., 1i4 lis (0.05) 
planting) 

Bucalyptus 

0 100 100 100 100 100 100 liS 

3 100 100 100 100 100 100 liS 

6 88 100 88 100 100 95 liS 

9 38 .. 16 100 100 16 22 

12 12 50 76 100 100 68 30 

15 " 50 68 100 100 64 37 

18 M 50 68 94 100 62 35 

21 M 44 68 94 100 61 35 

24 M 44 68 88 100 60 38 

30 M 44 68 88 94 59 36 

36 " 38 68 82 94 56 37 

42 " 38 68 82 88 55 40 

48 M 38 68 82 88 55 40 

60 M 38 68 B2 BB 55 40 

72 " 3B 68 B2 88 55 40 

Nla:i. 

0 100 100 100 100 100 100 liS 

3 100 100 100 100 100 100 liS 

6 100 100 100 100 100 100 liS 

9 68 M 100 100 100 92 24 

12 38 94 100 100 100 86 33 

15 3B 94 100 100 100 B6 33 

18 32 94 100 100 100 85 36 

21 18 '94 100 100 100 82 30 

24 12 94 100 100 100 81 28 

30 6 94 100 100 100 80 22 

36 6 94 100 94 100 78 20 

42 6 94 100 94 100 78 20 

41 6 94 100 9. 100 78 20 

60 6 ,. 100 ,. 100 78 20 

72 6 94 100 9. 100 78 20 

• a_ds for complete aertali~ • .. 
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11M of 3 k'1 \lYPS- ""d 8 k'1 JTM per posthole "aa sUT'E!rior than 

gypsum alone e1t;tpr 3 or 6 kg for EuealYT\tus. However .. ACACia 

responded simU"rlr to these cOlll>inationa exhibltin'1 lts qreater 

tolerance to the so11 sodlcity h ..... rd. Results also contradlct the 

venenl myth that Acach can 9row on hiqhly sadie soll without uainq 

_nd_nts. Yadsv at al. (1990) also "'ported combined use of gyroo""' 

and FYM t:"nefic1al for EucalyPtus and "",,,cia planted u.in'1 pit (90 ca X 

90 cm) method. ",15 mar be ettributed to the cOlllplementary interaction 

of JTM wlth 9Yrsum for Ua _lioratb. action on rhyslco-chemleal 

prOperties of the 8011. auwly of e.sential nutrients and inore88in9 

their availability' (GUI. 1979) in the sol1. 

B. Haight Growth. Data 10 Table 47 show th Ft effect of selected poa1:­

hole mixture. on ths heiqht qrowtll of lIlucalyPtus diffared slqnifie ... tlr 

at all the oba.rvad qrowtll st_s. Sapl inqs planted u810q ODlr 08 

inCreased a little in ha1qht and then decreased befo ... c0lIJ>lete 

.ortality .fter 12 .ontll. of plantin'1. Mixinq of \lYraum and JTM with 

OS (M
4

) and sand (Ms) q""" maxi .. _ and s1qnlfle""tly hi'1her r"span .. 

than use of 3 kg but it "8S inferior to the cCllbined "!>f'licetian of 

gypsum and JTM with 08 or sand. This i. also ..... .!dent from (Fiq. 16) 

depletion of cumul .. ti".. me"" monthly heiqht inC ........ of Euc .. lyptus 

during succes$1ve qrowth. years. Results further show that addition 

of only gypsum. eithsr 3 or 6 kg net only registered lower inC", ... nts 

in height growth during respective years than its use in conjunction 

vi th FYI'! and or sand but also effected a change in the '1rowth p .. ttern. 

'!be letter treetmente ('1'4 and '1'5) c .. ueed Eucalyptus to qrow fast during 

first year and showed decreasing rate with subsequent years. But_an 

IBODthly height increments for mixtures containing only \lYpsum we ... 
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Table 47. IIffect of "OIIposition of ""sthole filling .1xtures Oft 

the per:1od 10 height (,..) of llUeallptlla ""nt1oomis Sa. 
in .. h1qhly .odie .011. 

Growth stage Posthole lililna .Jiturea Mean LSD 
(_th" pa.t 

Mt ~ .., M4 "s 
(0.05) 

el .. UnSill 
0 S9 60 60 65 58 60 HS 

1 60 63 62 74 68 65 HS 

2 65 72 73 85 82 75 8 
3 74 81 86 106 100 89 10 

« 73 84 88 113 108 93 12 

5 71 86 91 115 110 97 15 

6 69 88 95 120 116 9B 16 

7 62 89 98 123 120 98 16 

8 62 94 114 148 149 113 21 

9 63 102 136 180 186 133 35 

10 65 112 159 212 234 156 50 

11 60 124 170 240 276 174 52 

12 60 132 182 273 308 191 56 

15 142 199 292 341 244 95 

18 148 222 308 358 259 98 

21 178 266 352 396 298 102 

24 - 216 318 396 444 344 122 

27 244 ltO 434 492 378 126 

30 - 262 372 418 516 402 132 

13 280 396 486 538 425 138 

36 324 438 512 594 467 146 

39 346 472 578 659 514 155 

42 368 484 592 678 531 160 

45 396 502 648 726 568 165 

48 431 534 685 794 617 169 

51 - 436 552 698 798 621 170 

54 - 438 562 716 800 629 175 

51 445 583 736 812 644 180 

60 - 450 597 761 819 657 187 

63 452 604 774 822 663 196 

" - 454 610 782 824 668 212 

19 - 456 616 800 826 675 241 

72 - 459 625 820 828 683 256 

*"1 W8B exel uded when data analysed atatiet1oally. 



20· Eucalyptus 

16 r 

12 r 

r-
0- l-E I-u r 

~ 8 r r- -Q) 
If) 

r' t-o 
~ t-
u 4 r c: 
+-
-<= 
0> 
'«l 0 -<= 
>-- 20--<= -c: Accacia 0 
E 
c: 16 -
0 I-Q) 

E 
Q) 12 r I-t-> f-o-I-+- r 
0 
OJ 

8 r- f-E 
:l t- f-
0 

4 r 

o I 23456 I 23456 

T2 T3 

r 

r 

I-
rt-t-

t-
l-

1-1-

I--

· ' j ., ' 

!fln 
I 

rl .. 
LL_-1_~ ___ I 

12345612345612345<3 

T4 T5 TI 
--- Treatmenls and successive growth years 

FigJ6, Effect of posthole filling mixtures on cumulative mnQ n 

monthly height increments during successive growth yeClr~, 



139 
aore d '"ring .. cond or th ird year of growth al thOlJ9h the ditfe.......,e. 

were not a8 maned. 

Effect of given l'0sthole filling Rtlxtures on the 1"'riodic height. 

growth of Acacia (Table 48) waS int.erest.ing to ""ow that. 81'Plicat.1011 

of gyrsum alone .t the rata of 3 and 6 kg .s well as ita colllb1nad u_ 
with FYM end os or sand y ialded Similar height response at all the 

growth stage s. Add1ticn of s and in colllbin at.1on with I'YM and 9Yl'sua 

hed an edge over rest. of the aixtures and may possibly be due to it.s 

beneficial influence 011 physical properties of thll 8011 within and in 

the vicinity of the posthole. unlika Eucalypt.us which at co.pleta 

mortality after 8 year of planting. dx 1"'r cant Macia plants sunived 

ill postileles refilled with OS and their growth was significant.ly ....... r 

than in the other tree_At.s during the init.1al t.wo yesrs. But. in 

sub!~equent years their growth occurred at 8: rate eo..,,~rabl. 1:0 plaDta 

in r'Ostholes refilled with differeAt.ly _nded soil. This conUras 

the g~neral report th"t plants develop greater tolerance to a gi""" 
'------ -- -----------

stress environment with growth. Thlfl 18 why in progr...,.,s worked. ou't 

for affor,stat.1cn of salt affected soils early growth and h1gh per 

cent survival of planted eapl1aqs holds the away over their suc:e •••• 

'l1le ... an monthly height increments of Acacia growth (P!g. 16) during 

first yeer cf ",lanting were nearly s_ for mixt.ures containing !1Y1's­

either 3 (M2 ) or 6 kg (~, or both t.he gypsum and PYM with OS (M4' or 

.and (M
S
)' In s('b""quent yearB, magnitude of incre_nt declined 

IIr ,.dually until fourth ye.x- end markedly in fifth and sixth year. 

This is in agreement to the general growth pattam of tree plant. 

(Kozlowski, 1971). But opposite was the tr~.nd with height growth of 

ACacia in ,-cstholes refilled with only 05. Mean Bonthly 1ncr ..... nt in 

height was lc"est during first ""d second year in """ .. nding o.rder _ 
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Table 48. Effect of composition of posthole filling m:lxtures on 

the periodic height (em) of "cae1 .. nilotic .. (L.) Willd.ex. 
Del. in a highly sodie soil. 

Growth stage Posthole flii1ilCi mIXtures MIt .. n LSD 
(lIlaltha past HI ~ ~ II. 115 (0.05) 
Illantin!j) 

0 42 41 44 45 43 43 lIS 
1 U U 46 55 53 49 lIS 

2 45 52 58 64 62 56 6 

3 46 64 73 74 75 66 10 

4 48 69 79 81 89 73 12 

5 50 78 84 86 100 80 12 

6 50 78 85 88 103 81 12 

7 50 79 85 86 102 80 12 

8 52 90 92 91 109 87 14 
9 55 134 132 130 148 120 32 

10 62 168 166 164 182 H8 58 

11 67 187 192 196 228 174 66 

12 71 214 218 222 256 196 78 

15 74 227 247 257 295 220 82 

18 78 242 259 262 302 229 94 

21 92 278 274 278 314 247 98 

24 125 319 304 316 336 280 104 

27 256 358 352 358 378 340 lIS 

30 264 366 368 376 388 352 lIS 

33 314 398 404 414 426 391 lIS 

36 352 444 440 438 452 425 lIS 

39 396 476 471 474 490 461 lIS 

42 412 484 480 488 498 472 lIS 

U 472 516 518 530 544 516 lIS 

48 504 548 549 545 561 541 lIS 

51 512 552 555 549 568 547 lIS 

54 514 553 558 552 574 550 lIS 

57 520 555 560 559 578 554 HS 

60 528 558 560 565 582 559 lIS 

63 539 560 562 565 584 562 )IS 

66 542 558 562 563 585 562 HS -69 571 558 565 564 587 569 lIS 

72 590 562 567 567 589 575 NS 



their magnitude increased considerably in third to the maximua 

in fourth followed by decre.se in the fifth and sixth year. of 

growth. This observation to acme extent BUpPOrts the popular 
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theory of the survival of the fitteet. Absolute heiqht of Acacia 

waS less than Eucalyptus but its _es develOped a dense and lush 

green canopy. Aerial growth of Eucalyptus into ... open ''''DOJ;y and 

usual chlorotic foliage (Plate 3) cle;orly demonstrate that its 

plants are feeing a stress wh08 .. Dature mar be nutritional disorder 

or toxicity of sodium or other related fact. The heiqht growth 

d.ata. thus. 81ao prowe the relatively greeter tolerance of Acacia 

than of Eucalyrtu8 to highly sodic soils end this corroborllte the 

reports of _yother weners (Griffith, 1945, 461 Rege and '!'antune, 

19641 YlIdav, 1975). 

c. Girth Growth. 

OSH (Table 49) and DBH (Table 50) of EucslY!"tus shewed s1gn1fic~ntly 

different effect of the given "OS thole Mixtures. Saplings l'lantad 

in "",stheles refilled with only OS did not 9row in girth until four 

",onths of plenting after which DSH decraased gradually prior to 

c08Iplete mortality. This decrease mar be attributed to the mobili­

.ation of stored energy in the ate ... to leaves and roots for aehiay1nq 

naturalization and est<blishment en a highly sadie enviro_nt. The 

DSH of ~ucalyrtu8 at all the growth stages wa .. si9nificantly IIIOre in 

postholes r.'fil1ed with mixtures containing both gypsum and FYM in 

combinaticn with OS (M,) and .... d (Ms) than gyrsum elone at the r .. ':e 

of 3 )e.g per posthole. Girth di ..... ter waB ""'1:& with application of 

oyps urn at a rate of 6 than 3 kg posthole-i. But these were cOJlsider_ 

ably lower than thoee for mixture" hay ing both gYl'sum end FYM. 

Similar response was obeened in respect of lRonitored at selected 

stages (Table 48) of the qrowth period. This was alac evident from 
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Tabl. 49. Sffect of composition of posthole f 111 ing 111><tures OD tile 

pe r10d ic DSH* born) of B:\lCelnt:us tenticorn1e Sm. in .. 
highly sadic eo11. 

Growth stege POstJiOie £111109 .#ture. .... en LSD 
(mon tile pas t "1 "2 ") "4 M5 (0.05) 
!ill antinsl 

0 5.2 5.5 5.5 5.B 5.4 5.5 IllS 

1 5.3 6.0 6.4 6.6 6.2 6.1 NIl 

2 S.2 6.4 1.0 1.5 7.3 6.7 NIl 

3 5.2 B.3 B.5 8.B 8.B 8.0 3.3 

6 S.2 9.a 10.3 12.4 13.1 10.2 2.6 
5 5.0 10.0 10.a 13.1 14.2 10.6 3.0 
6 4.8 10.0 11.6 13.6 14.8 11.0 3.5 
1 4.8 11.6 14.7 15.2 15.1 12.3 3.6 

S 4.7 14.3 17.2 20.s 19.7 19.2 C.I 
9 4.7 17.6 20.5 23.6 24.8 18.2 5.1 

10 4.6 19.2 24.S 25.S 26.7 20.2 6.2 

11 C.6 21.B 26.7 2a.2 29.9 22.2 6.2 

12 4.6 22.2 30.3 31.9 3208 24.4 8.1 

15 28.6 42.4 59.2 6004 47.7 15.6 

18 - 32.4 46.5 63.8 64.5 51.8 16.1 

at - 38.1 57.2 76.2 so.a 63.3 20.8 

24 - 43.2 68.9 98.6 103.5 7S.6 2C.8 
27 47.1 70.8 109.2 111.3 8C.6 26.3 

30 50.0 7104 110.S 113.6 86.5 28.1 
33 53.3 74.3 114.7 117.4 89.9 30.1 
36 56,7 76.8 120.9 123.3 94.4 30.8 

39 - 58.2 84.C 131.3 136.6102.6 32.4 

C2 - 59.4 86.2 134.5 137.5104.4 3C.8 
C. - 63.5 90.5 139.9 140.4108.6 36.0 

48 - 66.6 95.5 lCC.7 142.3112.3 36.1 

51 - 68.4 96.3 145.3 148.8114.7 36.5 

54 - 69.8 97.5 145.6 150.1115.8 39.0 

57 74.3 104.e 149.2 151.8120.0 40.4 

60 80.0 111.6 153.2 153·1124.1 35.5 

63 8102 112.0 155.6 156.6126.4 40.6 

66 80.8 112.1 157.4 157.3126.9 Cl.4 

69 - 81.4 112 •• 159.8 158.3128.1 44.2 

12 - 81·e 113.6 161.4 159.6129.1 49.4 

*DSH stands for girth di_ter at etuBlp height (5 .,.,. 
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Table SO. &ffect of cOIi1!'os1t1on of 1':'JOsthole filling mixtures ou 
the period 1c DDH. (_I of Eucalyrtue t.ereticomi. S •• 
1n 8 highly sadie 8011. 

GnnrQi -tao- Poefhoie fillIng ·'xture. Moan LSD 
(..,..th. pas t H1 ~ "' N4 ~ (0.05) 
~1!!!t·9Sd 
10 10.2 10.4 11.3 11.6 10.9 ItS 

11 12.3 12.6 13.2 13.8 13.0 ItS 

12 15.8 16.2 17.5 18.2 16.9 NIl 

15 18.8 23.4 31.4 40.8 28.6 11.1 

18 18.8 24.1 34.6 44.2 30.5 11.5 

21 19.0 30.7 43.8 53.6 36.e 14.8 
24 19.2 34.6 53.8 61·3 42.5 20.4 

27 24.5 40.7 61.7 72.7 49.9 26.6 

30 25.8 41·4 63.2 74.5 51.2 27.8 
]] 29.3 44 •• 74.3 83.8 58.0 29.2 

36 - 34.B SO.6 8e.6 9(\.7 66.2 30.2 

19 36.2 11.' M.O 94.4 67.9 31.7 

n 37.4 53.3 91.2 96.1'! 69.7 32.4 

4!i 3B.2 56.7 92.7 97.3 7102 13.3 

48 - 38.0 51.2 91.8 91.8 11.2 34.3 

51 39.1 60.9 92.9 98.8 72.9 35.1 

54 39.8 63.8 9].6 100.2 74.5 35.1 

51 42.2 65.1 94.2 103.3 16.4 33.8 

60 - 45.2 10.1 99.5 105.6 60.8 32.4 

61 45.4 11.2 100.4 108.9 81.5 33.2 

66 44.8 1109 100.2 109.4 81.6 34.1 

69 45.6 12.6 104.6 112.1 83.9 33.0 

72 45.6 73.8 106.4 116.5 85.6 34.3 

-Dill • tends for girth d1alMter at breast he19ht (137 QII) • 



the eUIIIUlative _an aonthly DSH ine ....... e durinq successbe qrowth 

years (Fig. 17). Mean _thly 1ncre ... nts to the cumulati .... OSH 

increase was low in the first year of plant1Dq and wae maximum 

during the second year. Subaequently,. there oceurred e gradual 

decrease with ea::b. ot the years. Increments withinp posthol •• 
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.... filled with IIls1"9 of 9YPsum and FYM in 05 or sand were s1qnifieantlr 

inereased than 9YPSum alone at both the retes. This aqain demonstrates 

that the interaetion result1nq froa colllb1ned use of 9}'t>SUID end PYM 

was complementary for Eucalyptus. The results,. in tum .. nesn that 

qrowth cf this spaci". IAaY be altered throuqh moc!ifJcstions of the 

so11 environ ... nt to effect rl!lP14 early growth lbr building qreater 

toleranee to highly sodie eonditions of the 80U. 

But the effect of d1fferent posthole £1111nq alstures on _ 

p~r1odic girth of Aeecia at 5 (05H) and 137 em (DBH) heiqht of stem 

abOote the ground level d14 not differ siqnlfJcently (Tsbles 51 and 

52 respecti".ly) at all _ obser¥stional stages except durinq 12_24 

IIOnths of plent1nq. Applieation of 9J"8um alone at both the r,-·tea 

(~ and M3) _re OIl par but superior than refUling of the postholes 

with os only though not aigni!Jcantlr. This trend was also clear from 

the cumulative ... an IIOnthly DSH 1norease (Fig. 17) for different 

treatments and vrowth years. UIll.1ke Eucalyptus,. the inCrelRliDts to DSH 

were mo,re for the first th_ the second after wh1.eb the _egnit\de 

Ihowei! marginal increas. for thUd and fourth and a dec ...... se in fifth 

and sixth year. Inere_nt in O5H of ACacia planted in postholes 

refUled with OS were _ell COIIIparec! to the other mlstur.s. This 

ind!c ates that despite yery hioh mortality (94 per "ent) of Acacia in 

Case of this treatmen'ts. g1r'til growtb cc:eured. but at a rate slcwer 

than for he ight during the fifth and sixth years when it vas on per 

with the ether tr2;et:mants. 
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Table 51. Effeot of compOs itlon of poati>ole fl111n9 8I1xtud ..... 

the period ic Dsa- (..,.) of Milia nUoUc! (L.) WUld. 
ex.DeI. in " highly &Odie 801 • 

Gr .... th .~ posthole liIllng .litiina Rean LSD 
(IIIOntha past HI H2 M:, H, lis (0.05) 
Illan tinSl! 
a 10.4 10.6 11.2 10.8 11.7 10.9 118 

1 10.6 11.2 10.9 11.0 12.0 11.1 118 

2 10.4 12.3 11.1 11·9 12.6 1108 118 

3 11.6 14.2 13.9 12.S 13.2 13.1 lIS 

" 12 •• 15·1 14.8 13.9 13·5 13.9 lIS 

5 13.3 15.2 15.0 14.1 13·8 14.4 lIS 

6 13.3 15.3 15.2 14., 13.8 14.5 lIS 

7 13.4 15.3 15.3 15.0 14.0 14·6 lIS 

8 15 •• 18.2 17.9 11.0 19.6 1708 • 
9 17.3 21.6 20.8 21.1 23.5 20.9 lIS 

10 19.6 25.3 2 .... 6 25.2 27.3 24.4 118 

11 21.2 31.2 31.3 33.3 32.9 30.0 9.1 
12 23.2 34.5 36.2 38.9 39.3 "-.4 10., 

15 28.5 38.9 -H.' 43.1 44.1 39.5 10.8 
18 30.2 40.2 42.3 46.2 45.2 40.1 11.2 
21 34.8 45.1 47.7 SO.4 50.6 45.7 11.6 
24 38.6 50.2 52.6 54.4 55.3 50.2 12.1 
21 47.5 60.2 59.7 60.8 61·6 58.0 lUI 

30 52.3 62.3 63.8 62.9 62.0 60.7 lIS 

33 58.7 68.8 70.2 71.8 72.7 68.4 118 

36 61.8 14.3 76.2 78.8 80.2 74.3 118 

39 Ii4 .6 85.2 84.3 86.2 89.4 11.9 lIS 

42 65.3 87.4 18.2 89.3 92.2 84.5 lIS 

45 69.3 94.8 95.5 105.2 108.3 94.6 118 

48 72.2 101.6 102.7 112.7 113.3 101.5 lIS 

51 16.0 102.4 10U6 114.4 116.6 102.6 118 

54 Bl·8 105.4 105.6 120.2 120.5 101.4 lIS 

57 8B.7 107.7 113.2 123.3 lU •• 111.3 lIS 

60 96.4 108.6 121.5 126.6 128.4 116 .5 118 

63 98.2 112.5 124.6 128.8 130.2 118.9 lIS 

66 98.4 113.8 125.8 129.2 130.8 119.6 lIS 

69 9B.8 118.6 130.0 132.4 133.6 122.7 )IS 

72 100.2 124.8 132.3 135.1 138.2 126.3 lIS 

*D5h 8tand~ fer girth dlm .. ster at stUIRp height (5 em). 
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Table 52. I:ffect of co position of posthole fillJ.Dq IIIJ.atuna on 
the periodic DI!H- of ACE if nllottca 
Del. in a h19hly eoc!1c sore 

(I •• ) WUld. ex. 

Growth staqe POs ° • 1 tana an LS 
(months past Ml "2 ~ lis (0.05) 
1l1antinol 
10 - 10.2 10.4 1102 10.8 10.7 .. 
11 12.3 12.8 13.6 14.2 13.2 .. 
12 13.4 16.7 17.9 18.1 16.5 Ifi 

15 17.6 24.0 28.3 29.4 24.8 6.0 

1£ 17.7 24.3 29.8 29.9 25.2 6.4 

21 20.6 25.8 29.7 30.8 26.7 6.5 

24 22.5 27.3 30.1 3204 28.1 6,6 

.7 26.3 36.7 38.4 40.6 41.3 36.7 10.4 

30 27.7 38.2 39.8 40.' 4108 37.7 lIS 

33 31.4 49.3 53.2 55.4 60.6 50.0 l1li 

36 l4 .3 64.2 65.8 69.5 78.4 62.4 .. 
3S 36.2 14.4 76.2 80.2 84.3 70.3 .. 
42 37.8 76.2 18.1 8108 86.2 72.0 .. 
45 '1,6 80.0 84.3 92.4 98.2 79.3 l1li 

46 4S.8 83.6 91.4 105.2 106.7 88.1 lIS 

51 48.3 86.2 95.2 107.6 108.2 89·1 .. 
54 49.6 86.6 96.4 108.8 107.4 89.8 lIS 

57 5.2.8 89.5 100.3 109.2 108.8 92.1 .. 
6f) 61.2 92.6 103.6 111.7 109.3 95.5 III 

63 '74.6 96.7 106 •• 116.8 115.7 102.0 .. 
6t. 77 .3 98.7 la..a 117.2 116.4 103.3 .. 
69 98.8 106.7 109.2 120.3 124.3 110.0 lIS 

72 102.4 111.3 111.6 124.3 132.8 111.] JIS 

-DSH !!tends fer girth ti_tar at breast haiqht (137 CIII'. 
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lbe reBul ts on per10dic girth growth of lIucalyptua and Acacia 

in posthol.s refilled with different filling mixtures aleo d ......... 

straten relativftly greeter tolerMlee of the latter than the forwar 

to highly sodic soil conditions. Grarth of Eucalyptus moved only 

_rginal ~dge over ACacia for t",sthole filling .1xtures contdn1n9 

gypsum ann l;'YIf~ but opf'osite wee true for the trea:t..ent involv!nq 

applle ,tion of gynsum alone. ConsJdering potentially achievable 

OSH and DBcl in respect of Eucalyptus end ACacia and thsir averll9. 

life span, grcwth cf Acacia excelled SucaJyptua in highly 80410 soU. 

This experiment &lso prove6 that posthole technique of plentlng urea 

species in sodie soils pertor .... equally .. ell in terms of their growth 

lYad .. v .. t al., 1975) aud is cOllsid,orebly ."onOlllical til ... the pit 

.... th-.d. Aprlicsticll of gypsum for ach1eYing d •• ired surviyal and 

booc,"t yrowth. of both. the species "as observed very much 1mperatiYe. 

This ::....:·1U9S cut: thllt an appropriate mocUf1c at10n of the site meent 

for pl~1ting tree species in sodie soils i'S a must next to the yery 

iJfrp.:.rtollt aspect of selecting a sulteble species. '!be finding'S show 

tb"t amsl1crat1on of 11mited sol1 envirOll_t with use of 11mi_ 

.. aunts 01: amendnents (OYJ)st_ and F~ 1s acre 1Jarortallt than no 

_ndment. or ... end ... nt. in a cone1derably large planting "it 

.<Yadav et <1.,1975). 

D. Biomass Yield oC ""acia on Lopping' Eucalyptus being a atr6ight 

growin<; tree with self (natural) pruning control, did not need leppinq 

that couln: pl;'oduce lNtasureble aR)UDte af bi~s s. But Orowth of 

secondary branch;.!~ on the trunk of Acl!Cia tree. was enormous to 

practise low pruninq for silvicul tural "nd technical consideration. 

twice after 16 and 42 months of planting. lbis yielded cons lderable 

biomass as foliage and woody .'atter in branches possessing potential 

valuu "or their use a8 protein rleh for've and as firewood "*specti ..... ly. 



or_1. 53. 81C111ass (kg ha-~) lopred: as brlll'lChe8 qrowing on the three bolls after 16 ta) end 
42 (b) months of plenting Aeacla n1lot1ee (L.) willd. ex. Del. 

FUU"V wOOdy matteJ:' FOIl'S! 
.,..6 

~wOiXlY 

.. ixture • b 1l+6 a .... tteJ:' + 
Fo11aoe 

HI 788 788 - 478 478 1266 
(864) (e64) (2386) (2386) 

~ 1084 4964 6048 47l 1834 2306 8354 
(1~Q6) • (671S) (8021) (24611) (8868) (10418) 

~ 12R2 5120 6401 528 1968 2496 8904 
(1336) (7044) (8380) (2769) (9076) (11762) 

H4 1638 7086 8916 654 2456 3110 12026 
(26S6) (9862) (12518) (3018) (11684) (U684) 

HS 2455 7154 9609 876 2396 327l 12881 
(3318) (9988) (13306) (440e) (11"4) ( 12976) 

Mean 1665 5022 6354 633 1826 2332 8686 
(2154) (6895) (S618) (3166) (8692) (10245) 

LSD (0.05) 1051 1964 2318 114 460 582 2672 
(1212) (2796) (3865) (242) (2384) (1868) 

oP19urea in parentheses denote corresponding vel .... on aU- dJ:'ied beds for woody mateJ:'ial and 
fresh we1qht bEds for the fo11_. 

...... 
~ 
00 
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Effect of selected posthole fillinQ mixtures cODtaininQ gypsum 

alone or in combination with i'YM vas al thotJ9h similar on periodSc 

beight ond girth growth of Aceeia plants, but it caused significant 

differences among them for their influaa:. on the secondary orowth 

of branches an<'! in turn the cleye10pment of canopy. Thase differanees 

were reflected on the biomass yielded on lopping. Data (Table 53) 

abows that fo11age a. vell as woody metter yields were significantly 

bigber for "ostholes refilled vith a mixture of 3 kg gyps ... and 8 kg 

FYM with C~ (M.) and sand (lis) than tbs gypsum alone irrespective of 

its rote for both of the lopp1Dqs. au..ss yield produced on first 

lopping was lower than in the second by about 3_4 timss. Tbe man 

fOliage yield obtain.d on both of the lOppings conati tuted about 

36_38 per cent of the __ woody matter on oven dry ba.iII. Results. 

thus# ind !estes that. the use of FYM in aOlllbinatlcn with 9YTl518 

resulted in higber biomas. yields. This may be due to its beneficial 

effect through supply of essential nutrient elemnte lind their increased 

availability through emelioretionof pbysjco..ebemical and biologScal 

properties of the &cU. Lopping i. normally a costly operation, though , 

if the foliage cr branches bave a promo •• for yielding considerably 

yaluable bloma~s as is the Case in Acacia" it may -pay for itaelf.. 'lhe 

study 5Uggasts th~,t afforestation pC'OQraames eimed at generation of 

firewood resouree. for rural c ...... unities may start yielding biOOlass 

at short intervals after planting tree species. 

(a) ChemScal Ccmposition of Biomass. CbemScal cOIIIpodtioa of foliage 

(Table 54) harvested from trees sboved that concentration of the 

boportant nutrient ele_nts did not .""Y sign if Scantly """'ng different 

aixturas contsining either gypsum alone or in combination with i'YM. 

Th.e .. 'la, 1(. Mg. p. Fe. Mn, zn and Cu concentration in the foliage 

rielded on second lopping of plants growing in postholes refilled with 
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'1'eble 54. Chem:lcal composition ( .... 1 kq-l) of the foli_ of 
ACacia lopped aftotr 16(,,) and 42 (b) month. of plant1nq. 

Ull1nq Sodium Pota.B1 .... Calcium HaonesfJ-
.ixture a b • b • b • b 
Hl 62.8 - 318 - 198 - 275 

"2 42.5 35.5 346 317 367 276 248 198 

"l 36.6 34.7 326 311 3B8 268 236 188 

H4 32.8 30.2 371 332 362 266 256 169 

"s 3101 31.4 314 326 376 270 242 174 

Mean 35.8 38.9 354 333 373 256 246 201 

Pho8;Ehorue SulI!!!ur N1trooen :£ron 
a b a b • b a b 

"t - 148 - 56.6 - 796 - 23.8 

"2 136 116 136 91.8 1282 916 22.5 18.2 

lis 125 109 156 103.4 1274 902 20.8 16.4 

H4 140 98 132 94.3 1256 878 24.6 14.6 

"s 138 95 136 90.9 1260 882 24.6 15.2 

Mean 135 113 140 87.4 1268 875 23.1 17.6 

Manaene •• * ZinC* C2I!t!r* N"'!!5I .. b ! b .. b .. b 

Hl - 24.5 - 13.8 - 2.2 - 0.23 

"2 22.8 16.2 11.6 8.6 2.6 1·8 0·17 0.18 

"l 20.9 14.8 10.8 8.2 2.5 1.8 0.15 0.18 

H, 24.2 15.2 11.3 8.2 2.5 1.9 0.13 0·18 

"s 23.5 14.8 11.5 8.4 2.4 1.8 0.13 0·18 

Mean 22.9 17.1 11·3 9.4 2.5 1.9 0.14 0.19 

NallC lIetC. Na'K+Ca C"'!!5I 
a b .. b " b ! b 

"t - 0.17 - 0.32 - 0.11 - 0.72 

"2 0.12 0.11 0·12 0.14 0.86 0.06 1.48 1039 

lis 0.11 0.11 0.09 0.13 0.05 0.06 1.64 1.43 

"4 0.09 0.09 0.09 0.10 0.04 0.05 1041 1.57 

"s 0.08 0.10 O.OS 0.11 0.04 0.05 1.54 1.55 

""an 0.10 0.12 0.09 0.16 0.05 0.07 1.52 1.33 

*Concentrat.ion of Mn. Zn and Cu 18 in _1 kq-l X 10. 
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oall' os was notably higher than with net of th .. tree_nte but 

reverse was the t~nd for Ca# ~~ and N. This may be attributed to 

dilution effect resDIting from IIIOre growth and greater avail.ob1l1tr 

of nutrient elements from. the use of FYM and OY'peum.. Coneentratlon 

of all the ele_nts _capt of Ma,. was aons~erably less in foliage 

collected from second than the first lowing 81 though not remarkably 

in respect of K" Mg and P. Relative mean concentration of Me in 

foliage casul ted on first (35.8 mmol k9-1) and s>cond (38.9 mmol kg-1) 

lopping waS lower than of It (354 and 333 nnol kg-1\, Ca (373 m and 
• 

256 mmol kg-I) and Kg (246. and 201 mmol kg-1). The ratios of Ha to 

K, Ca. )(+Ca and Kg we .... yet}' narrow and this highlights the ability 

of Acacia to ma1ntain lower concentration of Na rendering it less 

toxic. 'l't\le IIlIIJ' be attributed to the select!_ abscrpt10n rrechanism 

of the roots of Maeia J'lants growing in a hiqhly andlc soil. 

Concentration of N waS menyfolds MOre than P and S. This indicates 

that plants haveestabliohed healthy symbiosis with Rhizobium • .,.,. 

and are fixing atmo~erie dln1troqen. Otherwise" such high ccncan-

tration of N 1n a soil with "..,.,. poor N sUP)"ly seem dl£'i"ul t to 

explain. Among the micronutrient!!, concentration of Fe and Mn was 

JaOre than of Zn followed by Cu. But their absolute values seaned 

normal In view of the ach1eyed qrowth and figures reported <>1_ ... 

(ltanwar and Randhawa, 1978). 

Sffect of different m1xtflres having gy~sum alone or its 

cOftlbination with FYM was not noticeable (Table 55) on the chemical 

compositicn cf woody Matter in respect of important nutrient elements. 

unlike the foli8ge. concentration of nutrient elements 1n the woody 

matter yielded on first end second lopping showed only a marginal or 

DO decree-pee Absolute concentrations of these elements followed the 
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'ratll. 55. Chemical compoe1t1on (_1 k9-1) of! the woody ... ttar of! 
11.:"",1, lopped attar 16 (,,) and 42 (b) .."ntll. of plantiDg. 

.nUD; SoU!!!! E2taad_ (!.lE J:1IIIl Mta"d". b b Idxtura e • b • a , 

'\ - 36.8 - 1M - 96 - 45.4 

Hz 34.8 23.2 111 111 120 114 48.1 42.3 

"' 
33.6 25·1 168 168 131 118 52.2 41.3 

"4 32.5 24.6 186 161 128 121 54.4 40.8 

"s 32.0 25.5 180 111 134 115 55.1 39.6 

lilian 33.2 27.0 176 114 128 113 52.6 41.9 

-~ PhosI!!Ora. iuIi!I!ur .ItroQen Iroo-
- a b , b • b • b 

"1 - 82.8 - 52.2 - 68.3 - 2.6 

Hz 74.3 62.5 14.3 56.8 46.1 41.2 2.5 2.5 

"' 
71.2 58.9 82.5 61.3 $4.2 0&0.4 2.6 2.4 

"4 68.6 55.3 11.2 51.3 39.9 36.1 2.4 2.3 

"s 67.5 56.4 73.5 58.2 42.8 38.3 2.4 2.3 

l1li .... 70.0& 63.2 75.4 57.2 45.9 45.0 2.5 2.4 

Kansaans ... Zinc* C""".r* II-
I b • b , b • b 

'\ - 2.6 - 2.2 - 1.1 - 0.81 

Hz 2.6 2.5 2.2 2.0 100 0.9 0.71 0.55 

"' 
2.1 2.6 2.4 2.1 1·0 0.9 0.64 0.61 

M. 2.7 2.6 2.3 2.1 0.9 1.0 0.73 0.60 

lis 2.7 2.6 2.3 2.1 1.1 1.2 0.71 0.64 

Ma .. 2.7 2.6 2.3 2.1 1·0 1·0 0.10 0.64 

NS'K A"e£ I"'lic, e"!!51 
• b • • b e b 

"t - 0.19 - 0.38 - 0.13 - 2.13 

Hz 0.20 0.14 0.29 0.20 0.12 0.08 2.48 2.11 

lis 0.20 0.15 0.26 0.21 0.11 0.09 2.51 2.86 

II, 0.11 0.15 0.25 0.20 0.10 0.09 2.36 2.97 

lis 0.18 0.15 0.24 0.22 0.10 0.09 2.44 2.93 ...... 0.19 0.16 0.26 0.2' 0.11 ;·<0.10 2.45 2.72 

tCcacentrat10n of Fe, Mn. Zn and Cu 1. in _1 kq-tx 10. 



trend observed in the " .... of the £011_ """ept for Mg. Concen_ 
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tration of Mg 1n woody matter was much lower than of the foliage. 

It waS only marvinally RIOre than of He but considerably less than 

that of K end Ca 1n the woody matter. Ratios of 1I1a to K. Ca and 

K+Ca for woody matter were only _inally wide than those for _ 

fol iage. But Hal Mg ratio for woody matter waS 3-4 time,!'; wider than 

the same for foliage of Acaela due to relatively greater deere8~ 1n 

Mg concentration o~ the woody Blatter relet1.ye to thet of Na. These 

obaenations egain demonstrate the ability of AC!ee1a to S90id Ne 

absorr-t1on end accumulation 1n plent parts. Cone<~ntratlon of micro­

nutrients, K" ee, Mg, P, 5 end N in the foliage were significantly 

higher then L. the woody matter. But it wea not so for Nfl' whose 

concentration showed only a little ch_~ between the twc components 

of blcmass. 

(b) Removal of Nutrients through Biomusl The removal of Na" K, ea 

and Mg through the biomass lopNtd at two growth stages of A"eeie 

plants in postholes refilled with mixtures eont~1ning beth gynSUftl 

and FYM waS significantly more than those having gypsum alone either 

3 or I> kg rer posthole (Table 56). AIIIounts removed with lppping at 

42 months stege were 2_3 times greater than that of 16 months after 

plantin9' Mean total removal of Ne through bioman yielded from both 

the lopJ'ings (265 1801 h.-1) waS much less than that of Mg (790 1101 he-1) 

Ca (1483 mol he-1) and K (2251 11101 h .. - 1). l\IIIOunt of Ha J:'8ntOVed 

throllgh foliage was nearly the same for both of the bians!ls cOIDf)onents. 

But amount of Mg removed through woody matter exe.e~ed fIIarltedly that 

for the fol iage. These differences mar be ascribed to the changes in 

concentrations of these elements in the two components of the bia.ase 

and th.~ biomass yield on 10J)~ing. These observations, thus. show 
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Table 56. Re""",al of Ma. K. Ca aD<! Hq (1101- h .. - 1) through bi""", •• 
lopped after 16(a) and 42 (b) months of pll11ltinq """"ia. 

rllllD9 Foliage Wood! !!It-tar Toiiii 
.beta"". a b !ttl) ! b !:tb 

S041>a 

"1 30.0 30.0 29 29 59 

~ 20.0 65.1 95.1 37.7 115 152 238 

"' 
19.3 69.2 87.6 41.0 128 171 259 

"4 :? 1.4. 74.1 95.6 59.7 174 234 329 

"s 27.4 75.2 102.4 78.5 182 260 363 

Me .... 22.0 62.5 84.5 54.7 125 180 265 
LSD( •• 05) 2.B 5.7 9.1 14.7 40 44 50 

Potassium 

"t - 180 180 - 153 153 334 

~ 163 582 745 116 848 103. 1780 

"' 
172 612 784 215 861 1077 1862 

". 243 816 1059 34Z 1184 1527 2586 

"s 328 783 1111 441 1224 1667 2779 
H ..... 104 595 1099 297 854 1151 2251 
LSD(0.05) 68 170 212 106 148 226 339 

Calc 1 ... 

H1 95 95 - '76 76 171 

"'a 173 507 680 130 569 700 1381 

"' 
204 52B 733 168 605 773 1501 

"4 273 654 927 236 859 1095 2023 

"s 327 646 914 330 829 1159 2134 -... 235 486 722 216 587 761 1483 
LSD (0.05) 40 92 148 60 146 173 226 

Meqnea1u. 

"t - 131 131 - 35 35 167 

~ 117 363 481 52.7 209 262 143 

~ 124 370 495 66.9 211 278 774 

"4 167 416 1M 99.9 299 399 973 

lis 212 419 630 135.2 293 418 1049 ...... 155 340 4\15 88.7 205 294 790 
UlD(O.OS) 30 38 46 24.6 41 68 92 



that relative aDIOunts of Me lnplant system of Acacia are lUuch 

low"3r than K .. Ca and Kg known for their eff"aet on suppressing 

toxic accumulation of He_ 'therefore. it wo~~ld. 8ppe~r tJUl't ACacia 

heS 8 promise for greater recycllnq of Ce and. Mg which are RIOstly 

defici.at in scdic 80il8. 

Th" removal of N. P and S through biOlftaBS lopped from llaacia 

trees in postholes r,:;,fl11ed with ()S was signlflc:mtly less than 
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those havLlg mixtures (Table 57) includinq 3 (":z) or 6 kg (~) WI's .... 

alone. Use of gyrsum at both the rates showed similar res-ponse but 

considerably less removal, than the combi.ned addition or gypsum and 

FfM with os ("4) or sand (14,), Similar effect of different ~osthole 

mixtures waS noticed on the removal of Fe. Mn. Zn and Cu throuq}'l 

(Tabl .. 58) lopped biomass of Acacia. Mltsn removal or F (28M mol ha-1) 

and S (258 mol he-i) thrcuqlt foliage yielded by both the lop~ill9s was 

allBCst "qual. ""movel of latter (416 mol h.-i) Was also on part of 

the fornoer (410 mol h .. - 1) throu9h woody ..atter. This is due to 

.imil arity in concentration Of P aod S in both the components of 

bianass. Mean tot:.el. removal of N (2697 mol ha-1) was about four ti.JRes 

acre than that of P and S. But it waS the foliage which aocolmted for 

IIOre then 89 per cent of its man total removal. Very high removals 

of N through fol1aQe of Acaeia. thus" 1nd.1cl:te thst the mechanism of 

oyat>iot1c N fix ,tlon functloned normally under such extre ... ly sodle 

lOil cond it ions and will enrich them wlth Ii whicil is a _jor limitetion 

for the norma] growth of the rlants. Among- the micronutrlents (T8ble 

18)" mean. totl'l removal of !i'e (46270 mmol he- i , and MIl (606-4 l'IIIto] h.-1, 

V •• lIOrB than th.t of Zn (3721 11IlI01 ha-1) and C" (1174 romo1 ha-1) , But 

it was the foliage component whieh removed notably higher Fe. MD, and 

In than the weody matter. However, removal of Cu through the woody 
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'rebl. 57. Removal of r. s and H (_1 ha-1) through hi.".. .. 10ppe4 
after 16(a) and 42 (b) _the of planting .... aci •• 

FuiiD9 FoUage WOOdy _ttar 'fOW 
ajxtoares • b .,..b a b ptb 

Phosphon. 

"1 - 71.0 71 - 65 65 136 

":z 64.1 213.4 278 80 309 389 667 

~ 66.4 214.7 281 91 301 392 673 

"4 91·9 241.1 333 126 391 517 851 

"s 121.3 229.3 3SO 165 403 569 919 
Man 86.0 194.0 280 115 294 410 690 
LSD (0 .05) 23.6 45.7 51 32 40 48 Ul 

Sulphur 

141 - 27.5 27 - 41 41 68 

142 Cf4.3 168 232 80 281 362 595 

~ e2.6 203 286 105 313 419 705 
144 86.8 231 318 130 406 531 855 

"s 111104 217 337 180 416 591 934 

"" ... 88.3 169 258 124 291 411 614 
1.50(0.05) 21.6 41 52 38 58 80 123 

Hitro98D 

"1 - 380 380 - 53 53 434 

"2 605 1680 2286 SO.I 204 255 2S41 

~ 672 1771 2449 19.4 206 276 2725 

"4 821 2157 2979 . 73.3 260 333 3313 

"5 1104 2113 3218 105.0 274 379 3597 

llaan 801 1621 2423 74.1 199 274 2697 
1.50 (0 .05) 136 210 2715 30.1 48 72 352 
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Table 58. Removal of Fe~ Mn# Zn and Cu ( ..... 1 he-1) thro"9h biollua 
lopped after 16 (.) end 42 (b) months of planting M",,1e. 

FIhliig Foliage e wOOdi it.tar =Fotal 
mixtures • b Itb atb 

Iron 

"1 - 11376 11376 - 204 204 11581 

~ 10620 33378 43998 271 1241 1512 45510 

~ 10982 32275 43257 333 1228 1562 44819 

"4 16088 35857 51946 441 1629 2070 54016 

Ms 21549 36419 57968 589 1645 2234 60203 

Kean 14610 29861 44671 408 1189 1598 46270 

LSD (0 .05) 3016 5136 6444 88 240 314 7004 

Manganesa 

Hl - 1171 1171 - 204 204 1375 

~ 1076 2971 4047 281 1241 1522 5570 

"l 1103 2912 4016 345 1331 1677 5693 

"4 1582 3733 5315 496 1842 2338 7654 

Ms 2058 3546 5604 666 1860 2526 8131 

MIlan 1455 2866 4322 446 1295 1742 6064 

LSD(0.05) 414 468 612 112 268 362 684 

Zinc 

Hl 659 659 - 173 173 833 

~ 547 1577 2124 238 992 1231 3356 

~ 570 1613 21114 307 1075 1382 3566 

M4 739 2013 2752 422 14BB 1910 4663 

Ms 1~07 2012 3020 564 1502 2066 50B7 

Mean 716 1575 2291 383 1046 1429 3721 

LSD (t.05) 186 238 368 106 196 304 382 

Copper 

"t 105 105 - 86 86 191 

"2 122 330 452 lOB 446 555 1008 

"J 132 354 486 128 460 589 1075 

H, 163 466 630 165 708 874 1504 

lis 210 431 641 270 858 1128 1770 

Msan 157 337 494 168 512 680 1174 

LSD (0 .05) 30 60 82 36 112 165 218 
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lDattar waS 180m then the foliage. It clearly brings out that 

use of foliage of Acaei8 .. s a forage or lItter may serve an enriched. 

bi.,...ss with high nutrient ... cycling efflcl .. ney in ecosy.te ••• nd 1ha 

soils under agroforestry systems "'''P''cUvely. 

E. Biomes, ProrlucUcn Und<>rneath the Tree Canopies. Date (Table 59) 

on biaa.ass prcduction of natural qrowtll of vegetation tolerant to ta. 

high soil 50dicity underneath the cMonies of E""alyntus and Acacia 

showed th,t effect of diffe ... nt posthole fillinQ mixtures was not 

reflected on biomass yield during ell the three years of observation •• 

But there were significant diff.canoes on yields under the two canopies 

in ee,cil at the three years. Biomass yields underDeath Acacia treee in 

all tn~ plots were more than double the same under the eover of 

~ucalyl tus plantation in 1982. But during 1983 and 1984. blO1lla •• 

yields were slgnif1caDtly more in Eucalyptus the 1D ACeeia plantation. 

AV"..!rage biomass production in 1982 and 1983 lrr')Bpect of tree species wae 

nuady "imilar but signlf1c8lltly more than in 1984. 'l1le observed 

signi.::1-::6nt differences in biomass yields Of t:bI: undemeath veoet.ation 

between Eucalyptus and .t)clCla plantatIons showad relationship with 

the agrometcorologic~l conditicns th ct preyailed during the cbser_ 

vdtICllsl ye.:,.r[-. In the reI etively dry season (1982) when monsoon rains 

were i -- '-, ... , '" •. "~ • J. < t •• 

possibly due to gro~ter ""ailability of soil moisture as shade of its 

canopy f:l1d lito.;r fallon the soU surface served. .as a .1.l1ch wh1ch 

CI12d~'..~;i t·;,;> JC~',8';:_' .-,[ m~isture frOID soil through ftvapotr?napiraUon. 

But duriIJ'J W~:lt yei-rs (1983 and 1984), yields were more for Eucalyptus 

plant,c.tion who~e open canopy allowed greater Inso18t1on. ThllS, when 

ooil mcistur3 su~ply is no~ ~ limitation, the avallability of solar 

raciiatiot: muy affect the biomass productivity through its effect on 



,. .... 1 •••• A_ra .... biomass (oven dry) yield (kg h.-1) of naturally grown up _gatation under 
the eallOries of Eucalyptus teretiaomis Sm. and Acacia nilotica (L.) Willd.ex. Del. 

Year Cancpy 

"1 ~ 

1982 Eucalyptus 3098 3092 

1982 Acac la 6802 6330 

Mean 4950 4711 

1983 Bucalyptus 6974 6556 

1983 ""..,la 4946 4862 

Mean 5960 5709 

1984 Eucalyptus 4615 3520 

Acacia 3033 2305 

Mean 3824 2913 

LSD (0.05) Mean l2112 
Cancples 736 

Interaction 1084 

Years 

Posthole lHH!!S! mlitures 

"3 "4 

2.98 3144 

6145 .063 

6322 5104 

5318 7312 

3734 4822 

4526 6067 

4440 3810 

2135 2515 

3288 3163 

1283 19114 
865 1012 

1164 1138 

Mean 

Ms 
3106 2988 

S9U 6463 

4541 5126 

6440 6521 

4262 4525 

5353 5523 

4110 4099 

2450 2488 

3280 3294 

1096 

LSD 
(0.05) 

II!! 

NS 

lIS 

!IS 

II!! 

• 
lIS 

lIS 

lIS 

'-' 
on 

"" 
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photosynthetic ""roc'2SseS of the vegetation und~rne;·th the Eucalyptull 

and AcClCia c~nories. Observations thereby prompt to conclude that 

u.nder relatively ,·,rid or dry conditions Acacia may favour hiqher 

productivity of vegetation. under its CMOpy. 

~{2:~ql ts en the concentration of Na, K. Ca and Mg in biomass 

harv·.::!st~ from und'~rneath covers of Acacia and £ucalYr-tu8 plantations 

(Tabl~ 60) 2nd the ir removals (Table 61) in the gi"",,, yean did not 

differ sit,;. ii: lcantly among different posthole filling mixtures. Mean 

concentrDtion c-:-' Na d"ring 1982-8. varies between 336 453 "nd 303 

419 r'lTflCl 'kg-1 for the blotnsse yielded under Eucalyptus a~ Acacia 

c;::;nopL~f r.~srectlvely. Concentration of Na in ell Of the years was 

signiE1c"ntly higher than of K followed by Mg and Ca b the descending 

oro<3r. 'fhe absclute concentrGtlon of Ca and Mg shoHed little variation 

for bicm<' ss y-i~Jd cf th'~ two canopies. The concentr';>tion cf Mg showed 

a decr~n"'-' ~Ji1"h "Ie: rD. Th}!:': weS not so for Ca. Simil~..rly# the Na ana 

K COdt..:ut-. d:.>cr:0 "eo with year~ of biOi.'lass harvest. But absolute va.lues 

of ~~;s we.(',~ ri':li:t.iv".:ly higher -'ter biom~~-;::: yields of 1982 and 1984- under_ 

neath ;;,',cDly,·t ;.~ than under N::FtCia. PotessitD and Mg coneentr,...tion 

of bi(.."n1asr: h;:rv.;!::;~·ed in 1984 from under l!lJ:!SCia wile more than under 

Eiucaly·,'t1;s 'J."'lcnt.r;tJt')n. Th~s·~ rl1fferences may be due to the dilution 

effact b __ ~C~.iSI:! of the .3xtent G'f growth and v;-,'rying availability- and 

absCrpt.iC.-l cf th'~5e elermnts 1n the soil. Removal of Na exceed eo 

i ... , .i.9 .:.nd Ca 1.1 all the years. The r~cval of the given 

e11n4:l:.jt.:c (Teblz 61) in 1982 waf: considerably les~ through the under_ 

But .j u.ri.',-;: 1963 &nd 1984 'tJ1e tr:~nd Wi'S Averse~. 'l"hese changes were 

mer,.:: dl, ',' tc. var1~,ticn in th0 bjomasl!! yield during different years 

rather tlHU the (~lffer;~:nces in ecnC!entretion of nutrient elements in 
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Table 60. Average co"" ... tration (_1 kg-l, o~ .a, It, Ca ..... 119 

Hl 

"2 
~ 
M4 

Ms 
""an 

M1 

"2 
~ 
H4 

Ms 
Mean 

Ml 

"2 
~ 
H4 

Ms 
Me ... 

'\ 
"2 
"l 
Mol 

lis 
Mean 

in b1018"ss hane.tad ~~ UDder the aenopJa. o~ Bua.l;yta. 
teret1cornu Sm. and. ACacia nllot.laa (L.) 1111114.",. Df? 

5041U1l 

452 368 3]2 384 412 ]'4 292 )63 

U4 ]79 ]U )90 422 368 316 369 

482 ]96 ]26 401 426 412 298 379 

440 355 34O 378 433 356 301 363 

446 372 336 385 '01 362 310 358 

453 374 ]36 388 419 377 30] 366 

Pots.siUll 

22' 188 171 1M 2U 233 180 220 

232 196 162 197 2]8 226 168 211 

246 218 115 213 242 244 182 223 

230 179 166 192 2ll 236 176 214 

218 206 171 199 252 230 170 217 

230 197 169 199 242 234 175 217 

calc!. ... 

61.7 61.8 68.9 66.1 68.3 6S.B 60., 65.0 

71·5 65.7 70.1 69·1 62.B 64.7 71.6 66.4 

66.9 62.3 64.5 64.6 70.6 68.0 70.1 69.6 

74.3 68.2 66.7 69.7 66.4 68.8 70.9 68.7 

64.4 62.0 64.4 63.6 72.1 68.2 72.6 71.0 

69.0. 64.0 66.9 66.6 68.0 67.1 69.2 68.1 

Megnea1_ 

IB4 148 128 153 184 162 121 156 

196 lU 124 155 192 160 128 160 

182 138 118 146 188 175 132 165 

188 142 126 152 180 164 124 156 

192 145 124 114 196 168 126 163 

189 144 124 152 188 166 126 160 



"'ebl. 61. A""rage removal (..,1 h.-I, of .... IC. Ca aDd Mq through 
biomass hane.ted fr .. under the canoptee of BIIOalyptu8 
texeticorn1a Sm. aad Maci. nUotice (L.) wuB. ex. Del. 

fUling 
_.sxtur •• 

Sodi ... 

"t 1402 2571 1533 5506 2807 1901 886 5596 

"2 1375 2485 1220 5081 2673 1793 730 5197 

"t 1204 2107 1449 4761 2620 1541 636 4797 

", 1384 2599 1298 5281 3059 1719 758 5537 

"s 1386 2396 1384 5167 240O 1544 760 4704 
Mean 1350 2432 1377 5159 2712 1700 754 5166 

Pota .. i_ 

"t 696 1313 790 2799 1676 1154 547 3378 

"2 719 1286 573 2579 1508 1102 389 3000 

"t 614 1159 777 2552 1487 838 389 2715 

", 725 1315 618 2659 1637 U40 443 3221 

"s 679 1331 703 2715 1507 982 418 2908 
Mean 687 1281 692 2661 1563 1043 437 3044 

Calc i_ 

"1 209 431 318 958 464 325 184 947 

"2 221 430 246 898 397 314 165 877 

"t 167 331 286 784 433 253 149 837 

M4 233 498 247 979 469 331 178 979 

"s 200 399 264 864 430 290 177 899 
Mean 206 418 2n 897 439 303 171 913 

Magnesi_ 

"t 571 1037 592 2200 1251 804 368 2430 

"2 608 958 438 2005 1219 779 297 2296 

"3 456 738 527 1722 1157 654 282 2094 

", 592 1041 470 2103 1274 792 313 2380 

"s 597 939 511 2048 1175 719 309 2204 

lIoan 565 942 508 2016 1216 750 314 2281 

162 
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the biomass h<,:,rvested from both the plant.etion.. These observations 

clearly show th t·t the concentration of He and 1 ts removal through 

blome,53 l' k:ld of' the underneath vegetation exceeded th at of 1(. Ca 

an(l Mg. But this vas not so for the biomass of Acacia lopped and 

report--:~d f::!c.\rlier. 

Th~ concentr ;::oti cn of p. S and N showed no ehenge among the biomaslI 

yl~ln obtained from plots under Acacia and .r:l1calyrtu~ trees nlanted in 

pesthoJ,"s ,refHl,3\! with different m1xtures during 1982-1984 ('l'able 62). 

The relcd:jve cC"lcentreticn of P was only merg-inal1y more then of S in 

the um!erna~th bicma~s and both the elements showed a decline in their 

mean conc:-mtrt"ticn \'iith qrowth years. The nnaD. concentration of N vaB 

more tho=.n cf i NV~ S by about three time!';'. The biomess yields of 

Acacia .shCio'/e'~ an increase in C"C'cumuJation of N with growth years. But 

opposite W --'f'.': the trs:nd in case of B:ucalyr,tus. 'ltiis demcnstrate greater 

'" availability i" the 80il und,rneath Ac:""io th'" under E,,,,,,lyptU8 

callory ancl _ be ascribed to the add1 tien of N through the le af 11 tt:ar 

rich 1.! the seid nutrient. Mean removals of P, fi end N (Table 63) ware 

higher iu 1982 through the blome,s8 prcduced from underneath ACacia than 

from ,l.l'ld\~.cne "th eucalyptus plantatio,... But their relllOVals except that 

of 1'l we ('? !"'lore in CaSg of EucelYr-tu9 in 1983 and 1984. The 8veraqe N 

remov.:!l thrcugh biomass harvested from plots under ACacia was more then 

from C:ucaJyr-1:.us r-lantation in 1983 ant1 1984 despite the high yields of 

biom;>~!" n>1.\red in e8~e ot the latter species. This is because of 

sign! : i"!ently higher accumulatioa of N in the bjomas~ rroducad under 

the ceno"'y of Acacia. 

Amcng thl~ micronutrients, averaqe C'oneentreotion of Fe in eaeh of 

1be y~~rs W('tS h iQh<:-r th~n that of Mn, Zn and eu in deecsndinq order 

(Table (1). fivdr ev--?re.qa eoncentr<"'Jtion showe~ conF.lid~rable decrease 
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'rable 62. Aver .. g .. concentration (1lIII01 k9-1) of p. S and II in 
bie_sa hanestad frc. under the CeAOpi8. of Bucalxptua 
tereUeornb SOl. end "c..,l8 nllotiea (L.) W111a. ex. Del. 

a1x ture 5 

Phosphorus 

M1 96.5 8}o5 70 •• 83.0 94 •• 84.9 76.2 85.3 

Mz 91.4 78.3 66.4 78.7 '6.7 80.7 72 •• 83.4 

~ 9S.3 72.9 64.7 78.6 92.8 82.6 7B.2 B4.5 

"4 92.5 BO.4 66.2 79.7 94.7 B2.0 76.2 84.3 

Ms 94.8 86.2 611.5 83.2 94.1 B3.3 14.3 84.1 
Mean 94.7 7(;.9 67.3 80.6 94.8 82.1 75.6 84.3 

8ulphur 

Ml 83.6 73.7 66.7 74.6 82.7 13.6 67.8 74.7 

Ma 81.9 74.2 64.8 73.6 85.2 7107 72.3 76.4 

~ 8S.7 70.8 62.5 73.0 83·1 70.4 66.7 73.4 

M4 80.5 69.2 63.1 71.2 8le9 75.3 611.2 75.1 

Ms 84.6 71.3 60.8 72.2 8308 70.9 66.4 73.7 

Mean 83.3 71.8 63.7 72 •• Bl.3 72.4 fe.! 74.7 

Nitrogen 

~ - 274 230 204 236 316 384 416 372 

Mz 280 238 195 238 308 388 427 374 

~ 272 222 202 212 )26 374 423 375 

"4 276 242 194 237 312 37, 431 374 

"s 282 236 206 242 302 385 416 374 

lIIan 277 234 200 237 313 382 427 374 
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Table 63. A""raga removal (1101 ha -1, of p. S and H through bioloa •• 
herwsted fftHII _er the ..... opies of II:UCal~tu. tereticornia 
Sm. and ACacia nllot.1c:a (L.) WIIUld. ex. &~ 

filling 
alxtures 

PhOaphOruB 

Ml 299 568 327 1194 645 419 231 1296 

~ 282 513 ·133 1029 612 392 168 1172 

"l 245 387 287 920 570 308 167 1045 

M4 290 587 252 1130 668 395 191 1255 

"s 294 555 281 1131 565 355 182 1102 

"'-an 282 522 276 1081 612 374 188 1174 

Sulphur 

Ml 259 514 307 1081 562 364 205 1132 

~ 253 486 228 967 539 348 166 1054 

"l 214 376 277 868 510 262 142 915 

M4 254 506 242 1002 578 363 171 1113 

"s 262 459 249 971 500 302 162 965 

Maell 248 468 261 978 538 328 169 1036 

Hitrogell 

"t 851 1605 944 3401 2154 1902 1263 5320 

~ 866 1566 687 3120 1950 1887 984 4823 

"l 680 1182 900 2763 2007 1398 904 4311 

M4 868 1771 741 3382 2204 1616 1086 4906 

"s 877 1524 849 3351 1809 1643 1068 4521 
lIaan 828 1530 824 3183 2025 1689 1061 4776 
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with grcwth years. But 'Yar1~t1on in the absolute eoncentration of 

each was not 88 marked ~s th",t of other elelNtnts due to the d1ff_ 

erenc,~e in biomass yields of the three years for AcaciA end Eooalyptua 

plant;tlonl::'. Effect of posthole filling mixtures on the concentration 

of micronutrieut" (1'able 64) and their removals (TaI:>le 65) through the 

biomass yi~los of" 19B2-84 waS not noticeable. Like other elenentl!l. 

removals of micrcnl.ltrients were more in ease of Acacia than Eucalyptu8 

plant.ticn in 1982 only owing to high biomass production in this year. 

The 0 r;ta en 111ona!"'~ 'l""ro:'1uctivity resulted from underneath growth 

of grar;s€'!'- in" ic i' .. -t~;! t".h,,,t nature of t\a: cancroy (o~n or close) 1s more 

inJrortC!.'nt in affecting the y1el~ than the plant.fng of tree species 

in postholes refilled with different mixtures. Effect of these 

mixtures wcf'. signjf"icant tc Causp. maneri changes in the growth of 

i!;~lC:alyr~tlls aod Acacia but influence of their CI ifferent1a1 growth was 

not r:1n,~cted on the underneath growth of vegetatlcn. The natural 

growth cf vegetation was also signiflccntly affected by the dlstribut­

iC'l and th~ amount of rainf?ll 1n a year. Similarly" chemical 

eom .... o~lticn of biomeBs oh'te,lned on lonp5nq of Acee:ia and the vegetation 

under it~ canopy sho",-ed marked differ~nces. These observ<'l't:ions shOW' 

that grcv,;th cf trees and naturel vegetation toqeth~;r do not comnete 

for autrH:1011 but flre complementary to each o'ther. Gr!lS!'Ias may fet!d 

u!"on the surface) "yer5 and will effect consid'1rable improvener..t in 

phy~lc:-_C'h,.~mt--,,-'l .,....rcrertles. Ccnsiderabla gre.!l.ter remcval of Me 

com1"'Ert''1bJe teo 1(, C'a and Mg will definitely bring llP'Oreei!ble reduction 

111 1tB cc:..'l1centr,o·ticn in the soil solution and nature o-f equl11briUIII 

cons0quently" there may occur a notable decreap.e in :<;sp of the soil 

with tirra. But tree srec1es with deep root system feed l1'j)On the 

.eerer layers end nroouce leaf litter to enrich the surface soil with 
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~able M. A ... r_ .. _ntr"Uon (-..1 kq-l) of re, MD, ZD and CU 
in bie ...... hanested frao UDder tha ..... !» .. of IIUCluyptue 
taretlcornie Sm. and ACEla nUoUe, (L. Wl11d. ex. Del. 

fillIii9 BuciliDtua ACac1a 
mixture 1982 1983 1984 Me .... 1982 1983 1984 Me.., 

tron 

"t 10.9 7.5 6.8 8.4 1106 9.5 8.1 9.7 

":! 11.3 7.4 5.9 8.2 10.7 e.9 7.6 9.1 

~ 10.e 8.5 6.2 8.5 9.9 9.1 e.8 9.3 

"4 11.5 7.9 5.7 8.4 10.9 e.l 7.9 9.0 

Ms 11.0 8·1 6.3 8.5 11.6 11.2 8.4 9.7 

Mean 11.1 7.9 6.2 8.4 11.0 9.0 Iht ,.4 
Manganese 

"t 2.36 2.72 2.16 2.41 2.16 2.84 2.44 2.48 

":! 2.27 2.22 2.28 2.26 1085 2.72 2.26 2.28 

~ 2.46 2.36 2.56 2.46 1098 2.80 2.30 2.36 

"4 2.OS 2.54 2.14 2.25 2.04 2.68 2.44 2.3, 

Ms 2.17 2.38 2.28 2.28 2.12 2.70 2.30 2.37 

Mean 2.27 2.U 2.28 2.33 2.03 2.75 2.35 2.38 

Zinc 

"t 0.40 0.32 0.24 0.32 0.34 0.26 1'1.22 0.21 

":! 0.36 0.28 0.20 0.28 0.30 0.28 1'1.20 0.26 

"l 0.38 0.30 0.24 0.31 0.32 0.30 0.22 0.28 

M4 0.34 0.32 0.22 0.29 0.34 0.30 0.12 0.27 

Ms ;).34 0.30 0.22 0.29 0.30 0.30 0.20 0.27 
Mean 0.36 0.30 0.22 0.29 0.32 0.29 0.20 0.27 

Copper 

"1 0.18 0·12 0.0' 0·13 0.18 0.12 0.09 0.13 

":i 0.18 0.10 0.08 0.12 0.18 1).13 0.11 0.14 

"l 0.14 0.12 0.09 0.12 0.17 0.13 0.10 0.13 

"4 0.16 0.10 0.09 0·12 0.19 0.14 0.10 0.14 

Ms 0.16 0·12 0.09 0·12 0.18 0.14 0.09 0.14 

""- 0.16 0.11 0.09 0.12 0.18 0.13 0.10 0.14 
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Table 65. Awr_ removal ( .... 1 b.-1) of Fe, MD, Zn am'! Cu through 
biomaas h ........ sted f~ under the ° """pie 8 of JtucalyptUII 
tereticornls sa. and Acaeia nilotje. (L.) Willd. ex. Del. 

filling 
• .txtures 

Iron 

"t 33.8 52.5 3106 118.0 79.4 47.1 24.6 151.2 

~ 35.1 49.0 20.9 105.0 6'301 43.6 17.6 129.3 

"l 27.0 45.5 27.7 100.3 61.2 34.2 18.7 114.2 

M4 36.3 58.0 21_8 116.2 77.4 39.4 19.9 136 •• 

"'5 34.4 52.5 26.2 113.1 69.6 39.3 20.7 129.7 

Me en 33.3 51.5 25.6 110.5 71.1 40.7 20.3 133.2 

Man9_n 

"t 1.31 18.9 9.97 36.2 14.6 14.0 7.4 36.1 

11..l 1.02 14.5 8.03 29.6 11·7 13.2 5.2 30.1 

~ 6.15 12.5 11.31 30.0 12.1 10.4 4.9 27.5 

M4 6.54 lS.S 8.15 33.2 14.4 12.9 6.1 33.4 

MS 6.74 15.3 9.37 31.4 12.6 11·5 5.6 29 •• 

Mean 6.15 15.9 9.38 32·1 13.1 12.4 5.8 31.4 

Zinc 

Ml 1024 2.23 1.11 4.58 2.31 1.29 0.67 4.21 

~ 1·11 1.84 0.70 3.65 31.90 1.36 0046 3.72 

"l 0.95 1060 1·07 3.62 1.91 1.12 0.47 3.56 

M4 1.07 2.34 0.84 4.25 2.40 1.45 0.45 4.30 

Ms 1·06 1.93 0.90 3.89 1.79 1.28 0.49 3.56 

Moten 1·09 1099 0.92 4.00 2.07 1030 0.51 3.88 

Copper 

"1 0.56 0.84 0.42 1,,2 1.22 0.59 0.27 2.08 

~ 0.56 0.66 0.28 1.50 1.14 0.63 0.25 2.02 

"3 0.35 0.64 0.40 1.39 1004 0.49 0.21 1.74 

"4 0.50 0.73 0.34 1057 1.34 0.68 0.25 2.27 

"s 0.50 0.17 0.31 1·64 1.08 0.60 0.22 1090 .an 0.49 0.73 0.36 1.58 1.17 0.60 0.24 2.01 
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nutrients. Litter also reduced moisture lOBs through evaporetion. 

It~ decclltr'Ositicn released orvanlc eompounds that improved 8011 

8tru~ture P00 ~he nutrients status resulting ~ ~roved solI 

fertility which in tum facilitated more growth of gras ... s. Their 

combination. thus, rel!hlmd in a two storey system that enhanced. 

both the biological activity and product:1vity of a highly deteriorated 

aodiC soil. '!bis would cause biological reclamation of the soU 

besioes g<:.'!neration of additional biomass energy for multifar10us pur_ 

poses. 

4.4 Eval uatlon of Casuarina egl11setlfolia L. for its Tolerance to 
atl1ghly Sod1c: 1011. 

In trod ucticOJ Because of the Yar1ety and specialized nature Of the 

probl,ms cf highly sodic 80ils any 81seable afforestation proJ .. "t must 

be bflsed on findings of the resr.an:h trials carried out on the site 

to be rect.ored. The first step is to identify which spscie" will 

grot,. Hc\<'~ever, choice will V2ry with the r-urposes of plantation, soil 

and agroclim~'tlc C"cnditlon5 And growth habits of different species. 

But only two gener€lizE'tions could be marle, (a) only !tPecles which 

are naturallY rionears of impeverished sites merit inclusion in a 

trial, and (b) trs~s possessing N-f1xlng ability should be preferred. 

In viaw 0.- these ccnsiderations and unsatisfactory observed ~rformance 

of Eucalyptus t~retlcornis Sm., Casuarina eguisetifolia L. was 

eelecte~ for 1nveet1g~tion of its tolerance to e highly Bodie soil 

condi tions. 

Ca~·"arlna o:!gulsetifolla L., a aynomym of £.. 11ttoralis Salisb., 

is i..ncw'u for yieldIng best quality firewood in the world. It Is a 

fast grew-log tree with cn aver;:ge height varying between 15-25 m, 
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hOollaver" lTiC){imuID attainable height and girth is reported (HAS" 

1980) as gre~t as SO mend 100 em respectively. Root nodules of 

this species possess N-fixiug aotinOlllyceter (Frankis) ... d capability 

of oo€lrt",ticn to diverse soil tyf'eS and agro-ol1mates. Australian 

beefwcQt"j tre-:~" Bull-oak" 5'orest-oB1c.. swamp-oelt. Horse tail tree" 

She-oak, Australian. pIne. Iron wood" -:Jor-tor Ll"ld Whistling pine 

(beca ;s,~; of sound it generates in the blowing wind) are its other 

corrrnon names. In India" it 19 the IDOst cOR'lnonly growing end pop'.11cr 

tree of. the coastal areas. 'tbere are experimental evidenc~s In its 

favour to tolerate considerably biqh ssl-inity status of the 5011s. 

But there is no documented r·-~see~h report pertaining to Its eVBlu-

atlon fer 5cdlc soils. Therefore. this experiment was carrl~d out. 

To eveluate Casuarlna for its tolerance to a highly 

sadie {'cil", a fieln' experiment waS conducteA for investiq,ting its 

growth r.~sr·cn~e when planted in deep postholes refilled with (e) 

origin.l "odic scil (;3) M
1

, (b) OS mixed with 8 1<g ~"YM ·"osthole-1 , 

~. (0) CS mixen with 2 1<g gJr<'m posthole-1 , '"':\' end (d) (>5 mixed 

witb 8 kc;r iO'YM and 2 kg gyy.'lfum posthole-1 • M
4

- Posthole!=!. were dug 

out using a mechanical and m.anually operated solI augers_ The uprer 

perU'on (25= die. X 0_80 em depth) was dug out with a tr,etor 

operstdd suger Md was deepened with a manually oNrated 15 em 'lia_ 

solI augers to 180 em der-th. iSx!eri.Dw:!nt was repliCated twelve Urre8 

withi" th~ 1Curvi·",. of randomizgd bloc1< design. Saplings were planted 

on .July 1, 1983 and watered for six mcnths pa:::-t planting on need felt 

basis (cr when IW/PE reached _ 1.0) to aid their estebllshment and 

naturaliz ;-tion. 
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Observations en l'~r cent survival aDd growth paranaters 

(_lm"ID height, DSH and DBIII ""'nt recorded montt.ly during the first 

year snd quarterly afterwards. Foliage (needles) &fPBples were 

collecterl at different growth stages from all the plants and were 

aoalyzed for He, K. Ca. Mg, p. s, H, Fe, Mn. Zn and Cu. Position 

Of sampled foliage was kept uniform for all plents lrntspeet of the 

COtnr-ofliticn of posthole f111ing Mixtures. Samr-les wen taken from 

terminal or apical bra-neh leaving newly developed or juvenile vege­

tation it;, well as the older cn lower side $0 that each samTlIe reprasentE 

fully dev21cl'ei! fo11age. From the s ..... ros1tlon, De ,,11 ... (foliage) 

were s?mrled ",t specified growth stages for est1me-,ting the effect of 

wat:~rlng end growth during :suntn.er and winter seasons on th'9 relative 

turgidity of the fo11age of Casuarine plants growing in postholes 

refUled with the said mixtures. Tine of samrling at ell the 

Sele~ted growth stag.Js was same (1200 hours. noon). 

" 
Results and Discn8sion 

A., per Cent Surviva11 PeX'lodic per cent survival Oz: Casuarina 

saplings planted in postholes refillerl with the said four mixtures 

exbibited high relative tolerance to a highly scdic soil (Af'r·endix_Il. 

There occurred no mort.allty in postholes hev1n9 either gypsum alone or 

its COmbination with BYM. Per cent survivel in pO!lthcles having only 

OS d~creased to 92. S4. 7S and 67 at 15. 18,. 21 and 24 months past 

planting respectively., But there was no furth'er deCline between 

24-39 mc.nths of the growth period. Mixing of FYM with OS ca!lsed 8. 

signific?nt reduction in mortality than using the only OS,. however,. it 

was inferior t_o the u~e cf a lther gypsum Blone or its combination with 

Frlf. Per c ~nt f:urvival was comrlete until 15 months of planting 

Casuarina in rcsthcles refilled with :fYM mixed os. But a decrease 



172 
to 92 and th'!D 84 per "ent during 18-27 and 30-39 months of growth 

period waS recorded. These observat1cns 1n comparison to C!~ta on 

tatber srec lee namely ACac 1a nl10tica (L.) Wl11d. ex. !Jel., Eucalyptus 

teretjcornis Sm., Albizla lebbee (t .• ) Benth, AZadlrachte. indica Jusa. 

and SyzyC'lutn fructiccsUIa Dc. cle?:rly prove th;-t ::esuarinf'l eg:l1setifol1e 

L. 15 a highly tolerant to extremely sodie conditions of the scil. 

B. Heioht crcwth. Data (Al'pendix II) on height growth recorded at 

22 5tag,~F during 39 months qrowth period showed that the difference 

in cORIrcsiticn of po"tnole filling m:lxtllres effected significant 

difference!:' in average height of the plants. ApDllcaticn of 2 kg 

gyrsm in combination with 8 kg FYM poethole-1 yielded the highest 

height response followed by gypsum alone (Plate 5). Mixing of only 

FYH with the cs resulted in significant increase in the height thm 

the contrel (M
1

) but it was marl<edly inferior to the addition of 

gyps"m ,ither alone or in combination with l"YM (Fig. 18). The observed 

height r;rowth rattem alse shewed periodicity. Height growth was 

noted to 10", relatively fast during the summer (April _ ('ct.) thm the 

winter S,:8son (.Nov. _ Mareh). 1:1118 may be attributed to the sensitivity 

of Casi..larina to cold aqroclimate. The rer cent increase in height due 

to apr lie ation of 8 kg F'lM, or 2kg gy~sJlm or 2 kg 9Yr>stlm r) us 8 kg FYM 

posthcle-1 over the control (Os) was ccmnllted to be 54, q4 .?lnd 103 

per cent at 12 months, 52, 91 and 97 -oer cent at 24 months cnn 110, 

144 < ad 154 ner cent ct 36 months qrcwtn stages resn~ctlvely. 'These 

findiag!:, th:.ls, ~hcwed th ;·,t mixing of 2 kg of gyrosum and 8 kg FYM or 

2 kr:;; gYr'sum alon"? with the e,s to r'?fl11 pOstholes for raising a bumrer 

Casuarina rlantatlcn (Plat..e 6) in such en extrr.:mely sodie conditions 

sult..c; the most. Cumulative meMl monthly height increments to the 
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Different pc,:,t.hole filling mixtures make a difference .in 
growth of S;:··suarina equisetifolia L. (15 months old),. 





Plate 6 

It. bumper growth of Ca8uerina plantation (3 ye &"5 old) in 8. 
highly sed ic soil proves its promise fer sod 10 soils. 

An inside v1,~ of Ce'Suarine canepv produc ing greater 
8nQunts 0':: the litter. 





~ -c: 
Q) 

25. 

E 201-
~ 
<.J 
c: 

.s::. -S 15 r 
E 
c: 
o 
Q) 

E 

~ -~ r-
E (0-
::> 

<.) 

-

5 I 2 3 

~ 

1---

------ Successive growth years----­

Fig. 19. Effect of selected posthole filling mixtures on mean 

monthly (cumulative) h eigh1 incr.ernent of Casu arino 

during successive growth years. 



173 

_ .. _ hilivht of CiI.uerln .. du"inG .......... h. qJ:'Olftb ,. .... (Piv.19) 

aq.in indicated ... .l1li11 ... t""nd. Magnitud. ot _an _thly __ aU 

in the first yeor was relOanel:>ly q""ate .. than in the eeccnd and _ 

thUd year. In .. eeh year. ____ at ••• _ hlgbeet to .. po.tIlol •• 

reUlled with gypsUIII plus J'YM end qppaUIII alone vith DO d9DifJoaa~ 

diff ..... nee betw .... n the two .txtu..... '!'ho •• h_1D9 caly FYM .Uilcad 

notel:>ly greater inc ...... nt. then tbe os but diffe""""." __ 9 the 

three years ........ less marlted th"" .... t or the tre .. _aU. '!'h .... 

better 9rowth "".""" .... of C •• u ... 1na in posthole. ""filled "ith the 08 

mtxed with ,,_nil_ata like FYM and 97J)8U111 than OS alone _ be attr1l>uted 

to the ...... lie .. ation of phyaico-ch_al properti •• of the l.llllited_ 

son .. of highly aodic soU to tbe d.sired _taat. Gypa_ is repolll'tll4 

to 11IOd1£y the 80U _icity <OIb~l. 1982) to tile _fit of _GIl=ical 
• 

plant growth. 

C. Girth Growth. 

on the periodic 9irth 9rowth indic ••• a_Iy DaR (Table 66) and DIIH 

(Table 67). show" that application of 9Y!>eu. alone 0" it. cooobination 

"ith F'(IoI were on r'.'" But both of the .txt ...... we"" .ignificantly 

superior to the mi><ing of FYM aloae enII the CIl in .,. .... ndin9 0 ..... at 

all the noted stages thEOUghout 1:tIe 9rowth period of 39 _tha afte .. 

pl_ting. The per cent inc"" ... in DSH d .. to the epplicetiOll of 2 Irq 

gyr ...... in eonjuneUon with e )"1 FYM (M4) or 2 loq gppfllll ("l) or 8 lo9 

I'l'M per posthole-1 ove .. the gee of only OS .... 88. 93 and 4' par eeat 

at 12 month_, 126.123 and 75 par "ent at 24 months lIIId 154. 14. and 89 

per cent at 36 months growth _age_ respectl""ly. '!'be r •• pect1 .... par 

cent increase in DI!H was 511. 256 and 185 par eeat at 12 .onths. 254. 

, 215 and 156 reI' cent at 24 .catha end 195. 152 and 78 par eent at 36 

tlIOIlths growth .tag.... Th •• e f !qUAe .. thus. clearly mow the onat:er 
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., ... 1. 66. affec1: of _lee'" ..... ~l. 1111 __ kan_ GIl the 
per104Jc OS. (_ of C'."ariDa ..... l_t.1fol1' L. 1a 
• Ili9hlJ' IIOIIJc .oU. 

G~tIl -Ea!Ii PO-!iif' iAII,idX!2I ... ... ... fJb ( ___ ... t (0.05) 
Rll!!t;tnal 

iil 114 

0 2.5 2.1 2.1 2.' 2.5 • 
1 2.6 2.1 3.1 J.O 2.1 • 
2 4.J , .. 1.5 1.2 7.0 1" 
I 7.2 10.1 11.1 11., 12.' 2.2 
4 • 10..1 12.7 11.J 17.9 14.1 2 .. 
5 

, 
12.S 16.0 20.2 19.2 17.0 3.7 

6 1,.2 17.2 210' 21.0 11.2 3.6 
7 15.0 211·9 23.2 22.4 20.1 3.1 

I 16.0 21.3 25.2 25.0 21.9 4.1 
9 17.1 23.4 21.4 27 .. 24.1 1.2 

10 19.2 2'" '4.9 It.7 21.9 1.3 

11 20.4 21.2 :l7.a n.4 U.I 1.0 
12 :U.6 31 .. 41.7 40.' u.a 4.6 

11 2a.l 42.4 11.6 14.0 41.0 a.1 
18 29.2 45., 60.2 59.a 48.7 10.1 
21 '1·' Mol 71.9 72.' 57.1 10.' 
24 '4.4 60.2 76.a 77.a 62.3 11.2 
27 It.a a .. 10.& 84.4 66.0 21.0 
30 '6.3 ... 1'.2 16.2 11.1 14.2 
n 37.2 69.2 17.4 19.6 70.9 16.3 
16 37.7 71.1 92.1 95.7 74.1 17.7 

J9 38.3 74.4 " .. 104.6 71.5 19.3 

*DSJI .1: ....... for girtb 4.t. __ r ,1: .~ hei9h1: (5 0.). 
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.,..,le 67. II:lfe .. ~ ~ _1 ..... pe._ole IUUIl9 aJx_ ....... 
par104ic D ... of Ct".to, ,.'.'IMs.. L. Sa • 
b"'lr ... u .. _n. 

anw6.tage to • .,.. IAXIii ~J! -- fAB •• ( __ • paet .. (0.05) 
p1M~'T) 

lil Iii 
, h8 4.2 1.2 1.0 4.1 1.1 

10 2.0 1;1 1.1 1.1 1.1 1.4 

11 2.4 1.1 1.4 8.1 1.1 ZOO 

12 2.1 1.1 '.1 13 •• a.1 3.1 

11 1.1 13.3 18.2 25.1 15.5 1.1 

11 1.0 21.2 31.3 30 .. 22.3 1.2 

21 ,.2 2904 to.3 40.1 a,., 5., 

24 14., 31.2 41.0 12.1 3a.2 1.2 

21 11.3 . 38.1 51.' 51.1 40.5 1.1 

'0 11., ".0 1204 H., 4104 8.1 

n " .. J9.J 51.a 11.1 44.2 12.3 

II 22.1 40.3 11.:1 88.9 4a.5 11.1 

It 2hl ca.4 82.1 12 .. 10.3 11.1 
\ 

I 



girth" grcwth response of Casuarina in posthole~ refilled with 

mixture comrrisil.g combination of gyrSUIII and FYM with the os. 

Use of gyrsum alone was marginally inferior th~n its combination 
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with FYM. But girth growth with ed<Utlon of gyl"sum waS signiflcantly 

fest2r t.h;o,n the use of ~"'YM alone. 'nle girth growth rate was max1Jnua . 

in posthcles ref illed. with the os only. This trend was also reflee~ 

1n th.,~ In.::! en mcnthly (cumulative) DSH increments during the suceeasive 

grCMth years aft,r planting (Fig. 20). But unl1l<e height growth, the 

m;..gnitu(le of ~renents to OSH during the initial two years did show 

littla vF,r!c .. tion for the r08tholes containing OS m.:lxed. with either 

FYI' (M2) or gypsum (~) or both (M
4
). However, value of .... an monthly 

in<:rement for the third growth year showed a dee line 10 these treat­

ment~ without any appreciable change in the response trend. But mean 

monthly incr.Jrr~ntf; to th.e !)SH growth in postholes refil1e~ with only 

the os il~cl1c,."t~~' d~creas-e with each of the sueces~ive growth years. 

'Ibis imp} 1 ? ~~ th ,~t err,lie {"Jtion of amend:_nt~, caust'?d ccnsiderable boost 

in the growth cf rlants which in turn may increase tre Ir tole rmee to 

the extr.::I1l~ly sor11c conditions of the mil. 

111 :: heigh t .end 9 jrth growth data in comparison 'to the reuorts of 

NJ\,.C; (1980) show that growth and survival Of Casuarina is satisfactory. 

Plants at 39 months growth stage were lush green and had developed a 

clos3<i crno[,y i, t a spaCing of 3 m between rows and 2 m between the 

plant:3 (Plate 6). Its canoPy waS producing ccnsiderable litter which 

1n turn w11] cauee n'.;trient recycling, amelioration and microclimate 

modlfic{.tions for the benefit of greater biomass prodUC'tivity. 

Consid<2rJnq its relatively fast growth, 8uf\erlor fuelwood "slue, 

ability tc fix atmospherie d1nitrogen 10 symbiosis with an aetinCIIIyCetea 
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(Frankia species) and its relatively high toler"""" to an extre .. 

of th~ sell scdicity hazard, it BPJ:"!ars to be a promising tr,,, 

sp:x:1es for the afforestation of sodie Boile. 

Periodic Chemical Conmosition. Trees differ markedly in their 
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ability to tolerate varying degree of 8011 andicity. The difference. 

amongst 5cme of them are reElected in dlfferentl1'11 absorJ)tion and 

ace .;ruulc,ticn of cations principally Na in their roots and shoots. 

But littb informaticn published or otherwiSe is available on this 

aspect of useEulnas!= in determining 'the adeptation of tree I!Jl8c1es. 

In view of these: considerations and 'Promising initiel grow-tit of 

Ci'!!I';ariiHi in e, highly sadie so11~ ner!ol ie C!hanges 1n ehem1eal 

comT'ositicn of the foliage and woody matter of plants growing in 

posthcle:-; r..:;filled with differently cOIIPOsed mixtures were monitored 

and the results ace discussed elementwlse in the 8ucC!e,1dlng text. 

(a) Sodium and Potassiums A:veraqe Na ooncentration in foliage and 

woody matter of plants (Table 68) growing in differently refilled 

postholes v,ried signifJt:antly at all the ,elected growth stages. 

Sodl;Jffi acc"ffiulation was the highest .in postholes refilled with os 

followed by the mixture of OS and FrM. Its concentration was maxiJlna 

in folia<;.;e and woody mat~r of plants grown in postholes having an 

ar·plic ':iticn of either gypsum alone or gypsum rlus PYM. IrreSJ')8Ct of 

ether f.,ctcrs,. He concentration Of foliage was observed to be 2-3 

tirres gree'ter than the r,'")~tive figure for woody matter. Scdiwa 

conc'2ntrt'tion weS the lAax!mum in saplings but its accUlftUlation 

occurPlri with advtnc.:mtent of the growth perlcx!. Rate of s::cumulatlon 

waS more in r-osthcle ~ containing only OS followed by CS mixed with FYM 



or.1.... 8f!f!.et o:f "elected: posthole filling mixture. on the period concentration (mmol •• kq-l) Of· 
Na and K 1n foliage and woody matter of Casuarina equlsetlfolia L. 

Sodi .... 

0 126 126 126 126 126 III 147 147 147 147 147 
1 164 138 128 127 139 10 146 141 143 1211 140 
3 219 155 130 116 155 16 141 132 139 84 124 
5 272 208 138 104 181 26 140 120 120 60 110 
9 246 184 113 97 160 14 99 143 91 104 109 

12 489 293 190 185 289 22 289 124 81 81 144 
15 436 264 182 171 263 26 274 136 84 85 145 
18 472 286 188 178 281 24 262 128 94 88 143 
21 488 2110 192 184 289 28 268 131 86 76 140 
24 492 2114 196 176 2811 32 27:& 142 73 68 139 
27 452 268 182 168 267 30 246 126 70 64 127 
30 426 242 168 156 248 31 238 130 72 62 126 
Mun 357 229 161 1411 224 30 210 133 100 87 133 

POtasdwa 

0 76 76 76 76 76 III 105 105 105 105 105 
1 85 91 90 104 93 11 111 116 100 113 110 
3 97 110 110 135 113 15 12S 123 97 141 121 
5 102 141 128 161 133 18 130 133 102 156 130 
9 153 200 171 176 175 17 94 156 189 189 157 

12 92 130 120 143 121 21 53 102 89 105 110 
15 116 142 152 160 143 22 48 100 116 132 99 
18 104 134 146 159 136 23 56 116 134 148 113 
21 118 146 154 171 147 20 )61 124 131 142 114 
24 126 145 150 160 145 18 54 121 127 134 109 
27 111 136 156 167 143 21 50 114 136 141 110 
30 108 128 142 159 134 20 54 120 123 130 107 
III .... 107 132 133 148 130 18 79 119 121 136 114 
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than those containing OS treated with either qypsum alone or 

gypS'JIll rlus FYM. The highest. NEl eceuntUl at:ion was found to occur 

at 12 months growth stllC'Je in all the traat:ments.. Subsequently, 

Na concentrstion of both the components of plants 1ndicateil lese 

marked fluctuations. Sodium aceumul at10n wes more in the SUaRer 

than in the winter season. This means when tlle growth rate is high .. 

accumlllation of He! may possibly be more due to tis great'Br abBorption 

alongv:ith. hich -·'r £fftcunts of water taken u" for neeting high trane­

pire.ti(o demal'los during the summer Mason. A satisfactory growth. of 

Casuariaa t>lants in postholes refilled with different mixtures 

vis_e._vis considerably high accumulation of Me in £0118ge snn woedy 

matter demonstri te relatively high teclerance to high degree of 

soil sod1city and better chances for its adaptation to such en 

uncompromising site. 'this specle~# thus. dif_f"ers from. ACo:lCla which 

allow less Na aecumulatlc~1 in shoets. Sodium aec:umulatlon hes also 

be';Hl c3pcrt:ed by other workers (Ayoub# 19751 Rouh8lli and Saaslrl# 

1976) '.he examine<'i several tree species grOWing on saline end sodic 

soils. But important aspect 10 the ir satisfactory growth desp1te 

higher Ne acctIIluletlon. tbis is what Casuer1na .toed pranise for 

its fairly good performance 1n II highly sodic soU. 

Th" aversge K eoncentr.Uon in the foliage of (Table 68) 

CasuariJl~! weE.! considerably more than it!! respective va) ue for the 

woody mC'ltter. Difference waB merked for nlants growing in postholes 

cont2ining only the CS. Potapsium ecncentration wes low at ~lentlng 

and it ia~re2scd qraf"!ually to the maximum 1n both the cOJIIrIonents at 

9 months growth stage. subseqnantly# JC acc 1 11DUlation show-ed 
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fluctuaticns with the growth period. H."...".,r. the highest K 

concentration was observed in foliage 88 veIl 118 woody matter of 

plants grcwinq in postholes containing gypsum either alone or in 

combln.aticn with FYM. The former had aft ec1'g~ over the former to 

cause more accumUlation of Na. Ttl is may be ascribed to the role 

cf FYM for increasinq the aYailabllity of 1< in the 5011 and K 

addition throuGh it (Gill, 1979). 'l'he K concentration at all the 

growth stag"" was signif1cMtly 1 .. ". in the given cORlJ>onente of 

plants grcwing in postholes refilled with the OS. Significantly 

higher accumulation of K in plants in postholes having qyrsUM 

application shews that K is being absorbed selectively from the root 

zone where Ca 1s present in excess although ava.118ble K content of the 

given site 1s elso high. Data" thus" indiCate existence of anta­

gonism betwe::n the abscrption of It aDd bia. Plants growing .in postholes 

refilled \..-lth the OS cnly showed accumulation of He in foliage and 

woody matter 3-4 times a,lI! 4_5 times Ilreater than that of K. But 

this wa!: not the Case in postholes where OS was treated with. either 

of the amendmsnts like gypsum and FYM or both. 'l'h is may be the "agent 

CBUS", which effected its reflection 1n term of the growth (Plate 5). 

(b) CalCium and Magnesium. Data on ,,~riod1c concentrat1on of Ca and 

Mg in th;, foliage and woody matter (Table 69) shewed their consider_ 

ably greeter accumulation in the former than in the latter O'oftlrlOD8nt. 

Relativ -: ccn~',::mtreticn of Ca was more then of Mq in the woody matter 

at all th' grcwth. But the opl'Osite was ob .... ned for fol iage except 

in the initial growth stages.lrrespect of differences in composltioa 

of po~thcle fl111n~ mixtures. Between 5-9 months of growth" Ca 

concentr.?·ticn wa~ maximum ann it showed e continuous but gradual 

decline subsequently. ACcumulation of Ca W"S sign If 1caotly 180ft in 

plants grcwing in postholes refilled with gyl'5Um treated OS than 



<r.aa1_ ••• .:f':f'ect of ",elected p08thole filling mixtures on the periodic concentration (nan01 kg.·1) 
of! Ca and Mq 1n foliage and woody .. atter of C ... uarina .. qu1 .... Ufo11a L. 

Growth staqe Foliage WoOdy "'" tter 
(Ilonths past ~ "2 ~ M, Mean LSD M1 ~ ~ M4 Milan LSD 
planting) (0.05) (O.OS) 

Calciua 

0 342 342 342 342 342 IllS 107 207 207 207 207 NS 
1 346 364 348 364 353 liS 213 214 210 21f; 214 NS 
3 350 395 350 387 370 30 222 222 212 230 222 lIS 
5 362 470 370 3'0 398 26 250 250 241 257 250 IllS 
9 380 450 370 410 403 27 160 192 193 202 187 18 

12 230 262 325 275 273 31 115 147 136 145 136 21 
15 246 285 364 336 308 32 121 152 158 164 1411 20 
18 218 266 344 324 288 30 118 148 148 152 142 23 
21 196 247 328 306 269 38 104 136 162 166 142 21 
24 182 222 312 2'2 252 34 98 124 154 156 133 l' 
27 194 218 2'2 276 245 20 112 146 156 151 141 18 
30 176 226 288 272 241 20 92 126 152 158 132 12 
Mean 268 312 336 330 312 22 151 172 178 184 172 16 

1Iqn •• 1uIl 

0 229 229 229 229 22' lIS 133 133 133 133 133 lIS 
1 216 218 221 224 220 IllS 126 128 12' 132 128 lIS 
3 204 204 206 205 205 lIS 115 133 116 12' 126 1115 
5 162 158 16% 158 160 lIB 120 134 118 120 123 lIB 
9 379 370 408 358 379 20 91 95 95 100 96 lIS 

12 345 341 386 337 353 22 62 66 75 75 70 11 
15 332 336 384 340 348 21 60 64 71 76 68 11 
18 340 346 378 342 352 18 64 71 76 81 73 11 
21 321 334 372 344 343 20 58 " 78 84 71 14 
24 314 328 366 321 333 23 54 62 84 88 72 15 
27 320 324 374 326 336 24 59 62 86 92 75 14 
30 328 332 380 333 343 24 62 64 82 86 74 15 
Mean 291 293 322 293 300 15 85 90 95 100 92 10 
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those h,,·vioq the OS only or FYM treated os throughout the ob_rved 

growth r-'f~rioi -.?Xcert initially. Greater aCO'l:tnUlatlon of Ce may be 

cscriberl "0 it5 0r-eate~ availability and suppressed avoA.ilabi1ity of 

Na L. ttl.; soil resulting from an eJ"lP11catlon of gyr-sum. The eon~n­

tr",ticn cf t1Q showed less marked differ:-eneefl, though ste~.ise.1celly 

~ignlfic~nt hetwe'~n 9_30 months of the graith period. It!! SC!'cumu_ 

1at100 W~5 the highest in fllants hc;ylng appl :ieation of the qyrsum alone 

than ib" combinaticn with FYM, FY'M alen';! and mly the OS. But 

relctiv-.3 ccncentratlcn of Mg in foliage of plants growing wIth the 

use cf only CS WeB considerably high and it waS interc2!stlng to know 

of i t~; Gre~ter absorption fuan Of Ca from the root zone.having 

simlL'r t;tatus of water soluble Ca and Mg. Ability of Casuarina to 

ab~crb considerably high amounts of Ca and Mg in a very high pH soil 

indicrt,,~ th __ t there .ay be some mechanism of pcld metabolism which 

solubliz'F insoluble soil Ca and Mg through the action of ",,1d1c 

metabolit:~s. 0therw1ee, their concentration should have shown a 

continucu~ (~,,!crease with the growth paried d 1 let to the d 11 utton effect. 

It iF ,;1 so eviflent from their relatively high acculltUlatlon in foliage 

of Casl..!erine ,....lants in flostholes havinq QYTlsum treater'! fill ing 

m1xtur~s which ~ffer::ted bumrer growth of species. But egain tile 

dl1uticn effect cf growth was not mark.ed. Higher accumulation of C. 

and Mg jn fe) i<"ge than in the woody matter moy help interacting the 

deletericils effect of Na accumuJ sUon on normal ne tabo1ic and mote­

synthetic activities of the ",lants. S'lch 8 behaviour may contribute 

its bilt L. the overall greater tolerance of Casuarina to highly 

sodie soil. This needs further investIgation to underst<::'nd the 

spe',::irlc ef.fects, i:: any. 



(c) Phosphorus and Sulrhur. Ccneentraticn of to' in the foliage was 

only marg inally more then that of the woody matter at all growth 

stages. Apl"l1c<"tlon of FYM alone to the (IS used for refilling of 

posthol?5 resulteo' in signIficantly greater accumulation of P in 
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both of tiJ.e catJ;rcnents than rest of the posthole filling mixtures. 

Additica of gyr sum alone followed by its c'C11Ib1nat1on with FYM showed 

minim'~m P concentration throughout the given stages of the growth 

p~ricd. This may be attributed to the dilution effect due to fast 

growth cf 'plants ,").n such l"ostholas and antagemism of sulphate, ad/ted 

thrclJ<.o;h Qyrsum, with the absorption of P from the sOil. Irr~ST'Iect 

of different posthole filling mixtures, P concentration of follaQe 

and woooy matter showed an increase with grow-tit llnti1 9 months stage. 

It deClined afterwards abrul"'tly and ",ried little between 12-18 months 

of growth r<aricd: ?fter which its concentrption increased in the 

fo11age. Hcw-""!ver" this WC\B nct so for the woody matter .. whose l' 

concentrF,tiC'o t:,ft'.ar 9 months stage showed e steady decl ine with the 

growth. 'rhS! nyoC'/T,lsm of P accumulation pattern of the foliage lfI8y 

have re:sul ~~ from its translocation from one comncnent to another. 

The rel~tive concentr..,tion of S In the foliage was 2_3 times 

more than It~ value for the woody matter. It'.!> accumulation was also 

considerat·ly more in both of the cOIT\T'Jonents than tiH.t cf P at all 

notcld stag "-6 of the growth pt~rlod. Sulphur concentration in follage 

also shewed an increase until 9 months past planting. Rate of 

accumulaticn was signlf1cBDtly higher for the plants growing 1n 

postholes containing gypsum alone or 1n conjuncticn with FYM followed 

by FYi'. alone. This is due to ample 5uproly of sulphate throuc:h gyr-sum 

adden "'.0 the root zone. But subsequently" S concentr.?ticn was found 

redue{~d to about one-half at lS months growth stage fcr nlAnts 



'1'.1. 70. J:Uect of selected po_thole f1111"9 mixture. on the periodic coneentration (....,1 ltg-l) 
of P and S in foU"98 and woody m"t1:er of C!l~"'~1t!" ~qui.et1fo11a L. 

a:rovth _teI;je P011aSle Woedy matter 
(RIODthS jut Hl ~ ~ H4 Mean LSD Hl ~ 113 p1antin9 (0.05) 

Phosphorus 

0 30.3 30.3 30.3 30.3 30.3 lIS 21.3 21.3 21.3 
1 3308 38.9 32.0 33.6 34.6 lIS 24.4 22.3 26.3 
3 46.7 52.3 3 •• 7 41.0 44.7 5.5 45.0 33.7 2e.3 
5 71.2 72.3 41.3 39.3 58.0 6.e 82.5 62.7 42.3 
9 60.3 72 .7 49.0 63.0 61.3 8.2 61.7 52.7 34.3 

12 29.7 30.3 25.3 31.3 29.2 lIS 31.3 28.3 19.3 
15 32.8 36.9 22.3 24;5 29.1 8.0 32.6 30.4 18.6 
18 34.6 41.4 24.8 26.5 31.8 7.6 28.7 26.5 17.5 
21 28.8 42.8 36.5 38.8 36.7 8.7 26.4 24.8 19.2 
24 36.5 48.3 42.2 41.4 42.1 8.0 31.8 26.2 20.5 
27 41.6 46.4 44.3 42.8 43.8 NS 29.6 27., 16.7 
30 48.7 51.5 41.5 38.2 45.0 7,5 28.7 29.2 16.2 
Mean 41·4 47.0 35.8 38.0 40.6 7.0 37.0 32.1 23.4 

Sulphur 

0 77.2 77.2 77.2 77.2 77.2 liS 48.1 48.1 48.1 
1 76.5 83.4 89.3 88.2 e4.4 4.6 48.3 49.2 411.0 
3 79.7 91.9 107.2 101.6 95.1 10.4 u.e 49.3 49.1 

55 89.7 105·1 139.1 111.3 111.3 12.8 47.e 53., 50.0 
9 106.6 97.2 1011.7 117.e 107.8 14.4 35.0 41.5 60.3 

12 90.3 13.e 71.9 68.4 76.1 6.8 28·1 45.0 11;'9 
15 e2.4 71.3 60.5 56.3 67.6 6.2 22.2 41.6 74.e 
18 85.5 74.2 61.7 sa.5 70.0 7.1 24.5 32.8 62.3 
21 76.7 64.5 52.6 55.7 62.4 8.2 26.6 34.7 61.8 
24 62.8 71·8 54.3 56.2 61.3 8,0 30.3 32.3 60.4 
27 66.4 76.2 56.8 sa.3 64.4 8.6 24.2 27.2 53.1 
30 71.5 7e.3 57.9 59.2 66.7 7.7 21.3 24.6 50.6 
Mean 80.4 BO.4 7B.2 75.7 78.7 lIS 33.8 40.3 58.1 

R4 lilian 

21.3 21.3 
24.5 24.4 
28.0 33.8 
41.7 57.3 
34.3 U.8 
22.3 25.3 
19.4 25.3 
18.2 22.7 
1!h5 22.5 
18.2 24.2 
18.2 23.0 
18.3 23.1 
23.7 29.0 

48·1 48.1 
50.0 49.1 
43.1 48.1 
39.7 47.7 
50.0 48.2 
48.4 49.6 
52.6 47.8 
50 .8 42.6 
54.7 44.5 
56.2 44.8 
52.5 39.5 
4e.4 36.2 
49.5 45.5 

LS6 
(0.05) 

lIS 
lIS 

5.5 
6.2 
4.8 
5.0 
6.2 
6.2 
5.2 
5.2 
6.8 
7.4 
5.2 

IlS 
lIS 

8.0 
7.6 
e.3 

10.2 
9.8 

11.6 
10.7 
11.6 
12.4 
11.2 
7.7 

...... 
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grown 1n gypsum treated postholes with little flu~tu8ticns 

betwee-n 15-30 mcn+hs growth parted. However. S 'Concentration in 

the fcJi.a(·3; c::' C(-'~.I.l?rlna plent'-, growing 1n postholes refilled 

with U, r:Jcne or r6 rlus EYM showed only a gradual decline after 

9 month~ qrC1r.rt'h stage until 21 and 24 months stages. Between 

12-30 months cf growth period, accumulation of S was significantly 

more with both of the s<5id mixtures. "Mlis may be attributed to 

relatively slower rate of plant growth obtained with three m1xtur~s. 

But S ccncentr£.tion in wOody matter was significantly low in postholes 

refilled 'with the OS alone or o-S plus FYM than those containing 

gypsum cr Gyr-sum plus l"YH m.ixed 0$ thrcughout the observed growth 

peried. 

(d) ,~ltrcgenl Date (Table 71) cn N concentration showe(~ th.:;t its 

rel~tlve accumu1ation in foliage was significantly higher than in 

the wccc<y matter 11ke P ann S. But lte concentr?tion waS many times 

qreater it! both the components than thllt of F ?niJ S. Ccncentration 

of N in fc_' iege 7nt! woody matter of sepliDgs at plAnting w<:,s the 

highest. 1 t Wi~S crserved d~creasing paricd ice lly wi til the aovancenimt 

of gra..:·th. KGsl;lt:::; showed rapid decrease with rosthole ""11ling 

mixtures ccnt.fi1n:ll.1c gypsum alone or It!::1 comb1naticn ",Hil FYM. l"t 

~lies th ,~t thjs decrease is a consequence of carid growth or tbJ 

dilutioo effect. 'lberefcra, Casuarina rlants grruiug ifl r·ostholes 

N£11 Jed with th~ C-~ alone or CS olus FYM Indicated cignificantly 

higher accumulation of N at all the stages during the cbserved grcwth 

period. J.elatiV31y greater accumulation of N in the bicma,ss rro1ooed 

by Casucrina in a highly sodie soil with low aV8i18bl·~ N stct'JS 

den>O.lstraw::- its ability to use atmosrh~,rlc dinitrcg.s:n fixed thrcugh 

f¥mblc~,is with Frank.ia speciell (an act1ncmycetes). This species, 
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Table 71. Effect of aelected posthole f1111Dy aixture. on the 
periodic co""entration (-.01 •• kg"" ) of II 1D fo11-ve 
and woody .... tter of C.auer1Da .!l!!i •• tifolia L. 

Growth stage I'o!laae ""an LSD 
(months past ill "2 ~ li4 (0.05) 
elantins) 

0 1714. 1714 1714 1714 1714 lIS 

1 1672 1696 1652 1644 1666 lIS 

3 1446 1385 1164 1119 1279 50 

5 1256 1064 872 826 1005 48 

9 1166 1072 836 794 967 55 

12 1087 926 744 715 868 65 

15 1112 970 736 696 879 62 

18 896 666 752 688 751 60 
21 777 694 616 545 658 70 

24 746 680 532 538 624 65 

27 786 627 511 526 612 56 

30 714 600 496 503 578 60 

""an 1114 1008 BB6 859 967 55 

Woody .... tter 

0 1136 1136 1136 1136 1136 lIS 

1 954 1064 1087 1045 1038 lIS 

3 8E>2 846 694 711 778 20 

5 744 712 676 666 700 23 

9 622 548 494 506 543 30 

12 536 504 412 430 471 32 

15 590 506 428 444 492 35 

18 ~ U8 432 3Ao 412 4211 38 

21 376 394 313 340 356 40 

24 41l 366 302 321 350 42 

27 384 325 266 272 312 44 

30 426 276 274 28' 315 '8 
Mean 628 593 539 547 577 51 



tbeNfor,~, has .& rromise to enrich euch 80ils with N thrcuqh 

fixation of dinitrogen and production of litter eontaining high 

amounts of ,,~ am other •• sentlel nutrient elements. 
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(e) M1cronutrlentsr. AmOng the mieronutrients, relative concentration 

of "e in foliage end woody metter of C""uarine we' the highest followed 

by that of Mn (TaPle 72). Zn and Cu (TaPIa 73). 'lbeir aceumulation 

was more in the foliage coarponent in general at all the stages. 

Concentriitlon of these four nu.tr181lts waB max imum in the Casuar~a 

lJaplln~s at planting. The concentrl2'tlon Mowed a deerease with the 

grcwth. AS growth was significantly more in l'osthole s re~111ed with 

the os tre2ted with either gyrsum alone or its combination with E'Y'M" 

pl..,ts grcwing in such posthole. had sign1f1eently low concentration 

of micronutrlents due to the dilution effect. Because of slow rate ot 

growth of rl~nts in postholes refilled with the (OS .elone, the relf'tive 

concentr.~_tlcn cf Zn. and Mn in the foliaqe was high. hcwever. f'e and 

eu accumul etie!. was more with posthol'~s refilled with FYM treatec'l ca. 

But differenc'~!l in concentration of these four micronutrients in the 

woody matt~r were not marked due to the effect of differant posthole 

f1lling mixtures. Absolute concentrations oE Fe. Mn. Zn and CL< in 

the foliage of '=asuarina showe,; 111at plant growth may not sllffer due to 

the deficiency of MY of these. 'these values may be regardet'i optimum 

in view 0": the gen·~ral1zed val ues reported by Kanwsr and RandhaWa 

(1978) fer different types of pl..,ts. 

(f) .<ater aelatiooa of Ca8uarine. Casuarina pl .... ts vrowing in 

postholes refilled with the given four different mixtures to watering 

during th":! winter and the sunmer seaBOns (Fig.21l shcwM. marked 

differ~nc.'~s in their water relations. Relative turgidity (RT) of 



,.,1_ '72. s~~ect of selected posthole filling Mixtures on periodic concentration (amoles kO-1) 
of Fe and Mn in foll.ag9 and woody matter of Caauerina aqu1aet:l,fol£.. L. 

Growth .tage Foliage wOOdY matter 
M (IaOnt:hs paat. Ml liz Hi M" Me .... LSD Ml ":z M3 Motan LSD 

plllllt1nq) (0.05) " (0.05) 

Iron 
0 40.00 40.00 "0.00 40.00 40.00 lIS 12.32 12.32 12.32 12.32 12.32 lIS 
1 38.36 36.46 34.84 35.65 36.33 1.06 11.68 12.0" 11.48 10.96 11.54 lIS 
3 32.32 26.79 20.71 20.54 25.09 2.24 !/o46 10.36 9.46 9.29 !hM lIS 
5 10.18 9.29 7.14 1.68 8.57 1.65 4.46 5.36 3.93 4.29 4.51 lIS 
II 11007 14.11 11.25 13 .21 12.41 2.04 4-.29 4.M 3.'93 4.11 4.24 lIS 

12 13.21 10.71 8.39 11·43 10.94 2.22 3.93 4.29 3.21 3.04 3.62 lIS 
15 11.68 9.88 6.36 1.44 8.84 2.18 4.16 4.74 4.56 3.68 4.29 IISs 
18 10.35 9.M 7.59 6.36 "8.49 1·8B 4.54 4.92 4.77 4.65 4.72 lIS 
21 9.M 8.36 7.14 6.84 8.00 2.M 3.98 4.16 4.28 4.26 4.17 lIS 
24 8.36 7.48 6.26 0.66 7.19 1.92 3.65 3'.88 4.06 4.38 4.12 lIS 
27 9.14 S.32 6.18 5.68 7.33 1.96 3.44 3.56 3.84 4.16 3.75 lIS 
30 8.58 7.16 6.20 5.92 6.97 1.B4 3.82 " ·12 3.98 4.38 4.08 lIS 
Me .... 16.91 15.68 13.51 13.95 15.01 1·55 5.81 6.20 5.82 5.79 5.92 lIS 

Manqane .. 

0 2.08 2.08 2.08 2.08 2.08 lIS 1.04 1.04 1.04 1.04 1.04 lIS 
1 2.22 2.38 2.16 2.22 2.25 lIS 1.00 1·00 0.96 0.94 0.98 lIS 
3 3.51 3.26 2.09 2.04 2.73 1014 0.98 1.00 0.93 0.84 0.94 lIS 
5 4.55 3.61- 2.26 2.08 3.13 1.26 0.94 0.95 0.S7 0.84 0.90 lIS 
9 4.51 2.89 2.16 2.27 2.96 1.32 1.69 1.02 0.96 0.80 1.12 0.36 

12 2.29 1.44 1.69 1·42 1.71 lIS 2.76 1.0(} 1.07 0.82 1.41 0.48 
15 2.84 1.90 1.46 1.28 1·87 1.16 1·92 0.96 0.84 0.76 1.12 0.52 
18 2.72 1.65 1.52 1.36 1 •• 1 1.22 1·8l 0.87 0.88 0.66 1.06 0.44 
21 3.36 1.45 1.26 1.09 1.79 1036 1.64 1.12 0.76 0.48 1.00 0.36 
24 2.M 1.58 1.38 1.28 1.72 1.16 1.78 1.14 0.94 0.60 1.12 0.48 
27 2.32 1.14 1.46 1.32 1.56 1.06 1.M 1.32 0.88 0.66 1.13 0.59 
lO 2.66 1.18 1.26 1·16 1.57 0.90 1.52 1.26 0.96 0.72 10 12 0.46 
~. 2.ge 2.05 1.073 1..63 2·10 1·12 1·56 1.06 0.22 0.76 l'O§ liS 

>-' 
CX) 

en 



Table 73. Effect of "'}>ctzd posthole filling mixtures on the periodic concentration (_oles x. 103 
kg-1 ) of Zn ",(I CU in foliage and woody matter of Casuarina e'lu1setifol1a L. 

Growth stage Fr.l:inc~ 
(months past Ml 

-
." 

r-13 M. Mean 
planting) 

'2 

0 462 ~62 462 462 462 
1 452 438 448 438 444 
3 385 400 400 323 317 
5 292 338 308 292 308 
9 260 262 246 200 242 

12 262 277 246 215 250 
15 248 284 238 202 243 
18 272 296 214 224 252 
21 256 282 238 240 253 
24 244 286 216 228 244 
27 232 274 216 228 238 
30 246 "65 21b 236 241 
Mean 301 32~ 297 274 296 

0 125 125 125 125 125 
1 125 125 125 125 125 
3 125 141 125 125 129 
5 125 141 125 112 126 
9 141 141 112 112 127 

12 78 125 103 112 105 
15 78 125 78 86 92 
18 64 086 64 64 70 
21 56 086 ()4 78 71 
24 64 078 56 64 66 
27 56 078 56 78 67 
30 64 064 56 56 60 
Mean 92 110 91 95 97 

WoodY matter 
I.SD Nl ~ M3 

(0.05) 

Zinc 

ilS 246 246 246 
!is 238 246 238 
42 231 231 231 
30 215 231 215 
38 138 154 154 
45 123 092 62 
40 126 088 56 
52 132 076 41< 
48 118 102 62 
50 126 092 56 
48 112 088 56 
44 112 088 48 
38 160 145 123 

Copper 

NS 156 156 156 
.tiS 156 156 156 
N::; 141 156 156 
16 125 156 141 
20 94 94 07a 
20 47 31 031 
16 47 47 031 
)5 31 47 047 
20 31 31 47 
20 ' 31 47 31 
20 47 31 47 
NS 47 31 31 
>IS 79 82 79 

----

M4 

246 
246 
246 
231 
15·: 
108 
076 
076 
062 
0.62 

56 
56 

135 

156 
141 
141 
125 
07C 
047 

47 
31 
31 
'7 
47 
47 
78 

Mean 

·246 
242 
235 
222 
150 

96 
87 

083 
086 

84 
78 
76 

140 

156 
151 
149 
137 
86 
39 
43 
39 
35 
39 
48 
39 
80 

LSD 
(0.05) 

NS 
NS 
NS 
lIS 
NS 
40 
U 
56. 
52 
55 
46 
52 
lIS 

liS 
N5 
NS 
NS 
liS 
NS 
NS 
liS 
NS 
NS 
NS 
liS 
NS 

.... 
ex> 

'"" 
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Fig, 21. Effect af watering an changes in relative turgidity af Casuarina faliage during winter of 

1982-83 (a) and summer of 1983 (b) 
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plants in postholes receiving 8'1. 8prllcation of their QYnsum or 

gyt'sum nlu, PYM indicated little fluctuations with t ime ~uring both 

the seaScns. But there w<:,s a marked irregularity in ~ RT of foliage 

of r>lants growing in postholes refilled by the os elone or OS plus 

F1'M and rdETCnf".8 to watering was ob_rved maxlmUlll in that treatlll!nts. 

This imrl1". that the addition of the OS alone or OS r>lu5 FYM did 

not am31icrs1:B the solI to 81 extent favourable for th~ growth cf 

rocts tc hcrizons of ensured water avelIability as did the 8l'f'l1catlon 

of either gyrsum alone or 9J'Pswn Dlus FYM. Plents 1n case of the 

former treatments. thus, suffer water strees and responde~ to watering-_ 

High soil sodicity throughout the entire depth of nostholeE; refilled 

with the: C'S alone or OS plus FYM 1s the cogent ceuS'5! that restricted 

root growth. suc-h observations ~re made by other workers (Abral and 

Acharya, 1975, Achp--rya at a1., 1979) in CI!(8e of fielo crors. ApT"llicat­

ion of .3itiler gyr-sum alone or QYPsum t'lus FYM resulted in greater 

degree O~: am~licr;:>t1cn of 11011 which not only helr-ed in fast proli­

feration cf rcots but also high.er infiltration and in tum storage in 

the roet zone. During- winter eeason, RT of plants g:rcwing in postholes 

eontaining no anrlic<'tion of 9YPSllm wae observed to lrx::rease with 

water ins t-h<:-n those having qyreum treate.n mixtures. But this wes llot 

the ca.St~ 1-, S'jtmler seallon. This 1s ascribed to the low evapotrans­

piri'"!tic'u dem;:oJlds during the winter season and relatIvely poor growth 

of '"'l;mt~ 1n posthole~ cont('"·ining th0 OS alone or OS Dlus FYM. 

Irre!Jr~ct of ether factors. the RT 1s rer.orte" t'.o ~@cre~e:e with 

9rowth end h 19h atmospheric evapotrOl!nsrirfltlcn nemand ~ (Zahner, 1.968' 

Kozi cwr.k 1, 1979). 



'~5 Evaluation of selected Tree Species for Their Tolerance to 
:;cdicity c.nd Mechen1cal Impedance in .. Highly Sodlc Soil. 

Introductlcnl 5011 sodlelty Is one of the important constraints 

which Ineke th9: scll environment inhoBcit.abl:e and impairs the growth 

of tn'2; rlents being demest1eated by the mankind. Therefore. most 

highly scdic seils are devoid of greenory posees~1ng much I!tCOQomic 

sig,·lificance. Afforestation of theBe desertifled lands apreare 

promlsiw;:' for not only mainta1ninq the healthy ecological balance that 

h c)s be:o severely (l isturbed rlue to Ind lscrlminate large scale cutting 

of wood io the r-sst but also to create r,"'!souroeB to me~t additional 

futur,~ ne.3os or: firewcod,. forage and other products. ConsIdering the 

vast sccpe th~t scnlc soils hold for afforestation. only a few efforts 

have be.!O m;:rle 1<1 this d.ireetten. This is so beceuae limited research 

work has been dcne en the field scale. Thus. lack of exrerimental 

evidences heve a s'~rious bearing on formulation of plans <nd "rogranmes 

to afforest such 50ils. 

In view of adv·"':!r5e pro-rertics of the $Odic soils. establishment 

of trees requir .,,5 a correct choice of species in adrllticn to any special 

treat:.n:Ent fer site pr3paration. Choice of a promiSing species for sueh 

soil~ ~'.::r~n(~s ur'on the loc:al agroclimete,. so:11 conditicns. potential 

availability of species and purr-cse of the plant~ticn i.e. industrial 

us.!~ (::irewood, pulr'Wood. s~w t~r llno .,....8nel proouets) domestic uses 

(fir~wccC, poles, stakes). environmental nrotecticn, amenity, shade. 

shdlter" ,·cod .• for"ge SOC browse ann amelior<.'ticn of the soil through 

lem: fal].· ... , fixation and accompanying rhysicc_chemical f"thencmena. 

'ftlls ~)(~erimeut waf" ccnduct~r'I to investigate the tolerance of !=:elect-'"!d 

tree Epee i~J~' .. ;~·nH r·lanted through nawly d<3velcpe<'f ncsthcl"~ technique 

in a hi«;hJy scdie soil. 



To e"'~luate the performance of selected sight tree 

species namely Alb1z!a lebbec L. Benth (Sir!.), Azad!rachta indica 

JUSB. (~), Dalbergic 81s800 Roxb. (Shisham), Morus indica var • .!!2! 

L. (Shahtcct), Porulus deltoides Bartr. (Poplar). Prosoris 1uliflora 

(Btl.) DC. {l'..esqulte), Syzyg1um cumini1 wall. (Jam3ll) and SyzY91um 

fruct1cc5um DC. (.,1amoeJ in a highly sodic 80i1, this experiment was 

carriad cut at Gudha Farm of the institute. Dete11~ about nhysico­

cl:l,~mic.:·l characteristics of the ~pB:r1mental site sre ..-resented in 

Part-I of the cl1rrent chllo~ter. 

Robust ann uniformly looking 8aplinq~ each of the given srecies 

were rlanted on March 31,1980 1n shallow anfl deep f'ostholes. Shallow 

postholes wet"!!: 30 em w1d~ (ella.) and 60 em deep and were dug out 

mechs.1icfllly 11SinC: ~ soil auger run by tractor flower (Plate 2). Deer 

postholes were o:-rep2red by deepening of shallow postholes (30 em X 

30 em) dug out with tractor operated auger to 120 em depth with 15 cm 

dis. (15 em x 61-120 em) manually orerated soil augere. Apnroximate 

volume of the solI dug out in shallow and deep postholes was calculated 

to bd 42412 cc (74.2 1<g) and 53014 cc (. 92.8 kg) resnectively. ,Each 

posthc1e was refilled with a mixture cOlllPrising surface (0_30 cm) 8011 

collectdd frcm a patch supporting natural vegetaticl1 within the 

experimental field, 8 kg FYM of good quality (Table 74) and 3 1<9 

agriculturel grade gyl',sum of 70 T'f)r cent purity, 25 9 N (27.8 1<g ha-1) 

as ur,::!;:< i."J)0 rice husk with soil in ;;> r?_tio of 312 by volume. Another 

dos~ of Fane amount of N was 8pT"lled to each l":'lcnt wi-th irriqation 

water 180 days after planting. 



Table 74. Chemical comrosition of the FYM used 1n the rost!tole 
f lllinq mixture. 

Item II P K Ca 5 Fe Mn zn 

----------- 9 ------------.--
___ mg 

Amount added 39 
thrcu~h 8 kg 
PYt·'! 

16 62 43 27 23 2.5 0.3 31 
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Cu 

28 

*F'fM at: the time cf use hail 32-40 per c-:"'nt mois'bJre (fresh wt. has is) • 

exr~riment was rerlic eted four times in a faetorial (eight tree 

species Y'lant·~(l 1n two tyres of :nosthcles) randomized block design 

layout. Each replicate included four plants. Distance between row to 

row end r,lant to T'lo!'nt was maintained at 3 m (1111 plents ha-1). Age 

of the se~lin9s cf 5irls~ !!!m. Shishem. Shahtoot, Poplar, Mesquite, 

Jaman <ond .J6IOOa at planting tine was about 8, 6, 18,18, 12, 6, 8 and 9 

months respectively. plants were watered on the need felt basis for 

about four months rast plenting to aid their establ1ttlnent. 

Period ic ob8erY<"'!tions on per cent survival end growth indices 

(m<~imc.irn height and stem girth diameter at 5 and 30 em height. abcve the 

ground lev~l) were recorded. after 15" 45" 7S" 210, 360, 540 and 720 

days of 'r,lanting_ Experiment was terminated 720 d;Jy!': "("la,,",t rlAnting to 

eval uate the surtivinq species 1n terms of t.heir (8) 'rIrimo';!ry biomass 

yield. (t-) Chemical comrosltlon of yarlou:5 plant ccml"onenta (c) root 

growth bzhcviour and (d) intensive analyS4ls of soil profile~ in the 

vicinity cf growing trees to study mechanical imre~anc,~ .ann 

j.dentlf1c;:;:ticn cf salient soU charactaristic~ which ma',..' 1OOOj.fy the 

tree c;rcwth rl1rectly cr indirectly. procedures followec1 to accomplish 
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an"] quantify th9 given observations are presented in Chapter III. 

Some of the .~ortent agrc-cl1matolcgical conditions that prevailed 

durirHJ th.o;: observed growth reriod are dentcted in Fig. 22. 

aesul ts and Di:;cussicnl The experimental reBul ts on "Iarlolls RI!Sl'8cta 

of thl~~ investigation are l"remented and discussed below uooer YRrlous 

heedsl 

A. Per Cent survivel. Deta (Table 75 and Appendix Ill) ehcwer! an 

increa:"'e but very1n!) mortality among selected s,-:-eeles subeequant to 

planting (~xcet"t Shi;<ham. Mortality occurred more frequently until 360 

days 0':: T";15ntin<; then later cn when per cent survival of given species 

tend,~d to steDillze. The species which survi'Y'~~d hostility of the soil 

sodlclty hazard differently demonstrated no change in per cent survival 

after 540 as well as 720 days of ~lantlng. 

All p()ljlar 't:">lants ~ied just 45 days after 'Planting but they 

ind1c.?ted growth end survival up to 30 days. aest of the species showed 

cent r,-~r c -Ht. $!lrviv~l during this reeiod, however, significant diff_ 

er'~nC''.!5 werf~ developed ~ong them until 75 days growth (AprendJx Ill). 

F'ollOW~[j~; ccmrlete mortality of Popler. rar cent survival of Jaman 

il..n~ ;jr:,~'ht.cct decreased nerio:llcel ~y t.o extinction after 540 days of 

plcllt;nc when rest of the srecies were notiea!'! to indic?!te little 

verietic fl. 

:!;ffer:t of the two tyreS of postholes on the r.er eent surlY'sl 

WcS a15c zi~'nj t lcEnt. Irres'rsct of the tree speciee:, rer cent survival 

WoES me r:'! Ul sh d 10' .... than 1n the deep f'IOetholsl'> throughout the noted 
-

gro\o"th r,eric(~ but E't.atist1cal. significancl~ W~S computed to occur at OIlly 

thr::"e growth stag·.:-s i.e. 75. 210 and 360 days after planting (i"ig.23). 

Occurrence '- f mcrtality in deer- T'Ostholes was not only of high order but 
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Table 75. P~ricrl1c ner cent survivel of selecteo tree species 
in a highly sod ic solI. 

Tree Growth perIOC!, daye J?!st pI ant1ng 
f"f:'I)C ies 15 4S 75 210 360 540 720 

;';il.~is 100 100 93 93 87 69 69 

N;,3am 100 10) 100 75 63 63 63 

~h is.1a;r. 100 100 100 100 100 100 100 

~nal1 to.:;t 100 101 100 ,75 25 a a 

Pc.·::l i: r 100 a a a 0 a a 

K..!S'.;J.~. it~ 100 100 100 87 87 87 87 

oJ i';T"j?n 100 100 75 18 12 a 0 

Jamoa 100 100 100 68 56 50 50 

L:....D (0 .. :)5) NE. 10 13 23 25 23 23 
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W21S tCl.<::o :'llh",nccC! considerably. But this was oot so in Mesquita 

anll :jll i~'h8m. Per cent survival data (Table 75) # thus shew that 

merti'l i ty of the s'~lected srecie~ cccu~ nifferently but mostly 

b3'tw;)~d 75 to 360 day" !")8st plantinge Differenoes among tile given 

tr_~e ~r--,Y'ie~ were remarkable throughout the growth period. Of the 

~isht ;r'CI~le5 studierl. Poplar • .;iaman and Jamc!l met co~lete mortality 

where;'~' T"'!: c . ."nt survIv"!':1 cf Shisham. Mesguite, StrIa, rle'~m an~ J'amoe 

waS 10"), £;7, 7~" 75 and 50 i;-, shallow anc'l 100, R7, 62, 50 enA SO In 

·u 1.,. f..ivlcl'l h i'-h ~r cent survival of ~ih1shem and Mesquite 

irre:,'t'e,~t (:;~: th tyre of posthole used to rmpare the .... lanting site 

may h'3 cttr~_hutorl to their 9~ater toleranee to high soil sod1clty 

thau .'j jr:i.!"'1 ~ end Jamos. Tb~ latter sneoies indicated moderate 

tol·~rance wherec:s Poplar, Janan end Shah toot were fou._d poorly tolerant 

.sn(f _,' il,~(l to [:urvive. ~imilCir survive.! e;::eh of Mesquite and Ehisham 

tol,.? ':'"lCC::: b_a •• cf 51ris and N~em whcsE. r8r cent survival in the shallow 

:"osth..:.L'~ .... ,,:)~ mOrl~ than in deeper cnes. This brings out th(=lt 

a~,r'.1 ic ticll c-f 5 .. ·<\,0 dose (;;f gyrsuffl .and ~~YM eaueer'f E'lmelicrutic:'n of the 

~oL ju s allC\/ 'tostholee to c 9r~ater a,egree than in the deep T'Cstholes 

wit!. ,_> __ c,,','r?,tively larger vollJlTle of the sojl. This may be termed 

dLut-, ,_ 2ttect of snpl!e" ctnendments. The btter rerfcrmance and 

survival (.1.' P,,~5quite, siris, 5hish;=-m an~ ~ was r?Y1ortec1 by other 
• 

workers a~· ~,t~ t:.·,d In ,"'i revi~~ by Yadav (1980). But contrary ret"Orts 
rerorted 

about all ·F tit,~ fl,,,,,ifl Sp"itC1es ex~ept Mesquite are a1 soLin literature. 

(oj p.;~ight: Growth, D<:ta on r-eriooic height growth of tree species 

with C i::f'_"':::'.?f'~ :""urviv-=-.l p2r cent ind1c2tad g1g~ificant v<.riat,1ons. 
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Popl.;,r (-'lid not grow in height hefore comrlete mortality (Aprend1x IV). 

-Jam<"o en(l :':'hahtoot showed an increase in height t"hO'_lgh 51 jght until 

75 days cf: nlanting. But all the plants of both the sMcle~ were dead 

after 7S <_:<1:1 1f/) (I~..,ys of pI :,,'n ting r'?"spectively. 

,)driw, tn'_? e;1-served growth y:-erh"X!, maxlml1m height growth was 

reccrrl~" Fer b:~~ql:l"\""" pnrl it W2S followed by 51r15, shish~m. ~ and: 

..Jam08 (fir. ;t,) .. 1>"1 the initial stage!'>, height. growth r?:te W<'I5 very 

sJoe".. ~v'~-r:~-~ -, ~!-1'_:-r-~e!?C! 1:1 hel(1ht co. Mesquite, ;:;iris, :'hlsham, ~ 

i'~:1J. .)duoc -1~ a t1 15 day::> past planting W;'lS 43 (16 em)" 3 (1 em)" 6 

n -~n,)" 7 (2 em)" 6 (3 em, and 81 (30 em)" 52 (16 ern)" 25 (11 em)" 

27 (8 .=.n)" 6 (3 em) ~r cent respectively over the initial height 

r~(;(.;r,1_; ~ 1~ -j,:ys after plcnting. subseque.ltly, Mesquita and Slris 

3h~ .. 1 ,:d c' "",datively fri.ster hC!ight Qrowth thon Shisham, !~eem end .Jamca. 

AV!.CJJ:.; i"l,,,i( ht o~~ Mesquite incr;2sed from 67 em after 75 nays to 

36~ (;:(\ ;47~ rer cent) after 721' days of planting. Height growth of 

s1:cis clurL)(.' the S~ t"~rirVf W"S 205 em (436 t-er cent). Hnight growth 

0;: ':;;'Ii~h~f!i. ~ a,d J?mc? W&~ relfltivGl:' VAry slow. "'amoa shewed no 

hei<jti<i;: (rc,,,th in 'the init:tal years of r>lantinq alTli.ough it attain:?d, 

height jw.:r,",roont~ ("'>' 18 (9 em), 41 (22 em) ~.1OCl 6S (33 em) per c~nt 

ov-~r th,." l:dt.iF'.1 hf'isht 2t ~lnnting. Per c'mt increaBe i,l height45, 

15. 210, 'H,I1, 54;' <'nf! 720 (!uys T"8St rlBnting S:or Shisham and ~ 

,,:ere t-' (<. c';:), "~ (11 err!), 73 (37 ~m), 82 (4-2 em>, lOr (55 em), 157 

(en em) ,-n-1 7 (2 ~J!')' 33 (10 em), 151 (46 em), 197 (59 em), 263 (79 em), 

313 t9,1 cr::) re~-,,··'?("tjvely. Growth f'tlril.;g winter (NOV. to ;'eb.) marked 

with cc,.!.~i0;~rClbly 10" .. temrer-:~ture ('::;>10. 22) W2S ;.lmcst negligible. 

This m."'Y b:~ a!1C'rjb~d to adv:?-r~e effect cf low tem'l"'eratures on plant 

.-tabolism. ~xcer-t Siris ?od shisham (decinuous), rest of the 

survivi,;y q-ecies were of everqre'_~~i nature. Height growth -3quations 
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'1'ab1e 76. He ich t orowth 
sonic Bcil. 

curves of the tree spec1e~ 1n a highly 

Tree sr!'~cie 5 Grcwrh ~qu?tlon R2 
height (cd 

Shallow r'csthcle l"l ant 1ng 

.-; iris 19.5 .. 0.481 d 1.60 " 10.4 d 2 
0.995*· 

B!!!!!! 22.2 .. 0.294 d • 1.93 x 10.4 d2 0.992*-

Shisham 10.7 .. 9.211 d 1.63 x 10.4 d 2 "1.977'''' 

Mesquite 20·1 .. o .f84 d 6.50 x 10.4 d2 o .9~2** 

Jamoa 53.1 .. 0.004 d + 7.08 " 10.5 d 2 
r) .986*. 

Mean 14.9 + 0.262 d 8.24 x 10.5 a 2 
0.991*" 

Deep posthole planting 

Siris 22.4 .. O.29l a + 1·28 x 10.5 d 2 
0.988*· 

<-
d 2 ,.".::em 26.9 .. 0·183 d 9.19 " In·" 0.981*· 

sh1~IH1lh 53.5 + O.~67 d + 7.12 x 10.5 d 2 0.954*· 

Mesqui te 23.2 + 0.648 d 7.70 x ~.5 1, d 2 
().9~3* .. 

-Jamoa 51.0 + n.006 d + 5.31 x 1n- 5 ad 0.980'1.. 

Mean -18 .. 9 + 0.119 d .. 1. 1 5 " 10-4 d2 0.989*· 

d ileCl'.~'+-'-:' 11 ,-ye l"'t'f"t r·J ~ntlng. 



of 'the 5urv1vjn.;.~ five !':pecies '" the two tyres of nos thole rlantino 

are nre'f-)ot:-,.d in Tat-Ie 76. 
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Effect cf 'th::- two rosthole tyrv~s en height: growth waS maned 

although fib,d-j~tiC'elly sign1f:lc8Dt difference 'Prevailed only at two 

growth st,,,," (210 ",n 360 dey. past plant:lng) (Fig. 25). The height 

grcwth of ,-,iriF" ~ vnd Shisham planted. in shallow postholes WflS 

significantly mere than in the dee~ one:;- thrcughout their growth 

perio::'! exc~T't i1:. the initial 75 (hW5 (Fig_ 26). Similar observations 

were melle in t1asquite in the eilrly growth perle-d but the reverse was 

notic,':ll e,ft"r 360 days of rlanting_ Height growth ·of Mesquite in deep 

pcsthol3's hetw'(?en 3UO_720 days of planting cccurreo at a ri"'te which 

not cnly ro?couped the ] ag but ElIse establisheC! a cons1t'Jerable lead OYer 

the aV01'[';o-ye height of Mesquit.e nlantet1 1n the sha J low uostholes. 

Durh).~: T_he 18t~r stages cf growth t'erloo" Mesquite growth in h~lght 

was 51 C'1,,; rlut more biomae~ rrortuct1vl ty 1n term5 cf breoch lng on the 

main stem was ot.lserven. Therefore" absolut'! height a; a ReaSure of 

growth Pfl.r b ieW.i·58 r roductlv lty may hflVE! e, 11m! tattoo. 

(b) Girth Grcwth: pericrlic changes 1n t.he stem girth i'liameter at 

5 em (;BI,) Ih"!icht, (~"jQ. 27a) above ground leval shetler" that girth 

growth wt'.s 81rn~ f't neglIgible until 75 d~s of growth. But subsequently 

the signif1cE.nt (1i,:f:en~nc':!s develorefl among the growir.tg tree species. 

Th~ ·)SH of ~e,·qui.te ;::nd Siris was almost tant2rnount at 210 days growth 

stage. But later on 1,ncres::,e i,~ Me~quite cecured ?t a faster rete 

than iG ;-,ir1s though girth growth of hcth was signH:icantly more than 

t"ef't ... :c tl'l'~ fTecias throughout tho? noten growth T"'Zlriod. Poplar, 

Sh8ht~_-t c;:, •• d oJi'"fn6.!? died efter 1-5, 210 and 360 days of planting 

rer::··~~tiV""'ly (hrpendices V ani! VI). A grar1 "al decline in their 

st:;!m '.c.irth with time after nlantlng was evident. 'rha cogent Cause may 



210 

180 

150 

E 
" . 
~ -~ 120 
~ 

'" -~ 
'" Deep posthole 0 

'" :I: 
Shallow posthole • 
LSD (0·05) 

60 I 
30M A M J J A SON D J F M A M J J A SON D J F M 

---1980 1981 -1982 

o 120 240 360 600 720 

Growth period, days post planting 

Fig. 25. Effect of posthole depth on the periodic height growth 
of surviv ing species. 



150 

150 

100 

50 

o 

Shlshom Jamoa 

lCllCllClQ 
_<ti'-C\1 

Growth stage, days past planting 

100 

50 

100 

50 

o 

Fig 26, Effect of po sthole depth on height growth of 
given'trees at selected growth stages, 



100 

80 

I I J 

E 
E 
·60 
~ 

J! 
~ 

.!;! 

" 
:: 40 
~ 

(!) 

20 

OM M J S 
--1980 
o 120 

( 0) I 100 0) 

I. MesqUite 
2. Siris 
3. Jomoo 
4. Neem 
5. Shish am 

80 

1 I I 2 

[ LSD (0'05) 

I I I :I I I I 
60 

3 

4 

40 

5 

20 

01 ! ! ! I , , , I , ! ! I ! ! ! [ ! ! ,I! ! ! I 

NJMMJSNJM MMJSNJMMJSNJM 

2 

4 

5 

3 

1981 -1982 1980-- 1981 1982 
240 360 480 600 720 0 120 240 360 480 600 720 

Growth period, days post plontill9 

Fig.27. Periodic girth growth of se lected species irrespect of posthde depths' 
as measured by DSH (0) and D8H (bl. 



be the breal<dowil ",d mobilization of stoAd energy for aontin ... l 

survival once the pI ant system ceaser1 syntlhes1se food because c4 

impending so11 sodicity stAss. Similar were the obseryetione on 

girth grcwth "t 30 em heiqht (>'19. 27b) exc .. pt that girth diameter 

v01ue~~ we~e lower than osa in all the spec1es. 

Tn~ f)SH of Mesquite incAs.ed from 11 .... after 7S days to 104 
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nun (84':' per cent) after 720 days of planting. Increase in Siria 

durjw) t"j1e 53ne span was 63 rrm (573 per cent) • But increase in the 

girth di2neter of ""'.quite and Siris ~t 30 cm height between 75_720 

days cf rlanting was 87 am (1243 per cent) and 54 mm (675 per cent) 

res"'·ectiv..=ly (Fig_ 27b). Girth growth of Shisham, ~ And Jamoa 

oecured .et a rt~latively slower rate than either of Mesquite or of 

Siris. Girth 9t:C'Wth cf ~ was more consistent and girth d!8II'eter 

at S em ail"; 30 em height recordad after 45, 75, 210, 360, 540 and 720 

days r'est rlBnting wee: 71' 99, 14, 28, 42, 54 and 4, 6, 9, 18, 12, 42 

mm rcs,,,""tively. This indicated an overall increase of 47 .... (671 

per ce"t) end Ie .,.(950 per cent) in diameter at 5 end 30 CIII height 

during 720 0 ~,ys of growth. Correspond1ng- val ues for Shisham and J_oe 

_re SOO (35 mm) and 5eO (29"') per cent ..,d 589 (53 ... ) end 367 

(22 mm) rer cent respectively. Girth growth equations of the given 

tree s;1'::c1-=(; planted in shallow and deep T'ostholes are rresented in 

Table 77. 

~ffect of the two posthole types was also significant on the 

girth diameter at 5 and 30 em stem he ight of the su rvlving spec les 

throughout the noted growth period except first 75-210 days <F i9.28) • 

Sturn!" 91rth diameter itl both tyres of post:ho}e rlanting was at par 

until 210 days of planting irresrer:ot of the given sr,eeiee. Hcwaver .. 



Table 77. Girth grevth equations of the given tree specie. 

Girth Growth equatIon 
di_tar ( ... ) 
of species 

(a) Girth diameter at 5 em height of stem when "l."ted in shallow 
postholes. 

Slris 

~ 
Shish"", 

Mesquit' 

James 

Mean 

3.6 + 0.100 d + 2.89 x 1115 a
2 

3.4 + 0.OB4 d ... 3.69 x 10-6d 2 

4.7 + 0.050 d 4.11 x 10-6d 2 

6.6 + 0.063 + 1.97 x 10-5d
2 

2.2 + 0.107 + 2.68 x 10-5d 2 

4.3 ... 0.0734 ... 2.61 x 10-5a 2 

rl.986*· 

0.989·· 

0.983*· 

0.981*· 
0.1:;87·-

0.982** 
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Girth diameter at !5 em helqht of stem when planted in deep postholes 

Siria 7,2 ... 0.03e a + 5.15 x 10-5d 2 n.991 •• 

!!!!.!!! 4.2 + 0.078 d _ 3.59 x 10-5d 2 0.935*. 

Shtsham 6.7 + 0.028 a ... 4.04 x 10-5d2 0.997 •• 

Mesquite 8.8 + 0.015 d + 8.67 x 10-5d 2 0.997 •• 

J8Boa -1.1 + 0.169 d + 2.68 x 10-5d
2 

0.987 •• 

Mean 6.0 ... 0.050 ... 5.30 x 10-5d 2 0.987 •• 

(b) Girth di_tar at 30 em height of stem when planted in shallow 
pcsthcles. .. 

slrls 4.3 + 0.40 ... 7.78 x 10-5d 2 0.991·· 

!!!!! 2.0 ... 0.046 + 3.45 x 10-5d 2 0.982*· 

Shishsm 4.2 + 0.02. + 2.47 x 10-5d 2 0.997** 

Mesquite 4.3 ... 0.033 + 6.38 x 10-'a2 0.990*. 

Janoe 0.5 .. 0.086- + 4.17 " 10-5 0.985*. 

Mean 2.5 ... 0.051 + 3.19 x 10-5 0.985·· 

Girth diameter at 30 em height of stem when J'hntai! 1n deep postholes. 

Siris 6.5 ... 0.008 ... 6.74 x 10-5 0.978** 

~ 3.8 ... 0.015 ... 3.61 x 10- 5 0.994*. 

Shlsham 4.8 ~ 0.016 ... 3.55 x 10-5 0.999*· 

Meequi't..e 5.0 ... 0.019 ... 1.77 x 10-5 0.995*· 

J"""'a -1.5 + 0.121 + 5.09 x 10-5 0.980 •• 

""an 3.7 + 0.034 + 4.47 x 10-5 0.992·· 

• denote days Pflst planting_ 
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girth diameter at 30 em height differed significootly with the 

two "t¥' eb at this growth stage. Subsequently. the average girth 

dimaat:-::r e>t beth the heights remained significantly greater-in 

shallot." than in the de~ nos thole planting. But t.h is differr~nce8 
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1n ~t(,m~' height girth diamster a.t 120 days growt.h stages attained 

almc-f;t: r'crity. Th is may be attributed to 0 ifferent growth behaviour 

cf th'? (' iven tre'? spee 1e s when plante,,! in tbe two tyn~s of postholes. 

Girth II i,,'eter .t 5 em (Fig. 29) and 30 em (F'g. 3<1) stem height 

of Siri:- ['no ~ wa!'; sign:lf.iCantly greater in shallow than in the 

deep l'csthcle nlant1ng at all the grCW'th stag-es beyond 210 days of 

'r'lantioy • But crrcslte was true for Mesquite. Sueh!lO effp.ct was, 

how,'~ver, unlTlnrkct! 1n Shisham and Jamoa. Dat~ further showeil thct the 

absolU'''e c;irth di<='IT!Qt..er at 5 em heo:1qht was markedly h1qher than at 

30 em cf th<e 1 ive $p'~eies throughout too recordeo growth period. 

The height and girth growth d~ta, thus, cle?rly indicatE!:fl: 

relatively gAater tolerance of Mesquite and Siris. Mesquite showed 

rapid 0'2rly growth in the de:~r ros't"holes whereas Sirls anti M!!:!!! In 

shallo'w cne!.~ desrj,1:e their considarable mortality. This brings out 

th<:"t Ute lct.tee two need sodie soil <':Ineliorat.ion to a grenter degree 

for th ,~ir establishment caused by appl iCrtian of sama dose of gyrsum 

en!l f'¥M in shallow than the dee"" rostholes with a larger volume. 

Cent ,:",.::!t:" survival cf Shisham waS an intere~ting cbservptfon but its 

grcwu\ cf height and girth was quite ~low. Jamoa also shaweo very 

f:low ~Irc":th. 'Ibe r~.~sul t· corrcbcrc:"'te the rerorts cf severAl authors 

ecmpileC!" ty Y~dav (1980). Hcwever* t-bere is no evidenc<=> in literature 

to Comi'i.1r:l 0rc\~'th i:,un rer cent su.r;vj.v~l of the giv2"n tref! FMCie!l in 

yiew c::: th:< ihysicc_ct.''?mi .... a] character1stic~ of different fllonting 

lites H1t.n th~ cne under "this experiment. 
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C. primary BiomFss Production. D?ta (Table 78) on average biomass 

yield per rlant of the five tree areoies 1n e qrowth T"riod of 720 

day!=; in0icate huge djfferences 8ft.ong themselves. Mesquite: yielded 

the hi{jh2':::t arr:ount of dry matter whf!reas it weB the lowest in the 

CaB€! cf ",cmca. The mean total of a Mesquite plant was mer:s\Jred 

1771B <euo ",,"-s several fold~; the Mr plant yield of Slris (5577 q), 

~ (6:.1 ~). shisham (349 g) an,l 'IsmOIl (2c)3 q). Similar order waS 

Observeo for the aerial (foliage and wo~y matt~r) biomass yield 

(l'ebl', 78). roote (Tab)" 79) pon the ',oody matter ('1'able 80) comJ"O-

nents of the- total biomass rroo etien of these ~reC':le5.. In Case of 
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foliage. Shir:-ham interchangen its rank with J'Slnoe (Table 80). stoass 

y1eld~ recorlh~d ,.£1 fro!"'h weight basis of all the C'om,.,onents of these 

moistur"..? cen t0n t of roots# woody matter and fo' lege Wl'!S determined 

to vary betwe"n 52_65, 54-67 and 56-72 T"r cent respectively. 

Kef:'ul tF aJ sc show the slgnlfici1Dt effect of two.: types of post-

hol·~s on the total biomass y1eld (Table 78) as well as the different 

components namely roots (Table 79)l foliage ann woody mat~er in the 

fom of stem and twigs or billets (Table 80). Mesquite pronuced 

signi:ic,,,,tly higher biomes" wh,'D planted in deen (23252 q plant-i) 

-1 than iu sh~:llow (12183 9' plant ) postholes. 'fr·'c:od was contrary to 

stris. Thi s type of effect waS not significant in !!!.!.!!1, Jamoa .find 

Sh1shem. However,. relo?tive yields of iUfEerent rlant cCmT"onentp" and 

. in torn" t.he total biomass waS more 1n the deeD po~tholes whereas ~ 

and Ji"lIDCa gave more yield in the shallow nostholes. Sh:x>t-rcot 

relations of these speci'3s ty'r-1fy the gre~ter ef'"':iciency of the root !'Yst 

of Mesquite in producing E>ignl :lcantly h :igher aerial blom8s~ ccanrising 

follage nno -i ... :oody matter (sblm <'!nd sel.:'oooa.ry brfl-nehet:-). This 1s clewr 



Table 78. Biomass ywld (II plaDt-1) attar 720 llrowtll deyB of _ 
giveD apscw. pl""ta4 1n .... 11ov aDd deep po.tIlol •• 111 
• h illhly Bodie .oU. 

Aerial bi ..... (Poli_ ._ aDd twiga) 

Siri. 4983 2212 3598 11918 5268 8593 
(5537) (2458) (3998) (13242) (5853) (9548) - 584 316 450 1350 702 1026 - (649) (351) (SOO) (1500) (780) (1140) 

Shi .... 156 265 211 554 770 662 
(173) (294) (234) (616) (856) (736) 

Mesquite 10532 19699 15116 2~97 47298 36798 
(11702) (21881) (16796) (29219) (5255]) (40887) 

" ....... 199 150 175 608 464 536 
(221) <161) (194) (616) (515) (596) 

Me .... 3291 4528 3910 8145 10900 9523 
(3656) (5032) (4344) (9050) (12112) (10581) 

LSD(0.05) • Spacws 218 264 
(242) (293) 

PO.thol .. 222 252 
(247) (280) 

I .. teractio .. 276 323 
(307) (359) 

Total (1'011_ + 8_ and twigs + Roots) 

Siris 8538 2616 5577 1,783 6330 13057 
(9487) (2907) (6197) (21'B1) (7033) (14508) - 901 406 654 21B6 990 1588 - (1001) (4511 (727) (242,) (1100) (1764) 

Shish"". 282 415 349 869 1232 1051 
(313) (461) (388) (966) (1369) (1168) 

llesquite 12183 23252 17718 29983 54532 42258 
(13537) (25836) (19687) (33314) (60591) (46953) ,,-. 326 258 293 921 717 819 

(362) (287) (326) (1023) (797) (910) 

110"" 4446 5389 4918 10748 12760 11755 
(4940) (5988) (5464) (11943) (14178) (13061) 

UD(O .05)0 Species 1320 1460 
(1461) (1622) 

Po~thol.s 684 1296 
(760) (1440) 

Interaction 1868 1964 

( 
(2076) (2182) 

'19,. .... in p ...... th.ses CleDo1le correapondiDIJ vel .... in ItIJ ha-l 

20~ 
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Table 79. Roet hlom .... pcodUCItion (0 plaat-1) after 720 orowth 
days of the o1'o"n species planted in ahall_ and deep 
poatholes in • h19hly sOIUe .011. 

s 

stria 3555 404 1980 7865 1062 4464 
(3950) (449) (2200) (8739) (1180) «(960) 

!!!!! 317 90 204 836 288 562 
(352) (101) (227) (929) (320) (624) 

Shish!!!!! 126 150 138 315 462 389 
(140) (167) (153) (350) (S13) (432) 

"".gu1te 1651 3553 2602 3686 72U 5460 
(1834) (3948) (2891) (4096) (S038) (6067) 

J_oa 127 108 118 282 228 255 
(141) (120) (131) (313) (2S3) (283) 

"" ... 1155 861 1000 2597 1S55 222' 
(1283) (957) (1120) (2686) (2061) (2473) 

LaD (0 .OS) Species 304 368 
(330) (409) 

Postholes 192 284 
(2t3) (31&) 

Interaction 430 562 
(478) (624) 

figures in pa.rentha .. s denote eorre.pondino values in kO h.-t • 
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Table BO. Bu.-s. yleld (V plUlt-1) dter 720 qrowth dqoo ~ the 

q1_1l sp8clea planted 1n IIhallOlf U1d _p po.thol •• 1Il 
e highly eodie soil. 

ipeclee Oftll "1e~.J:ij tib_~ .. li 
Shallow ilien Sb low .... 

PoU!lS!! 

Siris 736 425 581 2654 1428 2041 
(B1B) (472) (646) (2949) (1587) (2268) ... 153 135 144 388 338 363 - (170) (150) (160) (431) (376) (404) 

Shish_ 35 46 41 128 168 148 
(39) (51) (46) (142) (187) (164) 

Mesquite 230B 4177 3243 . 7665 13462 10564 
(2546) (4641) (3603) (8517) (14958) (11738) 

JIIIIIO. 70 56 63 242 182 212 
(78) (62) (70) (269) (202) (236) 

Moen 660 968 804 2235 3116 2676 
(733) (1076) (893) (2483) (3462) (2973) 

LSD(O.OS) • Speci •• 104 206 
(116) (229) 

Posthol •• 65 112 
(72) (124) 

InteracUoll 146 218 
(162) (242) 

Wood:z: !!Itter (S_ and wive exclud10g fOlialJe) 

Sid. 4247 1797 3017 9264 3840 6552 
(4718) (1986) (3352) (10293) (4267) (72BO) 

!!!!! 431 181 306 962 364 663 
(419) (201) (340) (1069) (404) (737) 

Shlsham 121 219 170 426 602 514 
(lH) (243) (189) (413) (669) (571) 

IIellqul te 8224 15522 11873 18532 33836 26234 
(9138) (17247) (13192) (20702) (37596) (29149) 

,z.o. 129 94 112 366 282 324 
(143) (104) (124) (407) (313) (360) ...... 2630 3561 3096 5930 1785 6857 

(2922) (3957) (343') (6589) (8650) (7619) 

LSD (0 .05h Spec19s 765 878 
(850) (976) 

Posthol.s 563, 614 
(630) (682) 

lnterectien 1082 1282 
(1202) (1424) 

li;ues in paren_.e dellOte correspond1n9 •• 1u •• -1 10 kq h. • 
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fran the data (Teble 81) showing widest shoot. root ratio of Mesquite. 

Shoot: root ratios of Siris and ~ 9rqwn up in sha) low postholes 

were alF'..o noted to be considerably wide. But their absolute yields 

of th:~ aerlnl biomaes (shoot) were maEkedly leEfl tha:a that: or Mesquite. 

Shi.sh8m ,o-:nd Jamoa had narrow shoot; root ratios as well as unsatisf_ 

actory grc\lith of both the roots and shoots. 

Table 81. Gh~ct'root ratioa cf. blomes~ produced by different "-pecies 
in ('j gro'Wtn reriod of 720 d"1's. 

Spec ie,s Oven d;y 61001888 Fresn 
Shsllow Deel1 Mean Shallow beep Mean 

Siri. 1.40 5.48 1.82 1052 4.96 1.93 

Haem 1.B4 3.51 2.21 1.62 2.44 1.83 

Shisham 1·24 1.77 1.53 1.76 1.67 1.70 

Mesquite 6.38 5.54 5.81 7.13 6.54 ~.74 

ilsmca 1.51 1.39 1.48 2.15 2.'14 2.10 

LSD (0.05) Species 1.08 1. 22 

Postholes 1018 1.07 

Interaction 1.28 1.32 
• 

1.l HQsqult~f' per cent ccntriboticn of root<·'. follaqe and aerial 

woody m;:,tter towards tot.21 biomes!"" yield wae eo~ut'..ed to abcut 14. 29 

and. 67 "-'<E!r cent in both tyres of ro~thcl-~s (Fiq.31). Similar valuns 

for both ty~'es of posthole~ indicat~ it-.s high tclerMce to ~odicity 

in i b' bioma:::'!' rrciluctivity. "hJlS~ differences m~y have resu] ted from 

in sb?1101i1 <':'nd de-Z!T' 'r'osthcles durl;)g initial growth steq":1s. Fractionation 

of t:ot~'l blcrrti'f'P yield cf stris in shallow rcsthcle$ mong different. 
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Rg.31. Perce nt contribu tion of root, foliage and woody matter towards average 

total biomass (dry) yield of given species in two types of postholes. 



components was sim118r. ';'\erial woody matter c~onent of !!!.!!!, 

Shlsham" .Jano? and Siri~ in deer- postholes showed littl<a vari<'!tion 

among them~ __ '!lv,=s snd it was 8lg'nifici?lntly less than thf1t o~ Mesquite 

and Siri!; i,1 the shc:,]low postholes. Foliage of Neem in deep nos tholes 

made reJ ativa) y qreoF'ter contribution than in the shallow ones towards 

its totel yj,eld. en the basis of these resllits it may be de~uced that 

Mesquite is tclerant to extremely high sci1 sodlclty. It f)roduced a 

dense growth of rcct~ in solI layers whcs~ I:SP was 1ftv3asured above 90" 

however" rcct e(nn E.lhoct blomaos WflS significantly less in shallow 

than in the deep r'Osthcles otling to the greater meChanical impedeDce 

facad by its rocts during downward growth. Its high tolerallO'e to 5011 

sodlclty is also evident from greater ef -"icil3l'ncy of the root system 

i.a. production of mor'~ aerial blcmas~~ par unit biomass of the roots. 

~1ris followed by !:!:!!.!!!. perforned better in shallow Than in deep posthole: 

They were found able to penettate the ir :tootr; acrose 1:tI:t? celeic horizon" 

a saVdre rhysical impediment in the soil flroEile. This imrlies thet 

bot-.h Clt'e fairly tolerant to the mechanlc;cl impedance cf th,~ calcic 

horizon ?nc high floil scd1city.. But they may require more careful 

managem-:mt c1ur1nQ the initial steg~~!'l and ameliori"'t:ion of the ~dic solI 

of the pl?ntin<,;:, rit or posthole to a greater extent. Since the tolerMCE 

of rlents to f'trBf:!" environment!!: .tu:y witll 9'COwth stages" this aspect 

reli',ting t:c th,.;:~,e ~t'ecieB needs carrying out mor~ research wor):. Shisham. 

and James dirl not: grow satis.factorily though tb'~ survivel of the former 

sp,~ciet' -,AS Ci-?nt r<:r- cent throughout 't.m growth span of 720 days rlst 

planting. 

Data on primf!ry biomass procluction" thu~" bring cut. thFlt hazaros 

of high soil sod1c1t:y and ,,",chan1cru impeilance greatly modify the growth 

behaviour 0,,:' different tree Sf\-~cies. A highly tolerant species 11k. 

Kesquite m<:-y require amelioration of the sodlc scil of the planting rit 



markedly hy lil'11te~ perforation of the c ,Ie ie horizon, S iris and 

~ mGy n';)ed mor~ care and amelioration for establlshmant in the 

initial st.eV~s only. Mesquite and Stris were slse reported by 
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redav et al. (1975) to perform well when fllanted in flits, 90 am each 

in depth to rerfcrm well when planted in r.lts, 90 em each in depth and 

diarD'!!!ter. GOod r-erformance of thes3 species when planted through 

posthcla technique was also a premise to make planting oper!'tloa 

economic;:,! eoo less troublesome. In view Of their life span and 

pobnti.?l yields (NAS,. 1980) under d1verse situations :.:.f aqrocliaRte 

and soil tYres, M!~squlta may be ranked a highly tolerant, Stris ~nd 

Ne~~ttI mco2rately and Sh ishi'lm <:1M Jamos pOorly toler;;::nt of highly ~od1c 

Boil conditions. 

D. Chemic e.l Canr.osi tim of Plant Conponents1 coneentre-tion of He in 

th4!' fclic:::~.!~ of different tree st:JeCies (Table 82) waS obAervec! generlllly 

higber th?u in rc(..t~ and 1n aerl<'ll woody matter (stem and twi<,s). 

Folisg0 Nl!'1 rootf'- (",f Mesquite showeo significantly h:l_gher Na than other 

species. Scrlillrn 1(1 fa] iage aM woody matter of Siris was notably les •• 

But it il10!C;:-,t-::t! rel"tively greater accumulation in rootl"l then Haem, 

Shishem (",l ..J;eJ11Ca,. t.:ffect of pesthole dertb On NC", concentration of the 

three nlant cctnr-onentE' waS nct significant. However, foJ isge of Mesquite 

in dee-p posthcl-:'s contained more than double the He cont~nt in shallow 

OD-?cS. It was ccntrcry 1n the Cas~ of ~. f~octs of Slrls and Neem -
in sh",llm-I rosthcles hil(} significantly les~ tla accumulation thm in 

deeper cass.. But the trend was cpr-oeita in Mesquite. The vzri"tion 

111 ~k conc,,-,mtrC'tion of the given plant components m.-:y be rlue to different 

.achal1iflms of it!: ebsorpticn as weJ.l as translocation. Better grow-th 

If M.1squite despite high N8 accumulation infers its tolerance to 
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Table 82. "a, K, ea and PIg concentr,tion (naol 1<9-1) of foliaga. roots 

and aerial woody metter cf d .:I.ff~.rant tree sJ)8c1e s. 

Stem and twigs Roots Species eoliwe 
Shallow Deer Mean Shallow Deep Me"" Shallow Deer Mean 

Siris 

Shisham 

78 

396 

139 

61 

100 

143 

Mesquite 96 213 

70 

248 

141 

160 

130 

148 

43 

Jamoa 109 152 

Mean 165 135 

LSD (0.05) S"'·3cie~ 
POFthcle~ 
Int'3racticn 

NS 
61 

Siris 172 354 262 

Heam 228 267 249 -Shishsm 305 251 277 

Mesquite ,128 305 367 

Ja_ 143 131 138 

Mean 256 261 259 

LSD (0.05) Species 21 
Postholes NS 
Interaction 35 

Siris 767 425 595 

!!l;!!! 457 662 560 

Sh Isham 650 632 640 

Mesquite 507 SOO 502 

Jroa 387 375 382 

Mean 555 520 535 

LSD () .05) Sp,?cias 58 

Siris 
l8em 
ShTsh_ 
Mesquite 
:leo_ 
III an 
LSD (0.05) 

postholes 35 
Inter<ctim 83 

750 504 
462 362 
356 421 
492 383 
417 375 
496 408 

Sf' ·:eias 
Pot-thcle~ 

In t'~ract1on 

625 

412 
387 
437 
396 
450 

54 
37 
79 

Sodium 

48 

100 

78 

78 

104 

83 

35 

100 

91 

96 

104 

87 

Potassium 

185 138 

174 200 

192 190 

97 44 

87 64 

146 133 

Calcium 

150 

143 

208 

200 

300 

200 

150 

188 

220 

195 

228 

195 

Magnes iUlli 

nl 
187 
196 
100 
258 
192 

208 
162 
212 
lOB 
212 
179 

41 
100 

85 

87 

104 

85 

22 
lIS 
lIS 

74 

74 

87 

139 

109 

96 

164 205 

187 279 

192 156 

72 236 

76 110 

141 197 

15 
10 
23 

150 148 

168 100 
215 140 

198 220 

265 198 

198 160 

25 
NS 
35 

215 
175 
204 
104 
235 
1B7 

21 
12 
33 

175 
212 
225 
208 
292 
221 

165 

109 

83 

117 

104 

113 

117 

91 

85 

12B 

107 

104 

• 4 
13 

167 185 

251 267 

156 156 

136 192 

108 110 

164 179 
26 
15 
43 

270 210 

100 100 

150 145 
275 248 

20~ 199 

200 180 

271 
229 
30n 
171 
267 
246 

20 
13 
30 

221 
221 
362 
187 
279 
233 

12 
8 

21 



sod ic ity. Poor perfo""'.....,. of Sui. ...d _ in deep po.thole. 

DIllY be dOl. to the g.reatsr .. ono .. traUOD of lie in roots itSelf. 

Reht!ve concentration of It -000 different plant c..".,..ellt. 
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was about 2-4 timea higher then Of lie (Table 82). Its .., ....... 1.1:1011. 

111< .. i~a "'". also aore in follage followed by roots (except in Sh1m'" 

and woody material. Folbge of Mesquite COII.ta1ned signific ..... tly·_.re 

It (307 mmcl kg-I) than Shish ... (277 mmol kg-I), Siria (212 ...,1 kg-I), 

Nee .. (249 mmol kg-I) and J .... oa (138 l1III01 kg-I). Effect of posthole -
depths wvs not significant on. J{ conamtration of different speci •• in 

general. But accuMulation of X in the fo11age of Siri. and .!!!m. wae 

aore with deep then in maflow postholes. It WaB the ClppOd1>o in e_ 
. 

of Mesquite. 'this may be .ttributed to the dilution effeet of better 

growth of Mesquite in deep md Siria end !!!!!! in shallow J>08thol ••• 

Potassium coneentr"tiOll. in woody aatter of Shimem anol !!!!! ..... 8igal­

ficantly. more than in Siria. It was the lowest in Mssqilita and J_o •• 

How<>yer. ~ followed by Mesquita end Siris showed .ignificantly 

greater aoeumulaticn in roots than Sb j,sbem and Jemoa. Resultf'. thus. 

shew that relatively greater concentration of 1C in root-.s of Sid. and 

...... may help to co_ter the 8Iltry of 118 in ohllt system. But in -
Mesquite, difference in It concentntlO11.of roots in deep and mall"" 

• 
~sthol"s appears to be due to differential growth. 

ACcumulat10n of Mg ... d Ca in different ,,"" .. pomnts of given 

(Tabla 82) t-.ree species was alBO mora in toli .. g" th., roots followed 

by eerisl weody matter. But eoneentretion of Ca in twigs .Dd billets 

Of Haem. Shish_ mtd Jemea was more then of its roots. Relative 

con""ntr,tiona of C ... eDd Mg in the three c.,."onents of differant species 

noted. AcclUllUhtiOD of C. was ... ",Sm" .. in Shieh ... followed by Siris. 
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.ea.,. Mesqui t:e and y_')!l. But this oxder: va8 oh •• rwed, to change 

for Ca concentration 1n .. cody .. atter to o1_a. Shut ..... M •• qu1ta 

!!!!!! and S1ria. Xn r,spect of Ca __ laUon in roots 1t .... 

Mesquite .. siris" JEII\O& .. Sh1sham and.!:2!!!. 'ftlls show. that Ca coocen­

traUon may be ... """iated with the abU1qr of the root "Yeta ... aI. 

d1ff<!rant epec 185 to check enUy of If., 1n roots bee "" ... vrowth and 

surv1val cf these 'pee1ee also followed th1" rankinq. ConeentraUcn 

of Mq ( .... 01 kq-1) in foll8qa of Siri. (625) We. s1qn1Ucantly IOOEe 
• 

than MesquHe (437). !!!!!!!!'. (412), ~~ (396) and Shit!h ... (387). 

Concentr?tion of Mg in woody matter of Mesqu1te was s1gn1Ucantly ".8 
• 

thllD 1n ~ followed by Shish ... Siria ·""d Jamoa. ACe_1at1on of 

Kg in roots oc Siris end !!!2 was nearly equal but s1gnif1eantly hl9her 

than in Mesquite and lcw .. r than 10 0181008 end Sh1t!h_. Data ('1'ab18 82) 

on relative concentration of .N8,. 1(" C. end "9 in foliage. woot!ly 

_terial and roots. thus lIbow "that the1r rel"th" ace_laUoo JII" 

root. i!Ild foliage 9 ..... IIOEe loformoot1on 10 detet:O\1n1nq toler _ 

_ chan1 .. of dlff .. xent specie. beside absorpt1on and translOCation of 

thes~ elements. 

Results on concentration of p. S and Ii l'1'able 83) 10 follage. 

aeriel woody JDat;tar end root5 el80 show that their aec:.uslation va. 

IIOr.. in the foli8g8 fOllowed by roots and woody branches. Dlfl'ere ...... 

in the cCIlCentratlon of IiJ were MOre pronouneed than tho!=e 04= P aDd .. 

due to tree speeies. MCumulatlOft of P 10 the foliage of Mesquita w •• 

sl\1nlficantly lOOre then !!!l!!!!!. Siris. Shieh .... and J_oa 1nd.seendinq 

order. Similar trend Willi ob_ned for S accumul"tion 10 foliage. Bat 

eoncentretion of P in the woody materiel and roots of Mesquite "a. 

sl\1nif1eantly less th~n 1n Siris. He .... and Shi.h.... Sulrhar 

aeculftulaUcn in woedy matter did not vary aB<ltedly ... on\l the specie •• 
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701.83. p. 8 end • e .... at:&".t:lon (_1 1<9-1) ~ fo11_. ~tII 
and earial IIOOdJr _tter of dlffenat _ apMIJea. 

lpecle. PolIase 
*19 a~~1a' '"i~ ... Shaliow Deep ih ..... ",llOW 

Raoadoona 
Sid, 95 117 106 47 31 U 77 108 'I -- 117 129 123 30 H U U U J' 
Shieh!!! 86 95 90 35 36 35 H 17 ., 
" .. quitll lS3 130 141 24 17 21 36 24 JO 

II , 96 81 88 30 21 25 85 at 81 _u 
109 110 110 3J 33 33 . .7 64 6t 

LSD (0.05) Specl •• 14 6 I 
Posthol., lIS lIS I 

In tBr""ticD 20 9 7 

l!!Im" 
strla 80 111 91 38 ., « 18 ·130 104 - 131 - 91 114 " 59 54 to 11 83 

6blah!!!!! 86 M to 3'7 53 4J 60 60 60 

.. """its 195 15'7 1'76 14 44 159 111 110 111 
JI!!0a '72 68 '70 H 44 50 81 81 81 -. 113 10'7 110 11 50 50 .. 93 8' 
LSD (0.05) Speai •• 13 6 I 

Po,thol., lIS lIS 7 

Inte"ect:l"" • I 14 

.U!W!Jl 

Itri, 878 1014 946 414 510 "'7 512 SIS "' - S64 - 612 588 284 306 295 322 nl 330 

Sblah!!! 1276. 1094 1235 568 572 510 594 626 610 

lIe"""ltB 992 826 909 444 404 424 556 511 sn 
J • 590 636 613 296 326 311 312 414 III 

lie. 860 856 858 411 424 4. 471 4to 480 
LSD (0.05) Species 214 116 t2a 

Poathol.a 120 lIS lIS 

Inter""Uca 218 134 11' 
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· ... t its cenaelltratloa (_1 kG-1) 10 roots of lleaqull11 (111) vila 

. more then in Sid. (104), JlIIIIIOa (88) and!!.!!! (83). Relati ... 

aed_ul"ticn of P _ S ......... 111' U""'. l.u than thct of H. c: ......... 

trotien of N ( ... .,1 1<9-1) 10 the foli_ of le91Jlll1ouo ... """"Jas 

nuely Shish .... (1235), Siris (946) en" Mesquite (909) .. "" cons !dar_ 

ably BIOre than the ncn_l~1ouou. species i .... .1"'08 (613) and !!!!! 

(588). Simil ar trend ve. cb_rved for aecUIRJlation of H 10 roots 

and woody msf'S of: these 8J'801es. 
~ 

eODCentr<"tic:~ of H~ P pM S in the woody 

Effect of pesthole depth on the 

.. attar. P end S 10 fo1i_ 

and H in roots of different _oie. was not s!9nif1c .... t. H ...... ""r. 

aeouaulationa of If in fcl~ and thot of P and 5 1o.roots of the .. 

species varied .1gnlfloantly. !!hese diffewnaes are the outcOR of 

th .. differential dilution effects ""su1tino fa- different 9rcvth 

lIetas of these species and .... ability of leg_1o~ou. specl •• to 
• 

fix .. t:mo~er1c d1olU09an &yJIt>lotiCaUy. Vievin9 the concentration 

of 0>1. P and S 10 plant "'''ponents of these spaeias in associetion vith 

their growth and bi ....... production, it may be Ileduced that the _iea 

able tc t'ix atollOsy:-her1c dinitr0geD were able to tolerate so41o 

conditione be~~r tb!liD 'the others. Coneenuatlca.s o~ tIlese nutrl_~. 

in fo11age conform to the ob ......... ticns of ottar _zlters (Ayoub. 19'75, 

Reuhani and BesR1ri. 1976, Garg end KhanduJa, 1979). 

Data (Table e4) on the concentration of Fe, Mo, Zn and C:U tn 

the three eOIftncnents of the plants showed signlfleeftt Y8nil>ition 4_ 

to the speCies ilnr!: among the components of a qiven species. ACCUaU:l.t:. 

ion of Fe 1n roots of S1rb (94.2 1lII1I01 1<9-1, was signif10antly IIOrB 

then in Mesquite. "_oa. !!!!!! and Shish.-. Concentration of :,. .... in 

roots of S iris. JIeem, Me squ 1 te and J ..,8 was no~f!Ib ly more than in 

follage followed by _oily material. Effect of po. thole depth on the 

ooncentration of Fe 10 the f011898 "nd 10 voody _tter "as not 



orabl. 84. Fe. MD. an end eu c.,.,.,...t.r.t~ (_1 kg-I, of follave. 
rcots and .. riel -,. .. tter of 4Ufenat _ epecta •• 

1rca 
alrl_ 7.75 6.55 7.15 5.3' 2.53 3.95 140.32 48.24 -- 5.82 5.82 ,.82 1.05 4.38 5.11 19.42 25.62 . 
ahi_1I!!! 7.82 10.18 9.00 6.1' 6.64 '",0 '.82 t.8t 
.... aqu1tB 10.55 6.n 8.64 10.44 15.11 12.18 27.46 21 .. 2 
.1_ 8.18 8.13 8 .... 5 6.42 7.93 1.16 24.92 22.66 ....... s.02 1.60 , .. 0 1.09 1.33 1.20 44.42 26044 
LSD (t.05) specta. 2.14 1.'" 

.... 1ilol •• lIS lIS • 
Interact~ 2.06 2.0<1 "---alr18 2.13 1.19 1.95 4.16 3.05 3.61 6.25 4.5'7 - 1.43 - 0.89 1.16 4.91 3.23 4.0'7 9.64 8.45 

8h1ah ... 3.'71 2.86 3.30 4.5'7 5.05 4.80 4.66 ' .. 2 
.... squlte 2.02 1.19 1.8' 4.11 5.25 4.tI 10.61 16.36 

=eot 2.50 2.1' 2.32 '.29 4.54 4.41 23.'73 21.11 ..... 2.29 1.S9 2.09 4.54 4.23 4.38 10.tI It.20 
LSD (0.05) Spec i •• 0.41 0 .. 9 

... _1ilole. •• 25 • Inter ... tion 0.51 1.21 
aiDa 

Ur18 0.23 0.25 0.23 0.31 0.25 0.28 0.26 0.62 - 0.43 0 •• , 0.46 ".14 0.12 0.12 0.20 0.11 
8h18haa 0.42 0.43 0.43 0.19 0.15 0.11 0.15 0.15 
... quite 0.51 0.45 0.48 0.09 0.11 0.10 0.22 0.34 
lI_o. 0.31 0.28 0.30 0.11 0.12 0.11 0.20 0.20 ...... 0.38 0.38 0.38 0.17 0.15 0.16 0.20 0.2t 
LSD (0.05) specta. 0.05 0.05 

"'s1ilol •• lIS .. 
Inter ... tiCll 0.07 • 

Copper 

1&£18 0.14 0·14 0.14 0.08 0.06 0.08 0.11 0.38 

n. O.ll 0.14 0.14 0.09 0.06 0.08 0.13 0.14 
0.11 0'14 0.16 o.Ot 0.08 0.08 0.09 0.09 

.... qut'ta 0.20 0.11 O.lt 0.08 0.08 0.08 0·16 0.19 
i-c. 0.11 0.13 0.12 0.08 0.08 0.08 0.16 0.16 ...... 0.16 0.1' 0.15 0.08 0.08 0.08 0.14 O.lt 
LSD (0.05) spec •• 0.02 • .... thol •• liB lIS 

Inter..,t~ • 0.01 
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M.20 
22.52 
6.65 

26.68 
23.14 

35.43 
...32! 
2.10 
6.08; 

5.41. 
t.04' 
4.'75 

1'.481 
22.15, 
11.09 
0.80 
0.50 
1013 

0.43 
0.18 
0.15 
0.28 
0.20 

0.2~ 

O.O~ 
0.02 
0.05 

0.21 
0.13 
o.OS 
0.1' 
0.1_ 
0.1' 
0.03 
0.02 
0.03 



significant. However. MIt_1M Showed a1gnif._Uy hlQher Pe 

.......,.ntratiou in foliage with shaU_ post:holea. The trend Wd 

oppo_iu for ""rial wcody mature 8iris and _. 9"""n in deep 

2 ~ 6 

postholes accumulated more Fe 'than tha plants grown in shallow post­

hole was the hi9he't (140.32 _01 k9-1). In case of MD, eoncent"atiCll 
, 

in roots waS higher then in the woody .... tt:er followed by the folu9'" 

Differences in composition due tD the flpacles were pronowace4 .-oN 

with re:;:r-~ct to their roots and the foliage tJlan them and branche_. 

Relative acculftUlation of Mn vas less tIlan of I'e .lA all of the speclea. 

Posthole depth sionlficmtly affected Fe concentr"ticn of folleve and 

of root.. ACCumulatiOD of zn unlille MD and Fe "as more ln the {otu9" 

th~n in rcots followed by the woody materlal in genaral. But Slrla 

sh""ed less __ l.tlm of Fe ln the fo11_ than the other two 

COIIpODents. Diffe""""". in cODCent"etlOD of Zn "nd Cu of the folle9" 

and woody matter due to posthole dapthe were not pronOllD08d. "leti .. 

concentration of Zn end Cu in 'the oiyen COWIt'tOnents of these species "'1'8 

cono1d<>rably higher then Fe "nd MD. Concentration of Cu in follage of 

Mesquite (0.19 I11III01 kO-1) "as the highest and Significantly acre th_ 

in the other species. Hi<;jhe.t Cu aco ..... lation in roots "aa in Sir!. 

(0.21 -.01 ko-1". Copf'tr _ ..... lation in woody .... tter of th .... specJes 

va. nearly the SaDe. In view Of slow nutr1t:l.cn rate of t.nea 10 g._raJ. 

(Kr_r md Koslowakl, 1960) .~ critical limits reportood by ... ral 

"o%l<ar8 compiled in a Eeview (x .... "ar and Randhawa, 1918) the eone"Dtrat-

10ns of Fe, Mn, Zn and Cu observed may be 1:e~c:t adequate for non.a1 

vrowth cf the se speci.. in .. bighly scd.1.e 80:1.1. 

4:. Root StOOJe_ of Tree &p..,ie8. Root aystaaa of the SJ>8I'les which 

8urvived anll orew at 1l1fferent retes during initial 120 deys after 

planting were atudJed intansively. Pertinent result.s eEe pres.nted 

below. 



(a) Root Penetration !!!PSI.. Data (Teble 85) __ that. n>ota elf. 

Mesquite penetrated ~ • 9natar depth th"" othar .""",1&". In deep 

postbol~", roots _'" observed 91'OWinv to • depth of l22 COl wile ..... 
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in shallow postholes. the root penetrat.ion vas reduced si9nif1ceatly to 

189 em dey')t:h. Maxi: to Mesqu:l+a. 11:. v.a Siria whose .ft)Ot:.. penetra"ted 

down to 184 em in shallow (Plate 7) and 188 em in d~ postholes. 

Root ",enetratiClD of Shish .. and 0'1 ... 08 vas .!90Uieaatly 9neter in 

Table 85. Effect of posthole 1581;'1:1\ on root penetration depth (em) 
of d1f£ ..... nt tree specie •• 

specIes 

Siris --
Sbish ... 

"".quita 

"_0. 
LSD () .05) 

Postllole a.ptll 
Shailow Deep 

184 188 

127 119 

86' 135 

189 222 

132 168 

Specie. 

Posthole de1;'ths 

Interact.ion 

","an 

186 

121 

111 

206 

150 

15 

10 

22 

deep than in shellow postholes. But in Ca_ of _. the effect. of 

postholes on mot penetration depth v •• no~ evident. Restllu. thu.s. 

1nd1cata that species Ilreatly .Uffend in n_ct of their root 

p"netrebUltr under si .. ilar c:oD41tions of planting sita .c:>dif1cation. 

'fIlis lOllY be attributed to differences in their t.oler_. to 11011 

sod1cltr and mecbsnlcel 1aIp""aac. at d1ff.nat depth. of tbe profUe. 

I'or _ .... ple. Mesquite shewed 9 ... at.er root _tration and shoot 9RVtIl 

in deep than in sh.llow ... sttloha _ ........... r .. vas true for S1ria 

(Plate 7). 



Plate 7 

,A Siris (72r. days old) plant in deep posthole 
'"11th lL-nitec root an:'! shoot growtrt. 

A Mesquite plent (720 day. old) in deep 
posthole with promising root CIld shoot 
growth. 
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(b) Site Modiflcation Technique and Root Growth Behayiour. Differ:ent 

Sp JC 18' sh""OO (Table 86) siqnif lcant d ifferenees to prod"",. fine and 

larg3 root" in the two typ<>5 of postholes. F1ne roots b1anas5 of 

Mesquit" in shallow postholes (417.6 q phnt-1) wes siqniflcantly 18$. 

than in dee~r cnas (1243.8 9 plant-I,. It was reverse -in the Cl'IM' of 

l;:~rg:e roots. Hcwev fr .. the totel biomass WeB also abcut double in deep 

than 1n 't'.b~ sha110w nostholes. In case of S1r1s. large roots in 

shellow enrl <l?ep rOf1tholes constltut,~ 97 end 86 ner cent of 1he total 

biom<!S5 r"~:'.T"~ctive.1')-~. Eff,,~ct of two tyres of T'osthclea cn fine root 

biomass waB n~:,t sign1f1cAl'lt. however .. lArge root biomass in shallow 

posthole$ W?f7 d>Ct~t 7-8 times more than 1n the deep ones. Root system 

of Stria in Shallow posthole WeB observed ~toutly developed whereas 

in the deen t'iy"e the roctr.; wet"e obs'?rved mostly cenfined to the amelia-

rate"; e<:: 11 volume of t.be posthol" (Plate 8). This indlc etas that the 

applic<: tic.-; of MOre amendtrents per unt volume (or nlasS of os) 10 shallow 

posthole favoured dG'velopment of a resolut'3 mot system of Slris than 

the dilution of s;:me amcunt of i.'3J'I'lanl1ments in a larqer volume of deel' 

postholas. F1n~ root biomess- of Shlsham .;:tnd JaInOa wee notably more 

than of other SJ;eC 1es but their root. systems were observed (PIe +.e 9) to 

b .. poorly develcped. ~ prorluc"d mom fine roots 1n de.." than in 

shallOW pcsthol'!:s. D8t"...a showefl that deep l'ostnoles f A90ur growth rf 

finer roc+-:.s. Thi;- is aecc1bed to the t:l11aqe e-fff.')ct. which itcRas"*' 

porosity of t-J1-~ 5011 mass. This has be~n renarted tavourllble for root 

growth becnuse it rcduce~ soil strength (Taylor mil Bruee,. 1968, Rogers 

and uhurlow, 1973, Grives at al •• 1975). In Mesquite end Stris it was 

noted th,,,t roots in shallOW posthol'3s became thie)c.er when r.enetrat.ed 

to dent:hs b,~yond that of shallow postholes. 



Tabl. -86. lI:ff"ct of postholw depth on per plant »j.OIlIaSS of fWa and lsrqe roota of d1ft ...... t 
tree spaca. j.n • highly s aUc so11. 

Siri. 69.4 57.9 63.6 2622.5 347.3 1484 .9 21191·9 407.3 15"9.6 
(3) (14) (e) (97) (86) (92) 

!!!!! 23.0 13.3 18.1 328.4 76.4 202.4 351.3 89.7 220.5 
(7) (15) (11) (93) (85) (89) 

Shbh ... 29.9 5).3 41.6 85.7 128.5 107.1 116.1 181.7 148.9 
(26) (29) (2e) (74) (71) (72) 

Mesquj.ta 417.6 1243.9 830.8 1233.2 2094.S 1663.9 1650·8 33"8.1 2499.5 
(25) (37) (31) (75) (63) (69) 

.1""",. 48.S 33.0 40.7 78.6 74.7 76.6 127.1 95.0 111.0 
(38) (30) (34) (62) (7O) (66) 

Mean 117.7 280.3 199.0 869.7 544.3 707.0 987.4 824.4 905.9 
(20) (25) (23) (80) (74) (77) 

LSD (0.05) Speci ... 53.9 271.2 293.7 
(1) (2) 

Posthole derths 34.1 171.5 185.7 
(e) III 

Interaction 76.2 383.5 415.3 
(2) (3) 

PiQurea in parenthas~5 stands for respective percenteqe of the total. 

N 
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(c) Cation ExChange Capacity of Roots of Tzee Spaoie .. Data (Table 87) 

1.Dd1cete ttl, t RC£C of leg.1nuoua trees 1.e. Mesquite, Siris and 

Shlsham waF slgn1ficNttly IIIOrB th .... that of .!!!!!!! Nt" Jamoa. The RaEC 

of all the srecies WeB. observed decreasing with increasing thieltneS8 

or wocdines!h This may be due to decreased act.ivity on stberiaet.lon 

(Kramer and Kczlcwsl< i. 1960) and proportionate reduction in the root 

surf,ce per unit ..,ss with increasing thickness. Considerably higher 

ReEC in cs." of leg"m1nuous trees .... y be sssociated with higher It 

supply whleh geaerally incl"l!eses RCSC of plant roots. Root zone was 

also found to have a bearing at ehanges in RCec of a given ~peciee. 

The RC~C value s for d ifferant specie. wera not iced to deeRese with 

derth. But the rate of dec:ntBSe was more with specl~s whose RCEC wes 

_rked.ly high. High RC;;C of """'lOlita and Siris may cause greater 

uptake of polyvalent cations 1.a. ea end Mg relative to the monovalents 

(Ne sncl K). Dioots with higher RCgC ,.slues have been "",ortad to talte 

up polyvalent "ations IROre efficiently than the mcnccots. which as s 

group have roots with low CSC·vslues (Heintze. 1961). Should an 

essential polyvalent cation lilt .. Ca in .odic soil be in "ritically 

short surrly, st"·.ecies with bigmr RCEC values would be more octap!'tltive 

than with 10\<1 RC!:!X: v~lues (Bear .. 1964). nacre8s~ in RC:X vf sp8c1aa 

with depth may be ascribed to the effeet of soil "mriron_nt. The 

ac>:c is reporte<'! to c:orrelate with tho ,,_sition of the sllite of 

catiens tal<en "1' by acme species (Heintze. 19611 Bear. 1964). It', is 

""",ludsd th,t high ace<: may hall' a sp!>c1es in 8edio solls to avoid 

ese1m.11aUon of Na or as~ill!lt in greater absOCl'J't1on of polyvalent c aUons 

lilt .. Cs and Mg. the absorpt1cn of wh:lch counters tho de1:3r1mentsl 

effects of He in the metabolism, if any_ 
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Sir&! Less than 2· 36.4 32.B 30d 26.1 3101 
2_ 5- :11·5 20.4 lB.1 16.3 19.2 

5- 10 13.2 14.2 12.3 10.2 12.5 
10- 20 8.8 9.1 8.2 6.6 8.3 
20_ 40 5.9 4.8 3.6 3.5 4.5 

more ttlan 40 3.6 3.5 3.B 3.B 3." 
Ma .... 14.9 14.2 12.8 11.2 1303 - Less - than 2 11.2 14.8 14.2 12.2 14.4 

2_ 5 14.6 12.1 11.9 10.8 12.5 
S- 10 9.3 8.2 1.1 1." 8.2 

10- 20 5.S 4.4 3.B 3.2 4.2 
20- 40 2.8 2.6 3.3 3.4 3.0 

MeOlD- 9." 8.5 8.2 1.5 8.5 

Shin.. Le •• than 2 32.3 31.3 30.4 2'.1 30.3 
2_ 5 2B.4 26.3 24.1 22.8 25.6 

~- Ie 2~.6 20.8 20.2 18.' 20.' 
10- 20 15.1 13.9 12.2 10.9 13.2 
20- 40 10.8 9.2 .,.7 6.5 8.1 

.... an 22.0 20.4 19.7 17.1 19.' 

Masquita Les~ than 2 38d 3'.2 32.' 30.8 34.5 
2- 5 34.3 32.1 30.B 29.2 31.8 
s- 10 26.5 22.9 21·1 20.4 22.7 

10- 20 14.3 12.6 10.1 11.2 10 • ., 

20- 40 8.2 ".2 6.8 7.B 7.5 
JIore ttlan 40 5.7 4.B 5.2 5.0 5.2 

Ma_ 21.2 19.4 11.9 17.4 19.0 
J_oa Less theA 2 14.8 13.3 14.5 13.6 14·1 

2- 5 11·3 10.B 11.2 10.8 11.0 
s- 10 9.4 8.3 8.8 B.O 8.' 

10- 20 5.2 4.9 5.0 4.6 4.9 
20- 40 3.0 3.2 2.8 2.6 2.9 

Maan 8.7 8.1 B.5 7.9 B.3 
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(d) Laysr_beRoot Distribution of TAe apeeiee. 

(1) §irb. Data (Table 88) show that root ..,.ste. of Sirb was aoR 

well. develop"d 1n shell"" than in d_p postholes. Total root bioaass 
• 

in each lay"!:" was s1Qn1f1e .... tly mo .. in the shallow 1:rJ>e. The CQIlC8D-

tration of 1 erg-a roots accounted for more than 96 per can't of "the t.ot.al 

blc:ae.~t". But in deep postholes" asount of laroa ,as vall as fine roots 

was r.datively less though these peaetrated the profile depth sa in 

case of shallow postholes (Plate 8.). Maximum root dianater showed a 

dacr~ase with root panetr~tion but it was significantly more of Sirie 

plant" grcw1n9 in shallow postholes. Biomass of fine ae .. ell as la_ 

root;:; was high in the surface layer and it showen a decres!':>? with depth. 

The charl'Cterlstlc featu:re of the root :::y'8te1ft of Slrls was nronOUftCed 

growth cf relatiyely large<! sized: roots .in shallow T"Ostholes. There 

vaS profuse ncdulst1aa of Siria roots in the UT">"rer (0_'30 em) layers. 

(11) Mesquite. This species "eve loped extensive root system (Tabla 88). 

Mesquite "reduced dgnificantly higher root biomass in deep th ... in 

shallow :,-c~thclas,. h~r. root l'enat:ration der-th in: bnt:h ~8 1188 

almost the Sf'me. The 8IDcunt of fine roc:t biomass va!! f'lartlculE"rly h19b 

in ... .,quite. It .. ae mo .. 1n deep poethol .. e. '1'1\18 indiCates that 

perforation of the so11 during digging .. e! refilling of the poathol .. . 

with ..... Uoreted sodie soil f"""..red the growth of Une roota. A .. o .... t 

of large roots in the surf ace I eyer .. ,'" IIIOre than in S iri.. But in 

soil layars betw ...... 16-75 em it .. ,,8 constderebly lees than Stris in 

Shallow postholes. Despite Mesquite be1n9 a leg .... inucus tree, nodulation 

was not observed in -r of the soil layers" AMount of fine as wall as 

la%'ga roots deeR.sed with depth down tlO 135-150 ca depth. Beyond this 

derth. root~ were noted to proliferate away from the base of ,.-.lant. 

'1111s may be due 1D congenial .... 11 conditions for root gJ:<)wth. Roots of 
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Table 88. LlQ'er_wU- root bicaa •• (1/) ,Uetribution of Mesquite aad 

S1rb pl __ in lIhall_ aad a_p posthol ••• 

So11 
SballOW Deep ..... ihlliiov ~ Mllall 

Siri.a 
0_ IS 15.20 22.58 18.89 952.3 183., 567.7 967.5 

16- 30 19.85 8.70 14.27 967.3 84.4 525.9 987.3 

31- 45 11.10 4.79 7.96 336.6 26.3 181.4 346.4 
46- 60 8.06 5.66 6.84· 239.1 16.8 128.0 247.1 

61- 75 4.07 
76- 90 2.72 

!It-l05 2.10 

106-120 1.76 
121_135 1.83 

136-150 1.82 

151-165 1.38 

166-180 1.25 

181-195 0.62 

196-210 0.45 

4.20 'U4 
4.11 3:'41 
3.83 2.1)6 

2.44 2.10 

1083 1.83 
0.89 1.36 

0.61 1.00 

0.47 0.86 
0.29 0.43 

0.28 0.36 

50.9 
25.0 

16.1 

10.1 
8.3 

7.8 
5.2 

4.1 
2.3 

1.1 

4.8 

3.7 

3.6 

2.2 
3.2 

1.1 
0.6 

0.1 

"'aquite 

0- 15 108.80 275.97 192.39 485.2 1000.7 

16- 30 85.31 202.91 144.11 348.6 574.2 

31-45 70.28 153.11 111.70 7102 107.4 

46- 60 61.87 138.66 100.25 

11- 75 16.12 110.68 13.65 

76- 90 

91-105 
106-120 

121-135 

136-150 

151-16S 
166-180 

181-195 

196-210 
211-225 

,.0.,6 91'18 51.07 
5.50 58.80 32.15 

4.97 49.72 27.34 

4.83 41.63 23.23 

6.59 35.91 21.25 
8.36 35.65 22.00 

9.85 
10.27 

8.59 
4.80 

23.18 
13.S7 

8.41 
4.01 

16.52 
12.07 

8.50 
4.43 

11.8 93.0 
3208 53.7 

23.5 

2109 

19.8 

1'7.1 
24.1 

lS.2 
34.3 
33.0 

20.2 

10.3 

4108 

33.1 

31.8 
30.2 

35.'7 
30.3 

21.7 

18.0 

15.4 
11.0 

31.0 

16.1 
10.7 

6.9 
6.0 

5.0 
4.2 

2.6 

1.4 

0.8 

743.0 

461.4 

89.3 
'77.4 

43.2 

32.'7 

2'7.5 

25.8 
23.7 

29.9 
24.2 

28.0 
25.5 

17.7 
10.6 

55.0 
27.7 

18.7 

11.8 

10.1 
10.3 
8.2 

5.3 
2.9 

1.5 

596.0 

434.0 

141.5 

123.6 
49.4 

34.5 

27.4 

24.'7 
22.0 

31.0 
37.6 

44.2 
43.2 

28.'7 

15.1 

203.4 585.5 

93.1 540.2 

31.1 188.'7 
22.5 134.8 
15.3 35.2 

11.3 19.5 
8.6 11.1 

6.2 9.0 

5.5 7.8 

3.3 608 

2.6 5.4 

1.5 3.4 

0.9 1.9 

0.9 1.2 

1274., 934.2 

'778.3 606.1 
270.2 205.8 

230.7 1'77.1 

164.4 106.9 

133.0 

'1·9 
81.5 
76.9 
66.0 

64.9 

'4.9 

3109 

23.e 
lS.0 

8:1 •• 

59.1 

53.1 
49.4 
48.5 

51.2 

44.S 
37.S 

26.3 
15.0 



Plate 8 

}, ...,i£!!!. (720 dey. old) plant in shellow posthole with stout 
devcil:'Of'nent of root system anel shoot. 

A alosa up of the root systam of 720 days old Siris 
in a shallow :posthole~ 
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Table 89. Layer_i .. root biCllass (9) d18uibut1on of :Shiell ... 
and " ... 0& planted in shallow and deep _thol ••• 

!!!!! 

;M! 

:shim!!! 
0_ 15 5.51 12.27 8.89 40.7 67.6 54 .1 46.1 19.8 63.0 

16- 30 5.U' 8.66 1.06 19.9 21.4 23.6 25.3 36.2 30.1 

31- 45 5.93 6.43 6.18 10.8 12.9 11.9 16.7 19.3 18.0 
46- 60 4.93 5.82 5.37 1.8 8.0 1.9 12.1 1).8 13.) 

61-75 4.53 5.35 4.94 4.1 4.8 4.4 e.6 10.1 9.4 
76- 90 ).54 4.33 '.93 6.0 7.6 6.8 6.0 7.6 6.8 
91-105 3098 3.98 2.3 2.3 - 6.3 3.2 

106-120 3.24 3.24 - 1.2 1.2 4.4 2.2 

121-135 2.21 2.27 008 0.8 3.1 3.1 

136-150 - 1.86 1·86 0.4 0.4 - 2.3 2.3 

~ 
0- 15 3.66 2.96 3.31 82.3 43.1 62.'7 86.0 '6.1 66.0 

16- 30 6.22 3.60 4.91 89.5 13.8 5106 95.7 11.4 56 •• 

31- 45 3.84 2.49 3016 45.4 9.7 21.5 49.2 12.2 30.1 

46- 60 2.87 1.56 2.21 39.2 3.9 21.6 42.2 5.5 23.8 

61- 15 2.30 1.03 1.61 26.6 2.8 14.'7 28.9 3.8 16.3 

76- 90 1·65 0.19 1.22 18.6 1.6 10.0 20.2 2.4 11.3 

91-105 1.13 0.55 0.84 13.0 1.0 1.0 14·1 105 7.8 

106-120 0.76 0.32 0.54 7.6 0.5 4.0 8.3 0.8 4.6 

,,-~ 

0- 15 13.24 5.54 9.39 22.3 22.9 22.6 35.6 28.5 32.0 

16- 30 11.54 5.31 8.43 )9., 11.0 18.4 31.4 22.3 26.9 

31- 45 9.71 4.19 6.95 17.1 15.4 16.3 26.8 19.6 23.2 

46-60 8.71 4.17 6.44 14.9 8.8 11·9 23.6 13.1 18.4 

61- 75 5.26 3.27 4021 4.3 4.5 4.4 9.5 7.8 8.7 

76- 90 2.39 1.21 1.8 0.9 4.2 4.2 

91-105 2.13 1.08 - 106 1.6 3.7 3.7 

106-120 1.96 1000 1.0 1.0 - 2.9 2.9 

121-135 1071 1.11 - 1·0 1·0 - 2.7 2.7 

136-150 1.03 1.03 - 0.9 0.9 - 1.9 1.9 

151-165_ "0.62 0.62 - 0.9 0., - 1.5 .... 



Plate 9 

A no days old Mesquite plant with 
premis in~" growth of root and shoot: in 
a de~r ;. ,-",thole. 

A close uo of the extensively developed 
root system of a 720 "~ay:s old Mesquite 
plant in a deep posthole. 
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Mesquite wer" derk brown 1n colour as coopored to pale white of Siri". 

'rhese wer:.) extensively branched and bearad proEuse qrcwth of fine root 

hairs on fine root:::. Maximum root n!ameter was mote 1n dee." postholes 

than the shallow ones and it decreased wi th depth In both the Cases. 

Plata 9 f>hows sxt-2!:nsive growth of Mesquite roots in s011 layers whose 

~SP i.-Ja!C more than 90. This proves j,ts high tolerance to highly sodie 

soil c,-,ud i tiona. 

(iii)~' Rcot growt'.h as ma&su.r.~d by rroOucticn of bicmasf't 01'" fine 

and li'"·rr,-,:::~ rocts of ~ showe~ (Table 89) tbrt th~ amount 0"; fine roots 

in both tyr.es of postholes was about same. But In shellow ~s~oles. 

biomas~ in 12rge rocts end, in tum, totC'll roct biomass wa~ signli=icantly 

more thC'n in the deep postholes. Roots were dark colcuret=! 1n both tyres 

of thr,;o r'csthclGH" and were brittle in nature in aOmJ'0riscn to tho!e d 

Mesquit~. 

(lY) ShjsherH 6Jl0 .)~mcal Root. systems of Efhishem ao1 Jemoe were 

observed po'rly developed (Plate 10). 8iomas, of their fine and 

large roct~ in th,a rrcf1le was almcst equal in different layers. 

Shisbar .• ro<;te were found profusely no/!ulated ew1ng to it, obil1ty to· 

fix atmosr/l"ric d1nltrogen 1n symbiosis with Rhizoblum species. 

4.6 T-bysJ.cc.Chemlcal Fxtcrs Influencing Mechanical Impedance in a 
~ignly Sod1c S011 profile. 

Introdu.::!ticnl Mechanical jmpedance (MI) er compactness has been 

ranort.=d (Barley and Greacen, 1967) to have w1daf,~"read in;7l uen':-e on 

ro::-t Qrcwth and f1eftetrBtion. It WtiS BU99"",gter=J by Taylor et al. (966) 

th -:t sci} strength should be recognised and eva} Ull"ed in most f!Xf')erinentg 

d,~sl1nt' with the plmlt-soll interactions. This is because some workers 

ccncludoil th",t 8011 stIength ann nct the bdk dendty (Db) was the 

critical .Erctor in controlling root penetration. 'nle r~.nge of HI wh.tc:h 
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stopped root growth waS reported (Barley and Greacen,. 1967, Gre'acen 

at <1., 1966) at 0.8 - 5.0 MPa. The .mode of measurement probably 

ioElu::nc'-~d the difference. The factors which influence rasistmce 

of scil to metal -penetrorn<>ters are so11 bulk delll!llty. moist4re content, 

texttJr'~" cr(snic. matt'lr contents and the managt!nent Drsct1ces. Studies 

were ".rried out to identify end model th~ role of some of the~e factors 

Ul a highly sodic soil undp.r _rerl .. ,nts on tree sPecies. 

Me thcdolocy , A sti;tic tiT' ~net.roneter wpS first used tc qU8ntlfy the 

HI of highly sc~ic scil. But in view of its inconsistency and roor 

repeat"lbjlit~T under relatively dry c{'nd1t1one of the soil prof1le, an 

impact renetro"eter was fabricated. Details regarding it.s fabr1caticn, 

use to .... asure 1'1 end cnlculation of energy in Kilojoule" (Ll) are 

given in Chepter-llI. To evaluate the influence of moisture C!ootent 

on HI, mechanical impedance of e""h l"l"er of the 80il uroUle was 

RBcsuren at five different moisture eont~nts for comnuting the 

rel2;ticn!"hi!",~ betwean t::he two... 'l'he MI was calculated in S1 1JDJt., 1.s. 
ICJ. 

Result8 and Discuslion' "nle equational models which explain the 

influence of soil moisture on HI show .. high deg=~ of reciprocal 

reLtieR .... i!" bebe"n them in different layers of a h1qhly sodie soil 

prof:; 1 e (Table 90). "'J1th an increase in moisture content of the ~,cllf' 

there cccurs 8. decreCli~ in. Mi. But with a given incres.'e in mcisture 

content of the 6011, the decrease in MI varies grectly among diffentDt 

layers of the ,refUe. A fell in MI with a giv:3n increase in MOisture 

content cf ttH ecil (Fig.32) waS oheerve" markedly qreater for sil ty 

loam (0-90 cd en" 1o"," (91-150 em) layers than those of the losmy 

sand (1!,1-210 c' in the 0011 "rofih .. D"ts also shew th t with 

decxeasiilg mcistu= content c· different Boil layers, coeffJc1ent of 

Tar1 tJcn shc,,::,>(j a. general. inereese. This .as so mere Incese of 



Table to. Reletton.hiT" of the mechentcal 1m!>e"""ce (JCJ) with mohture content (,,/,,) !n 
dUferent }eyers of a hi\lhly .od!c 80il. 

Depth 
(em) 

0_ 15 HI • 1886-46.5 M .11 52 0.95··* 8 5 
16- 30 MI • 2532_62.4 H oil 52 0.96·*· 10 8 
31- 45 MI • 2676_65.6 M 511 48 0.96*'-' 14 8 
46- 60 MI .. 2S76~60.7 M eU 52 0.95··· 13 10 
61- 75 HI • 2708-59.8 M eU 44 0.94*· 12 9 
71- 90 HI • 2694-58.2 M dl 40 0.95··· 18 10 
91-105 HI • 2646-60.7 H 1 40 0.92**· 31 21 

106-120 HI • 2676.58.2 M 1 40 0.89 .. •• 41 22 
121~115 HI • 2574-55.5 H I 36 0.90·*. 40 23 
136-150 HI • 2232_52.6 H 1 32 0.8S .. •• 20 18 
151-165 MI • 1574-36.4 M Is 32 0.g7**. 11 7 
166-180 HI _ 1195-27.8 M la 26 0.97· •• 10 8 
181-195 MI • 1082.26.2 M Is 26 0.97*** 8 II 
196-210 HI • 1136-29.5 H ls 22 0.97**- 9 7 

HI and H stands fcr mechantcal impe<lance IIld rsr cent RI01stur., content "ft ""lu .... bash, 
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rel~tivel y be i:.vy textured horlzcna: of the soil t'lro£11e. values of 

coefficient cf v.:.:ri tion for layers between 91-150 em, a zone of 

solid ~ranul:~c of c~·le1um c;rnonate accumulation. indicAted It wide 

vRrl"ticn ~'rC'hAh]y due to I1mitati'bl of the use cf renetrometer for 

me;:'lsuring foil. f>ur1ng neasuremente, it waS observer'l tho?lt by cht'!nce or 

otherwise pl.;-cerrellt of the penettcneter tiT' en solid Qrenules qreatly 

enhanced th~ tt.l. The re{'ults, thus, cle8rly show that MI inerea?es 

with the prof He <'lepth. But it var:l.ed little bew,,'n 16-150 em depth 

of the soil profile. Although Ml shower} a line<,r decr:ear:e with lo::zea~ 

mci~;tur.:i! ccntent of the soil but in practice high sodiC'ity of the SUrfacE 

soil C;1l,ld. calcic horizon between 91-150 em Cleuth of the rrofile do not 

let th;;- <.;ivel~ zone of high MI have adequate moisture thet lessen the 

Boil str~ngth. 'rhis 111a.r be the possible season for rapid root growti'l 

of s'~erol tree species when J"llanted in deep postholes. A few trees 

were else found capable of growinq root:o- across this zone at their own. 

This cle2rly pinpoints the necessitY of evaluating tree species for 

their tcler~nce to the HI of a highly sodic soil. JI'lesquite, Slrla, 

!!!!!!.,. Casuarina and Bebul were observed to show their cAPability in 

dcing St. 

'l'r"Z,>s3 Linn jngf:,. thus, show that to modify HI of the soil for 

favcurabl~ root grovdh, irrigation is an imrortant rractice. Thus, 

irrigt:ticn 1n initial stages of T'lantlng tree species in F.I highly sodlc 

soil m~y serv-.a <",5 an imretus to grow en extensive root system tl1at will 

aid th~ir establ ishmant by increasing tolerance due to growth and 

utilizing & li'"rger volume of the soil for absoq-t.ion of water and 

essential rlant nutrients. The reclprccal relatlonshir of soil moisture 

anrJ HI is rororted (Barley BIle'! Greacen. 1967) to be a universal. But 

HI of a highly sod1c soil was found mucb higher than valu~s reported by 

Gr,,,C3,. at ,I. (1968) at which root growth stopped. Thi" implies thEt 

HI 15 a major factor thr,t check root growth. and in tum the ehoot 
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growth of rlant.s. /1'cr favourable growth" HI needs modlf1cetlcll 

through tille<)<> or irrigaticn or ad~ition of erganic .... tter te the 

root zone. Factors 

Factors Affecting Mechanical Impedancel 

'fe identify feeters that affect soil strength irrespect of 

diffBr311t l~yers of the so11 profile" linear relatlonships of MI with 

clay, clay "Ius silt (finer fractions of the soil), Db. conoretions 

(par cent, w/w), pH. and ESP were worked cut. 'l'he HI was ob8erved 

clos~ly related to the changes in finer fraCtions of the soil. :Its 

rel,ticnshil" with rer cent clay waS highly significant (R2 _ 0.8S") 

and it shewed (Fig. 33) further 1Inprovement with clay+s11t. This m"Y 

be res!,onsible ::or e considerable increE<se in MI. of the soil layers 

between 16-90 em d.epth of the profile. As clay N!rtlcles are negatively 

charge" and a maj or fraeticn of charge occupied by sod ium ions. their 

dist:Jersicn and tr~nsloca-tion to may also rosul t in an 1nerease 

in eomp;etness. D1sr:-ersicn ratio of tb-."! solI rrofl1e w?os also found 

highly r'.l"t"d (r _ 0,91**) tc the soil strength (M:I). 

The rel"t1onship CO soil Db with MI (Fig. 34) wa" also 

signlf'1cant (R2 _ 0.73**) although at ral;,tlv·3'ly low ValueR. there was 

a considerably var1.t:·t1on in MI of tb.e soil. This may due to 12rqG: 

v;>ri·-ticns ::In Ml due to other factors i.e. clay, silt. ESP, void ratio 

etc, 
2 . 

:;)uch e verl~tion in HI led to a t"cor relaticnshlp (R • 0.11) 

of c~.~reticns per cent (w/w) with MI though tha zon';3 of concretion 

accumul,ticn in the profile was actually observed exh1b1tlllQ a high 

mechan1ccl impedance (Table 90, P::J(l. 32). Thi~ weS 50 nue to an 

equiv21,~!t'lt Ml of soU l;yers containing less ~oneretlons between 0 ... 90 
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91-150 em depth. "hen Ml values only for !11-150 em denth _no 

inclu(hd, the reLtionsh1p turned out. to be highly significant 

2 
(R - 0.90 H ). This sh"". th •. t in addition to clay, sUt and Db, 
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ccncreti.: .. -tls 8(lded to tlle HI of the 5011. 'lhesa concretions are chiefly 

com-'os,,,,o of calcium camooate. Their d.issolution yields calcium 

e,.rb::'ilei:E: which c',;!nlentts the soil pertlcles to effect greater eoJftrJ,-ct.-

• 
nes,!';. t)'Jring excavation in root studies, it was eX1"I8rienced th at 

uni£onn (listrJbuticn of fine qranules of calcIum cC'lrbcneta in the 

C"dYC'"""K dt-:-r.d-ar tFr~ ~ ~r"C-:.t<r<rLC" ~ ~fci""8'"Ctm.r" Cf7 iV~ frfat d'fStT 

irregul ,,-rly sp~~ad 1 erg"! sized concretions. 

of disrer~icn in ceusing conr-C!Ctne~s. It may, ttlus, be rresuned th~t 

in additi.:::n to imY"crtant r-hy!;ical factors i.e. texture, moisture 

content,. 01:">, ccncr)ti :ns, dlspersicn of the seil due to high f:odleity 

or alkalln0!5s also C'cntrlb"ted to the high HI of a Bodie soil. The 

eff3ct cf high ssr or rt\ may be indirect thro'Jgh their influ"IlCe on 

seil_water. r~l<o,ticnships of the sc11. Experimntal data, t:herefore, 

show thct cley"texture" soil Db" concreti ns" pH and ~SP are the 

impcrtaut .,'hysicc-chemical factors which affected MI in a highly sodie 

8cll. Thef'e results corrcbdr8te the findings reported in 8 raview 

by Bew'" (1981). 
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SUMMARY 

Considering a total l""k of BYstematie exper1lllental 

evidences which e a .... vere restriction for suooessful raising 

of plantations on Bodie soils and unequlvooel emphasis of the 

Government of :India to devise progr_s for afforestation of waste 

lAnds especially the s~lt effected soils in the country, this 

investigation waS carried out to eVCl~u8te selected tree st)eCies for 

thair tolerance to sodieity end meoh.nical impedance in a highly 

sodic soU with part:lt:ular reference to root growth behaviour. Six 

f1eld triols ...... conducted on " highly sodie experimental farlll of 
• 

Central 5011 Salinity Rese .. "",h :Institute near village Gudha Of Kamal 

distriet of Haryana. High sol1 sodieity hazard of the experimental 

site classified as aquie Natrustalfs is " representative of the 

sizeable chunk of sodie soils occurring in the Inno-Gengetic plains 

of Hery.na, punjab, Uttar Pradesh, albar, Madhya Pradesh and 

R?ja~then. Tbe pertiMnt f1Dd1ngs are sutllnarized below experiJaent 

wise. 

S.l Analysis of Soil Profile for the IdentifiCation and Intensity 
of Constraints for Growth of Trees in a Highly Sod1c Soil 

Menegament of sadic soils for afforestation because of deep 

rooted system of tree Sl"'Cie8 requires _l1oration of the root 

zone to deeper depths of the soil profile. The sol1 profUe (0-240 

em) analyses of a highl'''' sodic soU was conducted to quantify and 

identify salient physico-chemical constraints which may impair 

growth of different tree species in such sol1s. 

A. physical Propertiesl Texture of tile so11 for ell layers of 15 em 

oach between 0-90 cm. 91-150 cm end 151_240 CM vas found to be sUty 
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10 ... lOi. and loolllllY sand. respectlwly. Clay cmtent waB lee. 

in the surf"c" 15 em layer but it increased gradually with depth 

dc.wn to 60 em,. It variad between 20.3 and 32.3 9 1009-1 soil in 

'1;1-]20 em and then declined to very between 10.2 and 13.8 9 100V-1 

sc il omong various layers between lS1-and 240 em. Amount of 811 t 

111 the surface layers was slightly le5s than in the 16-45 em layers. 

It also showed a decrease with depth but vpried less between 121 and 

240 em of the profile. Sand fraction in the Slrf""" 15 em l,.yer end 

between 121 and 135 em depth was ebout same. Howe'Y'&r, its amount 

"as cOlsiderably more in the layers between 151 and 240 em. 

water retention at 0.03 MPa (field capacity) and 1.5 M1>e 

(permanent wlltinV point) wes observeil "loasly essoci"ted with the 

t'3xturei c!ass, IIIOre for layers of silty loam (0-90 cm), followed 

by leam (91-150 cm) end loamy sand (151_240 em) portions of the 

profile. The o.qranlc Jll8tter content: of. the solI waS very low and 

its amount 1ndZ:ated a regular decrease with profile depth. AYttrage 

.... ount of concretions (g 100g-1 soil) wes less then unity in layers 

between 0-45 em but increased to 1.30, 4.80, e.28 and 10.64 in 46-60, 

61-75, 76-90 and 91-105 em layers respectively. Between 106-150 aa, 

concretions wera mora with a content of 24.23 q 1009-1e011. aut 

beycnd 150 am depth, each succeeding layer exhibited a deere._ in 

its conlBnt. Soil bulk density (Db) varied between 1.70-1.85 9 a .. - 3 

th~OU9hout the 8011 "rofile. Rel~t1ye values of Db weA relatively 

high for sol1 l",ers between 16-120 am than the BUrf""" 15 em and 

horizon" beyond 120 em depth. Similar trend was observed when 8011 
I 

maSS (.:1Ag.1Jld inC; concretions) was taken BS sueh but then Db va lues 

we"a a little high. The pertiole ilens ity (V cm-3 ) of flifferent 



profile layers ranged between 2.54_2.76 for the soil, 2.82-2.98 

(or the concret1cns end 2.62-2.94 for the soil plus concretions. 

B. Chemieal Properties. H1gh pH of the soil throughout the 

profile showed that the exper1menteJ area was extremely alkali. 

SolI pH was the highest. in the surface layer and decreased with 

oepth. Soluble salt.s were also more in the surface layer and 

necreased with depth. EC of all the soil lay .. r. below 90 em depth 
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of the rrcf:1.le was cOIRperati'ftly low and" thus. were relatively 

non-saline. AmalQ the four principal cations (Na·. K+" ea ++ and Mg++) " 

cQftC'.!ntratlon of sodium in the saturation extract of soil axb1blted 

its predominance. Its concentration was maxiarum in surface (0-15 em) 

so11 and decreased regularly with dapth of 150 em. But its eMt:ant 

weB almost:. COn!'tant for soll layers between 151-240 em. pot8esiua 

indieatsd les .. medl:ed variation in the profile, however, its relative 

concentration was higher in layers between 0-135 em than in 136-240 

em depth of the profile. Concentration of both calcium end magne.iwa 

was very low and lese: than unity for layers down to lOS cal.. ConceD-

trations of both were observed increasing with depth but their 

relative concentrations ware wry low despite the large quantities 

cf calcium carbonate content of the 11011. The average caCO] eontent 

of the soil ranged 1.18-3.26 9 10eg-l so11 for l",ers between 0 and 

60 cm. Hut the middle !'Ortion (91-165 em) of the profile indicated 

its accumulation between 5.26-15.62 9 1009-1 soil. The content of 

CaC03 equivalent was mensae<! 8'PJ"lX'ec1ebly .. inclusion of concretions 

in the scil "nd its distribution within profile mowed dapenne"" .. on 

the amount of concentrations in different layers of the prof 11 •• 



I\IIIOng the anions, eamonate and b1camonate were predOlftinant 

pert1culerly in the surface layer. The 1r amount decreased with 

depth down to 180 em. But ver1ation between 181 em 240 "'" was not 

notable. Concentrations of chloride and sulphate were relatively 

lOW' an~ declined with proflle depth. Their accumulation waS also 

maximum in the top layer (0-15 em). The <=~c of d1fferent layers 

veried between 7.00-12.68 ... 100g-1 soil. It WaS releti"..ly h1gher 

for horizon between 16-135 em depth than for lower layers and "ttl. 

surfsce one. Sodium WaS determineo to be a predominant cellon on 

the exchange oomplex and its content ranged from 4.36 to 11.94 .. 

23 

10C 9-1 so11 for the different layers. lil:II:changeable sodium also showed 

a dscL'8ase with depth. But exchangeable calelum and magnealu. 

inil jc"ted an increase with depth although their relcUve amount .as 
low in all of the 16 layer". Amount of K on the exchange complex 

rarged from 0.22-0.99 _ 1009-1 soil but it followed no particular 

trend lilt .. other catiens. Computed ESP, ESR and 8ARe of the so11 

profile also decresmd with depth. llSP exhibited geed correlation 

with p!il.2' pile, Esa and SSP than with SARe. SARe also showed 

comparatively weaker relationship with pH112 - pHe ~ ESR. 

Available N of the soil profile waS low as a whole. Its aont.ent 

wac: mc«imum (25.2 JI'IQ kq-l) in the surface s011 ?nd deezeased with 

d .. "th. Available P in the surface l"'ler wa" h1gh (37.4 mq 1l0-1) but 

it 0eCIeased to 23.0. 16.2. 9.6. 8.6. 6.2 and 5.2 mg kg-~ sc1l in 

the deener layers in descending order. Its content showed further 

decUne beyond 105 am and all of these layers were poor in available 

P. Amount of available K, though deereased with depth, its overall 

content in 0~120 em of profile waS h1gh and mediUlll in rest of the 

profile. Available contents of Fe. Mn and Cu were high. 'their 

e.ceumulation waS also maximum in the surface layer a!ld it declined. 



with profile depth. Depth wi .... distribution of available Zn 

waS similar to other m1eronutrients but its average amount WaS 

low throughout the 8011 prnUle. 

5.2 Evaluation of Selected Site P""'par"tion '1'echniques on the 
Performance of eucalyptus teret1eornis Sm. and 
nilotiC" (L.) Willd. ex. Del. In .. Highly Sc,djc-SO 
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TO aehieve s.tisfeetoty perform""ce of a tree species planted 

in a highly inhospitable sedic soil, planting techniques suited for 

nQrmal solls require an appr'OJ'rlate modification. In view of e fev 

intrinsiC bottlenecks of reeantly suggested technique i.e. pit 

planting. thl$ experiment waS carried out to bring a refinement in 

the "lanting technique. The hyopthesis of l'roposed technique wa" 

that in tree rlants, manage_nt of the IIlOt zone by modifying the 

sodic 50j1 environment with limited amount of aaendments 1n the 

profile to a deeper depth hae a vital role in their sQCcessful 

A. Per Cent Su.rv1val end Growt:h. Survival of both ACacia and 

d;ucaly"tus planted in postholes of considerably limited width 

(10-15 em) but greater depth (120-180 cm) and l'its of 1,,<9" volu_ 

(90 em each in die. and depth) was noted to be cent per cent dur1nV 

72 months of initial grnwth period. Effect of postholes refilled 

witb limited -.>unts of gypsum (3 kg) and FrM (4_12 kV) mixed sodiC 

scll and pit uSing cCllllperati"ly more gypsum (12 kg) and FYM (24 kg) 

did not reflect signifiCant differences on "er1ndiCally reeo¢ad 

growth of t.I'e two species. Perlo~le h'3:ight. DSH and DBH. thus, did 

rail to exhibit Significant differences.owing to posthole and pit 

planting techniques. Among l'ostholes of different dimensions, 

d1ameter of postholes vas Db_ned h6Ylng no be~rlng on the growth 
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whereas their dep'tb to 180 Cia effected a clear edge over that of 

120 em at 801M stages of growth part1cularly in Eucalyptus. 

Response of ACacia to diffemnt !>osthole t¥Pes was indlffazent. 

It~ growth in pits had an edge O'fttr the poetholes. It was prcwed 

that use of lim1ted _aunt of ..... ,ndments in B lim1terl volume (w1th 

greater profile depth end narrow diameter of planting pit 1.e. 

po"thcle) h,s " vital role 1n establ1shm<lllt of "lantations of 

select'~d t:ree species in highly f:10d1c s011s. 

B. Biomass Pr04uction on Lppping ACacia trees. Woody IIlBtter and 

fol1ag~ yields ,,",suIted from lopping of Acacia after 16 and 42 """,th. 

of plmting did not vary marltedly due to different planting techniques. 

However, yields obtained were the highest in TS' Total yield of oven 

dry foliage and billets from both the loppings ranged 1921-2628 and 

5306-7616 kg he-1 respectively. Different site prenaration teehnique. 

~ffected no slqnif !tHllt change in the concentration of He. k, Ca. Mo. 

il, P, s, Fe,. MD, 2.D and Cu in both of the components of biomass. 

'1'he1r relat1ve eecullllllation was Il10,,", in foliage lopped after 16 than 

42 months of planting. The .... an total removal of Na (241 mol ha- l ) 

through the lappa" biomass waS less than thet of K (1827 mol he-1) , 

Ce (t618 .oJ. he-1) and lIg (781 mol ha-1,. A!nOunta of given e}e ..... te 

Amoved were greeter with lo1Olll8s8 lopped after 42 toban 16 IOOllths 

growth stege and were more in treetmltnts which yielded higher biomass. 

woody matter though shawe<l 1"" accumulation of the .... ld nutrient 

"'J}ements but their removal occurred more through this component of 

biomass. 

C. Firewood Value of ACacia and Eucalyptus Billets. The firewood 

value of ACacia was detamined to be more than that of Eucalyptu8 

by 200-300 KCal kll-1 Of dry wood. Heat value of both the species 



showed improve_nt with inc~aBing thickness of the billets. 

An increasing mo!stunt content of dtff .. mntly thick branches 
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of beth the trees effect drastic reduetlO1l in their heat value. 

ThicKness c f branehes also effect their seasoning or drying pattern. 

D. Biomass Production tJnderneatb the Tree Canopies, Effect of site 

preparation tsehnlques on biomass yielded from natural growth of 

veoetation" pr,Jmarl1y eodJcity tolerant g-rassas. was not slonif1cant. 

However. cenoy"ties of ACacia and Eucalyptus influenced the yield 

significantly. 8iom ... yield was more underneath the former canopy 

'" a ~latively dry year (1982). But in 1983 and 1984 when nonoal mon­

soon rains occurred. opposite was true. Concentration of Ha. K. Ca. 

Mg. F. S" Fe, Mn" Zn and Cu of the biomass did not vary with site 

preparation techniques in 1982-1984. Their concentration Clecrel!lsed 

with 8ucce8!Oive years. Same was true for N in biomass harvested. from 

E:ucelyptus plantation but contrary waS observed in ease of Ac:8IC:!1a. 

Average :removal of these elements exhibited the role of biomass yield: 

rather than their concentration. Thus, their removal waS more in 

1982 than in 1983 and 1984. 

E. llm.licretive Effeet and Micro-Climate Modifications. Per cent 

moisture ccntent (w/w) of diff"""nt layers of 11011 profile (0-120 OWl) 

under c:ucalyptus 'Plantation was observed to be low at: all the s8lllP1ing 

stages th2D under ACacia pl51tation~ Fluctuations with seasons went 

prououn""d in 0-15. 16-30 and 33-45 em layers than rest of the 

deeper horizons and moisture cmtent of different soil lavers under 

IlCaC 1a was found higher by 2_3 per cent than under 6ucalyrtus 

plantetion. 



-Air temperatum under ACacia canopy during 8U111A1ar was 

observed lower (sheltaring eUeet) by 3_SoC and higher (blanketing 

effect) during winter by 2-4°C than the neighbouring open area. 
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IJRpact of Eucalyptus canopy on modifJeation of air temperature v •• 

less .... rlte<'!. "odifying effect of ths two canopies on soil tenoparature 

was mere at 5 than at 15 em depth. The effect was that of blanketing 

during summer and sheltering during winter months. Acacia and 

Eucalyptus plantations effected considerable amelioration of highly 

sodic 5011 with t1ma by lowering pH and. EC of the ,.,11 and increasing 

orgci11c carbon content a:t.d Wl11:er 1nfiltrntion rate. Amelioration waa 

mere in surface le;yer (0-15 cm). Acacia plentatioo resulted in 9reatar 

increase in organic carbon of the 8011 than Eucalyptus. 

Litter production of Acacia weS more than E:ucalyptus plMtatJ.on 

and was observed to incnase with grcwth years. Such an 1nc:res8e 

was not noted with Eucalyptus. Winter season (Nov. _ Feb.) aeeounted 

tor more than 40 and 50 per cent of the total litter production of 

ACacia and eucalyptus respect1valy. 

F. Nutrient~ Recycled through Litters Concentration of Ne. K. Ca. 

Ng" N, r, S. Fe. Mn. Zn and en in the litter produced by Acacia and 

Sucaly~tus durin9 different 9rowth seasons of 1982-1984 did not vary 

significantly. However. there were notable differences with the 

litter of the two species and. the amount of these elemts recycled 

through litter of the two apecies varied significantly with dUferent 

growth periods in 1981-1984. Their amounts recycled during winter 

were more for both the species end 1nereased with successive growth 

years only in ACacia. Distribution of the total amount of each 

nutrient recycled through litter produced during different 9rovth 
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pedods of 1982-1984 showed clo ...... eclation with quantity of 

litter rather than the concentration of a nutrient in the litter. 

Litter of #.esci. recycled cOI'Isjderebly greater .... ounts of II to the 

soil greatly def10ient of this nutrient arlll. important f""," bi"", ••• 

productivity purpose •• 

5.3 ~.aluat1on of the Growth R._non •• of Eucaly:tus 
Sm. and ACaCia nilotiea (L.) "illd. ex. De • to 
of Selected Posthole Filling M1xtures in a Highly Sod1o 5011 

;;:Xcessof exchangeable 118 and high pH i"",art sod 10 80ils poor 

physico_chem1oal properties whlch .. ffect ad .... rsely the growth of most 

pl81ts. In order to alleviate/overcome these problems .. the devised 

posthel .. technique Vall ts8ted with fi .... fill ing mixtures in a 1'81'11.­

c~ted randomized blocl< design with two tree species, EUCeln>tU8 and 

N:!a.C' ia. 

A. Per Cent SUr9ival and Growth. Irresl'aet of the "filling mixtures, 

per cent survival of Eucalyptus (55-60) waS less than of Acaci .. (78-

81) during 24_12 1flODths of 9rowth. However. for optimum survi"al of 

both the species u_ of araendments wae notieed to be sbeolutely 

essential. Survival of Eucalyptus inereesed when filling mixtures 

canuris1ng , I<g -gypsum in eClllbinatlon with e kg I'YM pOsthole-1 " .... 

used and was superior to gyplsum elone evan applied at h1Qher ret. 

(6 kg). But response of Acacia to use of 3 or 6 kg gypsum alone or 

3 kg gypsum and e 1<'1 Flt'M in cOllbination with sod 10 soil or .lIn! 

was indifferent. 

The heigh t .. nd girth growth data showed greater ".ole ranee of 

Acacia than of Eucalyptus to sod1oity of the soil. Height and 

girth ""spooses of Acacia _te similar for .. 1xtures eontaining 
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gypsum alone at .. rate of 3 :kg or 6 I<g or 3 I<g gyps_ am 8 :kg 

FYM mixed with sodic soil (OS) or • ...,d. But in Case of Eucalyptu., 

use of QYpSUIII alone at both the rate8 was J.nferior to its eoJIblned 

application with FYM. ReBul ts Buggest that for identifying ell'''i •• 

suited to affo ... station progr ........ on salt "ffeeted !!011s, aue 

we ightage be given to per cent eurvival· end early growth. 

E. Biomass Production on Lopping of "".",1& Trees. Canopy gE<IWth of 

Ac,Jcia excelled over EUO'alyrt.uB in a highly :!!Odic soil. Acaei. 

yi~ld9d considerable biomass on lopping of tree .. 16 and 42 months 

past rlsnting. Foliage ani! woody .... tter yields weno significantly 

high,.r for postholes refilled with B mixture of 3 I<g gypsum and 8 I<q 

2Y'H wfth C'S or 8and than gypsum alone 1rreBpeCt of its rate for 

both of the loppings. 8iomass yield resulted from first loppinq 

wu lower than tbe aecond by 3-4 ti...... Effect of filling 

mixtures on the chemic 8] CClllt>O. ition of lopped woody material was 

net noticeable. But chemiQlI ocaposlt1on of foliage harvested from 

the control (OS) differant significantly with th"t from Mixture. 

having an applle atlon of anend_nt. Concentration of all the elelMnta 

~xcept Ne was notably leSR in foliage colleoted from the second than 

fro .. the first lopping although not siqnificently for K. MIl and P. 

Mean total removal (mol hIS-1) of Ha, K, Ca and Mg throu9h lopped 

biomass was 265. 2251. 1483 and 790. '!'his mowed lass Na in the 

1'lant system Of AcaCia and its abllit:y t.o reeyela Ca, Mg and K. 

Mean tot.l .... 1IIOVal of N (2697 mol h,,-1) .... about four times mo .. 

than that of P and $. Foliag8 accounted for more than 89 per cent 

of its removal. COIIb1ned use of FYM and gypsum caused considerably 

mor~ removal of H, p. 5, Fe, Mn. Zn and Cu than uN of gypSUIIII alone 

at both the rates. 



c. BiCJfta •• Produotion trnd.emeat:h thp. '{"ref! Canopj.eosl Biofltl'F.s 

produetivitv undenweth the canepie. 01' Eucalyptus and l\c""la 

showed no effect of posthole fUling mixtu"". during 19112-1984 
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but 1 t v~ried sign1f1c antly between the two canof'ir-~. 'B1oma~PI yields 

uMerneAth Acacia. trees in all the plots were me:m than doubl~ than 

""de r the ~ucalyptu. plantation in 1982. Sut in 1983 and 1984, 

b1oma5~, yielded under Eucalyptus eanolJlY was !ligni~1centlj" mora than 

that under ACacia canopy_ TheM observations established the 

relationship of biomass productiOn of natural growth of vegetation 

uaderneatb the canop1ee of EtJealyptu9 and Acacia with the IgX'O­

climatological conditions prevailing during the nbservational years 

(1982-84). This relationship prompts to conolude that under ntlett­

vely dry conditions, Acacia would favour higher biomass Froductivity 

under 1 t8 canopy. 

Coneentrat1on of Me" K,. ca" Mg" N" p. S" Fe" Mo .. zn and Cu in 

the biomeea harvested from underneath the canopies of Acacia am 
E..,alyptus and their removal in 1982-1984 did not vary much due to 

different poI!lthole tUling mixtures. But ch ... ge. lOOre 100"" due to 

variations in the bta.u yield durinq diffeIent years rather than 

the differences in ccneentre1:ion of nutrient. elemnts in the biomass 

harvested frOID both the plantations. Concentration of He and its 

removal through biomas. yield of the undern .... th vegetation exceeded 

that of K .. Ca and Mg. But this wae not so for lopped biomass of 

"",,::la. SignlUcmtly different ohemical composition of grass oo.,r 

under """"i .. frotO its lopped biomass indicates th~t the role of 

gresses and trees are ccaplimentary rather than competitive in 

respect of their nutrition. Thus, th .. double ~torey syst>m of planta 

""'I enhaoce impro.reaent of soil phys1co-chemical properties by 

~""ater biomas. production and nutrients ""eyel ing. 



5.4 Evaluation Off~~~~~~ e9uisetlfolla L. for its Tolerenee 
ta e Highly S 

2~2 

A f jaIn 9xperiment was carried out to investigate -performance 

of ';asuarina planted through newly (Jevi~n 'l"OFothcle technique in a 

highly sodJc soil. A re"lJcated trial within the "urvhw of tando-

miz".:Xi Block D~sign inc lut'led pls.ntlng of ~ said sDecies in deep 

posthol9s (25 em dia. upta sO em depth an~ 15 em dia. fran 81-180 em 

d"rth) refilled with four Ulling mixtures (a) original sodie so11 

«)~). M
l

, (b) OS mixed with 8·kg FYM, ~. (e) os mixed with 2 kg 

<jyrsum, ~, (d) OS mixed with 2 kg gypsum and 8 kg FYM, M •• 

A. Par Cent Survival and Growth. Per cent: survivR:l at the end of 24 

mcnths was 67 per cent in control (M
l
', Mixing of J''YM imt>~d 

~urviva1 significantly but for best results ap~lieAtion of gypsum 

€Ilone cr in coMbine,tion with FYM W~8 imperative. In'fJueD:'!e of post-

hoI .. filling mixtures on the p>riodio height anrl 9irth incrementa 

0 f.lrin<' mitiEll 36 months of the growth period weB significant. Absolute 

h,':! kh t rn~ 91rth growth measur'9d as o.sH ~.nn nSH and in tum magnitude 

of h,~iI;ht: and girth increments were almost i:.~qual in M" and~. These 

'.;ere m;crl<J3'rl1y 1';;;S8 in l'i2 and M1e Heigh t and girth Qrowth occurred 

mor'~ IH sumner and lower in wintere After 36 months of planting. ".' 

~ end M2 gave height incre""" by 154, 144 anil 110 ""r eent "",er Ml 

re:"'rectlvely. Kaspectlve: per ~ent increase in D-SH 'WaS 154. 144 ant) 89 

and in UBH it was 195, 152 and 78. Per cent survival height and girth 

9rc.--wth data thus indicated that Caauarina 1s a highly tolerant and 

r:-romlsing tree species to meet requirement for afforestation of sadie 

$c1l s. 

B. Chapges in perlodJc ChemJ.cel Composition' Conc-entrat1on of He 1n 

foliage ""d wOO<'ty components was refilled by po"thole filling mixtures 

be Ing minimum in M4 • Sod lum accum.ula tlon was more 1n fo118Q'e than 



wood. But K cmtent was the highest for", or ~ and minim"," 
, 

for M
1

- 'l'bese obseryations point to antagonIstic mle of Na and K. 

In control ("1) He accumulation was 3_5 times mom than K on whole 

plant basis. This trend wall not so. with other filling mixtures. 

2~3 

1"'011age oontained more ea an<1' Mq than woody parts. Relative accumu­

lation of ea was more than Mg. At. all sel"!Cted growth stages" 1t 

was opposite of the folIage composition exCQnt in very early qrowth 

steges. 

Phosphorus concentration was minimum in M4 and the highest In Ml 

mainly due to dilution effect. Accumulation of P was only Dla1'9inally 

more ill fol!aqe than in woody branches. But S eontent of foliage was 

2_3 times more than the easuarina braB:hes and its accumulation va. 

more than P at all qrowth stages. Fillinq mixtums having gY"sUII 

caused greater accumulation of S in the plants. ThEt emcentratlon of 

H in the biomass prod..,ell by Casuarina in sodi" soUs indicate ability 

of this species to fix N even uo:ler most hostUe soil envlronnental 

"end itinns having little nathe N suggesting effecti....,ness of the role 

of actinomycetee. Franki.e. Coneentretlon of micronutrients waS 110m 

in foliage 'than woody materiel and followed the order Fe MIl zn Cu. 

Due to dilution effects. concentrations were lower in filling Mixtures 

traatDents that effected qreeter qrowth or biomass i.e. M" and "3. 

Resul ts also show that accumulaticn of mieronlltrientfl 1n the woody 

portion varied 11 ttle with different T'o<thcle filling mixtux:es. 

c. weber Relations' Water relations adjudged by RT of C8~uar1na Dlants 

in pOfStholes receiving eD apr..l1caUon of either QYPSUIR alone or gyDSUIII 

phl~ ~~Y"V indiceted very less fluctuations with time during winter end 

su~r unlike ·control (M
1

) and to some extent Hz- Plants responded 

more to watering in "1 and "2' Batter maintename of RT in ~ uJ<l ". 
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suggest that appl1cat1cn of OYPs .... favour proliferation of l'l""t 

roots in zones of easy water availability which in turn ensuze supply 

of moisture requirements of Casuarina plants. 

5.5 £vaJu?tion of Selected Tree Species f.or 'rheir Tolerance to 
Sodkity and Mechanical Impedance in a Highly Sad1c 5011. 

EstablishlMnt of tress on sadic soUs greatly depenrls upOn a 

corrf~t choice of spec ies in addition to any speelsl treat:nent for 

site preparation. This e:xperinent was cCDducted ta ~valuate tolerance 

of eight selected speoies to .. highly eodic eoU when nlantsd in 

shallow (30 em X 60 em) alii! deep (30 em X 60 em + 15 cm X 61-120 om) 

PORtholeS refilled .. i ttl a mixtute of original sadic so11, a kg FYM 

end 3 kg gyp"_. Exper1aent was replicated four tine. within the 

purv1d Of featorial Randomized Block Design. 

A.Per Cent Survival' Of the eight 'p,,,,1ee, POplar Jamt!! and Shahtoot 

mAt cocaplete mortality wheAas per een1: 8tlrvival of Shisham .. Mesqni'te,. 

S1ris. Neem and Jamoa was 100" 87,. 75. 75 and SO in shallow and 100. 87. -
62, SO and SO in d .... p t)ostholes after 540 as well as 720 days of planting 

CP.spec tively. OCCurMnoe of mortality in deeo postholt~S was of higher 

o<"'"r then in shal10w ones throughout the noted growth period of 720 days 

when surviving !!If'scies 'Were harv'3sted for estimating biomass produetion 

l\nd rcc t ~;rowth beheviour. 

B. Heioh t and C1rth Growth. During the observed growth reriod of 720 

days, maximum height growth was oceutt":!d in Mesquite (385 em) followed 

by Siri. (252 em), Shisham (131 em). ~ (124 em) and .;Jamos (84 em). 

Height growth in init1e1 stages and winter was very little_ Inerease 

in height of stria, ~ an! Sh1sham was significantly..,,,. 1n shallow 

than deel=' poethole planting_ Similar was the observation on Mesquite 



in thG early growth period but it waS ..... rse efter 360 days of 

plantim,. (;1rth growth of Me.qui te (104 111ft) a5 ... esured by OSH 

was .lso moN than Sids (74 11Ift). Shlsham (42 ..... ). ~ (54 ... ) 

and oJ ern.c~ (62 nm). HeiQh t and girth growth data:. thus,. clearly 

indicated relatively greeter tolerance of Mesquite a'ld Siriae 

Comr?rative growt:.h of Mesquite was more in deep postholes. But 

S iris an<'l Neem showed more grcwth in shallow ones despite their -
considerable mort.ality. 
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C. rr1mazy Siomass production' Mesquite yielded the high.~st amount 

Of dry matter and it was the lowest 1n the ease of wamoa_ Mrtan total 

of B Mesquite plant was 17718 9 and was several folds the per plant 

yield of stris (5577 9). !l!!2!!!. (654). Sh1sham (293 g) ani! Jea (293 9)' 

Siml1er was the crder for the aerial biomass yield. roots end the 

weody matter components of total biomass production of these speeles. 

M"squite produced Significantly higher biomass when "lsnmd in deep 

(23252 9 plant-1) than in shallOW (12183 g plant-I) rostholes. Trend 

wes ccntre',ry to Sins and not evident 1n Neem,. Jamoa and Shisham. -
!,hoot$ met ratio of Mesquite was the widest followed by Sirls and 

~ which tupify greater effiCiency of the root systems of the .. 

spocias. Fractionation of total biomass yield into different compo-

nents varied wi til species and type of postholes. On the basis of these 

resul to it may be deduc"d that Mesquite is tolerant to extxemely high 

soil sod1clty. 

o. Ch3mical COI![Osit1on of Plant Components. Accumulation of. Na .. It, 

Ca an<'l ~'9 was more in foliage followed by roots (except in Shieh",., 

.0<'1 woody material of dlff",rent sp""'l..... Foliage and roots of 

Mesquite contained high Ne. than other species. Concentration of Ha 

in foliage an<'! woody matter of Sirie was notably less but it showed 

relaUvely greater aeeumuletion in roots than Neem, Sh1shal'ft and Jamoe. -
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Kalatlve content. 0":- IC. in different CGhponents of said species 

"'as about 2-4 times higher tilan of Na. Type of posthole showed 

no influence on accumulat.ion of Nn and It in general. RelDt!".. 

conoentret1on of. /'Ig end Ce 1n dlffe ... nt eOOlt'on<>nts of g1ven species 

was cO'lsiderahly more than that cf Nfl and K. Differences in the 

concentration of N were more prmounced th a1 those of rand S due to 

tree s~ies. Rel?-tlw accumulation of P and SwaB many times le:slI 

than that of N 1n Ycriou5 plant oClRpOnents of different speeies_ 

ACcumuI"ticn of P enrl S in foliage of Mesquite weS more then Neea. 

S1ria, Shisham and Jea in descending order. But P ecntent in wooc!y 

materiel c.f Mesquite was less than in Slris, ~ end Shisham. Data 

on the concentration of Fe, Mn, Zn p.nd Cu in the three cOIRrOnent. of 

T'lants showed marked variation due to the soee1es. The difference. 

1n chslllkal composition of pl ... ts may be ascribed to (.) differential 

dilution effects resulting from diff.rant growth rates (b) ab1l1~ 

of leguminuous specie. to fix etmosMeric dinltrogen syni>iot1cally 

and (~) metabolic adjustments owing to their growth in 8 .. tre •• 

environment. 

E. "cot Studies of TAe Spec10SI Roots of Mesquite were found 

penetrated to depths OC 222 end 189 em in deep and shallow postholes. 

l<oots of Siris penetrated down to 184 em in shallow end lBB em in deep 

nostlloles. Relative root 'Penetration ot' Sh1sbam. ~ and Jamos was 

s ignlficantly Ie ..... 

Dlfferen t spec les showed .... r1tl!!d differences to "reduce fine and 

1 <"'rge roots in the two tyres of T"ostholes. Fine roots biomass of 

M"squim "as sign1f.1cantly les8 in shallow (417.6 9 plant-I) than in 

.na~r (12 4 3.8 q plant-1) postholes. It waS not so in the Ca •• ot 

lRn;e roots. however. total biomass of roots was also about double in 



deep than in the shallow postholes. In Sids, large roots in 

shellow and deal' postholes const! tuted 97 and 86 par Cen1: of the 

totsl bioma8s of roots reSpeCtively. Large mots biomass of S1ria 

waS roo,,1: 7-8 U .. e. more in shallow than in deep postholes. Pine 

roots bJ.omt:.~~ cf Shisham and James wes notably more but their root. 

~yst,~m!;l as fI whole were observed to be 1"oorly developed. .!:!!!!. 
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rrod ~Jc'::!d more fine roots in deep then in shallow postholes. Result. 

showell that deep f"Ostholes favclJr growth of finer roots. 

Roo1: c .. Uon exchenge capacity (ltCBC) of leguminuolls 1:rees i.e. 

K,squ!t ... Siri ... nd~;"';)w8S significanUy 100 ... than tha1: OfCIIa •• ) 
'------ -, ~,.-~ 

and Jeoma. The RC.ii:C of All th,::!' species showad decrease with increasing 

thickness or woodiness. The RC}-::C values for these sp!ecies were noticed 

to d:ecrease with depth. But rate of decrease was more with species 

Da1:& 00 lay .. r_w1s" r001: dlauibu1:ioo of ro01:a of 1:re<> al'''''i''8 

proved th?t root f;ystem of Mesq'Jlte was stout end extensively develO't)8d 

1n deep as well as shallow postholos in co~arison to those of NeelD. 

Sh1sh .... and J .... es. Root system of Siris WeB well de .... lOl'ed in shallow 

t:han in dee" postholes. 

5.6 Physico-ChemJcal Fac1:ors Influene ing Mechanical Imnedance in 8 
Highly Soo 1c So11 Prof Ue • 

Stu<'i!es we ... carried cu1: 1:0 identify and model the role of 

ifTfl"'ortant Myslco-ehemlC!'e11 f'~tors which influence n-echcn:lce.l 

Imr,edence of solI to maW penetroaaeters. For this f'urpcse. an 

im.!",i'iCt penetrometer was fabricated following 1nconsistency and poery 

r"'pea1:abilitl' of a 81:&1:1c 1:1p penetremstlor under field condi1:1on •• 

Resul ts showed a high degree of reciprocal .relationship between soU 

moistu r:e end ne"hanical 1mpetlanee (Mm) of differen1: horizons of a 

highly ""dic soil profile. Decrease in MI with a given increase in 



• ..... ~'\. ..... ~ ...... ~'1110~ "tb "'M \\\e~ea.\y qtu\:llr 
moisture con:bU\.t. Q,:~ .......... ..... 

Lor "Uty 100lll to-III.) em) "nd loam (91_150 cml l."':fet:\\ ~1l1I ~~lIe 

of the loamy sand (151-210 am) 1n the soU procHe. The MI was 

observed closely related to tl\~ finer fra::"~ ~\. ~ ~\\. Its 

1:.<!.'\.~~tt>'!>b\l' with per cent "lay was highly signi"ieent ca2• 0.88**). 

It showed further improvement with clay plus silt. Relationship of 

scil vb with MI was also aigoiflaant CR2. 0.73"). Zone of accu .... -

lation cf concretions 1n the IIOll profile i.a. 90_150 CIIl exhibited 

high MI. Changes in HI of the different layers showed asscc:iation 

wi ttl depth of the profile. Resul ts. thus. showed increase 1n MI of 

the eodio soil with increase in clay, "lay "Ius silt, buIlt "ansity 

of the 19011 and 1 ~ content of concretions. 
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Appendix I. li:ffect of selected postllole f l111n9 .ixtures on tba 
r>eriodle per .... nt survl"al of casuarln .. equleetlfolla 
L. In .. highly 80dle 8011. 

ozowtb stage PostiioIe lIII1na mIXture. Moan LSD 
(IIOIltil. past Hl "2 "l Mol (0.05) 
2 l .. tlnSil 
0 (July. 1982) 100 100 100 100 100 lIS 

1 100 100 100 100 100 NS 

2 100 100 100 100 100 lIS 

3 100 100 100 100 100 lIS 

4 100 100 100 100 100 lIS 

5 100 100 100 100 100 lIS 

6 100 100 100 100 100 !iii 

7 100 100 100 100 100 N8 

8 100 100 100 100 100 lIS 

9 100 100 100 100 100 lIS 

10 100 100 100 100 100 N8 

11 100 100 100 100 100 lIS 

12 100 100 100 100 100 .. 
15 92 100 100 100 98 lIS 

18 84 92 100 100 94 NS 

21 75 92 100 100 92 15 

24 67 92 100 100 90 21 

27 67 92 100 100 90 21 

30 67 84 100 100 90 17 

33 67 84 100 100 90 17 

36 67 84 100 100 90 17 

39 67 84 100 100 90 17 
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AppeDd!x II. Effect of eelect&d posthole filling .1xtur .... on th .. 
periodic he1ght of Caeuarine e9u1Mt1fol1a L. in 8 
highly .odie .oil. 

Growth s~ POsthole lItlIng .IXtur8s lie aD LSD 
(aonths l"""'t Hl ill Ri H. (0.05) 
pl aDtingl 

0 29 30 28 29 29 IB 

1 36 U 53 58 .8 7 

2 44 55 71 79 62 11 

3 S9 72 95 103 82 20 

4 82 102 122 125 108 22 

5 91 114 135 142 120 28 

6 95 120 143 158 128 27 
1 .. 

'. 95 129 148 1M 134 30 

8 103 141 158 172 1.3 29 

9 112 148 179 185 156 32 

10 126 180 197 206 177 37 

11 139 196 237 248 205 40 

12 156 240 303 316 254 62 

.15 198 280 352 371 300 55 

18 215 330 385 417 337 63 

21 227 347 400 428 351 52 

24 247 376 471 486 395 84 

27 258 480 576 620 484 90 

30 262 540 632 666 525 101 

33 268 572 652 682 544 108 

36 275 571 670 698 555 100 

39 284 592 696 735 577 102 



Appendix Ill. Periodic per cent 5UrviYeI of atl.cted t .... IIp8Claa 
plaoted 1n shallow and deep po_thol •• 1n a h19hly 
sod1c 8011. 

S1.rix Shallow 100 100 100 100 87 75 75 
Deep 100 110 87 87 87 62 62 
Mean 100 100 93 93 87 18 68 -- Shallow 100 100 100 100 75 75 75 
Deep 100 100 100 50 50 50 50 

Mean 100 100 100 75 62 62 62 

Shishe Shallow 100 100 100 100 100 100 100 

Deep 100 100 100 100 100 100 100 

Me .... 100 100 100 100 100 100 100 

Shahtoot Shallow 100 100 100 75 25 0 0 

Deep 100 100 100 0 0 0 0 

Me .... 100 100 100 0 0 0 0 

POpS .... Shallow 100 0 0 0 0 0 0 

Deep 100 0 0 0 0 0 0 

Mean 100 0 0 0 0 0 0 

llaequ1ta Shallow 100 100 100 87 87 17 87 

Deep 100 100 100 87 87 87 87 

Me .... 100 100 100 87 87 87 87 

Jams Shallow 100 100 87 25 12 0 0 

Deep 100 100 62 12 1% 0 0 

Mean 100 100 7. 18 1% 0 0 

J--I Shallow 100 100 100 62 62 50 50 

Deep 100 100 100 75 50 50 50 

Mean 100 100 100 6B 56 50 50 

LSD (0.05) species lIS lIS 13 23 25 23 23 

Postholes lIS NS 6 12 13 - lIS 

Interacticn NS lIS 18 U .. lIS .. 



AppendJx IV. Periodic height growth of selected tree species 
planted 1n shallow and deep postholes 1n a h1ghly 
sodie 8011. 

8peeie. posthole 

siria Shallow 31 34 51 127 165 231 
Deep 30 30 44 83 108 185 
Meell 3t 32 47 105 136 208 

- Shallow 30 32 39 82 101 123 
Deep 29 32 40 70 77 95 
Mean 30 32 40 76 89 109 

Shish_ Shallow 51 55 64 94 101 111 
Deep 50 53 63 81 86 100 
Mean 51 54 64 88 93 106 

Shahtoot Shallow 121 124 123 126 .. .. 
Deep 126 130 134 .. .. .. 
Mean 124 127 128 - .. .. 

Pol>lar ShallOW 215 .. .. • .. .. 
Deep 215 .. .. .. .. .. 
Mean 215 .. .. .. .. .. 

Mesqui1B Sjlsllcw 40 52 72 196 250 299 

Deep 34 54 62 175 225 362 

Mean 37 53 67 186 238 330 

01_ .... Shallow 211 31 32 44 42 .. 
Deep 28 30 27 35 35 .. 
Mean 29 31 30 39 39 .. 

JaJXCa Shallow 51 54 55 56 59 73 
Deep 50 53 53 52 60 72 

t4ean 51 54 54 54 60 73 

Me .... 71 55 60 93 lOll 165 
LSD(0.05) soecies 14 6 6 17 20 29 

Poatholes NS NS NS 10 13 lIB 

Species X Postholes lIB lIB 9 lIB 28 U 

*Denote cent per cent mortality. 
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Appea41x V. Periodic qirth qEOlfth, sta .. d1eneter (an) at stump 
height (5 em frooo qround 1e".,1) of eel .. "t;ed tree epec:1as 
planted in sh.ll .... aa4 d_p postholes in • h1qhly sodl" soU • 

., 
stria Shallow 9 8 10 24 40 74 88 

Deep a 8 12 17 25 46 60 

MoaD 8 8 11 21 33 60 74 .. - Shallow '7 '7 9 18 34 54 64 

Deep '7 '7 8 10 22 30 44 
Mean '7 '7 9 14 2. 42 54 

Sh1ah_ Shallow 7 7 8 12 24 32 38 
Deep '7 8 10 13 23 34 49 
Mean '7 '7 9 12 24 33 42 

ShahUlot Shallow 8 II 9 8 • • • ..... 12 12 ·1° • • • • 
Mean 10 10 9 - * • • 

POplar Shallow 38 • * * * • * 
Deep 38 • * * * * • 
Mean 38 * • * • • • 

Mesquita Shallow 6 8 10 20 44 74 90 

Deep 6 • 11 26 54 112 118 
Mean 6 • 11 23 49 93 104 

<1_ Shallow 8 8 8 6 • • • 
Deep 8 8 '7 5 • • * 
Moan 8 • 8 5 • • * 

<1_ Shallow 9 10 11 1. 30 52 60 
Ileep 10 10 10 14 26 44 64 

Me ... 9 10 11 16 28 4. 62 

Me ... - 12 • 10 15 32 55 67 

LSDc..OS) Spe,,1es 1 2 2 2 4 14 '7 

POstiloles III lIS lIS 2 2 lIS lIS 

Intere<:U"" lIB lIS 2 3 5 20 9 

__ 1:8 
complete ~rta11tF. 
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Appendix VI. Periodic girtil grow1:h, ._ dl_ter <Rll, at .. 30 CBI 

height from ground 1."..1 of Mlected tree apecies 
pi anted in shallow BD<l deep postholes in a highly sodlo 
soil. 

'free Typs ol Grow1:li e!r1od. 3HS I!88tmIentla: 
.pec14l5 pos1:hole 15 45 7S 10 3 40 720 
Sida Shallow 5 5 7 19 30 58 75 

Deep 6 6 8 13 20 36 49 

Mean 6 6 8 16 25 47 62 -- Shallow 4 4 6 11 21 42 51 
Deep 4 5 5 7 15 22 33 

Mean 4 4 6 9 18 32 42 

Shish.,. Shallow 5 5 6 9 15 24 32 

Deep S 5 7 10 15 24 35 

Mean 5 S 7 II 15 24 34 

Shehtoct Shallow 7 7 7 7 • • • 
Deep 10 10 II • * * • 

Motan e 8 8 • • * • 
Poplar Shallow 28 • * • • • • 

Deep 28 * • • • • • 
Molen 28 • • • • • * 

MoI.qulte Shallow 4 5 7 15 36 66 81 
Deep 4 5 7 19 46 90 107 

Mean 4 5 7 17 H 78 94 

01 ........ Shallow 5 5 5 3 • • • 
Deep S 5 3 2 • • • 
Meen 5 5 4 3 • • • 

01""",,, Shallow Ii Ii 6 10 18 25 31 
Deer 6 6 6 8 12 17 24 
)(e;:m Ii 6 Ii 9 15 21 2. 

Mean 9 5 Ii 12 23 41 52 
I.'3D (0.05) species 1 1 1 2 3 11 Ii 

Posthole. 115 NIl NIl 1 1 2 3 

InterectlonNS NIl 1 3 4 17 • -


