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INTRCDUCTION

Tree spacies are an intagral and indispensable constituent of
our natural surroundings. They make the anvircnment agile and
banasvclant. Landscapes devoid of trees or treeleess lands are
gensrally called wastelands considered an undesirsble inheritance.
Though a tree means different to different people but asvoiding much
controversy it may be defined (Kunkel, 319%78) ?s 2 long living woody
or fibrous plant, with a single or multiple trunk, in its mature
stage and in a suitable environment larger than a bush. Sometimes
traes are refarrad as high and upright terrestrial plants. Theilr

growth cver an extensive area of land is called a forest.

Trees have always baen regarded as rerresenting the apax of
development in the plent kingdom (Huber, 1937). This 1s why the
forests are ranked remsrkably efficient ecosystems for achieving
very hich lewels of biomass production besidez a number of other
resource uses for welfare of the mankind. Approximately 90 per
cent of the hiomass accumulatad on the esrth is found in forests
predominantly in the form of tree trunks, branches, leaves, roots
and fallen matter, together with the snimals and microorganisms
feedinc upon it (Lieth and Whittacker, 1975; Lieth, 1977). The
annual net bicmaass production is estimated to be about 50 billion
t. which exceeds that of a1l fialds, mesdows, pastures, steppes,
tundras and other forms of wagetaticn producing bicmass through
photosynthesis, the chief process of chemical synthesis on the
earth.
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Inter alias, thus the forests are of paramount importance

and unigquencss for their significant contributions mepsuring
prosperity and econcmy of = nation. They help significsnt economic
developmant (westeby, 19627 Brownm, 19677 Pant, 1980). The other
marked benafits of trees and forests are their influence on the
environment (Kittredge, 19487 FAO, 19625 Singh, 19767 Tejwani, 1979).
This influence helps in stabilizing the soll {Lundgren, 1978y Rice,
1978) which is a vital natural resource, prevanting soil erosion
{Anderson et al., 19767 Brunig, 1977 Kunkle, 1978), coatrelling
water run-off in catchment areas (Kunkle, 1974y Ghosh, 19787 Tejwani,
1977: Ghosh snd Rao, 1979), providing shelter from wind and heat
{(Payne, 19687 Dalwaulle, 19772 Sangar et .!1-' 1977s FAO, 1978a) and
against sand and dust storms (Muss, 1977). Despite these glaring
facts and revealstion in history that highly developed civilizations
went down at the same time as their forests wers lost (Geiger, 1965),
the forest resource is dismprearing fast over the world in general
(TUCHN, -19‘77: Cvington, 1965) and developing and or tropical
countrias in rarticulsr (Ovincton, 15727 Spears, 19797 World Bank,
1978)» India 4in this respect could not be an exception to this
serious drift.

In ancient times, extansive and dense foreste occupled very
large tract of Indias But their explojitation over the last very
many decades for continual generstion of basic necesgssitiss of life
for alarmingly increasing population of the country has left it
poor with only about 22 per cant of 4its total srea under forests
(Anonymcus, 1982). For example, the whole of erstwhile north
Punj b was a forest in days of alexander the Great but at present

most c'f this large area is becoming dry and treeless (Puri, 1960)."
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Continuation of this unfortunate trend unchecked would impoverish
agricultural basad econcmy by endangering the health of the agro-

acoloc o sl systaom,.

Insurance of ecological security to sustain agricultural
productica in long term: slsc rests on the proportion of the total
area under forests. Universally recognized minimal 33 per cent of
the ¢ecgraphical area under forest cover wvery much coincides with
India*s hational Forast Policy cnunciated long back on May 12, 1952,
Its implamentation, however, has Iremained to schisve, But multipli.
eity of develcrmental activities in the mean time in other spheres
built up cn ¢cnecistent pressure to produce more and mere food to
feed ravidly burgfcning ropulation infatuatad the forest cover to
shrink further, Betweon 195152 and 1975.76 sbout 4.15 million ha
of forest have been deforested to utilize land for agricultural use,
rivery vallay projects, establishment of industrise, construction
of roals, ceneurbation and other miscellanecus purposes (Swaminathan,
1980}« In developing countries about half of the forast land are
reportedly {(Werld Benk, 1978) cleared for agricultural use betwoeh
1900-1965. Though forecasts wvary, it is estimated that in develop-
ing countriss forasts are disappearing at a rate cof 15«20 million
ha anuually (World Bank, 1978)« At present:levels of demand the
remaining tropical forest will disappear in 60 to B0 years (Spears,
1979) « Indiscriminate defom#tation for sgricuitural use of land
in countriea like ours to meet food reguirement is the ncst seriocus

cause behind this undesirable trend.

A larce fracticn (about 80 per cent) of Indisms are rural
inhsbitantse. Firewood is tha chief source of warmth and energy

to cock focd (Argal, 1978). Depending upon climate (mainly warmth
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and wocd scarcity), consumption of firswood variess betwesn 0.5

toc 2.0 cubic maetre per person annually (Amold, 1978). The prasent
supply of firewood and timber in our country is exceedingly less
than its demand snd this gap is predicted to widen further
I3waminsthan, 1980}. Therefors, illicit felling of trees and
production forssts besides burning of a few million ¢ of nutrient
elements in the form of dung patties and other agricultural wastes
of potential maﬁurial value nesrly equal to the present consumption
of fertilizers occcur as a consequence of this dismatch. The National
Commissicn cn Agriculture (31976) while reviewing the sitvaticn
emphasisec extension of forest cover through afforestation (estcbl.
ishment of trees on hm or grass land having neo forest for at least
50 years; Fa0, 1967a) of about 40 million ha land presently lying
barren dus to one or the other constraint. Sector peliciss of the
Wworld Bank {(1978) and the Asisn Development Bank (Richardson, 19578)
endorse the important development potential of plantation (a forest
crop or stegnd raised prtifically, either by sowing or plantingy
Ford-rkcbertson, 1971). Therefore, meny countries have initiatod
afforestation programmes aimed more directly at local needs of the

given areas (FAC, 1978b).

The Government Of India has also recently unequivocally
emphasised to devise plans for afforestation of wastelands in the
country. A rromising category among such lands occupying a sizeable
chunk in India {Abrol and Bhumbla, 1971) and the world (Szabolcs,
1977) is commonly referxed as salt affected soils. The salt affected
80ils are wide spread in many states of the country but .this problem
is being witnessed principally in the Indo=Gangatic plains, arid and
semi~arid area of Gujarat, Rajasthan, black cotton scils and the



coastal tracts. Hearly 40 per cent of the salt affectsd solls

are c.nfined te the Indo-CGangetic plains of U.,P., Harysna and
Punjab (Bhumblz, 1977). Principal constraint that impalrs their
productivity is the scil sodicity hazard. Sodic soils in this
region have been formed under the influence of sodium carbonate
salt whesa hydrolysis imparts high pH and ESP (exchangeable sodium
percentage) throughout the soil profile. High ESP and pH Cause
these scils to possass poor physico-chemical (abrel, 19777 Acharyva
and abrol, 19787 Sandhu et al., 19807 Gupta et al., 1981) and
bioleogical conditicns (Rao and Ghai, 1985)s. Sodic scils gensrally
have a hard kankar pan (calcic horizon) of width verying between
40 tc 60 cm around one matre depth of the préfila. This acts as a
barrier not only ageinst downmward growth of plant roots but alsc in

the transmission of molsturs within the soil profile,

Utilizaticn of sodic soils for afforestation appears to bes a
promising land use because of the increasing precssure on good soils
for fcod producticn, fast exhausticn of firewood rescurces and for
healthy maintznance of the agroeecological system. Unlike the
reclamation of cnly the surfsce (0-15 cm) layer of sodic soils for
viable crop production through gypsum application (aAbrol et al.,
19737 sbrel and Bhumbla, 1979), managemsnt of these soils for affor-
estation requires ammlioration of the soil with limited quantity of
gypsum to a deepsr depth of the scil profile. Only a fow effores
have been made to afforest thesa soils in the past (Yadav, 1980)
and these were mostly complets failures for want to sclentific
informzticn evolved through research work on the fisld level., Thus,
lack cof systematic exparimental eovidances pose a severe restristion
on succassful planning and planting opsrations. Tolerance of various

tree srecies commonly grown on good soils to sol)l solicity and



mechanical impedance confronted by their roots becsuse of
compact and indurated nature of modic s0ils at different dapths
is completely lacking. Therefore, fisld experiments .were under-
taken to evaluate selected tres speciaz for their tolerance to
804l sodicity and mechanical impedance in a highly sodic soil
with perticuler reference to their root growth behaviour.

Following were the chjectives of experimntationl

ie Evaluation of selected tree species for their tolerance to
high scil scdicity

2. Study ef the changes in root systems of selected tree
spacies due to varying degrees cf sodicity and

3. Ysolation cf the effact of sodicity and machmnicsl
impedance on the growth of select=d tree spacies.

Uub
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REVIEW OF LITERATURE

Enormouslty increasing population and its expanding demands
for livelihood heve caused over exploitation and mismanagement of
the carth's most abundant natural resourca 3 its forests. For
axamrle, szbout 7.5 million ha forest are being deforested annually
(Lanly and Clement, 1979) to put the land under cthar uses in the
humid trorics of the Third World alone. Thus, the most urgent task
that faces mankind today demands mitigating the problems of hunger
and malnutrition by ways that dc not overburden the non-rensewable
resources of ensrgy and that do not impoverish the environment.

One cf the important avenues considered ralevant in this respect
throughout the world is afforastation of barran and degraded forest

lmdso

These days, thersfore, growing awareness is heing witnessed
recgarding planting of trees osnd management of forests not simply
for commercisl logging but also for the diverse benefits and
requirzments of the local community (Joshi, 1982). Several workers
{Ban=, 319743 King, 19757 Wood, 1975s Johnston, 1976y Eckholm, 31979:
Swaminathan, 1980} have urged continued investment on plantation
aftar considering the viability of this concept of plenned use of
trees for the henefit cf wvillagers and integration of tyrees into
agriculturzl systems so as t¢ sustain greater productivity of fire-
wood, foddzar and food. In order tec core forest resources cof India
in long term, Naticnal Commission on agriculture (1976) has
emphasised the extension of forest cover through afforestaticn of

estimated 40 million ha land presently lving wasmte. Among various
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wastelands, salt affected soils cocupy a sizeablo acreage that
poasess a vast scepe for afforestation. But the scientific
information in this respect is greatly limited. The litarsture
partinent to this investigation was, therefore, reviswed and 1is
presented under five heads:

1+ Salt Affected S5o0ils « Their Ganesis, Classification and Extant

Salt affectsd soils are familiar to man for a long time and
ware stud ied earlier mostly in academiec interest. Population
pressure, howaver, cauéud it to become an importent economic use
for their waluable inheremt potentiasl agriculturally. These scils
are generally characterized as those that have been adversely
modified for the growth of most plants by the action or presence of
soluble salts (saline) or exchangeable sodium {(sodic) or both (Lutx
et al., 1965). As .a general term for popular use, salt affected
solls include both the saline and the sodic scils (Bower et al.,
1958) « Many workers in India (Leather, 1893 18977 Talati, 1941,
1947y Agarwel 2nd Yadav, 19%4) Hoon, 1935 Kamwar, 1961y Urpel,
19627 Kenwar and Bhumbla, 1969; abrol and Bhumbla, 1971y Bhargava
et al., 1972: Bhumbla, 19773 Bhargava and Abrol, 19787 Abrol et al.,
1980} and abroad (Sigmond, 1924y Richards, 19547 Keowvda, 1965, 19712
szabolcs, 1965 and 1980) investigated their nature and properties
for their classification and wmeasures of smelicrastion. 1In different
parts c¢f India, salt affected solls are knowun by different local
tarms. They are celled Kallar or Thur in Punjsb, Usar or Rah in
UePe, Luni in Rajasthan, Khar or Kshar in Gujarat and Maharashtra,

Choudu and Uippu in A.P. and Chopan in Karnatekae.
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leAe Genesis of the Salt Affected Soilss Most of the salt

affected soils occur in the arid and semisarid regions. In gensral
scils in these regions reflect largely the propertiss of parent
material (Bucl, 1965) and their Fformation under natural conditions
is a part of the continual geochemical processes going on since
ancient geclogical time. Salt affected soils are formed wherevar
soluble salts atcumulate, sometimes cnly temporsrily, in excessive
amounts, The ultimate source of soluble salts in s0il originate
from the weathering of rrimary minerals being the rocksp structural
constituents (FAC, 1967b, 1973y UNESCO/FACQ, 1973). The possible
cause of the extess sglts are one or more of the several sources
namely (a) original. salt depoeits in the soil, (b) salts contained
in the irrigation water apprlied or lest in conveyasnce through
irrigation distributicn sysbtem, (c) salts in water inflows (seepage)
from urelope, znd (&) salts from upward movement {(capillary rise)
of water from groundwater close to the scil surface (Abrol and

Piraman, 1977 .

It has been well recognized that soluble salts move with water
from land to ocean and exteant of their transfer depends largsly upon
their relative zolubilities and extsant of rain washing in the soil
profile., Soluble salts in course of their transfer from land along-

with vater confront soils and sub.soils, soil solutions, ground
| waters, drainage outlets, streams and rivers before reaching the
ocaans ultimately. This is continuous snd revarsible process. The
positicn of this cycle is determined again largely by relative
sclubilities of the salts present {UNISCO/PAC, 1973r PFAO, 1973) and
the amcunt of water {resinfall) available (Sen, 1953) to dissolve

thom,
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Def inite types of reljef and gecmorphology play a significant
rolz in salt accumulation in the soil. Thus, a coxbination of
geclocical (lLeather, 1893t 1897y Holland and Christie, 19097 Kovda,
1561}, climatological (Shah et al., 19587 Bhargava et al., 1980)
and hydrological (Noble, 19507 Kelley, 19517 Kulkami, 19617 Pendey
et ale, 1972) factors are reported to determine nature snd formation
of 2 salt affected soil. Activities of man were slso found to play
a significant role in this context (FAC, 1973). A considerable area
under normal cor only W a2 very low degree saline or sodic soils face
dagradation by salinization and or sodification due to human interw
vention especially irrigations. Such scils are referred potentisl

salt affected scils.

1.Be Classificsticn of the Salt Affected Soilsy The major

indices us2d to categorise =salt affected soils are (8) salinity of
the soil saturation extract as messured by electrical conductivity
(8Ce) at 253C, (b) exchangeable sodium parventage and (c) pH of the
s0il saturaticn extract or paste or soll water suspensions in a
givan retic. Broadly thaese soils can be divided ‘into five classes
{(szzbolcs, 1980) namsly (a) saline soils, (b} sodic soils, (c)
gyrsifercus soils, (4} acid sulphate soils and (e} strongly degraded
sodic soils. Howewver, first two represent the bulk of zalt affected
scils (Sigmond, 1924y Talati, 1841r Bower et al., 19587 Kenwar and
Sehgal, 15627 Kowdp, 1965, 19717 Bhumbdla, 1977). A third catagory
of salinemsodic soils is reported §Richards, 19%4) to possess
attributes both of the saline and sodic group but recently a few
workers (Sehcsal et el., 19757 Bhargava et al., 1976y Bhargava, 1977:
Bhumbla, 19777 Abrel and Bhumblas, 1978y Bhumble and Abrol, 1979s
Abrol et al., 1980 and Szaboles, 1980) have emphasised that based

upon analytical Aate and mode of amelicoration, swh soils should

0
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be catgorized ailther saline or sodic. The salient cheractearistics
and criteria which distinguish them are depicted in Tsble 1. However,
the szlt content or the exchangeableable sodium above which plant
growth is impaired dep:nds upon ssveral eéther factorsy texture,
distributicn of 2lectrelyte or exchangeable sodium in the soil
orefile, compesition of the electrolyte and plant species (Richards,
1954}« Physical condition of al]l mils was alsc reported (McNeal

and Coleman, 319667 Kovda, 19713 Bhumbla, 1977} to be affected
differently as the dzgree of seill sodicity and or salinity increases,

Physicowchemical characteristics of salt affected soils
reflect amcunt and type of the salt preseant. This is used t
classify such soils and is detarmined by analysis of the soil
water under fisld moisture conditions, though it is not convenient.
Therzfore most often a s0il sample is tested in the laboratory.
Tha standard procedures require saturation of a scil sample with
distilled water and then extract with vacuum filtrstion the
moisture from the 80il for analyses (Richards, 1954) for £C, pH,
quantity and guality of soluble cations (Ca, Mg, Na ard X) and
anions (€1, sC,, HCO3 and 003). Thus, composition of the saturst.
ion extract and the relative proportion of exchangesbls cations
detamined by the scil analyses is used to categorize scils into

sal ine, sodic and normal.

1+Ce Extent of the Salt Affected Soils: Salt affected moils in

Indis (Abrol and Bhumbla, 1971) and the world (Szabolcs, 1977) are
estimated to occupy 7 and 952 million ha of otherwise reasonably

S

fertils land respectively. Thesa soils e prevalent throughout

the cross-section of the country (Fig.l) but donfine largely in
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Table 1.

Criteria used to distinguish saline and sodic soils

Charactaristics

Saline polls

Sodic soils

Soil saltiness (ECe in dsm™3)
Bxchangeable sodium percentage
Scil resction (pHe)

Chemistry of soil solution

Effect of electrolytes on
soil particle

Main 2dverse (towic) effscots

Geographicel distribution

First aim of reclsmation

4.0 or more

lazs than 15
}ess than 8.3
Deminated by

sulphats and
chloride

aniona

Floccul ation

High osmotic
pressure of
soil solution

Associated
mainly with
arid and semi.
arid areass

Ramoval of
excess electr-
lyte through
leaching

Less than 4.0
15 or more
8.3 or more

Dominated mainly
by carbonate and
or bicarbonate
anions

Dispersion

Alkal inity of
s0ill solution

Associated mainly
with semisarid and
semi-humid agrezs

Lowering or neut.
raliging tha high
pH through chemical
amel ioraticn

Sources Szaboles (1980).
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the sub=humid and arid and ssmi-arid regions and in the coastal
areas subject to inundation. In¢reasing pressure on 1land
resources has affected their reclamation t© scme extent for
agricultural crops particulerly in Punjsb and Haryana during the
past fow yearss. PBut the exsct estimates of ares under aalt

affected sclils has not been studied in great detall more recently.

Based on the nature of the s0il prcblem and their
geographicsl distribution, salt affected soils in the country were
broadly grcuped (Tsble 2} by Bhuwbla (1977). The Figures given
in Tsble 2 are only aprroximate, as pointed cut by Kenwar (1977)

Table 2. Broad groups of the salt affected scils and their
extant in India

Broxl ¢group Statas in Arproximate
' which the area (000 ha)
s0ils occur
1. Ccastal salt affected soils
(a) Ccastal salt affectad scoils Gujarat T14
of arid regions {10.14)
(b) Daltaic coastal salt affect. W.Bengal, 1394

ed scils of the humid regicns Crisse, A.T. {19.79)
& Temil Nadu

(c) Acid salt affected so0ils 16
{0.23)
2« Salt gffected so0ils of the Karnataka,M.P.1420
madium and deep black scil A+F+ and
regicns. Mgharashtra (20.15)
3., Ss8lt affected scils of the Punjeb, 1000
arid and semi.arid regicns Haryana and {14 .20)
UePo
4¢ Sodic scils of the Indo. UePeo, Haryana, 2500
gangatic plains Punjab,Bthar, (35.49)
M.P, md
Rajasthan
Toss

Figures in parentheses are percentages of the total.
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the magnitude of the problem is much more severe becausa an
2additicnal 20 million ha in the canal irrigated areas already
run the risk of being degraded through the influence of salts.
As this investigastion was carried cut on a representative

sodic scil of the Indo=Gangetic plain, following few paragraphs
are devctzd to their distribution and salient physicoechemical

properties,

Sodic scils in the Indo.Gangetic plains are generally
confined to areas with a mean annual rainfall between 550.1000
mm (Bhargava et al., 1980). Sodic scils alsc occur in isolated
patches in Rajasthan, M.P. and Karnataks. Soils in the coastal
areas in Nagvaszrl district of Gujarat have been reported (Talati,
1947) to have sodicity problem. Salt affected soils rarely occur
in areas with rainfall more than 1000 mm whereas in areas with rain-
£all less than 550 mm dominant soluble salts are chlorides and
sulphates which impart the soils sal ine character rather than
sodic (Bhargave et al., 19762 Abrol and Bhumbla, 1977; Bhumbla
and Abrcl, 1978). Sodic scoils occur interspersed with norma) soils
and mey extend, sometimes, to a few thousand ha at a stretch.
Sodic soils usually occupy somewhet lower eleveticn in the otherwise
flat terrein (Bhargave et als, 1980) «

During the rainy season (July to Sept.), water accumulates in
the low lying sreas. Weathering of aluminowsilicate minerals
provides = steady state of alkali bicarbonates which accumulate in
the undrained basins. During the snsuing 4ry season evaporation
cpuses scil sclution concentrsted resulting in an increase of SAR
(=odium adsorption rstic) cof the soil solution. In turn,: soil

ESr and pH incresses. The disrvlace? calcium precipitates sffecting
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formation of sodic scils. Continuance of this wechanism over
many centurisas appears to causa origin of sodic soils and sodium
carboneates Rise in ground water level in regions where such
waters hsve a high sodium fraction relative to divalent and/or
high residual alkalinity (RSC) also favour sccumulation of scdium
in the roct zons. In some areas use cf ground waters with high
sodic hazard for irrigation has resulted in the extension of
sodic scils.

Leather (1893) is credited (Agarwal et al., 1979) as the
first scientif ic worker who took up systematic studies on the
nature, formaticn and improvement of sodic soils occurring in U.P.
Howaver the findings remainsd obscure until the implicztions of the
princirles of caticn exchange phenomensa in scils were fully under.
stocde RKRenewsed snd vigorous raséarch efforts to underst:znd rroblems
of socdic soils were made between the periocd 1955 to 1966 by Agarwal,
Yaday and associates working in U.P. (Agarwal et al., 1979} and
EKanwar, Bhumbla =nd associates working in Punjab (Xanwar and Bhumbla,
1960=62) « The impact of these researches led to the estsblishment
of an institute (C5SRI)} 4n 1969 to undertake mission oriented

reserch which could ultimately benefit the foarming community.

Reszarch efforts over the recent past have resulted considerable
informzticn on the physicoechemical characteristics of sodic soils
of the Indo-Gangetic plains. These soils have severasl ccmmon
features(Kanwar and Sehgsal, 19627 G-vindaregjan and Murthy, 19692
Kamwar =08 Bhumbla, 19697 Bhumbla et al., 19727 Bhargava et al.,
1972 Bhargava and Abrol, 1978}« The salient cheracteristics are

summed up belows



(a)

(b)

{c)

@

{(e)

(£)

{q)

016
ixcess soluble salts are present chiefly in the surface
{(0=30 om)} layer. Sodium carbonate and bicarbonate form an
arrrecisble fraction of the total soluble salts. Solls have

high pH, upto 10.5 of soil.waztaer suspension in 1322 ratio.

Excess scdium carbonate in tha =cill causes precipitation of
celcium in the s0il scolution resulting accumulestion of sodium
on the exchange complex, high pH and high 5SP. The ESP values
of. 80=-90 or more are common in the surface layers. Generally,
scdicity decre:ses with depth,.

The scils are highly diepersed and consequently have poor
physictal prorerties resulting in very low hydraulic conductivity
and recstrictad spir movemsnts. The upper most horizon has platy
structure.

50dic s0ils are usually c’éslc‘amous and always ccontain calcium
carbenate throughout the profile with often a zone of calcium
carbenate secumulaticn in amounts large encugh to qualify as

a celeic horizeon. This zone varies around 90-140 om balow the
surface.

Ground waters in sodic soil areas generally heve low to medium
zlectrolyte concentration snd are fit .for profitable irrigation.
Howeawer, the ground water may have significant proportion of
bic:rbcnate ion.

The water table may be nesy the surface in the monsoon season
but recedes to about 4 m subsequently.

Tha soils also show ferro-manganese concretions about the

calcic horizcn.
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{h) There is usually a layer of clay accumulation with very high
bulk density. Many soils may have natric herizon usually

without a columnar structure.

(1) The common vegetation in the highly sodic areas includes
sperobclurs marginatus Hochst ex.KR«Rich and in low lying areas
ef low salt incrustation Diplachne fusca (L.) P.Beauv.

2. Tolerance of Tree Specles to Salt Affectad So0ils and their
Afforestation

Mul tifaricus benefits of trees and forasts on the ecology
(Ghosh et al., 1982 wWatsom, 19837 Pal, 1984) and economy of a
nation (westcby, 1962y Brown, 1967; Singh, 1975: Richardson, 197872
Wworld Eank, 19787 Grainger, 1%80) are a force behind meny countries
in the world which have undertaken large afforsstation programmes
(Lanly and Clement, 1979} These programmes require a suitable land
for growing trees. Though it is d1ffioult to grow trees on some
sites yet ther: are only a2 few envircnments where tree growth is
Imnossibles. Apart from these envirocoments, correct chcice of tree
srecies and & careful treatment of the site may aid establishment of
trees on many very uncompromising sites. Many species are remarkably
tolerant of poor growing conditicons but rzising trees on naturglly
inhosritabls sitec usually require special trzatment. "™his needs g
thorough understcnding of the fectors thot make the site hostile

for vlant growths.

A large fraction of salt affected scils in Haryans, Punjab asnd
UePs form a pert of the viliage common lands ¢r the Panchayat (a
judicial village body) lands. Although these lands are meant to be
used as grazing grounds for villace cattle, most often these are

devoid cf any vegatation of economic value. Thus, these lands do not
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gontribute te the village economy in any way but add to the
socic~acconomic and environmental problems by encouraging run-off
and scil ercsions Afforestation of such arsas or forestry for

rurzl communities (arncld, 1978: FAQ, 1978b) may generate rescurces
to mitigate local needs.

The Usar Land Reclamsticn Committee, U.P. (Anonymous, 1938),
Bharcava, 1948 and Yadav (19%6) first suggested possible exploitation
of the salt affectad scilz for afforestation because trees are
considered relatively more tolerant to inhospitable sitas, The
Naticnsl Commission on Agriculture (1976) has recently advocatsd
agaia the necd of carrying svstematic research on the multiple
utility baéed forzetry in diverse agro-climatic regions of India.
therefors, growing of tree crops in the salt sffected soils have
assumed still special signifacande.

2sAs Trials and Techni s on Trea Plant 3 In view of the

constraints impairing plant growth in salt affected soils, estab-
lishment of a plantation mqaiﬁs a suitable planting technidgque
wvhich fulfils requisitss such as (8) avellability of soil environ-
ment favourable for optimum root growth (b) menipulation of micro-
relief conducive for lesching of soluble palts (€) maximum retenticn
of available mcisture by soll mass (d) maintenance of soil fertility
throucgh aprlication of fertilizers and orgenic menures and (e)

perforeticn of any tyre of hard pan present in the subsoil.

Only a few eff.rts have been made in the past toc afforest
salt affected scils in India andd elsevhere, The earliest evidence
dates back to 1863. In 1884, Acacis nilotica (L.) Willd ex Del,

(Babul) , Dslbercis sissoo Raxb. (Shisham) and Azadirschta indica Juss.
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(Neem) were planted in an area of 1155 ha called Fisher Forest
near Stewahe. Establishment of Babul plantation during initial
s8tag=s was gocod but showed mertality after 30 to 12 yesrs of growth.

Duthie (1896) recommended planting of Butea moncosperma (Lamk.) Taub.

{Dhak) in selt affected soils. Tamarix articulata Vahl. (Tamarisk)

and T.gallics L. were slso fournd to adonrt well on salinae soils.

In M.P., Babul,Szem and Mesquite were found (Bhargavs, 1956) suitable

for affcrestaticn on saline sedic solls.

In an investigastion started in 1951 near Lucknew, the
coamparative performance of Babul, Neem, Siris white {(Albizis proceras
Benth) and Prosopis juliflora (Sw.) DC. (Mesquite) was better
(Pande, 1956) when planted 4in pits 120 cm deep and refililed with
good soill. Experiments conduc ted by the silviculturist of U.P. at
different places also showed that plan;.inq of trees in circular pits,
40 cm wide and 120 cm deep, mfilléd with good so0il yielded varying
success derending on the degres of s0il salinity, sodicity, nature

and extent of kankar pane

Ploughing deep to 35 om alengwith mulching of a 20 em
chernczzm seil layer was found (AntipoveKarataev et al., 1957) best
for growth of many trees., Bol shakov and Ervert {1956) also emphae-
‘sised thae need of deep ploughing before planting. Technique of sowing
or planting of Mesquite on ridges rather than plts gave gocod
performance (Shah, 1957). This may be attributed to the decreased
.salt ccntent ¢f the ridges through leaching. Joshi (19%57) cbserved
haasvy casuslitlies in aowing of tree spacles In saline areas of Kutch
desert, Surfece and subsocll salinity in conjuncticn with salty winds
blewing frcm the ssa in the coastal areas of Gujarzt was observed a

major adversity for plant growths In such areas, planting of
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MesQuite saplings gave batter results than its direct sowing
(Kulkarni, 1959).

Khan an? Yadav {1962) suggestad that successful afforestation
of salt affected scils had rather limited prospects unless the soil
conditicns were amelicrated to a desired level by adopting suitable
methods, State forest departments of Punjab, Haryana and U.P. have
made several attempts during the last three decades to raise plante
ations on such soils but without much success. Fande (1967) reportad
that soil replacement technigue 2ids a let for afforeststion of salt
affectzd scil. This involved digging of cireular pits, 90 cm sach
in depth and width, apd their refillling with good soil from another

area before planting tree saplings.

Planting of trees on ridges adjoining trenches has been
obsarved falrly suitsble for saline and watarlogged soils as ridge
provides relatively salt free conditions and favourable soil mass for
root growthe Yadav and Singh (1970) obsaryed about %0 per cent
decreasa in scluble salts in the soil of ridges as compared to the
original level and ascribed this reduction to leaching effected
during the reiny sesson. In Kuwalt, salt tolerant ~peciles me raised
in pits and trenches sdjoining ridges with and without irrigation.

In saline scils, small mounds of s0il ere made betwesn the planted
rows so0 thet salt water moves toward them by capillary sction amd
l1zaves behind salts on evaporation on these hegps instead of around
the plants (Raja Singh, 1965}« Planting of 150 om cuttings of
Tan;grix aphylig (Le} Karste. (Tamarisk) gave good rasults in

compariscn to its plante in containerse



Ia Sudan, secdlings of Zucalyptus microtheca F.Muell grown

in polythene tubes containing & mixture of river silt and sand

were planted to raise irrigated plantations on salt affected
vertiscls rich in sodium salts and low permmability (Jackson, 1977).
Area to be planted is plowed to produce a series of ridges 60=100 ¢m

high end 240«270 cm apart for gpplication of irrigation through
channele inbetween the ridges.

Mixing of 10 kg gypsum and 24 kg FYM with coriginal scdic
(pH 10.0) soil per pit, 90 cm each in depth and diameter, was
reported (Yedav et al., 1975) at par with the good soil for survival
ar) early‘growth of selected tree species, Alkalil Regional Experiment
state at Puspokladany in Hungary (Yadav, 1980) has adopted a technique
that requires making ridges 3100 cm high and 10 m apart by scrapping
normal soil of A horizon. This increases the amount of good s0il in
form of a ridge and tree planting is done both by transplanting two
yeer old se=dlince and direct seeding cn the top as well as sides of
ridges. This helps in rain water consarvatione. As the A horizon is
acidic, lime is added at the rate of 25 t ha~) In the ridge ares.

Good plantaticas of Csks and Populus have been raised on the cherncsem

soi) with & natric B horizon.

In an experiment conducted in 1964 by the silviculturist of
Rajasthan on a sal ine sodic s0il at Chaksu near Jairur, planting
techuique included staggered interrupted trenches 3.3 m apart within
the lines znd 16 m apart between the rows, Pits with 60 ¢m each in
di@mr end depth were duc at a distance of 16 m between rows of

trenches. Half she trench  wes refilled with the coriginel soil
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whereas the pits were refilled differently with good and original

80i) and its mixture with half kg gyrsum per pit (Yazdav, 1980).

Various species tried included Agcacie senegal (L) Willd., Tamarindus

indics L., Frogopis juliflora (Sw) DC., Prosopis spicigera L., Tamarix
erticulates vahle and Parkinsonia aculeata L. State Forest department

of Herysne conducted an experiment on a highly sodic soil in Saraswati
arza in 1975 and planted Eucalyrtus hybrid, Babul and Siris black
(aAlbiz iz lebbec (L.} Benth. in pits treated with 5 kg gyprsum and 20

kg FYMe Survival of Eucalyptus and Bgbul was mcre than 60 par cent
but it was only 16 per cent in Siris. In another trisl on the ssme
site, raorlacement of the original scil with good soil and mixing of
gypsum with originazl scill demonstrated greater survival. Mesquite

performed better than Babul but Neem was 3 fallure.

Better survival of saplingé rlanted in the deep pits (60 om x
60 cm x S0 cm) than in the shsllowsr cnes (30 cm x 30 om x 50 cm) was
reported by Ghosh (1977)« In another experiment on soil with pH 9.0 =
9.5 and scatterad kankar pan in the subsoil, trenches (45 cm width
and 60 cm depth) adjoining ridges and p:l.ﬁs with 120 cm each in depth,
length snd breadth were duge. Lower half of the pit soil was repl aed
by gocd scil {(non—-sodic) in half of the plts and in the remaining pits
whole of the s0il was replaced. Vermiculllte, gypsum and FYM were
mix2d sepsretely in different pits. Irrigation was sprlied in half
of the pite. Results showed better growth in irrigatad nits but
plants in pits having complete replacement with good soil or addition

of gyrsum showed best survival.

In saline soils of Rann of Kutch arsa of Gujarat, trenches of
69 cm x 45 cm x 30 om were dug at a spacrent of 3 mx 3 ms Mesquita

raised in peolythene bags was planted in these trenchas. In A+P.,
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trenching and bunding for sowing seeds on bunds (ridges) is consi-
derz2d an easlest method of raising Mesgquite plantations. 1In
Sundertan area of West Bengal, ridges 183 ¢m high are mals to
prevent saline waterxr sntry during tides., The ares is kept fallow
for 1-2 yecrs to leach cut accumulated salts and then ccoconut plants

aré vlanted cn small mounds (Chosh, 1977).

2.B. Tolerance cf Tree Species to Salt Affected Scils:t Tolerance

of tree species to soil salinity and or sodicity can be defined as
the ability of plants to survive and produce aconomic growth undar
adverse coniitions caused by excess of soluble salts or axchangeable
sodium percentage respectively. Tolsrance of agriculturasl crops to
salt affectad noils is typirally expressed in tarme of yisld reduction
a8 a result of an increase in soil salinity or sodicity or as the
raelative crop yield on a salt affected versus nonszl inewnonscdic
1 soils (Maas and Hoffman, 1977). The salt tolerancae of ornamental
,plants, however, 1is better exptesssd on the basis of survival and
appearame becsuse yield is not genorally mrtant for such species.
'rrees may also be avaluated ss the ornamental plants during initial
stages of growth. But the uvltimate and determining criteris for
their suitability to the salt affectad soils would, obviously, rest
on their economic growth. Apparziss]l regarding tolerance of tree
species to a given malt affectad soil is generally investigated
according to the following guidelines (a) ability of the tres spécies
to sur<vive on salt affected soils, (b) growth of the tree species
on salt affected scils, amd (c) the relative productiocn of biomass
(timber, fuelwood, forage, fruits etc.) by trees on salt affected

s0ils as compared with its production on a normal soil (nonsaline and

pr nonsodic) .
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The adverse =2ffects of salt affectad soils con trees speciass
can ba divided intc the following three categories and should be

noticed while studying a given selt af‘ected soils

(a) Osmotic or total salt affect. This phencmenon is due to

the osmctic movement of water from the cell towards the more
concentrated scil sclution causing shrinkace of the protoplasmic
lining (plesmeclysis}. The cell then collapses and ultimately the
plat also. But that critical concentration varies with the nature
of soluble salte, thelir prorvorticnal smounts, their total concen-
traticn and their distributicn in the solume The structure of the

s0il and its drainage and peraticn are also importante.

(b) Spscific.ion effects or toxicity cf specific ions o varicus
plant rhysiclogical processes. In sodic soils dominated by active
sodium carbonate and bicarbonate three detrimontal e2ffects normally
observ:d @e, (i) caustic influence of the high scdicity exerted by
sodium cerbonate, (ii) toxicity of the bicarbon ee anicans, end (1id)
the azdverse effects of active sodium ions on plant metasboclism and
nutriticine

The capacity of higher plants to grow satisfacterily on salt
affectad soils dapends on a number of interrelated factors. The
physiclogicel constitution of the plant, its stage of growth end
rooting hszblts certainly are amcng them: A review of szlt tolerance
studiz»s mats so far indicate foocus on tha evaluation of sagricultural
erops and ornsmentgl rlants for saline soils. A first somi-quantit.
ative salt tolerance groupings were made by the U.S. Salinity
Labcrstory staff {(kichards, 1954) and cther resesrchers have added
plant srecies to these lists as mcre salt toleramwe data have become

avallsble (Wilileccox, 19607 Bernsl et al., 19747 Carter, 1975r Maas ard



025
Hoffman, 1977). Plants have not been grouped as extensively
with r2spact tw t:t;éir tolersnce to exchangeable sodium as Ccompared
tb soil Sa_linity, however, scme workers {Pearson, 1960y Bernstein
et ale., 1972; B>rnstein, 1975; Abrel, 1982) have made attempts in
this direction. Cror yilelds generally show no significant reduction
until the salinity or sodicity exceeds a specific value for each
crops This value is called the threshold selinity/sodicity level
or the threshold salinity (ECe)/sodicity (3SP) fcrthat crop.

Studies on the tolerance cof tree species to salt affected
soils are a very fews, It has been cobserved, however, that certain
forest tree species show greater tolerance to the smline and sodic
g80il ccnditions as compared to th® agriculturel ¢rops. Like crop
rvlants tree species Aiffer greatly in their %wlerance ¢ =line and
sedic conditions. But only a feﬁ efforts wers made to investigate
treacs for thelir suitabllity to salt affected soils. This may be
attrituted to our priority for agricultural nroduction and immense
difficulriar faced by research workers while investigating trees,
Major fsctors are thelr longer 1ife spans, slow growth amd nutrition
and crzatly different relationship with the soll system as compared
to agricultursl ortore.

AnL investigaticn ¢f the soill profiles under naturel growth of
a few fcrest species were undertzken by Hoon znd Mehta (1936) who
reported great veriztion ameng the tree species in their tolerance to
salinity and scodicity status, They noticed a falir degree of sodifi.
catica but low salt content in the scils under Proscopis spicigera L.
whersas scils under Tamarix articulata vehl. had very high salt
content and somewhat low pH values. Scils growing Cepparis aphylla
Roth. showed high pH and high s=slt content in the lower depths,



A greatar varistion among the tree species for their tolerance
to salt affected soils under different nstural flora was reported
(fadav and Fathak, 19%7; Khan and Yadav, 1962) assoclated with place

tc vlsce in different states of India. Trees like Acacia speciss,

Butea menosperma (Lamk,) Taub., Tamerix articulata vshl., Prosopis

juliflora (Sw.) DC., Proscpis spicigera L., Azsdirachta indica Juss.

and Albizis species were suggested for planting in salt affected soils,

Griffith (1945 1946) conducted a few field exreriments in the
erstwhile Punjab to evaliuate suitability of different tree species
on sodic scils and reported Acacia nilotica (L.} Willd.ex.Del.,
Prosopis juliflerz (Swe) DC. and Proscorisz spicigera L. to be more
promising syecies. Chopra (1945) found Tamarix articulats Vahl. good

on salt affectad (kallar) soil though it develcoped into en opan ¢rope.
He alsc prepared a conmprehensive list (Choprs, 1939) of trees sultable
for afforeststion asd land reclamations List included Acacia dealbata

Link., Acacia modasta wall., Acer caesium Wall., Acer rnlatum Thumnb.,

Butea frondosa “oxbe., Carparis aphylla Roth., Cxdrela serrulata Mig.,

Cupressus torulosa DeDon., Dodonaza viscoga Jacd., Eucslyptus robusts

Sm., Masclures aurantiaca Nutt., Malia szpedarach L., Parkinsonia

acul2ata L., Proscpis glandulosa P. guliflors (SWe) DC., P. spicigera
Le, Jdubing pseud-acacia L., Salix babyionica L., Tamarix articulata L.,

Tedizica Le, Thevotia meriifolis Juss. Bekshi (1948} has also found

Acaciu arabica auct. mult. 5 bs a valuabla spacies for planting in
kallar and still clay soile.

Acacia nilotica (L.) Willd. ex. Del., Butea monosperma (Lamke.)

Taube., Dalb:rgia sissoo oxb., Prosopis juliflors (3W.) 2T., Acacia

tortilis (forsk.} Hayne, Salvadora parsica L. an? Tamarix articulata

Yahl. wece suggested (Yadag, 18581 Rag2 anl Tamhane, 1964} as tolarant
trees for rlznting in saline and sodic soils that cannot be reclaimed

sconomically for agricultural crcps. Yadav and Mathur (1962) reported
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that seedlings of Shorea robusta Gaerin. grew well only in the pH

renge ©f 5.6 to 7.8 but falled to survive above thiz range.

In the Negewv Region of Isrsel, Eucalyptus Cameldulensis Dehne

and Pinue halepensis Mill were found to be meost tolerant to soll

salinity (Bidner-Bariiava 2nd Rameti, 1967). The chlorine content

in the leszves of tolerant Eucalyptus species wes found to be similarx

to same speclies when grown in nonessline soil in humid region. 1In
Kuwait and Sudan, E.cameldulensis Dehn. has also provi‘ed to be most
promising specles in &id anmd saline sites (Raje Singh, 1965). Other
spaciss of Eucalyrtus found tolerant in such conditions are E.microtheca
PeMuelle., Zeterticornis Sme. in S8udan and E.gomphocephalla A.DCe. and

EcObtUS& LeHerit in Kuwait.

Kaushik et gl. (1969) reported that Zucalyrtus hybrid failed to

grow on saline sedic soils with pH more than 10.0 and scluble salt
contant above 0.7 per cent and a compact indurated subsci)l mostly due
to kankzar. This species was found to grow satisfsctorily on solls
having pH below 9.0 and a soluble salt content of upto 0.3 per cent.
But be'tter growth occurred when goil pH and soluble salts were leass
than 8,5 and 0.2 per cent respectively. deav an? Singh (1970)
investicated the range of tolerance of important species for sglt
affected so0ils in vrijbumi Afforestation Division of U.P. All the
species showed mortality in soils having pH above 10.0 and scluble
salt contant a2bov> 3.42 in the surface and 1.14 per cont in the subsolil
and an indur:sted subsoil with a cemented bed of kankar nodules.

prosopis juliflora (SW.) DC. would grow cn soils having pH upto 9.5 and

soluble salt content upto 0.54 per cent though it cold also tolerate
a 301l having pH upto 10.0 and socluble salt content upte one per cent.

Acacia nilotica (L.) Wild. ex. Del. could grow satisfactorily on the
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goils having pH below 9.0 and soluble salt content below 0.3 per
cent. Azadirachta indics Juss., Butes monosperma (Lamk.) Taub.,

Dalbergis sissco ioxbe, Pongamis glabra Vent. and Terminalia arjuna

wight et. Arn. wera found to grow on soils free of szlts in the top

60 em but pH upte 9.8 and scluble salts upto 0.45 per cent in the
subsoil.

Mchindra (1973) cbserved th-t afforeststion of salt sffected
soils in Punjab was a serious problem unless such scils are amela
forated to the desired level. All the species planted during 1963
(Silviculturist Research Division, Bhadmson, Patisla) falled to grow
due to excessive salinity and sodicity. 1In ancther field trial
Prosoris juliflora (SW.) DC., Tamarix articulats vahl. and Eucalyntus

tereticornis Sme 414 well whereas all the nlants of Dalbergia sissoo

Roxbe, Albizia procers Benth., Acacia nilotica (L.) Wi1ld. ex. Del.

and Salix tetrasperma willd. died.

gucalyntus cameldulensis Dehn. hes been fcund (Karschon, 1966)

to possess high tolerance (in the Rift'Valley in Israel) of soils

rich 1o celcium carbonste and high levels of soluble s alts meinly
chlorides and sulphates with pH T«.6 to B.1« In Kuwait and in Sudan

E.cameldulansis Dehne has also proved to be the most promising species

in the :rid and saline sites (Raja Singh, 1965). E. microtheca F.Muell.,
E.tereticornis Sm. and E.gomphocerhala. A«DC., E.cbtusa L.Herit. were
found tolerant under such corditicns in Sudan ~nd Kuwait respectively.

Tamarix mennifera chrenb. has been reported (Karschan, 1966) to do

well in sclonchak scils of Israel. Eucalyptus cameldulensis Dehn.,

Acacis sburnis willd., Casuarine torulosa Dryland,, Cupressus

sgmparvirons L. and various species of Tamzrix have been found to

give ¢ocd results under saline wster irrigation in French Sahara
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(Karschon, 19:6). The cuttings of T.aphylla (L.} Karst. have been

found (Raja Singh, 1965) successful in soils of Kuwalt having alkali
salt cencentrstion szt surface with pocr N and putrient status and

hard pan fcrmed by magneflisum and calcium csrbonate. Migunova (1976)
reprortad sbility of T.ramossissims Ledeb. and T.tetrandrs L. to root
successfully in soll horizons containing salts upto 6 per cent

including more than 3 per cent sulphates and one per cent chlorides.

Zelenin (1976) in a trial started in 1962 on sclonets soile

fcund Allanthus altissims Desf, to be a promising species in dry

and ssline conditions, Brawn et al. {(1978) in a green hcuse experiment

cbsarved Alnus qlutincsa Medic., Hiprophse rhamncides L. PForulus

*Oxford® L., Szlix purpurea L. snt S.rubens L. to be highly tolerant
to salte. Iu Pekistan, Zizyvhus jujuba Lamk., Albizis lebbec (L.)

Benth.,, =n? acacis nilotica (L.} Willd., ex. Dsl. were found most

salt tolerant sp=acies (Bangash, 1977). Lohani (1979) reported that

Leucaans leucccephals (Lawk.) de wWit. a fast growing leguminuocus tree

of tropics showed good grawth on moderate to heavy salt sffected solils
having pH 9=-10. Yadav (1980) showed that Prosopis juliflora (5W.) DC.,
Eucalyrtus hybrid and Acacia nilotica (L.) Willd. ex. Del. can be grown
on calcarecus sodic soils by treating the soll of the planting pit
with gyrsum and FYM alongwith applications of a small dose of nitrovgen
and phosphorus fertilizers. Chaturvedi (19684) reported that Zucalyptus
hybrid grows well in the first year as long as the roots are confined
to the top layer of sand soil but stagnates as it reaches the clay
leyers cffering severe mchan:l& al impedance., Other srecies namly

Proscoris juliflora (sw.) PC., Acacia nilotice (L.) Willd. ex. Del.,

Terminalias _qr;{nn;a Wight. et. Arn., Albiza lebbec (L.) Benth. grows well.
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3. ameliorative BEffect of Tree Plantations on Salt Affected Soils

Planting and establishment of trees on salt sffected scils,
dacradzd lands, sites used fer the disposal of industrial wastes
and sznd dunes can be the first important ster in soil rehasbilitation
end lend reclamation. The influence of trees =2nd forest on the
envircnment i1s well understood (Kittredge, 19487 Singh, 1960r PA™,
1962¢ Tejwaani, 19797 Ghosh =t al., 19827 Pal, 1984) =28 it is conducive
for reclamation of sites, wprovision of shelter and shade, waterkhed
manacement, zcil stabilisation and prevention of arcosion and arrest
of desertification. Tree growth i3 reported to cause amelioration
of salt sffected scoils by improving their physicsl, chemical and
biological properties, However, studies which examined change in
soil characteristics as a result of tree growth mre too few to permit

genaralize its ameliorative impact,

The soll improvement is based on the penstraticn of strong
roots, improvement of humus and nutrients content through return
¢f organic substances from decomrosed plant parts amd on the enriﬁh-
ment of nitrogen status of the scoi) through sysbicticelly fived
nitrocen in caee of N fixing trees, Tre2 srecicss with deep amd
farreaching roots loosen the soll to promote access of oxygen and
vwater and thus facllitate develorment of microfauna and flora in the
so0il. Specles that are shading and covering the soil with their
cancpies change the microclimate drastically ensbling the soil
fauna to survive and humus to develop rapidlys A suitable climate
also rlays a mejor role in the rate of decay of plant parts and
determines amcunt and quality of humus thst develors. Thus,

suitability of a tree species for purposes of land reclamation require



031

possession of following thres characteristics, i.e. (2) General
piconeerine gualities, l.e. species should be spontaneous raw

mineral scil invaders and reach their climax there. They disappear
only after having provided the necessary corditions for the develope
m=nt of more comrlexfplant communities. (b} The ability te surive the soi
and (¢) The ability to stsdbilize and bind the scil. Chopra (1939) in
his monumental public:tion wentioned suitability of some species out

of a comprehensive list for afforestation and reclamstion of land in
Punjab, althcugh, information regarding their impact on soll improve.

ment was not arallable then.

Tree growth in solonetzic s=0il was observed (Vadiunina, 1964)
to increase water permesbility substantislly and lowering salt
content of soil as a8 result of efficient lesching. Wazter pemmeability
was 17 mm under forest plantations against 10 mm and 4 mm under
agricultural c¢rops and virgin land, respectively. Similar observations
ware mzde by him earlier (Vsdiunina, 1557) alsoc with various shrubs
especially Tamarix which exerted a loosening effect in thae soil and

increzsed its moisture canacity.

Growth of Prosopis juliflora (S5We) DC. was found {(Shah, 1957;

Shah &nl Vora, 1965) to lower selinity and exchangeable sodium per-
centace of the scil after prolonged occupatione. A benaficisl effect

was sls0 observad undar the growth of Tamarix articulsta Vahl. Smith

{1561) Avocsted crowing of Kochila brevifolia L. for reclamation of
severely affected splty lands of Western Australia. Ghildyal et al.
(1962) reported thst soil under forest cover maintained a higher
organic ¢arbon and nitrogen content thsn under comtinucus cultivation.
Porast soils maintain high status of phosthate and potash wheroas
continucus cultivaticn of crops show removal every year with alumina

from surf=ce to daéper horizons occured in cultivated soil. Increass
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in exchang:able cslcium applisd through gypsum in soda solonatges
of the wocded steppe was cbserved by Sumbur (1963) in a field
experiment. Boyke and Boyke (1966) reportesd that succulent leaves
of Calotrovhis show a2 high salt 1ntaké and its cultivation offers
desalinigation possibilitiss for saline soils.

Kretinin {1967) noted desalinization and desoclonetsization
undar 30 yesrs old shaltar belts. ©On moderately solonetzelike scils
in USSR, Migunova (1972) found desolonetairation under the tree growth.
Yedav and Singh (31970) reported = decrease in the pH valuss and
soluble salt content and an increase in the amcunt of organic matter
and nitrogen in the surf ce goil (N=15 cm) under Prosopis juliflora
(8Wwe) DC. though the sgoluble salts increased tc some extent below
15 cm depth peresumsbly G to fhelr downward translocation through
leaching as a result of improved pémnbility of scdic soll.

L}

If left undisturbad the ground bensath trees becomzs covered
with a layer of debris called forest litter comprising dead leaves,
twigs, branches, flowers, fruits snd seeds etc. This litter layer
further protacts the soil surface. Loss of an effactive litter layer
frequently leads to s0il erosion. Bell (1973) found that soil loss
during ons year under teak stands was two and m» hzlf o nine times
more than under natural forest. Ghosh (1978) slso reported an
increase in raindron ercsion from 10 to 90 times derending upon

rainfall intensity under Shorea rcbusts Gesertn. forest whare the

litter had been lost throuch burninge

Bencath a forast there iz generslly an almoegt uninterrupted
mat cf roots which binds and stabilizmes soil particles. The total
Quantities of roots are very large. Even in s simple ecosystem such

as & plantation of Cupressus lusitenica Mill,, Lundgren (1978} found
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6.1 ¢t ha~! fiae roots (less than 5 mm dis.) in the top S0 cm soil
layer which almcat half \ure ‘in the top 10 ¢ms The total below
ground bicmass of all roots, stumps and root ¢rowns was 71 t ha"lo
Whil: trees are slive this root mat is continually renewed and if a
root dies a new one soon replaces it. This living network of roots
provides mechanical support on steep slopes and is the main contrie

buticn tc slope strength and prevention of land slides (Rice, 1978).

Under forast cover rain water infil trates at a higher rate
(Ghosh nd Rsc, 1979) which reduc=s runoff markedly {(Mathur et al.,
19761 Ghosh, 1978) =nd c¢onsequent benefit reported (Anderson et al.,
19767 Bruniq, 1977y Kunkle, 1978) was significant reduction in erosion
and sediment loading of streams and rivers. In__l_lndla. study of 17
major reservcirs showed that zediment deposition rates averaged 917
®° km™% ennu:lly which is three times greater than was planned
becsuse vest sreas of forests in the camhiasnt areas had been
defor:sted (Tejwani, 31977). Cther effects of trees and forests
reportzd bzpeficial are shelter from winds (Payne, 19687 Delwsulle,
19773 Sangar et al., 19775 FAC, 1978a), dust and sand storms (Musa,
1977), moderaticn of evapotranspiraticn stress (Delwaulle, 1977},
arract of desertificgtion (Darling, 1969r Mikcla, 19787 Shamma, 1978s

Kagsass, 1979) amd ameliorstion of industrial westes (Hartley, 1977).

In addition to growth ¢of trees on salt affected soils, thelr
effects cn the changes in succession of understory vegetation and
their growth are completmly lacking. Different tree srecies would
have different affects cn the undergrowth of natural grasses. Such
affects of different trez spacies need to be evsluatead sinoe planting
of trees in combination withh crops {(agroforestry, farm-forestry,
shelterbalts) are practised commonly in agriculturally advanced

states of Indias.
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Some plants can avoid drought by releasing chemicals which
inhibit seed germination and growth of asdjacent plants (allelopathy).
Such allzlepathic chemicals may be released from plants by leaching,
velatiliz=tion, excreticn, exudation and decay either directly or
through micrcbial sctivity. Among tha natunrally occurring compounds
having inhibitcry effects on growth of neighbouring planta are
ercanic :cids, lactones, fatty acide, quinones, tarpencides, steroids,
phencls, benzoic acids, cinnamic acid, coumarins, flawvcnolids, tannins,
amino acids, polypeptides, alkaloides, cyanohydrins, sulphides,
mistard oil glycosides, purines and nulceosides (Rice, 1974).

Best known allelopathic chemical 1s juglone in Juglans. It
is washzd into the soil from leaves and fruits and inhibits growth
of adjacent plants. wWent and Westergaard (1949) observed, in
California deserts, that Larres seedl ings dled in the vicinity of
edult Lerree plants because of the toxic action of chemical excreted
by rcets of adult plants. Inhibition of seed germinstion by existing
shrubs was shown in the case of Salvia mellifers L. which almost

completely prevented establishment of Adencstems seedlings under it

(Went, 1952). HNaturally occurring plant growth inhibitors are widely
distribut2d in tropical and subtropical vegetation. Inhibitors of
fruite of Jlex vVomitoria A. Gray inhibited germinaticn of seeds of

Rroscpis juliflors (SWe) DCe (Boyey and Dimz-Colon, 1969). 1In India,
Prosopis juliflcra (SW.) DC. forms danse thickets of small shrubs to

large trees. Very few plants come up within the community of
these trees and shrubs and the ground is covered with a thick
layer of leaf littar. Inhibitors in the leaves inhibit seed
germinstion and growth of shoots and roots of seedlings (Lshiri

and Gaur, 1969) .
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4. Effect of Mechanical Impedance and Soil Salinity on Root
Growth Behaviour of Plants

Roots ars the only plant organs that keep close intimacy with
the growth medium, soil, for almost all the terrestrial plants. But
until recently this intimacy was considered to anchor plant in the
801l and absorb water and nutrients while shoots entrap solar
radiatica through photosynthesis eleborating the metabolitas on which
all growth dependss But it is now evident that interrelatiocnships
b:twaan recots and shoots are considerably more complex. Mechanisms
governing growth of the entire rlant depend on growth substsnces
produced both by roots and shoots and the effect of unfavourable
soil conditiona are scmetimes primarily due teo interference with

these mechanisms rather than to reduced absorption of water and
nutrisnts.

Most comnenly recognised factors that mska the s0il incenducive
for crtimum plant growth (Arkin and Taylor, 1981) and problematic
include salianity, moisture stress, mechanical impedanc>, nutrient
stress, tompersture stress, oxygen stress, aluminium toxicity and
pathogen effacts. Most of the researchars ocn root systems of plant
confine to agricultural crops. Information regarding growth
behaviour of tree roots under conditions of good scils in general
and salt affectad soils in particular is lecking. Sinoe this
_study dealt with growth of trees in sslt affected (scdie) soils
wher:z majcr problems that check plant growth are salinity stress
of aikeli producing sodium salts, mechanic sl impedance due o
ealcic horizon in the soil profile and unfavourasble soil structure,
relevant literature is reviewe? under two heads, i.2. effect of
(1) mechanicel impedance and (1i) soil salinity on growth behaviour
of plants with particular emphasis on roots:
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4.A+. Mechanical Impedance and Plant Root Growth: The temm

mechanical impedance refers to the growth response of some plant
part a&s it is mechanically contributed by a volume of soil.
Coempacticn of the soil reduces the volume occupied by pores causing
greater wmechanical impedance or resistance to root extension, gas
and water transmission characteristics of the scil. The parameters
that mecsure soil compactness are {a) Bulk density, mass of oven
dried solids contained in & unit volume of soll, (b) The ratic of
the volume of voids to volume of solids void ratio, (¢) Porosity,
the ratic of volume cof voide to total volume of soil, (d4) Soil
textura, relstive proportion of varjously sized particles in a

s0il mass (Denshue et al., 1977), and (e) Soil structure, the
fortultous arrancement of sggregates and primary particles as

influenced by total past history (Gill and vander Berg, 1967).

Root growth in scll take place when new cells are formed amd
the turgor pressure inside these cells is sufficient to overcoms
constraint of the cell walls and any external constraint caused by
the surrcunding soil matrixe The difference between turgor
pressure and cell wall conatraint is defined as root growth pressure
(G111 and Bolt, 1955}« Growth pressurs must be greater than thm
impedeance acting on the crosssection of the plant rcot if it is to
Qgrowe

Dynamic nature cf soll water content universally sffects
80il mechenical properties. Devices used to evaluats the affects
of s0il water content =nd bulk density or soil mechanical proverties
include scil penetrometers (Davidson, 1965), shear vsnes (Freitag,

1971} unccnfined compressive strength machines (Shllberxry, 1965),
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modulus cf rupture (Reeve, 1965) and tansile strength machines

(G111 and Vanden Berg, 1967). So0il penetrometers have beesn used

to 2 greater extant than the other devices for determining the
effzcts of soill bulk density and watar content on roct penetraticn.
As soil bulk density increases or as the s01]l water content decreases, ,
penetrometer vzluas increase, however, exact changa is s0il dependent.
Penatrematers of various sizes and shspes have been used in mechanical
impadance studies. The three main grours includes (a) Those which
measur2 the pressure regquired tw push the tip to a specific distance
into the soil vclume usually called a static tip penetrometer, (b)
Tho s which measure the pressure {(or force) required to move the tip
through the scil at a more or less constant rate, called a moving tip
penetreme ter, and (@) Thoss which record the nurber of blows required
to drive the penetromater tip through a spacific depth of soil,

called an impact peanatrometer.

1t has been cconsidered aasier to show the relztionship between
presence of sechanically impeding layers sand root growth or shoot
emergence than it s to show that such a relationship exists betwaen
mechanical impedance and crop yield. Several reasons for this ares
{a) Plants require watar, essential nutrients and anchorage from the
soil. If impeding layers do not increase plant stresses because of
a lack of these items at any time of growth cycle, impedance will not
affect yizld, (b) Definitive experiments showing that mechanical
impadance reduces roct growth were conducted in the lgbhoratory under
conditicas cf clorely contrelled uniformity but these conditions
seldom exist in fields where most yleld trials are corducted and (c)
All commenly ursed strength sensing devices integrste thalr measurements

over soll volumes substantially larger than the size of the plant reot.
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Small flexible plant roots can penetrate soil lsyers through
soll cracks, worm holes, root channels and other vodds that deo
not significantly affect results cbtained with strength sensing

devices (Davis 2t al., 1968 Nash and Balingar, 31974).

Despite these limitations, many experiments (Carter et al.,
1965 Barton et al., 1966y Tayler and Bruce, 1968 Lowery et al.,
19707 Rwcgers snd Thurlow, 19737 Grimes et al., 1975) have shown
that cror yields decrease as the strength of s0il layvers or volumas
increase. Since mechanical impedance ie a function of both soll
bulk deasity and water content, additicn of water or occurrence of
rain (Taylor et al., 1962) dacreases scil strength and increases
roct penetratione The literzture alsc possess refersnces to the
pan shattering abilities of various rlants suvch as alfalfa, swaet
clower and guar. Elkins et al. (1977} reported thezt bahiagrass

oot penetrate soll layers thet mechanically impede cotton roots.

The value ¢f penetration re2sistance st which root eloggation
{(criticzl strength) ceasses have been reported to renge between 8-50
bars (Barley and Grezcen, 1967 and Greacen et al., 1968). Scil
strzncth, tut nct bulk density, was reported to be a critical
impedance [actor controlling root penetration (Taylor and Gardner,
19633 Taylor and Burnett, 1964). Manzel et al. (1968) found incraeased
crop yi=lds by deap ploughing and very little effect of sodium
cerbonate application at the rate of 22.4 t ha~'. However, Eck and
Davis (1971) reported decrease in root yields (Sudan grass, Soyabesans
and Sugarbeets) with deep ploughing but rocts tanded to be evenly
distributzd throughout the 90 om profile when 22.4 t ha"‘“ sodium
carbonate was appliad to 90 cm plough depth. Sodium carbonate

treatment implies use of a chamical that discouragz»& rooting. It
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was found {Ma2nzel =t al., 1967) effective @ 4o so while
investicating and sagreqgating the effects of s0i)l moisture,

tillag=, daszp ploughing and profile modificetion ete. on rooting
habits of cropse.

Sands et ale (1979) reported that organic matter and
managarent were importsnt in maintasining favoursble soll structure
werz imrortant in maintzining £ svoursble soil structure of sandy
c0ils in australian Radiata pine forests. Gerard et al. (1982)
rercrtad that bulk density, veids and cley content influence soil
strength &t all depths. They found significant influence of soil
strangth, volumetric water content, voids and clay content on root
growth. Tie critical strength defined as the probe pressure gt
which root elongation stopred was a function of clay content and
rsncad from 60-70 bars in coarse téxtnred to 25 bars in cley scils.
The <limatiz feotcors like tempercture and rainfall are also very
importsnt in this context, Low tampersture in the planting season
imposes & mejor restricticn on early root segeneration which in turn
inflicts water stress in the transplants (Nambiar ek al., 1979) .
This needs to be ccnsidered during the plenning of planting and
fertilizzticn.

Viewing foragoing discussion in light of objective of present
study 1t 2oprhasises great important of the mechenical impedance to
tras growth. Because of perennial growth of trea specles and their
decp ~ad oxtensive root system, studying growth behaviour toward
root impeding layers in solic scils is imperative., This understanding
may hoelp manipulating a planting technique and selecticn of tree

speciss for sutcessful establ ishment of plantations in scdic soils
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which are generally danse and compact with a hard clay layer or
a ceamented bed of kankar in the lower depth and present severe

Impedance to root growth and development.

4.B. Sci) Salinity and Root Growths  Most of the reported

atudics on plant response to 20il salinity show that vredominant
influence of soll salinity on plants is growth suppression.
';Ty;-:igeny. growth decreases linsarly ss salinity or sodicity
Increases. <Comprehensive enumeration regarding salt tolersnce of
agricultursl and horticultursl crops has been done by several
workers (Pearscn, 1960y Wilcoex, 1960y Barnstein, 1975s Carter, 1975y
Reisenaver, 1976; Maas and Hoffman, 1977s and Abrol, 1982). Inspits
of better understanding of effects of s0il salilnity on plant growth,
much stil] is unknown. Allaviation of salinity stress through
agronomic management and reclamation of root sone for agricultaral
production in salt affected scolls has draswn much attention (Hoffman,
1981) « But information about root growth behaviour of plants under
such situations is limited.

It is well known that soil effects the plant primarily through
its effect cn the root system. Amounts of nutrients available to
rocts, cxygen supply, scil moisture content, soil temperature, level
of toxins and pathogens in the soll, system of pores into which the
roots ¢an grow, shear strength and compressibility of soil are the
principal factors detsrmining the rate at which the root system of a
plant will growe But in salt affected scils, beside thasa factors,
reductions in growth occur fromy (a) osmotic stress caused by the
total scluble =slt concentration, (b) toxicities of nutrient
inmbslances c¢reated when specific solutes becoms excessive, and (c)

a reducticn of weter penstration through the root zone csused by
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excess sodium inducing a detericration of scil structure.

Abrel and Acharya (197%5) cbserved that during the initial
years cf sodi¢ scoil reclsmation, root distributicn is restricted
to surface soil because of high sodicity in the subscil. The
tolerance of root systoms of different sprecies to sodicity at
lower denth, thersforz, determines the soil volume confrontced by
roots for nutrition and water requiraments. Acharya et al. (1979)
raported thaot with increasing exchange=able sodium the root zone
becomes limited and thils coupled with reduced upwerd f£lux of waterx
to tha growing roots results in rapid depletion of the surface scil,
Taylor and Klepper {1973) found that coyn roots deep in the profile
were probably more afficisnt per cm of root for water uptake than
shallow rcots because they wers younger and in the watter gone. Root
distributicn of differant crons on different soils were investigatad
by several workers (Bloodworth et al., 19587 Long, 1959 Poth, 1962»
Mech et al., 19677 Burnett and Hauser, 19687 Eck and Taylor, 1968).
Carlscn (1966) and recently Bohm (31979) reviewed numerous methods ‘for
charoctarization of root systems and Mir advantages and diszadvanta
agesSe But such studies in salt affected solls are met general
overiook.

The development of roots from an anatomical viewpoint has been
raported for many tree cpecies (Bannan, 1907 Stcut, 19567 Krammer
and Kozowski, 19603 wilcox, 19627 Bray, 1963y Wilson, 1964y Kozlowski,
1971) and it was found that root structure ia simi)sr among widely
separate geners cf trees {(Laitakari, 1929y EBasu, 19437 Willcox, 19547
Wilson, 1964; Lyr and Hoffman, 31967y Zimmermann and Brown, 1971).
Genaxally salinity checks root growth as wall as shoot ¢growth of

plants. Suberisation occurs closer to the root tir in the salt
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effected soils beceuse root growth is retarded. Sometimes
bu*'/;; \ cegions Aevelop just behind the tip. But effect of soil
s&yﬁ{; end sodicity on ths rcot growth behaviocur of different
tree specizs, has not been evaluatad thus far. Information on
the se sspects 1=, however, vital for planning forestry programmes.
Further.more, most of the availlable information about trees of
teaperate climste studiad either under controlled (gresn house)
or natural forest conditicns holds no gooci for relatively fast

growing tropical and subtropical trees grown under diverse situst.
ions of s0il and climate.

S5« Water Relations and Tree Growth

The distribution of wegatation on the earths surface is
controlled more by the availability of water than by any other
single fzotor (Kramer, 1969). The adverse affects of plant water
stress resulting from lack of precipitation can be checked by
irrigaticn. For efficient water use in crop producticn, water must
be stored in scil and plants must be cppable of extracting it easily
for grewth and reproductive purposes. The posy system form a
resarvelr for ths water that enables plants to survive and grow,
even though the water additions sre intermittent (Gardner, 1968} .

Factors which affect scil water storage include soil temt.uré.
organic matter ccntent, dapth to impervicus layers, density and
structure. The upper limit of water availsbility to plants (£ield
capacity) generally base on water contents aftar ssturated soil has
fraely drained by subjecting wetted soll to pressures in the range
from 0.05 t0o 0.3 bar (5=30 XFa)} in pressure chambers The lower

limit (permanent wilting point) is estimated by detarmining the water
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content at which indicator plants growing in the soil wilt and
then fail to recover turgor vhen subjected overnight ¢to a humid
atmosphers, or by detarmining the equilibrium water content of
wattad soil subjected tc pressures of 15 bars (1500 kPa) in an
appropriate equipment {Peaters, 1965y Kramer, 1969). But this

rang< may vary with plant speciss and soil types.

Scdic soils are dense and have compact subsoil underlain by
a calcarecus (kankar) soil sone. The dense, high sodium-soll and
indurated calcic layer restrict water infiltrstion snd root develop-
ment (Abrol and Acharya, 19752 Acharya et al., 1979). Thus, root sone
medifications for alleviating plant water stress are made to change
the physical and chemical environmmnt of soils 3¢ that more water is
made aveilable for plant growth. This implies that in sodic solls
any medif ication which expands root sone would be helpful. Deep
rooted woody vegetation extraots more watexr from a greater soil
depth than the grassy vegetation (Bethlahmy, 1962y Rogerson, 19763
Gray, 1977; MeColl, 1977) so that moisturs extraction and storage
in the profile is differential with different plants. Desp ploughing
has b=en rerorted to increase crop vields in salt affected soils by
improving wataer storage (Rasmussen et al., 15647 Sandoval et al.,
1972) Carins and Bowsar, 1977) amd by lessening of scoil strength

{Taylor and Burnett, 1964 Taylor and Bruce, 1968).

A fevourable internal water balance is also an important factor
determining the growth of forest trees. Watsr maintains turgor of
photosynthetically active guard cells, Importance of high turgor to
photosynthepis cannct be overemphasizaed. Furthermore the loss of
growth frequently attributed to competition or root injury is often

traceshle to decreased sbsorption of water leasding to desiccation
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of the tree ¢rown. Thus, ability of rcot system to absord
water hes an important bearing con the water ralstions of tree

spacies.

Trees primarily obtain water from the soil but they may
alsc obtain from thas atmosphere {(Slatyer, 195572 Walsel, 1960)
Pritschen and Doraiswamy, 19737 Azevedo and Morgen, 1974) and
from adjacent trees if their roots are grafted together (Kozloweki
and Cooley, 19617 Eis, 1972). Transpiration demands can be
fulfilled atleast in part by water stored in various tissues.
This is rarticularly evident in orchard trees having fruits with
large amounts of water (Chaney and Kozolowski, 1971y Waring =nd
Running, 15767 Pereira and Kozlowski, 1978).

Watar deficits in trees have heen charactarized in terms of
moisture content on fresh or dry weight basis, relative water
content alsc called relative turgidity, saturation deficits and
water potential. Water deficits in trees affect many physioclogical
processas resulting loss of growth. Severe watar stresges gy
injure trees amd often kill them. Zahner (1968) reviewed the
information showing adverse effects of water deficits on tree
growth. However information cn relationship of tree growth and
water balance of scil and plants is )imited and needs to he studied

intensively.



MATERIALS AND METHODS

The presant study aimed st the evaluation of selected tree
species for thelir twolerance tc sodicity and mechanical impedance
in a highly sodic scil with particular reference to thair root
Jrowth behaviour was accomplished by carrying ocut field experimsnts
peside detailed analytical sppraisal of the soil of axperimental
site (Platd 1) for its salient physical and chemical charscteristics.
Field experiments were conducted at an exrerimental farm of the
central Soil Salinity Research Institute near villages Gudhas of
Karnal district of Haryana (Fig.2). High soil sodicity hazard of
the site is representative of the sizesble chunk of sodic soils
occurring in the Indo=Gangetic plains of Haryana, Punjasb, Uttar
pradesh, Bihar, Madhya Pradesh esnd Rajasthan.

3.1 Physico-themical Characteristics of the Experimental Site

Before experimentation, pits were dug to expose vertical
section of the scoill throughout its horizons extending down toc a
depth of two metres (soil profile) at three places within the
experimental field. This was done to have an insight into the
problams of high soil sodicity and mechanicesl impedance of an indur.
ated hard pan in the s0il which may explain behsviour of the soil
towards its use and management for growing tree plaﬁtaticna. Some
of the important physicomchemical properties of different horizons
of 804l are presentad in Table 3. The morphological description of

the representative soil profile within the experimental field was
recorded and is presented belows
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Teble 3. Soms important physicowchemical propsrtiss of a highly sodic soil profile in the
axperiments) field.
Soil horison pHe RCw Petritus CaCO, Sand silt Clay Textu- z8P
(a5w—1) T ral
(g 100 g~*sod1) class
0= 15 Cm 10.% .o 0.58 0«68 84 27 18 t 384 94
(10:301046) (346n842) (0.420.9)  (0.8w1s1) (52.38) (22-32) (16-20) {94-98)
16« 27 om 10.2 176 2.48 0.72 51 27 23 a8 97
{1021=10+4) (1.4-1.8) (1.3=3.2) (0e6m241) (48-32) (3%5-31) (21.24) {96~99)
28~ 46 cm 10.1 1.04 3,88 0.79 49 26 24 81l 9%
{10 40=30.2) {091 o‘) {3.6-4.,0) {(0+6-0.9) (46.50) (24=28) (212 5) i (9?-9!’
46~ 87 cm 10.0 1.12 S.82 0.92 4 20 28 @l 96
( 949-30. ) (0eD=1,2) (3e6uDa3) {0+6148) (50-8%8) (18-~23) (22-28) {94 -98)
87-139 cm 10.0 0.96 34.26 632 - 81 23 19 1 2
( 901=301) (0.8e1e2) (2146=4644) (246=9.4) (4654) (21-27) (16=23) {90.94)
140-200 em 9.9 0.62 7.46 9.37 3 18 11 s - 72
{ Se3010e3) (Dedclal) (5.4m31.2) (B.6=18.7) (6267} (16=20) ( Buid) {56-78)

Figures in parentheses indicate cbhserved variaticon mmong six determinaticns.

sMousured after shaking soil water suspepsion in a ratio of 152 fer half an hour,

Textural clesses are designeted following triangular textural 4diagram bassd on internaticnal

fractions.

370
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28

47

Mosphological description

- 27 om

- 46 Cm

- 87 cm

Yellowish brown (10 YR 5/4) wvhea moist and very pale
brown (10 YR 7/3) when drys silty loamy moderats ¢o
strong: fine to mediumy platy and s’ubangu).af blocky:
sticky and plasticy slightly firm when moist, hard
on 4Aryings comecn fine and medium oblique poresy few
fine roots; clear smooth boundary.

Dark ysllowish brown (10 YR 4/4) when wmoist and very
pale brown (16 YR 7/3) when dry; silty losmy strong,
coarse, subangular blocky; wvery sticky, very plastie;
£irm whern moists extremely hard on dryings few fine
pores; very few fine roots; strong effervesence;
Clesar smooth boundary.

Dark yellowish brown (10 YR 4/4) when moist and pale
brown (10 YR 6/3) when drys few, fine prominent,
yellowish red (5 YR 4/6) mottles: silty losw strong,
coarse, angular blockys wery sticky, wvery plastic)
firm when moist, extremely hard when drys thin patchy
cutansy common fine poresy wvery few fine rootsy strong

effervescencer clear smooth boundary.

Dark yellowish brown (10 YR 4/4) wvhen moist and pale
brown (10 YR &/3) when drys few fine, faint ysllowish
brown (10 YR 5/Gi mottlesy clay loamp strong, coarss,
angular blockys very wery sticky, very plasticy
slightly firm when meoist; thick patchy clay skins on
ped surfaces; comaon £ine poresy strong effervescence;
few fine iron-manganese concretions (less than $ mm);
wavy, smooth boundary.
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88 « 139 cm Brownish yellow (10 YR 6/6) when moist and light
vellowish brown (10 YR 6/4) when dry: loamy strong,
med ium, subangular bleckyr sticky, plastic and
frisble when molsty few fine, oblique pores; violent
effervescences few fine iron-manganese concretions
(less than 5 mm); abundant, fine to very coarse
caleium ¢carbonate concretions (upto 60 per cent)s

wavy, smooth boundary.

140 ~ 200 cm Yellowish brown (10 YR 5/4) when moisty few medium
distinct yellowish brown (10 YR 5/6) mottles; loamy
sandy wesk and fine subangular blocky: none=sticky,
non.plasticy friable when moist: thin patchy cutansy
few fine poresy viclent effervescence; coarse calcium
carbonate concretions; wvery strong effervescencej

very few iron-manganese concretions (less than S mm).

The pH and ESP were wery high throughout the soil profile,
The soil of experimental site had a layer of calcium carbonate
co:i‘:retions at a dapth of 8090 cm o 130140 cm. But there was
significant loczl variation in respect of the width and position of
concretion (kankar) layer in the profile, size of concretions and
(:aCl‘.)3 coptent of the soil (excluding detritus of more than 2 mm
disveter) s Detailed analysis of soil for some of the iwmportant
physical snd chemical characteristics of soil layers each of 15 cm
width from the surface down to 240 cm was carried out to identify
and quantify their effect on growth of tree species and for bettar

wmderstanding of the growth constraints in a highly sodic soil.
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The relevant data obtained from this analyticeal sxercise are
presanted and discussed in Chapter - IV. 7The specific details

of each of the experiments including the materials and methods are
presented in the next chepter separataly alongwith the experimsntal
results for the sake of brevity. The methodoclogy common to all the
experiments is presented below.

3.2 Cultural Practices adopted for Experimentation

(a) Bunding of the Zxperimental Fields First opsration involved

in carrying cut field trials was construction of ade¢guately strong
and high bunds on periphery of the experimental vlot. This was done
to restrict entry of run~coff water from outside inte the experimental
sres and ccnservation of good quality rain water within the fleld

80 thet its use can be made by thw growing tree plants and natural
vegatation effacting reclamation. Channsls were provided for the
drainage of excess water accumlat=sd ¢n heavy occurrence of rainfall,
if any, sometimes during the ralny season or otherwiss. Within an
experimental fisld as many plots were made to accommodate the given
auber of replicaticns of each tregtments. 1In sach replication four
sapl inge were planted. MNumber and size of the plots depended on the
spacing and trestwents in sn experiment. The nstwork of ridges
favourad consexvation of rain water by praventing its accumulation
in depressions within the field and in turn checking of run=-off

losses,.

{b) Digging cf Postholes and Pits for Planting Trees: Postholes

and pits (where required) were dug out using moil sugers and an
assortment of implements like spaiss snd Bhovels respectively. Two
tyres of soil sugers were used. The first type included augers
opsrat=d manitally and the mechsnically operated auger run through
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tractor powsr constituted the second. Manually operated soil

augers ware fabricated locally but the mechanical one was purchased
from the Uniom Forging, ILudhisna (Plate 2). The dimensions (depth

and diameter) of the postholes were controlled mainly through the

size of auger blades and their working to dug out postholes down

to the desirxed depth. The rgpid preparation of postholes was found
convenient following addition of water in postholes deing dug out
through manually opsrated soil sugers. This resulted in the soil
turning into a paste unsuitable for reusa in preparing s filling
mixture. Therefora, the so0il used in the filling mixture was prepared
arresh (explained on the naxt page separately). But making of postholes
with mechanically auger 4id not involve addition of watsr and the dug
out s0il could be used for £filling of postholes after mixing proper
dosas of amendments with it. However, to minimize variation in the
nature of scil to effect sspling growth during early stages of planting,
scil from the same location was used to prepare z £illing mixture for all
the postholes and or pits within an experiment.

(¢) PFPillinc of the Postholes and Pma The dug cut posthcles and pits

were refilled with an appropriste filling mixture. A £4illing mixture
means the amended soil mass propared by through mixing of smendments
1ike gypsum, FYM, sand, rice husk snd fartilizers with the original
sodic sci) collected from s suitable site within the experimentsl
fiseld., Their dose varied derending upon the cobjective of an individual
experiment. 7The amount of mixture required to refill a posthole or

a pit was detarmined by £filling a dummy in each casa., Aftar knowing
the quantity of mixture required to f£fill a given posthole and nit,
postholes and pits were packed compact by pressing the mixture added



Plate 2

A tractor power driven mechanical posthcle dicger
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in increments through simultenecus Blowings of an sppropriately
sized wooden log. This was done to effect compact refilling so
that there should be little settling down of filling mixture within
the postholes and rits upon watering to the planted saplings of
tree apecies.

(d) Preparation of a Filling Mixtures Based upon the results of
detailed anslysis of soil representing diffarent locations within

the experimental field, it was cbserved that spots supporting
natural vagetation comprising grasses 11):: D&l@m fusca (L.) P.
Peauv. (Karnal grass), Cynodon dactylon (L)}). Pers (Bermuda gress)
and Dichanthium annulgtion (Porssk.) stapf. have relatively lesse
slkalinity and salinity hasard. Such spots w;n selectad for pﬁw.
ation of the posthole/pit fillimg mixtures. But surfece soil showing
natural growth of Desmostachya bipinnata (X.) stapf. and Sporobolus
margingtus Hochat. ex. A. Rich was found severaly affected with either
high scil salinity or alkalinity or both. Therefore, depending upon
the nstural wvegetation, trenches 500 cm long, 200 cm wide and 30 em
deep (500 x 200 x 30 c-s) were dug with spades to collect sbout 5 ¢
of the soil per tranch at as many lotations to suffice the calculzted
requiremaent for the given numbar of postholes asnd or pits in an

sxperiment.

Dug out s0il was crushed to break clods and stubbles into a
fina tilth amendable for thorough mixing of amendwments. Before
mixirg the amendments, finely prepared soil was laft in the sun for
drying so that it 4id not fxvour elod formation and remajned in a
friable state. Stubblos and extranecus materiel was picked or remowed
during the digging and mixing operationsy Digging of wet soil
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conducive to clod formation and difficult to work with whereas

too dry scil requir=Q labortous 4igging and simultanecus troublesoms
clod crushing. After preparing a friable scoil mass the desired
amount of amendment was mixed to the 20il thoroughly with spades
for use as a filling mixture. Composition of the £illing mixture
varied depending upon tha treatssnt and theredy differant types of
£11lling mixture were prepared saparstely using the soll for all
types of mixtures from the same location,

{e) Planting of Tree Saplings in Pits and Postholes:t In the

differently prepared pits and postholes, saplings of a given tree
gepacies wvere plantsd. Required number of robust saplings for each
experiment were segregated from a large population in respect of
their uniform growth to eliminate development of significant differen~
ces among them subsequent to planting duve to differemces in their
growth before planting. Saplings for all tha experiments were
selected from nurseries raised by the State Porest Departmsnt of
Haryana at locations nearby the experimentel site. Saplings were
raised mestly in individual containars (polythens bags) and wvere
taken to the planting site., Saplings ware planted with an intact
fall of scil arcund the roots (after removing the polythene bag) in
the centre of esch postheole or pit in such a way that whole of the
ball was burried 10 cm bslow the surface level. Amsliocrated soil
arcund the ball was replaced and pressed with the toes to sffect
compaction. An earthen ring 8§0 cm in diameter around each saplings
was built with the sems filling mixture to snable watering/irrigation.
An earthen ring means s desp saucer made of soill mass with plant in
the cantre for maximum use ¢f applied water by the plant. This also

kept axcess water away.
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(£} wWatering of Plantsd Saplings: Immediately aftsr planting the
saplings in pits or postholes and aonstruction of sarthen rings
around them, plants were watered. Saplings wers watared for about
six months subsequent to planting on the need feli bﬁlis to ensure
their establ ishment. FPFrequency of watering to planted saplings
depended on the weather conditions, growth stage and depth of the
posthcole or pit. Further, it also varied with the planting saason.
Saplings plantad during spring season (March-April) required more
frequent watering than those planted during the scnsoon (July =

September) ssason.

(g) wWeed Controls Weeds tanded to grow around the sapling subssquent
to planting because of congenial availability of ameliorated soil mass
and regulated moisture supply from otherwise barren sodic soil. Vveeds
were cocntrolled by manual heeings until 24 months past plantings.
Hoeings may also be required o break strong crustation, occured aftar
watering or irrigation, to induce proper seration. Natural growth of
waeds mostly grasses on areas betwesn the sarthen rings with tree
plants in the centre was not disturbed. This vaegetation was usually
harvested during winter season (December-January) and the biomass
yhl& ha"l was yecorded on owven dry basis, After 24 months of planting
wesd control measures were not practised and their growth was accounted

for with the vegetation harvested every wintex season.

3.3 Growth Measurements:t Growth of saplings subsequent to
planting was monitored by recording following indices at monthly
intarvals during the first year and quarterly afterwards.

{a) Hailght» This was measured to the nearest cm by a calibratad
two metre rod. But in case of taller plants, a tape fixed on a
straight Jooden pole or on iron rod of appropriate length was used
to msasure height.
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(b) Girth Girth growth was monitored by measuring diameter
of the stem pericdically at 5, 30 and 3137 cm height above ground

level.

(1) Diameter at Stump Height (DSH)s It is the diameter in wm of

the stem of plant at stump haight (5 cm sbove the ground level).
This was measured ovar the bark using a calliper.

(i1) Dismeter at Breast Height (DEBH): It is the diameter in mm of

the stem of plant at brsast height (137 ¢m) above the ground level)
and was measured with a calliper over the bark. This chsearvation
was made only when the tyes plants ware cbsarved grown up to gbout

two metres heicht.

{i1i) 1In cne exprerimesnt girth was also measured at 30 cm height
of the stam.

3.4 Biomass Producticn

(a) Tree Biocmasess Total bicmass production was estimzsted by
harvesting standing tree plants at different ateyes of growth.
Total bicmass comprised weight of aach of the different plant
components namely foliage, woody material including the bole and
billets and the roots. Fresh as well as oven dry weight of these
components was measured separately to computse total biomass of a
given plant and is expressed in kg or g plant"l. Correspond ing
value in kg or ¢ ha"lis also given whare considered necessary
accounting for the spacing allowed as density (area plant."z) of a

plantation effect marked influance on the bicmass productivity.

(d) Shoots Roct Relationst The shoot ¢ root ratic (s measure of

the distributicn of dzy weight between shoct and root systoms of
the plents) evaluates relationship between above ground and below
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ground growth of plants end was calculated from the actual

weight of the two components.

{¢) Biomass Production of Grassess In a few exparimesnts natural
growth of vegetation mostly grasses (Diplschne fusca (L) P. Besuv,,

Cynodon dactylcn (L.) Fers., Sporobolus marginatus Hochst. ex. A.

Rich. and Dijcanthium annulatum (Porssk.) Stapf). was let undisturbed

on the ground except in the vicinity of standing tree plants until

24 months past planting. Subsequently natural growth was allowed all
over the surface (no weed control). Air and oven 4ry biomess yield
(xg ha'i) of plots was estimated by harvesting grown up vegsetation

only once a yesar during December.

3.5 Rocot Studies

roct systems of different troe species at various growth ztages
wars studied intensively. The procedure followed to sxpose the
complata roct system involved removal of the surrounding scoil through
careful excavation of the soil surrounding the individual root. After
selecting a tree plant, its growth indices were dstermined and recorﬁod.
Asrial rarts of lerge plants were harvested before starting excavation
but in ycung plants this was nct done. Different steps involved are
briefly discussed belows
(a) Digging of the Trenchs Aftar selecting a specimen, a trench was
dug at & distance of 200.500 ¢m depending on the species, growth
stage and vigcur. Depth of trench varied considerably dependéng upon
the depth cf rcocot penetration of a given plant and ranged between
100300 cm.
(b) Excavatiocn of the Root Systems To expose the root system of a
plant after digging the lfnitable trench, c¢ombination of finely

f
rounded tapered point of screw driver and water under prassure
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{(often referred to as wet excavation procedure) was util ized to
ramove scil particles from the root system sterting with the surface
soll and gradually working downward and into the face of the exposed
profile. Water pressure helped disledging and flushing awey the
scll particles rapidly without causing breakage and loss of fine
roots. Two types of noszle used included one which produces a £ine
spray or mist and another which suppliss a pulsating stingle narrow
stream of water at selatively higher pressure. Under water accuml-
ated on cae side of the sloped bottom of trench and was balled cut
manually.

{¢) Layer-wise sampling of Root System: After exposure of the root
system of a tree on its castern side, entire system was sampled in

lgyers cf 15 cm easch down to the point of maximum penatraticn separ.
ately in different rectangular sisves (120 om X 180 cm) alongwith the
soll. This was achieved by harvesting sll the rocts alongwith the
801l first from the surface layer and then downward likewise with the
help of spades, sharp shovels and a smal) saw,.

(4) Pirst Washing of Sampled Rootst Roots alongwith the soil sampled

in sisves were imrersed for half an hour in such a way in water bath
that sllowed no loss of roots by floating. Repsated swirlings given
to sisves afterwards helped flushing down the soil. Apart from this,
roots ware washwd with hand and moderately hard hair brush to remove
the sticking soil particles.

(o) Cleaning of the wWashed Rootss adequately washad rocots were then

cleanad cf extraneous organic materials (rice husk, FYM particles,
roots of weeds atc,) and inorganic (detritus, soll etc.) materials

manually with the help of forcepts and wsshing of rocts in smaller lots
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by hand in the fisld itself. uWashed roots were packed in

appropriataly sized moistensd cotton cloth bags for transport to
laboratory.

(£f) Storage of Rootss Roots packed in cloth bags were stored in a
dry cocl room for further processing immediately. The storage of
rocts for not more than a week was practised by preserving them in
dilute solution of 4 percent formaline or 10 per cent ethanol. But
preservation of roots for more than s week was done by storing in a

freager.

{g) Second vashing of Rootss Transfer of root samples from the field

to labcrotory followed by their washing in & per cent hydrochloric
acid (1.18 2 cm") sclution. 8Soil particles were rubbsd and washed
away with a toothubrush. Two washings with distilled water vere
given subsaquently before processing of root samples for msasuring
selected parameters whoreas second washing to stored roots was given

only when tzken up for recording root paramsters,

(h) Ssgregation of koot Sampless Aftar second washing of roots in
labcratory, each sample was segregated into two sub-spenles conteining
{1) £ine (less than or egual to 5 mm dismter) and (1i) large (more
than 5 mm dismater) rocots using callipers and secataurs. Thess

samples were later used to measure different root parametsrs,

3.6 Measurement of Root Parameters

The root parsmsters sslectsd to express root growth behaviour
and the method of their messurement asre briefed as followss
(a) Root Weights Fresh as well as dry weight of roots collected

from esch layer were measured for sach plant as belows



(1) Fresh weights The fresh weight of roots was determined

af texr four hours air drying of washed root samples in the laboratory
Just before segregating ths total lot into fine and large roots. Air
drying time waried during winter and summer to ensure complete loss
of free moisture adhering to the root samples,

(3i) Dry waights This was determined aftér oven drying of each root
sample at 75°C for 60 hours or until content weighing of root samples.

(b) HMaximum Root Diameter: The maximum root dismeter was measured

with a calliper directly on freshly washed rocts samples in the field.,
3.7 Estimation of Root Cation Exchange Capacity (RCEC)

On exposure of roct system of a plant in the field, root ssaples
with diameter (mm) less than 2, 25, 5=10, 10=20, 26-40 and more than
40 were collectad each from the root sone representing 0.25, 26-50,
51=75 and T6-100 per cent of the maximum rcct penetration depth.

These smmples were washed carefully with deionized water in the
laborstory to wash away adhering soil. The roots were dried for 48
hours at ao°c and ground to pass che mm sieve in a Willey mill,
Subsamples of 0.2 ¢ for leguminuous and 0.4 g for nonleguminuous trees
ware withdrawn for ¢ation sxchange capacity measurements., The RCEC
was determined in triplicate by suspending the ground-up rocots in 0.0}
N HCl1l for $ minutes and then washing with distilled water and titrating
with 0.03 N KOH until the pH of the roots changed from acid to neutral.

1

The RCEC values wers computed as me 100 g = of dry root tissue

{Crooka, 1964).

3.8 Analysis of Plant Materials for Chemical Composition
Different plant materisl like leaves (Juvenile, fully developad,
014, Chlcrotic and shed), shoots (stem or boll, billets and juvenile
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branches) and roots (very fine, fine, smsll, medium, larges and

wery large with root dismster (mm) less than 2, 2.5, S«10, 10.20,
20-40 and more than 40 respectively) wers analysed for their

chemical composition. Specificity adopted in their collection is
briefed in mathodology of the given experimsnt. After collection,
given plant matarials were w washed well with acidulated (0.1% HCl),
distilled and double distilled watar prior to oven drying at 70°%C

for 60 hourse These were later ground in a Willey wmill to pasa
through a one mm stainless aieve and stored in polythene bags.

These sauples ware analysed for total Ng, K, Ca, Mg, Ps, Mn, Zn, Cu,
F and 8 following thair digestion in discid (HNO,: HCIO‘
mixture as outlined by Piper (1950). 7The samples were also analysed
for totel N following the method described by wolf (1982). Uptake

st 311)

of the said nutrient elemsnts by a tree plant was also computed
tak ing into sccount for their concentration in feliage, wocdy
matarial (boll znd billets), roots and cven dry bicmass of esch plant

component.
3.9 Measurement of Relative Turgidity

In order to investigate effeact of different practices related
to planting of selectad tree species on plant water relastions,
relative turgidity (RT) of leaves was estimated feollowing the procedure
outlined by Barrs (1968) and the formula given belows

(fresh weight - dry weight)

AT = X 100
(fully turgid weight - dry weight)

3.10 Analysis of Scil for Chemical and Physical Proparties
Composite soil samrles wers collactad from at least four
locations fin each axpcr:lﬁant in 16 layers of 15 cm each from the
surface to 240 cm doﬁﬁ: bafore starting an experiment. S0il samples
wvere air dried under the shade and subsequently sach sample wzas
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divided into twe subsamples iamully. One of the two ground in
a wcoden pestle and mortar was passed through a 2 mm siave., The
concretions left over were ground sepsarately to pass through a 60
mash (D0.25 mm) sieve. The ;ihoh of the second subsamples was
ground tov pase through a 60 mesh sisve. Analysis of these differently
processaed samples for the important physicsl and chemical character-
iatics was carried out in the laborztory following standard procedures
outlined by Black (1965) and Jackson (1967). Soil bulk density and

distributicn of concretions in the profile were messured in the
field following core sampling.

3,13 Measuremant of Mechanical Impedance of So0il

Machanical impedance of soil rrofile down to the depth of root
panetration in layers of 15 cm each was meesured using a stetic.tip
penetrome ter (thzt which measuress the energy {(J or KJ) required to
push the tip & spscific distsnce into the soil velume). This
penetrcme texr (Fig.3) was fabricated from the local market as per ths
nquu:lte' specificetions. This may also be called an impact penetrow
mater which records the numbar of blows required to drive the penetro-
mtar tip throuch a specific depth (1S cm) of the soil. 1t consisted
of the following partss
(a) Cone: This was made of sclid plece of iron with a cross-section
area {mz) of 7.0686 x 10"". Its total length was 10 cm and the angle
of taparing towards the tip 45 degrees.

(b) Gradusted Extension Rods This rod was hollow from inside and
8011id at both ends. On its lowar end, a cone is fixed with screws
inside the extsnsion rod. The upper ond bears a s0lid iron vlateform
vhich receives s blow from a falling weight. The extension rod is
graduated in 2.5 cm (1.0 inch) markings to observe the specific depth
of penetration.



Handle ———

Sliding weight 200 mm
¥
Cnnecting rod
500 mm

-aduated extension rod— 450
mm

Cone —
100 mm

Fig.3. AN IMPACT PENETROMETER



{e) Sliding Rods It joins the iron plataform on upper and of
the graduated extensicn rod and handle at the top. Its total
effective sliding langth is 50 cm. It passes through a circular
weight that slides between the handle and the plateform. It is

sclid frem inside. 1Its Cross-secticnal area is 1.33 enz.

(4) Sliding Weight: It iz a plece of sclid iron weighing 5.179 kg,

with length and cross sectional area of 20 cm and 46.6 cnz respectively.

It is hollow at the centre throughout its length except its upper
2.5 cm. Hollow cross sectional area equals 9.62 cm’. But at the
upper end of 2.5 om leagth, crossesectional rod (1.33 cnz) passing
across the weicht faeillitating its free fall from 50 cm height on the
plate form. Hcowever, there might be some loss of enerxrgy dues to
friction when £a3lling weight touches the sliding rod. But that
remains more or less constant and is not likely to effect the
msasurements in any way. The energy of a single blow can be calcule

atad as bel_ws

Mass of sliding weight w 5.3179 kg
Pall distsnce m 0.5 m
Foree (N) = mxg = 5,179 x 0.8 m uc"'z.

Energy blow™} m Porce (N) x distance (m)

= 50.754 x 0.5
@ 25.377 Nm (J or KJ)
Total =nergy for x number of blows = 25.377 X x KJ
Energy per urf;t cross secticn area of cone x~! blows, thue, would be

= 35904 J or 35604 KJ
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Proceduras In the wvicinity and opposite side of the trench dug
out to excavate the root system of a tree plant, an ares (2 '2)
was marked with ridges around it. The ¢given area was flooded with
water for 10 daye to saturate the surface soil (0«15 cm) layer.
S3tanding water was drained and the area wes left for drying. WNunber
of blows required to rush the tip 15 cm into the surface s0il layer
were recorded at 10 locstions in a single plot after 2, 4, 6, 8, 12,
16, 20 days of dreining standing water. ZEach time s0il was sawpled
for 1ts percent molsture content (g 100 q"‘1 80il). S01) was alsc
ssmpled in a core of known volume (886 cm’) to determine bulk density,
teaxture, pH and EC cof scilswater sz 112 suspensicn, C.‘meo'.,.P per cent
concretiocns {g 3100 q'l) « Yollowing thie procedurs meschanical
impad ancz of the profile was evalusted to pin point the factors

affzcting roct growth behaviouyr of selected tree specias,

3.32 Statistical Analysis

Rasults of filald investigaticns were processed and analysed
atatisticaiiy following standard procadures ocutl ined by Snedecor and
Cochran (1967) and Pense and Sukhatme (1978).

3.13 Climate

As climate of a place is the most important among the external
environment in determining md regulating biological growth and
celluler rezcticns, important meteocrclogical parameters of Karnal
climate are presented in Table 4. PFigure 4 shows periodic stmospheric
and s0il (5 cm depth) tempersture for the reported growth periods in
different flald experim:nts. Table $ indicztes maximum storm ralafall
that may occur in i-4 days against various return periods and maximum
dry srells during monscon zeason. Figure 5 depicts potential
evapotranspirsticn (PE'i“) and rginfall distribution during 19791984
alongwi:h the various components of the soil water budget,



Table 4. Mean monthly meteorological parameters at CSSRI,

Karnal
Honth Temp. 'C Rainfsell  PE RH Daily

Max . Min. (o) {rn} (per cent) sunshine

hours

January 19.5 6.1 23 1.8 69 7.7
FPebruary 21.6 7.8 17 2.8 66 Bed
March 27 .0 12.3 29 4.3 63 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 82 7.4
Saptamber_l32.8 22.9 73 4.1 75 9.2
October  31.5  16.7 16 3.5 o4 9.5
November 27.1 11.0 10 245 62 B.6
Dacembar 21.8 6.8 11 1.9 67 7.9
Ma2an/Total#30.0 16.7 T76% 4.8 63 8.7

Sourcaes Aannual Reports 1971-1984, CSSRI,Karnal.
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Soil temp. of 5 cm depth

g -0

. 30

Q

£ s

2

o 20 | Mean max.

-

Q) -

=3

b7 | .

2 10

= R )

a Mean min.
g i b ey et b v by g b b g b et

"% J D0 J DO J D J D J D
A 1979 le——1980 ~———1 98| ——— 19 82~—— 983 —4——— 984

Fig4 Periodic thermal regime of the atmosphare and the soil.
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Table 5. Maximum storm rainfell (mm) and dry spells (days)
for different raturn rericds.

IHem — Return pericd, vyears -
1s01__ 2.33 5 10 28 160

Max imum cne day rainfall 41 120 152 183 221 289

Maximum two days rainfsll 51 15% 201 238 285 35%

Max imum three daye reinfall 61 171 219 258 107 g1

Maximum four days relnfsail 67 179 228 268 318 3cd

Max imum dry spell during 15 28 34 39 48 84

monsoon

season

Sourcsai

Narvayaae St 2le 1978.
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Fig. 5. Rainfall and potential evaporation at Karnal during 1979— 1984,
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RESULTS ARD DISCUSSION
Regults of the investigstions sre presented and discussed
exreriment wise. The specific methodology to achieve the cbjectives

of each cf the ¢iven exreriment is al)so included, however, detalls

commoe:: to 81l are glven in the preceding chapter.

4«1 Analysis of Soil Profile for the Identification and Intensity
cf Constraints for the Groewth of Trees ln a Highly S5odic Scoil

Introducticns An intensive gpprosch to search out a package of

practicaes for widely advocated afforestation of considergble areas
under scdie scoils rresently lying barren in the Indo-Gangetic rlains
req.ire generaticn of informstion about the (a) relsticnshirs amecng
the roct crcwth behaviour, tree growth, local climate, (b) roct zone
manipslation an! (¢} diagnosis of the rooting medium for identificat-
jon cf *h: rroblems and rrescription of corractive measures that will
reduce stresc of ¢rowth limiting hazards. Seodic soils In India have
bezen mostly studied (Abrol, 1982) for their suitability and reclamat.
ica for cmn rroducticn. This invelves amelicrat;lcn cf eonly the
surf:sce (N«15 cm) s0il through addition of aprrorriate amendmentse
But mznagement of these scils for afforestaticn, be~ aise of deep
rooted system of trees, requirses improvement cf the rooting zone to
de :pzx derths ©of the scil profile with adequate quantitizs of an
amendmante To char.cterize a highly sodic soil in respact of
important rhyslcowchemical vprorearties of its prrofile, a detailed
study was carried cut.

Methcdclouys The soil prrofile (0.240 cm) analysis of the highly
scdic =scil was conducted to not only rinkpeint the salient censtraints
which mey impair growth of tree spacies but also their latersl and

verticszl varisticn. The composite so0il samples in layers cf 15 cm
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each were collected using a Belgisn-Dutch type s0il auger from

the spots representing the natural landscape of the experimental
areas These samprles ware analysed for the important physical and
chemical characteristics in the laboratory after processing them
properly. JHowever, analysis of seil layers for bulk density of
soil and concreticons separstely as well ss collectively was carried
out following core (986 cm’} technique in the field itself. volume
of concretions cellected was measured by immersion in water before
oven drying. Immersicn was done after washing them in a saturated
CaC0, solution (and removal of water using blotting psper and air
drying for 15 (surmer) to 30 (winter) minutes. The standard methods

following for spil analysis are listed in the preceding chapter.

Results and Discussion The analytical results of highly sodic soil
are presented under two headsr (a) physical and (b} Chemical

Characteristics,

A. Physical Characteristics

(a) Mechanica)l Compositions Data in Teble 6 show marked varistion

cbeserved in the relztive pronerticna of the different sized primary
particler among different seil laysrs of the profile. Average clay
content (§ 100 g~ ! 2011} in 0-15 cm layer was low (15.4) but it
increased gradually with depth down t© 60 cm. It varied betwsen
2043 = 32,3 in 61-120 cm depth and decl ined gradually to 11.2 in
151165 cm layar, This fraction indicated only = slight variation
(10+2 « 13.8) among various layers between 151 « 240 cm depth of the
profile. Unlike the clay content, silt fraction varies between

14.2 = 18.6 g 100 g1 soi]l in 121+240 cm depth. Amcunt (g 100 g~%
s0il) of silt (29.2) in surface (0«15 cm layer) was slightly less
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Mechanical comrosition (g m(h;;"1 8011}, textural c¢lass and

disrersion ratio of given layers of 2 highly sodic cureria
mental site {(Mean of 8 comprosite sammles).

Tsble 6.

861l profile

Mechanica]l composition Pextural Dispersion

depth (cm) 5 and 811+« Clay class rgtio
0 - 15 £4,3 29.2 15.4 sil 94,2
{(50e2 -~ 58.2) (264 =~ 313} {13.2 ~16.8) (93 e6=95,4)
(44.8 -~ 52.3) (30,8 = 34.9) (15.6 ~1%.9) (91+2=34,2) -
31 - 45 44 .4 34.2 1906 811 0.6
(42.8 - 47.2) {32.6 ~ 35.2) {(18.6 -21.3) (88.6-92 .8)
46 = 60 45 .6 2408 25-7 Sil 91-6
(43.6 = 49.1) (228 « 27+3) (23.6 =227.2) (89.3-93.4)
(4048 = 4B.2) (21¢4 = 25.3) (20.8 =32.3) (B8 +6=95.8)
(41.6 ~ 47.3) (2247 = 26.2) (2046 =28.6) (84 .8=02.2)
91 - 105 47.8 20.5 23 .4 1 85.2
(42.8 « 53,2} {196 « 2146) (212 =2643) {80 . 68949)
106 = 120 49.6 18.3 22.0 1 82.8
{4644 « 54.8) (171 =« 19.2} (20.3 =24.4) {76.4-88.6)
121 - 135 52 .9 16.3 18 .2 1 83.6
(47.¢ = 55.3) (146 = 17.8) (16.6 =19.8) (76.2-88.5)
{5046 = 56.8) (1544 = 18.6) (11.6 =15.2) (75.2-81.3)
{5446 = 66.2) (14.6 « 17.2) (10.B =13.6) {(72.9-83.1)
166 « 18O 64 44 17.3 110 1s 75.3
(60 .6 = 68.2) (1442 = 17.8) (10.2 ~13.8) (70 02-20.4)
181 - 195 65 o8 17«4 10 .8 1s 76.2
{(62.6 = 62.3) {1448 = 17.9) {10.0 ~12.9) {71.5-79.9)
196 « 210 6442 18,8 10.4 1s 76.4
(622 « 68.6) {(14.6 = 18.6) {(10.0 =~13.1) (70 «8=87.2)
211 -~ 225 6546 17 .8 10.4 is 75.2
(604 = T0.2) (142 = 1842} (10.0 -13.0) (70 e2=72.1)
2263 240 6%5.4 18 .2 10.6 1s 71.7
(60 .6 - 69.8) (144 ~ 18.4) (10.0 =13.6) (65,8=T4.3)
Mean LYY 218 16.8 1 83 <4
(0 = 240) (41.6 = 70.2) (1442 = 35.2) (10.0 =32.3) (65.8-05.8)

Figures in rezrentheses dencte correspondingly cobs:arved va=rlaticn.



068

than in 16-30 cm (33.9} and 3145 cm (34.2) layers. It declined
gradually with profile depth of 320 cm and varied very little in
doeper layers. However, its proporticn was almost constant between
46«90 cm denth. Mean value of sand in the surface soll was 54.3 ¢
100 g"'l scil, relstively more than (44.4 - 49.6 g 100 g":l soll) in
layers betwesn 16«120 com depth. Sand fraction in 121.135 om layers
was about 2qual to the value for surfsce lsyer. Between 151-240 <¢m,
properticn of sand fraction was considerasbly more but variatioa

among average values (633 « 68.5 g 100 g~J) for the given layers was
only negligible. Based on the relative provortion of the three
fracticns (sand, silt and clay) mnd Triangular Texture Diagram on
Internaticnal Frecticns (Day, 1965), all the scil layers between
0.90 cm, 91-150 em and 1%51-240 om are classified as silty loam, loam
and lommy sand respectively with loam as an average value sceocunting
for the whele profile. Deta on mechanical composition brings out the
high inherent physicel fertility asttributgble to greatar ccntent of
clay and s;te and in turn greater surface ares and C2C of the soil
whose productivity is constrained by high sodicity hazard. High
gsodicity throuchout the profile casuses high dispersion ratio (Table 6)
and therefore structure (srrangement of primary and secondary solil
particles into seconlary units or peds) of the soil is very poor and
inducive for desired transmissicn of moisture and alr within active

root zone of the profile.

{(b) Moisture Retention Characteristics: Water retention at 0.03

MPa and 1.5 MPa pressure representing dout field capacity and the
parmanent wilting point moisture respectively showed difference among
various layers of silty loam (090 cm), losm (91-150 cm) and lcamy
sand {151-240 cm) portion of the profile in descending order. 1In

5 _
exch layer, moisture retained (generally called available) betwsan
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the given two suctions ranged § %o 6 per cent. Saturation

moisture indiczted similar veristion within the profile and for

each layer wes approximately double the field capacity. Contrary

to 1its being four times and permanent wilting roint for normal soils,
it was zbout three times in each layer. This deviation may bae
ascribed to the dependence of scil moisture content corresponding to
a dafinite equilibrium pressure on the mineralegical composition

and exchangeable cations. Presuming mineralogical composition
constant, quality of the solid surface as influenced by exchangeszble
cations rarticularly sodium (Acharya and aAbrol, 19787 Sandhu et al.
1880} . Monovalant cations effect a higher water density for adsorbed
water, more specific surface and a largs number of molecular layers,
Hence, relatively wery high exchangesble Na' (sodicity) causes a
distinctly higher value of soll moisture content than ca't at the
gsame value cf pF (Kutilek, 1973).

(c) Oxidizasble Organic Matter Contents ‘The organic matter content

was maximuml in the surface layer and sbsclutzs value was low ('l'able_ 7).
Its omount declined with prefile depth. Based on this, scil is

des ignatad very low in organic maztter, a store house of nutrlents
particulzrly N, P and S essential to plant growth, source of food

and ensrgy for microbes and promoter of a desirable soil structure.
Low orceznic maptter content of such a highly sodic soll may be ascribed
to its being barren and devoid of economic growth of vegetation and
burning acticn of the high alkali. This also imparte the surface
layer d=rk colour after which such soils are sometimes called black

alkali.

(d) Concretionst Data (Table 7) on amount of concreticns (kankar

granules) in differant layers of the profile show that large quantity
'
of caleium as insoluble calcium carbonate presant in the soil which
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Moisture reteantion at 0.07 Mra (fi=ld capacity) and 1.5 Mpa
{(wilting roint) pressure, satursztion mo.tsture concretions end
oxidizsble crganic matter content (g 10nNg™1koil) of given
layers of a3 highly sodic experimentsl site.

Soll profile Moisture retention Saturation Organic Concretions
depth (cm) D.03 MPa 1.5 MPa moisture matter
0 - 15 16 .2 12.3 3%5.6 0.457 0 .44
(152218 ¢8) (12¢1=12eB) (34.4-37.2) (0.410=0.515) (0.26=0.60
16 = 30 17 -9 12.0 36.4 0.424 D.56
(17 4w18.8) (11:9+12.3) (35.6=37.2) (0.384-0.484) {(0.38.0,72) °
31 45 17 .6 11.9 35.2 0.329 Nn.72
{17 2«18 ¢4) (11+7=12.2) (34.6-36.8} (0.292-0,422X(D.66=0.84)
46 - 60 17.8 12 0 35.1 0.319 1430
(17 e2=18+6) (11+6=12.4) (34.3-26.8) (0.280a0.374) (1.15-1.46)
61 - 75 18 .0 12 .1 35.6 0.308 4 .80
{170w1%e1) (11e7=12+4) (3442370} (0.272=0.346) (3.20=6.06)
76 - 9N 17 .4 11.8 35.3 0.297 8428
(16+9=18+2} (11.6=12.0) (34.6=36.9) (0.746-0.332) (6.76-11.13)
91 «3iN%S 17.6 112 34.8 0.284 10.64
(16:9=18.6) (10.9=11e4) (33+6+37.2) (0.222<0,.336((7.06.20.86)
106 =120 16.9 10.8 35.1 0.228 24,22
(1606017 e4) (1N.6=11:1) {(34.8+36.4) (0.20820.218) (18 e26=4 1.22)
121 -13% 16.8 10.6 34.3 0,203 34.84
(16201724} (10e4=10.9) (33.2-35.6) { 0,184-N.246) (24 .64=-48 .62
136 =150 1642 10 .2 33.8 N.162 26.63 -
(16021665} ([ 9.9=10.6) (32.8234,2) (D.152~0.180) (20.84~34.68
151 =165 18 .6 10.0 1242 N.14p 10.32
(15¢2-36+4) { 9.8=10.4) (30.4+33.8) (0+136=0,172) (6.16-12.36)
(15e0=166) { 9¢2-10.0) {(29.6=~32 .2} (N+126-0.164) {(6.208a1N.26)
181 =195 15.2 2.5 30.2 0.128 3.24
(1182161} { 9e2= §.8) {28.6a31.8) (1.120u0.,152) (2.46-6.88)
196 ~210 15.0 9.7 29.8 n.,152 2.86
{14 v6=15e8) { 9ef =9.9) (2B+2=32.0) (0:126«0.168) (2.40=4 .89)
211 ~225 15.0 Qed 29.6 0.128 1.96
225 ~.4D 15.1 9.3 29.7 04107 2.08
(14¢2-15+6) (D O~ 9.6} (BB22=32.3) (0.090=0.120) (1+32=3.12)
Mean 16 .6 10 <8 33.3 0.238 867
{0 ~240) (14.4-%_,1) ( 9.0-312.8) (28.2-37.2) {0.,090-0,515) (0.26-38.62)
Peterminztiens (Nc.) & : 15 10 32

Moures 3. parentheses dencte corresrondingly cbserved yaristicn.



requires additional applic :tion of calcium as calcium sulrhate
to amelicrate it for viable plant growth. Concretions {g 100 q"l
80il) were less than unity in esch of the three surface layers
{0=45 cm) « But their amcunt increased subsequently regularly to
havd 1.30, 4.80, 8.28 and 10.64 g 100 g~ s0il in 46-60, 61-75,
76«90 and 91105 cm respectively. Then there was sn sbrupt
increasse and soil layers between 106-150 cm had 24.23 . 34.84 ¢

concreticns 100 9’1

s0il. Beyond 150 cm, each succeeding laysry
exhibited s decrease in concretions contente This dats indicated
the presence cf & poteatisl barrier that mey offer severe mechanical
impedance to growth of roots down the profile. This may also

affect moisture transmission within the profile adversely.

{e) Bulk Density (Db): Bulk density 1.70 - 1.85 g cn"s throughout
the given layers of profile (Table 8). Except the surfasce layer,
Db values were relatively high for layers down to 120 e¢m than for
the rest bayowd this depthes Similar was the trend when the soil
mass s a -wﬁole (scil + concretions) was acoounted for computing Db
for the corresponding layers. However, bulk density of concretions
mrasured by thelr air dry weight and immersion in water to know the
velumz after wax ceoating revealed no marked variation for different
layers. Datzs, thus, indicated relatively greater compactness of the

¥ om™3, Compactness

soil and porosity verying between 0.31 « 0,36 cm
results from strong dispersive acticon of soil colloids due to high

sodicity and low organic metter content of such a soil.

(f) Paxticle Density (Dp)s The particle density of each of the

-3

layers rang=d 2.54¢ «~ 2.76 g cm 3

for the scll, 2.82 ~ 2.98 g cm

3

for concretions and 2.62 = 2.94 g cm ~ for the soil mass comprising
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Table 8+ Bulk and particle densities (g cm’a) of the soill amd concretions
of the given lesyers of a highly sdadic experimental site.

Soil Bulk density Particle densi
profile Scil Ceoncretions Soils Soll Concretions 35o0il +
derth (cm) Concreta Cenerati
icns
Oa 15 1.74 2428 175 2.66 2490 . 2 +869Q
{1 .70-1.76X(2 +22=2 36} (1072-1078) (2.62-2.68} (28802 92) (2.64.2.7
16= 30 1.82 234 1.82 2.64 202 2 .66 \
(1+75-1+84) (2428+2.38) (1.76=1.84) (2.60-2.70) (2.90-2,.94) (2.62=2.7
31= 45 1.80 232 1.81 2 .68 2.92 2.77
(1.72«1.90) {2.30=2.36) (1+78=1.88) {2.62202.72) (2.8F12.84) (2.68=2,7
1= 60 1 .85 228 1.88 2.66 2«90 2.72
(1+78=1+90) {2624a2.87) (1.8201¢92) (2.6422.76) (2.86=2.92) (2.68<2.T
61 75 1.84 232 188 2.68 p -1 278
{1:76=1+88) {2e28=2.38) (186=1.92) (2.6222.76} {(2.84-2.22) (2.70=2.8
76~ B0 1a882 2024 1.90 2«68 290 272
{(176w1e86) (2620m2 230} (1eB2w1+96) (284m2:74) (2.86-2.04) {2.68Bm2.7
91=105 1.8%5 226 1.90 270 2.94 2.78
(1e8001.90) (2.22w2030) (1.88:1+94) {2.68-2.74) (2.90.2,96) (2.72=2.8
{1 +s74m188E) (2e24+7432) (129022 02) (2.642.T72) (2.8842.94) (2.76=2.8
121135 1.78 2434 196 272 2494 2.87
(10742186} (2226=2438) {1097m2+00) (2066274} (2.90m2.98) (2.78-2.9
136-150 1.7% 2432 1.96 2.68 2.92 2 .84
(1076+1.80) (22a2822.36) (1.24=2.00) (2.64w2.T4) (2.BEB$2.94) ( 2.78=2.9
151=-16% 1.76 232 192 264 290 2.81
(172=1.84) (223022034} (1e86+1+96) (2.60u2.70) (2.86=2:94) (2.76~2.9
1663530 1.74 2+36 1.84 2462 Z2=92 274
{1079=1e87) {2e3022:40) (1¢B0=1e90) (2.56=266) (2:66w2+%4) (2.70=2.8
181195 1.76 2 e24 1.82 2.564 Z «B8 2.78
(1e67001e81) (2e2202e28) (1e74w=1.86) (2.58=2+.70) (2.8422.92) (2.74=2.8
196=210 1.T70 Z2+28 1.82 2.60 280 2481
(1e68m1e73) (2e24m2:32) (1474 +86) (2256270} (2.86w2.94) (2.70:2.8
211=225 1.72 2«34 1.80 262 2 .86 2.78
(1466170} {(2030a2438) (1:.72=1.86) (2.5402.60) {2.82=.2.9) (2.,72-2.8
226w240  1.72 2.36 1.78 2.60 2.94 2.72
(1+464-1.76) (2432~2.38) (1.74=1.88) (2.58m2.62) (2.88=2.06) (2.70-2.7
Mean 175 Ze31 1.86 "2 .66 2«91 2o 74
( 0_240)(1.79-1.35)(2.20-2;40) (14722.02) {2.54-2.76) (2.82-2.98) (2.62=2.9
Determintions 12 "12 12 8 ) 8

Db was mezsurad fcllowing core method and Dr of disturbed scil by FAJ s0ile
moisture cage (Prihar and Sandh::, 1968) using 0.1 N Na2803 soluticn instsa
of Adaicniz A wrtrer.

P



concretione and the scil (Teble 8). Measuremants were made on
the s0il and conorsticns ground to pass through a 2 mm sisve
following PAU scil moisture gauge (Prihar snd Sandhu, 1968).

In case of concretions Cat‘:03 saturated solution (pH 7.0) was used
instead cf deicnizad water to eliminzte aryor due to aclubility of
concretions in watec, if any. Relatiwvely greataxr values of Dp
alsc confirm the indurasted nature of the soil mass. This was also

evident from laboriocus hardshir required to dig cut the profiles
in the field.

Be Chemical Characteristics

{(a) Scil pHs Data on raaction of soil profile as measured by pH
of the scil and water suspension in12 ratio (pH 1312) and the
saturstion extract (pHe) showed (Table 9) that this was extremely
alkali. The pH values determined by both methods showed strong
mlationship (Fig. 6a). 8oil pH wes the maximum of the surface (0
1% cm) layer and decrsased with depth. The pHe for a given sample
wase less than TH 1.2 by 0.1 t© 0.4 units. Such a diffc;mm was
more with hich pH velues. This may primarily be ascribed to the
diluticn effect and deceomposition of aprreciable amount of carbonates
upon extraction under pressure, The obsarved s0i]l reaction would
favour presence of most of the essential nutrient elements in
unavailsble forms beside having a deletsriocus effect on rhysical
and biochemicasl processes. The high pH may be attridbuted to the

presence of ¢arbonate (Cruz-Romero and Coleman, 1975).

{b) Soluble Ssltss Soil salinity as measured by elaectrical
conductivity (EC) of the soil and water suspension in 122 ratic
(EC 132) and the saturstion extract (ECe) indiceted (Teble 9) high
content ‘of soluble salts of the scil layers down to 90 cm depth.
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Table 9. Soil pH and electrical conductivity of given laysrs of highly
scdic experimental farm.
Soil rrofile pH pH BC ECe
denth (cm) 152 e 112
0= 15 10.56 10.26 3.75 20 .82
{10+42=10.70) {10.14«10.38) (2.64-4.84) (17.84~26.42)
16~ 30 10 .44 10 .15 2.16 12.38
{10 e20a10.58) ( 9.92m10.26) (1.18=33.38) { 8.24.14.64)
31-45 10.36 10.08 1.94 10 .36
(10:15~10e44) ( 9.80=i0.15) (1.26-2.64) ( 8.06.11.60)
46-60 10422 10 .02 1.18 7.44
(10 .06=10.32 ( 9.74.10.08) (1.02=1.68) (6.56- 8.44)
61-75 10 .20 9.96 0.97 4.38
(10.N4-10.26 (9.86-10.02) (N.84a1.36] (3468=-5.72)
76=00 17412 9.88 0 .84 4 .04
91-108 10.06 9 .82 0.72 3.16
{ 9.9N=10.16) (9.75~9.85) {0.68-0.92) (2e22=3.82)
106120 2.97 5.72 0 .66 2.96
{0.86~-10.12) {5.62.9.82) {0 .54.0 .06) (136=3.06)
121=135 10.01 9.70 N .68 1.88
{9.88-10.10) (2.58-9.78) (D .46=0.84) (1.24=2.68)
136=150 9492 9 .65 0.53 1.86
' (9.74-10.02) (9.48=9.75) {0.42-0.68) (1+222.46)
151-165 9.88 9.58 0.45 1.80
{9.72-0.96) {0.42-.9.66) {0.38-~0.66}) (1.46-2.04)
166--180 9.80 9.56 0.36 1.62
(9.66-9.92) (9.30.9.62) (0.32.0.54) (1e54=2402)
{9.48-9.82) (9.18.9.46) (0.30-0.36) (N.B4~1.66)
186-210 9.48 9,24 0.34 1.34
(9.34-9,.68) {9.02-~9.38) (".22-0.44) (0.80-1.52)
211-225 9.36 9.08 0.2% 1.26
(Ce2:=9.46) (8.92-9.12) (0 .20.0.38} (0 .86-1.64)
226240 0,22 0.92 0.2% 1.32
(©.04a0,38) {8 +68-9.10) {0.22.0.36) {0 .76=1.70)
Me an GeG6 9.68 0.97 1.88
{ 0=240) (9.474-10.70}) (849210.38) {(0.20-4.84) {0.76=26.42)
Determinatibns (Nc.) 24 15 24 18

Figures in parentheses denote correspendingly observed variaticn.
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Fig. 6. Relationship of pH{a) and EC (b) of the soil saturation extract and soil :water
suspension in a ratio of 1:2.



Maximum soluble salts occurred in the surface layer and decreased
with depth. All the s0il layers cf profile below 920 cm depth were
relatively non-saline. The EC determined following two msthods
showed high ma of correlation betwe:n tham (Fig. 6b) and ECe

ef a given sample was computed 5.6 times the EC 3132 dupe_r_ud;ngupcn
other factors. High &£C of the surface layers is caused by the |
presance of sodium carbonate. Therefeore, this s0il can be classified
a sodic rather then sal ine based on the chemistry of the soil
seoluticn and the aim of reclamation (Bhumbla, 19777 Abrecl et al.,
19807 Szaboles, 1980).

(c) Chemical Composition of the Saturation Extractt Quantitative

analyses of the saturation extrzcts was dcone for both the pradominant

{a) caticns and (b} anions:i

(1) Cationic Comrosition of the Saturation Extract: Layer wise

distribution of sodium, potassium, calcium and magnesium (Table 10)
in the profile showed that sodium is the predominant cation. 1Its
concentraﬁi_cn was maximun in the surfasce (0-15 cm) soil and showed
a reguler decreasse with each layer down to 150 cm. But it varisd
little among layers between 158 = 240 om. Concentration of both
calcium and mazgnesium was wory low and less than unity in layers
be tween 0-105 cm of the profile. Both were found increasing with
depth but their relative amounts were very low despite the large
quantities of calcium carbonate (Table 13) present in the profile.
This may be attributed t the precipitation of these jons as
carbonstes because of high pH and presence of ample carbonates in
the profile., Relative proporticn of sodium to the total cations
{scluble sodium percentege) was wvery high (98.8) in the surface soil.
It indicdted decrease with depth, however, in the layers between
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Table 10. Cationic compositicn (me L"'l) of saturation extract of given
s0il layers cf highly scdic experimentegl farm (each value a
mean of 15 determinations).

Seil - Soluble
profile Sodiuvm Potassium Calcium Magnesium Total sod Lum
depth (cm) percentaqe
O- 15 1356.7 1.8 0.3 D4 ' 360.9 98 .8
(215.6=486.5) (246=5.8) (0.6=0.6) (0e3a0.5) (219.6=328.:8) (97:4-99,0)
16 =30 1°04.8 243 0.4 0.4 197.9 98 .4
( S8e4=24842) (148=4.6) (Ne320.7) (0.440.6) (108.24256.1) (7.6~98.7)
31= 45 154.6 22 0.4 Ned 157 .7 98 .0
{ &8 -8-—196.4) (1.6=541) (0a2aNa9)} (D30 .7} { 93.0-203.1) (96.8~98.6,
46 60 119.2 242 0.5 0.6 122.5 97.9
{ 65:8~146.8) (1+8a3e2) (0e3wl1e2) (0edale?) ( 66.5=151:9) (93 .8-98.0
61- 75 ©7.6 3.8 0.5 0.7 102.5 95.2
{62082=134+4) (1:6=8B+6) (0.4=1.0) (0.5.0 8} (64. 3=i44.8) (92.4.96.6
76- 90  8%.1 3.0 0.7 0.9 98.7 90.7
(59.6m132+2) (1e8=Te2) (02Smlie3) (0.6a1.1) (60.7=144.6) (84 .8-96.4
91105  77.7 3.3 0.9 0.9 86 .6 89.7
(5248w12604) (1e2=8.4) (0.8=3.d) (0.6ml1eld) (56.3=-138.1) (B4.6.90.8
106=120 59.5% 3.3 142 1+1 75.0 91.%
(12 48w96.2) (1.8=5.7) (N.8e1.8) {(0.8=1.3) (42.4-105.8) (B3.6~93.9
121-135 52.3 3.1 1.0 1e1 57.5 90 .9
{40 26<81e6) (1¢6w743) {0 .8=1.9) (1.0-1.5) (41.0-96.2) (B2.8-94.2
136-150 34.8 1.7 1.6 1.8 36,9 87.3
{20 Be=65.8) (1e84«3.6) (1e1=1.8) (1.72=2.4)} (24.4=74,5) (82.3.92.9
151-165 22.6 2.1 1.9 1.8 28.4 79.%
(15:5=3822) (1s1w8ed) (1e3=2.2) (1+7w2.5) (20.5=46.3' (74.6-86.3
- §66=130  26.4 2.4 1.8 1.9 32.5 812
(16 8=40+6) {16350} (1¢4m=2.6) (146=2.6) (20 .7u52,5) (75.9-84.6
181~195 217 1.7 1.8 19 27 .1 80 .0
(12+:m3242) {08=226) (1e5w261) (1e5=2.5) (18+7m51e4) (72 .8.85.3
196=2 10 2047 1.1 2.0 2e1 25%.9 79.8
(156=41.8) (0.9=2.8) ($1e7w322) {145=2.9} (19.0-52.7} (73.8-84.0
211=22% 2149 13 2.1 23 27.5 79.5%
{(14.4=38.9) (1.0+4.2) (1e8=2.8) (1+6+3.2) (16,4-50.9) (72.2.82.8
226=-240 0.4 1e2 240 Za2 25.9 78.9
(156223703} {(0e6=3e8) (1+8m2+8) (1.7«3.4) (16.0048.9) (70.6-84.2
Mo sn 750 2.4 1.2 13 80.1 88.5
{ 0-240) (11p2=38649) {0.6u8+6) (0+1=3.2) (0e3=3.4) (16.7=398.8) (70.6-99.0

Pigurss in rarentheses denote correspend ingly observed variztion.
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0«75 cm depth of profile the value 4id not vacy much (92.4 - 99.0).
Similarly in profile dapth between 76 = 150 cm and 151-240 cm
indicated little fluctuations. Results thus showed that sedium
is the predominant c:tion which exerted its impact physically
causing dispersion and chemically to form alkali upon hydrolysis
of carbonates favouring precipitetion of calcium, magnesium and

other icns beneficial for plant growth and a stsble soil structure.

(11) Anionic Composition of the Saturztion Extracts Data on

(Table 1)) distributiocn of mejor snions in different layers of the
proefile showed predominance of carbonate and bicarbonate ions. Amount
of carbonate was markedly higher in the surface leyer (168.4 me L-l)
and it decreased abruptly to 86.6 me L~} in 15-30 cm and regularly
but gradually with depth. But variation between 181-240 cm was not
so evident. Bicasrbonate ion alsc showed a decrease with depth. But
its content in the surface layer was not mztcdly_higher as that of
carbonate. Deeper layers between 136=240 cm depth of profile indi.
cated abcut similar bicardbonate content. Amounts of chloride and
sulrhate were relatively low, howeaver, both showed a decline with

the profile depth and being maximum in the surface (0=15 cm) layer.
Anicnic composition, thus, clearly showed a significant influence of
the chemistry of carbonate and bicarbonate ions that impart high soil
pH uron thiir hydrolysis beside their corrosive deterimental effects
for the plant roots. 3Sum of cations exceedsd that of anions for

¢ach of the layers of the soil profile. Catiocnes 31 anions ratio
wvaried between 1.02 ~ 1.46 (Table 11) showing average value for

most of the layers bestween 1.10 « 1.30.

(a) Cationic -::ompo.s:lt;lon of the Exchange Complex: The CEC of

different layers of scil] profile varied batween 7.00 = 12.68 me

n
100 9'1 gcils It wasz 10.66 me IOGg'l soil for surface layer but
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Teble 11. ahlonic composition (maL”i) of saturation extract of given soil
layers of highly sodic experimental farm (each value is a mean of
18 determinations) .

8oil “Cationss
profile Cezrbonate Bicarbon s&te Chloride Sulphate Tctal Anicns
depth (cm) ratios
0~ 15 188.4 Le.6 14 .6 12 44 1.32
(122 e0m342.8) (120.62T72.6) (6.8«2702) (4.2230.8) (148.3-466.9) (1.06-1.46)
16=- 30 0.6 40,8 12«3 13.2 152.9 129
(64 o 7=207.2) (3242056e4) (5e2=21+6) (5.8=20.3) (112:6=-294.2) (110~1.42
(5262=1628) (26e6=4243) (528=18:8) (4:0=19.9) (842w220.2) (1.06=1.46)
46 - 60 52.8 316 11.3 6.1 101.8 1420
63 - 75 42.3 30.4 15.8 L 88.6 1.16
(3182968 (22.8=42.9) (4.9=-16.7) (2.2-12.0) (54.7=-186.2) (1.08~1.28
76 - 90 36.7 30.2 10.7 LYY 81.8 1+21
{C8+B8=T4:9) (20.Bmdb6.2) (4eBw1446) (1:8w10.6) (52.8m158+9) (1+34=1.36
91=- 105 30.8 29.8 12.3 2.8 75.7 1.4
(12 748 &) (20 -804104) (5-2—15.2} {0.9=4 .a, (40 +5e120 06’ (1102-1032)
106= 120 24 .6 26.8 113 242 64 .9 1.16
(16:6m84e2) (2106238.2) (5.6-14.3) (0o6=d o) (36.3-106.8) (1.08-1.26)
{15.6~41.8) (1643m22+B) (4 01=122) (0.8-5.6) (24.6-92.2) {(1.02-1.16
136« 157 16.6 17.7 6.5 1.9 22,7 1.2
{10 .2e42.6) {14,6a?8.2) (342«11.8) (10.8.5.0) (28.6.T4.4) (1.10=1.32
151165 14 43 17.2 4.8 1.8 37.8 1.19
{ T7.£=236.2Y {13,2.10.4) (0 .6-4.4) (Dol 44} (18.2-56.3) {1.12=1.32)
166180 132 18 .8 4.3 1.6 36.9 121
(6efw?2803) (1445w29.2) (306=10.2) (0.8am3e2) (16:4+60.2) (1+11=136)
181"'195 8 06 3.7 06 4 03 1.2 3 1.7 1.25
(R e4m? 1-9) (13:-6—32 «87} (3 IG—LOQB) (0.6—2-9’ (1808-42-4) (1014-1.39’
196210 2.4 16.8 3.8 1.1 3n.0 1.30
(50727142 (12e2a24.2) (1e8m10.2} (0ed=2e2) (21:6=36.8) {1+36~1.42)
211225 3.6 17 .8 3.1 0.9 30.4 1.35
(ReBm14e6) (14.6=28.3) (1.8-10.3) {0.4u24) ( 24,6d122) {(1+28«1.46)
228-240 1.3 17 .2 1.6 1el 10.2 1-28
(5ebuw?le2) (14.4=26.8) (162-10.6) (0.6m2.3) (24.8~44.4) (1.22-1.38)
l&an 2041 26.5% 8.2 4.1 T8.0 1.15
' ( 5.2=3425%2) (13.2..73_.6} (1022027:2) {(0.4030.8) (16.1o46649) (1.02=1.46

figures in rarentheses denote corresypondingly cbeserved variation.



showed an increase of about one unit for layers betwaen 16-135 om
depth. The lower layers exhibited little yariations. Data (Table 12)
on caticnic compceition showed that sodium was the predominant cation
on the exchange com-lex and its content ranged 4.36 - 11.94 me 1009'1
soil for different layers of the solil profile. Its conbtent in layers
between 0-90 cm depth was more or lass constant and relatively higher
than the decper layers. It decreassed with depth beyond 90 om

al though CEC of the deeper layars also decreased, Among rest of the
thrae cztiones, Ca and Mg increased with depth. Their relative mmount
was low in ezch of the 16 layers. This may ba attributed to the

high pi and axcessive Na presence causing their pracipitation and
removal from the exchange complex simultaneously. Amount of K on

the exchange Complex varied between 0.22 = 0.89 me 100g™1 soil but
follcwad no particular trend like the other cations. Computed values
for ISP and 2SR and SARe for different layers of the soil profile
(Table 13) Gecressed with depth. But the rate of dacrease of E3P

and 2SR was gralual without marited difference among the soil layers
betwe2n 0=%0 cm depth. But SARe showed abrupt decrease with each

layer down to 165 '-cn dqptx'x witn little change beyond this dapth.

These resulcs acain show kigh sodicity hasard throughout the profile,
however, its scverdty was maximum in the surface lsyers and decreased
with depth. The ZSF showed high degree of correlation with pH 112

{r w 0.95%%), pHe (r = 0.96**), EIR (r w C.92%*) and S5F (r w 0.93%e)
and only a wesk relationship with SARe (r = D.63%»). The SARe
axhibitad a wesk ralaticnship with pH 132 (£ = 0 .76*%), pHe (r = 0.T74*s)
and E3R (r = 0.81%*). These values indicated that pH 1382, pHa, and

ESP are more interrelated and should be prefarred to designate the
sodicity hasard of the profile over SaRes Computation of ESR yleld
information én the ratio with which the exchange complex is occupied

by sodium.
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Table 12. Composition of exchange complex of the soil in given layers
of highly sodic experimental farm (each a mean of 12 deterw
minations) .
8o11 Exchangestle ¢ =tions (me 100q~1 soll) CEC
profile Scdium Potassium Calcium Magnesium  (me 100g™%
depth {(cm) sg:_il-) ._
Ow 15 0.52 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=11.40)
(9¢26=11+94) (0.32.0.64) (D0.06.0.26) (N.06~0.18) {310.314-42.5¢} "
31. 4% 10.78 O.38 Da.22 0.10 11.68
(9.38-11.12) (0_.30..0 72} (0.120,.34) (0.06=0.20) (10.66-12.06)
({ Ge0B6w11e64) (0.,22=0.42) (0.16=0.26) (0.12-0.28) {11.36-12.68)
61= 78 10.87 0.30 0.32 0.16 11.92
(9¢26=11+78) (0.18-0.58) (0.22-0.44) (0.10u0:22}) (11.34-12.56)
16« 93 10 .62 0 .82 0.41 Q.24 11R4
(Ce68=11:16) (0.34a0,76) (0.28-0.82) (0.18=0432) {(10.92-12.48)
91=-10% 10.06 O.46 0.46 0.32 11.68
(9e080174,66) (0+20m0.68) (0.3200.76) (0.2620.52) (10.56-12.42)
106=120 Ge32 0.38 0 .82 0.96 11.52
{9.16=10 .65} (0.22.0.89) {0 .36=0.88) {0 .64w1.76) (10.06-32.186)
121=135 2 .88 0.42 0.66 1.36 11.36
(8 oOB-QoGS) (O « 300 076) {0.44=0) 092) {0 080-1.58) { 9-8‘-11.88)
136=150 7.88 0.46 0.60 1.68 10.64
{6.16=9.32) {0.32.0.72) (0300090} (1+26w1.82) {(5.72 =11.72)
(6.26-8.64) {0.34-0.58) (0e52=1.82) (1:641.90) (8.30=11.32)
166180 .95 0e42 1.32 1.12 9,70
(5¢92w7:36) (0.26=0.62) (1+414=1+68) (0.88-1+32) (7.26-10.28)
181~-195 T«12 0.56 1022 14186 9.9%
(S5e84m7.68) (0.32=0.76) (1+0921.72)(0,241.28) (7.02..10.44)
196210 5.52 0.52 1.38 1.42 8.968
{4.86-6.84) (0.42-0.78) (1.06-1.84) (1.06=1.74) (7.14~9.88)
(4.36-8.26) {0 .40-0,.84) {1+12m1.66) (1,42-2.286) {(7.20.9.70)
226240 £ .34 c.56 1.36 1.64 9.0%
{2 042w6413) (0o40=0.72) {(1¢10=1:71) (1471196} (7.00.2.64)
Meen © .58 0.45 0.70 0.90 10.74
1 0=289) » (4 +36-11.94) (0.22-0.89) (0+s06m1.04) (0.06w2626) (7.00 - 12.68)

Flgures in rerenthesss Jenote COrrespondingly cbserver varliation.
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Table 13. £SP, BSR, SARe end CgC0, content of given layers of the soll

profile of highly sodic” experimental site,

Soil TESP ESR EAR, CaCO, equivalent(g100-1 soil)
profile (mmqr" 1) S0l Boils Concretions
depth {cm) Conaretions
0= 15 931 13.4 602 .9 178 2.04 40.42
(92 22-9604) {11.6=15.8) (486.4-672.4) (1.64-2.04) (0.44.3.76) (30.16u41.44)
16= 30 91.9 11.4 308 .0 126 1.42 40.74
(90¢3=9342) ( SeBa18.2) (266.4=388+1) (1+1B=1438) {(0.24-2.08) (38.64-42.12)
30~ 45 92.3 12.8 245.4 1.46 1.92 39.06
(90 J0=94 .8) ({ 0.%=13 «9) (196.2—311.3) (1-22-1058) {0 «84=3.52) (37 -78&41-86)
46-60 92.5 12.4 160 .7 2.34 3.76 41.46
{91+604+8) {10.1-14.0) (132.8=248.4) (1:84-3,.26) (0.40-6.80) (38.32-44.02)
61~ 75 01.2 10 .4 126.0 5.52 11.1% Ig.64
(89+6=94.0) { BeB=13+1) (91.9-188.7) (2,46-8.96) {8.08~13.84) (36.66-41.38)
76~ 90 89.7 .7 99.6 6.312 14 .88 40.72
{87 .80982e3) (7e2=10.0) (82.7=142.4) (5.04=10.1819.92.22.08) (38.26-43.12)
(B4 +2w8942) (5.B=T) (T0.6=108.2) (6.84=10.26{16.32=19.44X39.16-45.34)
106-1206 80.9 4.2 55,5 10.42 24.61 43.76
(76.8086+8) (3e2wbsd) (46.6~78.4) (Te18=11.864) (18.72.28.06)41.02-47.68)
121-135 78.2 3.6 51.0 12 .64 29.45 41.62
(74e8=82.8) (2e2=5.1) (44.3=T0.7){( 8.68-15.63(24.36-32.36) {38.65—45.05]
136150 74.0 ' 2.8 26.7 14 .58 23.56 319.76
(70.6aT8.9) (2.0m8442) (22.5=32.8)(10,32-16.36)0(20.12-24.92)37,.12~43,03)
181=-165 70.3 2.4 16.6 8.86 20.77 42.68
166-180 71.6 2.5 19.4 6.66 20 .56 44 .32
: (66e8mT8e8) {(1e6a3e8) (13:6x28.6) (4.18=10.08(14 «80-26.83(40.56-48.78)
181=125 T1.6 2.% 16.0 5«80 17 .80 42.32
(65e2wT5e1) {1e4=348) (12:9-20.7) (3.10=9.96){12.08=19.68) {39.26-46.06)
196=210 61.5 1.6 14.5 6.22 13.14 41.34 |
{58 «8=6442) (£029«2.6) (13:2+17.3) (3.84.8.78){10.56-14.72) (40.36.44,.16)
211.225 55.3 1.2 4.8 6.66 12.59 40.02
(52.6-61s3) (0 .6=2e0) (12.6w16.9) (4,28a9.74K11+3213.36) (38.1043.08)
226-240 56.0 1.4 14+1 G634 11.36 42 .36
{52 4664 e2) {0.68m201) {12.0w17.3) (4.44-8.04) 7.36=8.04) {38.82-45-12]
Mean 8.7 &§.0 115.8 6.24 12.682 41.39
(5246-96+4) (026=15.8) (12404672¢4) (1418«16.36)(0+24=32.26) (36.66-48.78)
Determinations 12 12 15 12 12 12 '

Mgures in parentheses denote comspondinqiy cheexrved varistion.
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(e) Calcium Carxbonstes Distribution of CaCo, content {g 100g"'1 soil)
in different layers of the soil profile (Table 13) was interesting
in view of intanded growing of deep rooted trea crops in such a soil.
The average CaCO, content of the scil mass (less than 2 mm) free of
concretions varied betwean 1:18 - 3.26 g 1009"1 scil for laysrs
between 0-60 cm. Howaver, the remaining soil layers had a2 mean
content of more than S ¢ 100g™! soil. But middle portion (91-165 cm)
of the profile showed an enrichment of CaCO, varying between 5.26 =~
15.62 ¢ :00q"1 soil. When concretions (greater than 2 mm) were
included in the soil, CaC0, content for each of the leyers increased
apprecisbly depending upon the amount of concretions in Aifferent
layers (see Tablea 7) but it followad the same distribution trend for
the 501l precfile, The concretions in the &ifferent layers were
found invariably having about the sams CaCO, content. All this
showsd highly calcic nature of the profile except the upper 60 cm.
Thus, this scil being calcic also could result in plants suffer from
nutritional dirorder as C.‘a&'(:’3 is generally considered a cogent cause

of chlorosis.

(f) Available Nutrientss Results (Table 14 and 15) on the fertility
satus in respect of availability of important nutrient elements are
presented under two subaheads bhelow:s

(1) Mécro-nutrientss 'The aversge available (that fraction of total

gontant of a nutrient element which is susceptible to absorption by
Plants) or 0.32 per cent KMnO, - extractable (Subbiah and Asija, 1956)
M content of the soil profile was very low as a whcle., Its average
gontant was maximum(25.2 my kg'_"I) in the surfsce 20il nd decreased
vith depth. Poor available N is due t» very low organic carbon

content fTable 14) of the scil and there existed a closa relationship
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orcanic czrbon and avallsble N, P and K of the =oil is

civen layers of the highly scdic exrverimental farm.

Soil profile Oxidizable organic Availeble nutrient (mg kg-1
depth (cm) Carton (g100g=1 scil) Nitrogen Phosphorug Potassium
0= 15 04265 2%.2 374 196.9
(De240x04299) (18.6=32 .8) {(19.2=56.3) (181.8-227.3)
16- 30 0.246 23.6 23.0 189.4
(0.223=0.281) {19.8=26.6) (13.5=28.5) (159.2=227.3)
31e 45 0.191 2246 16.2 170.5
(0+169=0.245) (18 .7=24 .3) (12.2=21.0) {148.7=205.6)
46- 80 0.185 20 .8 G.6 159.1
(0.162=0.217) (16 4=23 43} (740=11:6) (12448~202.8)
61~ 75 0e179 17.9 B.6 151.5
(00 1580-0 -201} (14 Hm?? 06} (‘7 «0=10 -5) (102 01—193-1)
76~ 90 De172 15.4 6.2 147.7
{0.143=0.193) (12 ¢2-1%.1) (2 .8-0.5) (102 .1~-181.8)
(0.129-.0 .193) (9.6-16.8) (3.2-2.0) (102,1-159.2)
106=120 0.132 117 2.8 1210
121=135 0.118 11.0 1.7 12162 _
(N.107=0.143) (D+6m1266) {1alm2ed) (00.9=159.2)
{0 .0REWD « 104) (Bebr11+2) (NeSm1.9) {94 .6=136.3)
(0.079-0.100) {(B.8=-12.4) (0 .5-11) (864+3~124.8)
166-180 0.081 10.5 1.5 98.3
{0 .074=0,005) {9:2:1246) {1+0m2.5) (79.4=124 .8)
181-19% 0.074 10.9 1.5 87.0
(0 .070-0.082) (8 .8+-13.2) X0 eB5=3.0) (68.1=-128.1)
1962 10 0.088 9.2 1.4 94.6
{0.074=0.095) (BaBw1Z2e4)} {0aBm2ad) {68.,9=126.6)
211=225 0.074 8.8 1.5 04 .6
(0.070-0.086} (8Be2w10.6) {(0.5-2.2) (79.4-113.5)
226=240 0.062 9.0 1.5 o8 .4
{0 0540 .070) (8e2~11.3) {0 .8-1.9) (0.8-116.6)
Mean .nxa 14«5 7.6 130.%
( 0=240) (0.054-0 ,290) (8.2-32.8) (0.5-56.3) (67.1-227.3)

Determinations 10

10

Q
Figures in parentheses denote corms;somfingly observel( variation.
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(r = 0.92**) batween the two. Organic carbon is a measure of

soil crganic matter content, a store houss of ¥ supply. But
avajilable P and K contents in the soil were snough (Table 14).
Availsble P in the surface soil was very high (37.4 mg kg~!) but it
decreased to 23.0, 16,2, 9.6, 846, 6.2 and 5.2 mg kg~ > soil of layers
in the descending order. 5cil below 105 cm depth showed further
decline and all these layers ware poor in aveilable P. Chhabra et al.
(1981) slso reported high available P in highly sodic soils of this
region. Althcugh amount of availsble X also indicated a decrease with
depth but bssed upon its content in each lsyer the scil profile
between 0-120 om may be designated high and ths rest medium for X
supplying capacity. About Ca, Mg and S, their contents as found in
the sgturation extract snd on the exchange complex are also very low
and nead their aprlicstions for ammlicration as well as to meet

nutritional requiremants of plants in such scils.

(11; Micro-nutrieants: The avallable or DTPA«extractable (Lindsay
and Horvell, 1969), Fe, Mn, Zn and Cu data (Table 15) indicated
their contents to be sufficiently high except that of Zn. Amount of
Fe, Mn and Cu showed an sccumulation in ﬁla-surface layers and a
decrease with depth. Despite the high pH and CaCO, reported by several
workers in a review (Kanwar and Randhawa, 1978) to reduce their
avallability drasticslly their amount was high throughout the profile
depth. Although Adapthwise distribution of available Zn followed g
similar trond but jte smount was low throughout the goil profile.
The results thereby reveal the necessity of Zn application to achieve
optimur growth of plants in such a highly scodic scil.

Tha physical and chemical chsracteristics of the scil profile,
thus, clearly show the féllwinq rossible constraints with their

paverity maximum in ﬁm surfasce layers:; Based on these results, the
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Available amounts of Fe, Mn, 2n and Cu in the scil of given
lagyers of the profile of highly sodic experimental farm {(easch
a mean of 10 determinations).

S0l rro‘tiie DTFA-extractable micro-nutrlents (mg kg-1 soll)
depth (cm) lron Manganess %inc Copper
O= 15 77 96 0.52 2.30
{68.04) {(88-~118) {0+33=0.80) (1:78~2.82)
1S5« 30 93 115 N .44 2.24
(78-+116) (102~134) (0.28=0.52) (1.88~2.,66)
31~ 45 83 109 0.39 1.73
(TN=98} {(9p=-122) {0280 «48) {1e56m2e12)
46- 60 60 89 0.28 1.02
(62-72) {76=100) {0 .20-0.39) {@.88-1.24)
61-75 53 74 .41 D.81
(42-63) (65~88) (0.26-0.52) {0 2660 .96)
76- 90 43 65 0.3 0 .62
{(36-52) (60=73) (De2B=0.46) (0.520.72)
91-105% 47 60 0.35 0.53
(36~.61) {52.686) (0 .26-0.42) (04460 .60)
106-130 43 59 0.16 0.43
(30.-85) (50=68) (0.08-0.28) {0.36=0.51)
121=135% 47 47 0.21 .45
{3In=58) {38-58) {0 <10a0,32) (0e36=0.53)
136«150 47 59 0.15% 0.50
(36-59) (52u66) (0.12~0.39) (0.30-0.58)
151~165 40 54 0.1% D.38
(32.50) {44-66) {0.10-0.21) (0.32-0.46)
166180 33 51 0.21 0.40
(30=38) (40-60) (0.14=-0,.31) (0+30-0.52)
181-195 37 52 0.13 0.3%
(3n-44) (44-58) {(0.10-0.22) (0.22.0.38)
196-210 30 46 D12 0.30
(26-36) (42-56) {0 .08-0, 16) (0.20-0.42)
211225 30 42 N.10 0.28
{24-38) (36=52) {0 .06-0.16) (0 .20-0.36)
226-240 37 41 N.313 . De3%
(28.46) (36-54) (0.08=0.15) (0+26=0.42)
Mean 50 &7 D.26 0.79%
(24-116) {36-134) (0« 060 .560) (0.20-2.82)

J‘
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s0il of the experimental site can be classified highly sodic and »
representative of such soils occupying about 2.5 miliion ha (Abrol
and Bhumbla, 19731) area in the Indo.Gangetic plains. These soils
have been studied by several workers (Agarwal and Yadav, 1.954:
Govinda Rajen end Murthy, 19697 Kenwar end Phumbla, 19697 Abrol and
Bhumblas, 1971f Bhargava et al., 19727 Bhargava and abrol, 1978y Abrol
and Bhumbla, 19787 Abrol and Bhumbla, 19797 Abrol et 2l., 19802
ghargava et al., 1980; Gupta et al., 19817 Abrol, 19582) in the past.
Consideration of thelr findings and analytical data on the experimental
highly scdic field under the present investigations, a few of the
constraints may be pin-pointed as below:

(a) Presence of excessive soluble salts chiefly sodium carbonats
in the surface layers (0-30 cm) of the soil.

{(b) Hich pH of the soil, upte 10;5 in a 132 scil.water suspension.

(c) Excessive amount of ions namely sodlum, carbonate and bicarbonate
in the saturation extract.

(@) High £S¥ of the soil throughout the soi)l profile.

{e) Highly dispersive and indurated nature of the soil.

(£} Strong calcaracusness of the profile except the upper 6075 cm.

{g) Presence of a calcic horizon (kankar) around éhe metre depth of

the scil profile which offers severe mechanical impedance to
Aownward growth of roots,

(h) Poor organic matter, avallable K, 5, Ca, Mg and Zn status of
ths s0il make it vulnerable from the fartility point of view.

() Low water avaeilability of the s0il between fiald capacity (0.03
MPa) and permanent wilting point (1.5 MPa) tensions.

{§) High pH and ESP are reported (Abrol, 13777 Acharya and Abrol, 19782
Sandhu et al., 19807 Sandhu et al., 1982; Acharya et zal., 1984) to

.

affect adversely moisturs transmission and retention charactarise

tics of the soils;,
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4.2 EBEvalustion of Selected Site Preparation Technigues on the

Performance of Eucalyptus tereticornis Sm. and Acacia nilotica
(L.) wWilid, ax."‘Tx‘le"ne . a Highly sodic scil -

Introductions The thysico-chemical constraints which make a
highly sodic soil inhospitsble for economic growth of tha most tree
species when planted following technigues suited for normal soils
require an aprropriate modification to achieve reasonably high per
eant survival and rapid early qrou;tth. The given modification must
ensure bzsildes a package of other mansgemant practices, (a) avall-
ability of the soil environmeat favourable for optimum root growth,
(b) manirulation of the root zone conducive for leaxching of excess
soluble salts, (c) maximum retention of available moisture within the
root zone soil mass, (d) perforation of any type of hard pan on
mechanical impediment present in the ..ub-so:u. and {(e) maintenance
of the soil fertility through appliceztion of fertilizers and organic
manures. Research efforts of several workers (Khan and Yedav, 19623
Pande, 19677 Pathak, 1967 Yadav et al., 197%) in the past showed
that successful affcrestation of highly sodic soils had rather
limited prospects unless the soil conditions ware amelicrated to a
desired level by edcpting suitable techniques.

The recently suggested tachnique (Pande, 19677 Yadav et al.,
197%) for planting of trees in the sodic soils raquire making pits,
90 cm each in depth and dismeter, refilled with a mixture of the
sodic:c::f.. 25 kg FYM and 50 per cent of GR per pit before planting
a tree sapling. There are a faw intrinsic bottlenacks in this
tecinique el.ge (a) considerably higher reguirement for the amendments,
{(b) laborious and time consuming pit digging operation, (c) greater

‘earth work in preparing the £f{l1ling mixture and refilling of the pits
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with 1it,. (4) no perforation of the calcic horison of about 4060

cm width between 90140 cm depth of the 801l profile, and (e) limited
scops Of meking pits mechanically. These limitations csuzed sdoption
of this method to a very limited extent. In view of the above
limitations and me_ri for bringing refinement 1n pla_mt:l.ng technicues,
this experiment was carried out to evaluate the response of Eucalyptus
tersticornis Sm. and Acacia nilotica (L.) Willd. ex. Del. to selected
sita preparation techniques in a highly sodic soil. The principasl
their havizm deep mted systema. m;qemnt of the root zone by
modifying the soll environment with limited quantity of amendments

in the profile to a deseper depth has a vital rele in their establish-
ment unlike for the agricultural crops.

Methodclogy: The selected site preparstion tachniques comprised
planting of Eucalyptus tereticornis Sm. (a very popularly planted

species in India) and Acacia nilotica (L.} Willd. ex. Del. (a species
that grow nsturally in salt affected landscapes) in different four
type of postholes and s pit prepered using varicus sised soil auqors
and an assortment of spades and ghovels raecspectively. These postholes
and pits were refilled with the sodic soil mixed with gypsum and FYM.
Deteils relating to the dimensicns (dismeter x depth) of the postholes,
the pit and the amounts of smendmente used for their refilling

sre given in Table 16.

About six months old ssplings of the two species raised in
polythene bags were planted on July 17, 1979. Experiment was laid
out in a randomized block design and replicatad four times. Kach
replicate rupresented a plot (6 m x 6 m) growing four plants with a

spacing ¢f 3 m between the rows and the prlamts. Nitrogen (urea) was
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Table 16. Details of trestments at e glance

3r. Nce. Dimensions Volume Gynsum FYM
(dia x depth in cm) (e =) (kqg) {kg)
Fostholes
L 10 x 120 o 5425 3 (0.32) 4 (0.42)
-r2 10 x 180 14137 3 (D.21) 6 (0.42)
T 15 x 120 21206 3 (0.34) 8 (0.38)
'r‘ 15 x 180 31809 3 (0.09) 12 (0.38)
Pit

Figures in parenthesaes denote gypsum and PYM in ¢ cu"'§ of pit or
posthole.

applied at the rats of 20 end 10 g N plant"l on Auge. 4 and Ncocv. 26

of 1979 respectively. Plents wers waterad cn the need felt basis
until s year psst planting. Growth observstions were recorded monthly
during the first year and quarterly subsequently., Acacla trees were
lopped of undesired branches after 16 and 42 months after planting.
The biomaes lopped as foliage and woody material was estimated on
fresh and cyen dry basis. Chemicsl analysis of the biomass was done
and removal of essential nutrient elements was computad. Firewood
valua of different sizad billets of Bucalyrtus and Acacia at different
molsture contents caused by differsntial air drying was estimated

42 months past planting using a Bomb Calorimeter.

Growth Underneath the Canopys The bimmass productivity resul ted

from the natural growth of vegetation, primsrily grasses, underneath
the canopias of the two trea spacies was quantifisd by harvesting whole
of the grown up vegetation in plots allocatad to different site
 preparztion treztments once a year in Dec. of 1982 to 1984. PBiomass

‘yiald was estimated oncoven Ary basis. Randomly drawn samples wers
l’
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snalysad for chemical compasition and computation of the removal
of important nutrient elsments.

Reclaiming Effect and Micro.climate ificationt During Jan.
1982 = Dec. 1984, variation in s0ll moisture content in eight

layers of 15 cm each between 0.120 cm profile was monitorsd hy
sampling monthly and measuring the moisture content on dry weight
basis gravimetrically. Similarly, the mean soil temparature at §
and 20 cm depths, the msan canopy temperature {(at 137 cm height
from the soil surface} of Acacia and Eucalyrtus plantations at
similar locations and on the neighbouring dummy bare land at tha
sape height was monitored on 315th and 30th day of each month at
0722 and 1422 hours during Jan. 1, 1982 - Dec. 30, 1984. The
reclaiming effect of trees and natural growth of wegetation under-
neath the cancoples of Acacis and ﬁucalyptus was evaluated by
analyz ing the scl) samples of the profile (0.5 cm, 6=15 cm, 16=30 cm,
31-4% cm and 46-60 cm) for o, EC and organic carbon in Sept. of

1982 and 1984 besides at the planting time in 1979. Water infiltration
was’ alsco measured in the field for plots under d:lffemnt spac ing. |

Litter Productions Irrespect of the site preparation tachniques,
the average foliage shed in Acacies and Eucalyptus plantations
during July-Aug., Septs = Octe, NOVe = Dac., Jan. = Fab., March -
April and May~June between July 1982 and April, 1985 were estimated
through collection of foliage shed in containers, 120 cm long and
60 cm wide, in numbers sufficient to represent all possible locate
ions ¢f the canoples of the two trees. Amcunts weres expressed on
oven dry basis. Randomly drazwn ssmples from the collected litter
vare anzlysed chemically to ascertain the amounts of important
aatrientﬁalemnts being recycled or added to the soil.
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Results snd Discussiont Expsrimental findings are presented and

discussed below under different healdingss

As Per Cent Survivals Survival of bhoth Acacia and Bucalyptus

for all the site preparation treatments continued to be cent par
cent until 72 months past planting. About 12 per cent of Eucalyptus
planted in postholes (T3) with 15 cm dia. end 120 cm depth were
vations show that planting of the given two trees in postholes of
considerabliy limited width but greater depth and refilled with
original sodic s0il (0S) mixed with limited quantities of gypsum
and farm yard manure (FYM) survive as good as in pits requiriang high
doses of amendments. Digging of pits with 18.60 times greater volume
than the posthcles further make it a laboriocus proposition. The
posthole technigue has a genuine scope for its mechanicel adoption
as well. And nowadays power operated (tractor) posthole diggers
with diverse specifications are baing fabricsted and marketed in

the country.

B. Growth Parameters

(a) Height Growth: Data dn the effect of selectsd site preparation
tachniques on the yariocdic height of Eucalyptus (Table 17) and

Acacia (Table 18) indicate that differences were not significant
statisticelly at all the noted growth stages during the initial 72
months cf growthe Height growth of the two species was rapid unti)
the initial 24.36 months of planting but was much slower aftearwards,.
Bucalyptus trees presented a chlorotic look with limited growth of
yellowish brown foliage whersas Acacia developed a dense (Plate 3)

lush green canopy. Cumulative mman monthly height growth of Eucalyptus
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Table 17. SEfect of site prepar=tion technidques on the msan
pariod height {cm) growth of Zucglyptus tereticornis

sme in a highly sodic scil.

Growtnh stoge Site preparetion techniques _ Mean “1SD
(monthe ract T T, L T Te (0.05)
planting)
0 ' 10 65 61 74 55 65 NS
1 74 71 68 81 59 71 NS
2 91 S0 8a 102 18 89 NS
3 106 106 G4 115 a0 102 NS
4 116 121 100 126 99 112 NS
5 120 123 10 129 101 115 NS
6 121 128 106 133 106 118 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 2886 23¢9 248 NS
11 259 304 260 348 316 297 NS
12 292 352 296 392 342 338 NS
15 350 424 349 466 85 395 NS
18 362 439 362 478 308 408 NS
21 408 476 422 526 494 465 NS
24 446 530 470 592 562 520 NS
27 538 612 556 616 633 591 NS
30 596 638 602 652 668 631 NS
33 610 648 622 666 677 645 NS
36 624 658 636 679 698 659 88
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 &70 713 687 730 793 719 NS
51 676 7158 696 748 809 728 NS
54 681 719 706 759 g22 737 NS
LY 696 T34 724 776 840 754 NS
60 743 783 768 813 BR3 798 NS
63 756 798 T2 826 898 810 NS
66 762 812 776 834 906 818 N3
69 771 820 182 840 913 825 NS
72 T79 . 829 89 846 920 833 NS




Table 38. BEffect of site preparaticn technidues on the mean
pericdic height (cm) growth of

I__”aci nilotica (L)
%111d. ex. Del. in a highly sodic soil.

Growth stage Site preparstion techniques Mean 18D
{moaths rast T T T T T {0.05)
planting) 1 2 3 s 5
0 53 52 S4 58 46 53 NS
p 56 54 58 62 49 56 N5
2 68 67 T1 T2 76 70 NS
3 74 78 B2 g2 90 81 NS
4 78 o4 89 88 99 L NS
5 81 104 98 a8 108 o NS
6 82 104 100 99 109 99 NS
7 82 104 100 100 110 99 NS
a ge 108 104 1né 115 104 =
9 132 142 156 163 174 153 NS
10 194 210 214 222 242 216 NS
11 242 251 256 264 278 258 NS
12 276 282 274 290 310 286 NS
15 300 318 307 334 348 323 NS
18 313 124 31l 337 356 329 NS
21 334 382 356 e k¥ rl 356 NS
24 374 396 390 409 412 196 NS
27 441 4164 478 4p4 4904 4°72 NS
30 458 482 404 497 %13 489 NS
i3 462 488 499 806 518 495 NS
s 478 ED2 543 555 562 528 NS
39 496 519 582 571 596 553 NS
42 500 526 594 582 620 S6d Hs
45 511 B36 6n2 596 532 875 NS
48 523 552 617 614 650 580 NS
51 556 588 629 621 660 611 NS
54 570 610 638 626 667 622 NS
57 572 614 640 630 668 625 NS
60 580 617 642 638 674 630 NS
63 121 626 644 641 &80 635 NS
66 586 &30 644 643 682 637 Ns
69 500 €35 64% 644 684 640 NS
72 ' 506 639 647 683 685 643 NS

09



Plate 3

A poorly develcoped open canopy ©f Bucalyptus with a
chleorotic look, ' -

A well developed lush green cénOpy of Acacla.
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and Acacia {(Fig. 7) showsd highest incremants in the initia) one
year of planting but significant decrease was avident in later
rymgrs;. A careful analysis of data showed relatively highsr incre-
ments for Bucalyrtus in posthole tachnigque ('r‘) than the pit method
('1'5). But reverse was true for Acacia. Among the given posthole
types, disemeter of postholes did not influence the height growth,
however, depth cf 180 cm favoured Euwalyptus to edge out that of

120 cm. But responss of Acacia t© variaticns in dismeter or depth
of postholes was indifferent.

{b) Girth Growth:t Data on pericdic DSH and DBH of Eucalyptus

{(Tablas 19 and 20} and Acacia (Tebles 21 and 22) again show that
effect of the aite preparation tschnigques of planting 4id not result
in significent differences in the gitth of the two spacies at all the
observed growth stages. In Rucalyrtus, depth of the posthole rather
than its diameter was important though such a trend was not obvious
in case of Acatie. Unlike height,growth, incremsnt in girth growth
(DS1) of Eucalyptus was obscrved (Fig.8) maximum during the secend
year, hcovever, it also showed a graduz]l decrease with subsequent
yegrs, But this pattemn 4id not ocfcur in Aacatia. Increments in DSH
of Aecia plants in all the treatments wers more in the first year of
planting than in the sscond and third year of growth. After third
year, growth of Acecia occurred at a rete ® effect increments greater
in the fourth year. But suvbsequant camulative mean meathly DSH
jncrements in the fifth and sixth yesr of the growth period were low.
™e girth growth .tricremnta of Eucalyptus were greater than that of
Macia in the initial three years but were less in the subsequent
years. This shows that Eucalyptus and Acacia followed different
patterns in girth growth.

4
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Fig.7 Site preparation techniques vis—a—vis cumulative mean monthly

height growth of Eucalyptus (@) and Acacio {b) during successive
growth years



Table 19. Bffect of site prepsration techniques on the mean

period on DSH* (mm) of Eucalyptus tereticornis Sm. in a
highly sodic scil.
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Growth stage Site sration technigques Mean  LSD
(months psst T, 2 3 A 5 (0.05)
planting)
Q 5.3 %.2 5.2 5.4 £.3 5.3 NS
1 66 T3 6.8 7.8 G.d T.0 NS
2 T2 8.0 7.8 B.3 7.7 Te9 NS
3 0.5 9.7 946 10.3 9.9 9.8 NS
4 15.2 18.8 14 .9 17.1 15.8 16.0 NS
5 1692 17.1  16.6 18.0 1642 16.8 NS
6 17 .4 18.6 18.2 19.6 16.8 18.1 NS
? 1843 19.6 19.0 20.4 18.8 19.2 NS
8 23.7 25.6 24.1 26.2 24.7 24 .9 NS
9 29.8 30.3 0.2 31.8 29.9 30.4 NS
10 31.3 33.6 32.2 34 .8 34 .6 33.3 RS
11 34.6 36.4 35.8 37.4 36.8 3%.8 NS
12 37.8 40.4 39.2 42.7 40.3 40,1 NS
15 52.2 5%5.86 53.4 57 .4 562 55.0 NS
i8 61 .6 65.7 64 .2 6842 65.1 65.2 NS
21 81.3 86.3 82.0 877 85.8 84 .6 N3
24 101.3 104 .8 102.6 106.6 105.3 104 .1 NS
27 111.6 113.3 112.0 1316.2 115.2 113.8 NS
30 114 .4 115.6 113.8 120 .4 121.3 11713 NS
33 116.7 123.8 118.4 125.3 124 +2 1217 NS
36 12C.2 127.8 3123.6 132.4 131.9 127 .2 NS
3o 121.56 132.2 125.8 136.2 134.2 130.0 NS
42 122.8 134 .4 126.2 138.3 136.6 131.7 NS
45 123.9 136.2 130.3 142.8 140.3 134 .5 RS
48 123 .8 143,2 133 .4 146.6 142.0 137 .8 NS
51 12642 14348 133.6  147.1  143.2 13848 NS
54 1281 144.2 134 .0 148.0 144 .6 139.8 NS
57 130.2 146.8 134 .0 151.3 144 .8 1414 NS
60 134 .0 180.2 134.2 183 .4 145.0 143 .4 NS
63 133.8 148.3 136.6 154.8 157.3 146.2 NS
66 134.2  149.8 138.2  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

*DSH stands fcr girth dlameter at stump hzight (5 cm).
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Table 20, Effect cf site preparstion techniques on the periodic
DEH* (mm) of Eucalyptus tereticornis Sm. in a highly

scdic soll.

Growth stage S$ite preparation techniques Mean 18D
{months rast T ¥P T_S“.ﬂ—_ (0.08)
plant ing) 1 2 3 4 5

9 12.6  13.2 12.8  13.6  11.9 12.8 NS
10 15.7 1647 15.8 171 15.2 1641 NS
11 19.3  20.8 19.9  21.2  20.3 20.3 NS
12 23.8  27.8  26.4  27.8  26.6 2640 NS
15 33.2  36¢9  33.8  37.6  35.9 135.5 NS
18 6.4 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 §2.3 55.6 54.2 58.7  S4.8 55.1 NS
27 648 7243  69.7 ' T4.6  T1.3 T0.3 NS
30 6643 T6.2  T1.8 .79.8  T8+2 T4.5 NS
33 71.2  §0.6  74.3  82.9  82.4 78.3 s
36 76.7 84.3  79:3 86.8B  85.4 82.5 NS
39 78.2 87.3 81.8 8B.4  87.2 84.6 NS
42 8.6 B88.0 82.2 88.9 87.8 85.1 NS
45 80.8 89,1 83.6 90.5  89.1 86.6 NS
48 82.4 90.9 £85.6 91.8  90.9 88.3 NS
51 84.3 93.2  87.3 94.6  94.6 90.8 NS
54 85.5 94.3  88.1  96.2  95.7 92.0 NS
57 86.4 96.7  90.6 100.8  99.3 94.8 NS
60 89.3 95.0  92.3 104.1 102.3 97.4 NS
63 £9.1 101.2  94.7 106.3  106.8 99.6 NS
66 89+2 101.8  95.2 107.1 108.9 100.4 NS
69 89.0 102.9  96.8 108.4 112.7 102.0 NS
72 8O0 1046  97.6 109.1  115.3 103.1 NS

*DBH stands fcr ¢girth di=mestar at breast height (137 cm).



Tables 21. Effect of site preparation technigues on the mean
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periodic DSHe of Acacls nilotica (L.) willd. ex. Del.
in 2 highly scdic soil.

Growth stage ___ Site prepsration techaiques Mean 15D
(mcnths past 7T T T T T (0.085)
planting) 1 2 3 i 5
0 11.6 10.9 11.4 11.6 9.8 11.1 NS
1 11.8 11.1 12.2 12.3 10.1 11.5 NS
2 123 12 .4 13.3 13 .4 12.% 12.7 NS
3 14.7 13.8 14.8 15.2 13.8 14.5 NS
4 17.2 15.8 16.2 174 15.6 16.6 NS
-] 17.3 17.0 18.4 17 .3 1%.8 16.8 NS
6 17.3 172 16.5 176 16.2 17.0 NS
7 17.5  17.9  17.0  17.8 16.6 17.4 NS
2 19.3 20.2 20.0 213 211 20 .4 NS
S 2242 23 .4 21.8 24 .6 24.2 23.2 NS
10 28 .4 29.2 276 30.5 3G.0 29.1 N3
11 32.7 33 .8 4.3 35.1 38.5 34.3 RS
12 37.4 39.0 37.4 ig.s8 3G.4 3B.4 NS
15 41.4 48.7 45.9 53.4 55.9 49.1 NS
18 126 EQe2 4.4 54 .0 56.2 49.9 NS
21 46.4 £i.6 §5.5 £4 .8 S6.6 51.8 NS
24 1£.8 53.8 £2.8 55.6 57.3 53.7 NS
27 56 .4 €24 63.9 64.8 64 .6 62.8 NS
3o £0.2 63.8 6542 66.2 TP 64.2 NS
33 Gi.8 TO.9 72.3 77.3 78 .4 72.5 NS
36 0D.8 77 4 THe2 85.6 £9.8 ana.2 NS
jo 80.4 £8.6 893.9 100.1 109.6 4.5 NS
42 83.6 02.9 98.6 103.4 134.6 on.0 NS
45 96.4 102.8 106.9 110.8 121.1 iNT7.6 NS
48 111.3 116.4 117.3 1796 135.8 119.7 NS
51 116.2 124 .13 1266 127.3 136.8 126.2 NS
54 116.8 i05.6 127.2 128.2 137.4 127.0 NS
&7 123 .4 131.8 133.2 135.6 144.6 - 133.3 NS
60 12€ 46 12%.8 135.8 142.0 155.4 139.1 NS
63 129.8 138.2 139.9 1¢5.0 160.2 142.6 NS
66 130.1 138 .4 140.0 145.6 161.4 143.1 NS
69 133 .6 j41.6 142.2 152.4 165.8 147.1 NS
72 135.4 141 .6 145.0 159.0 16¢9.0 150.6 NS

*DSH stands for girtn dlameter at stump height (5 om).
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Table 22. Bffect of site preparstion tachniques on the periocdic
DBH* (mm) of Acacia nilotica (L.) Willd.ex. Del in a

highly sodic scil,

Growth stage —Site aration techniques  Mean L3D
(months past T1 T, Ta T, Tg (0.08)
planting)

9 9.8 946 9.5 10.1 10.2 9,8 NS
10 12.3 12 .4 11.8 12.8 12.6 12.4 NS
11 14.6 14 .4 13.9 15.3 15.2 14.7 NS
12 1047 18 .9 17.9 19.7 20.1 19.1 NS
15 24.7 22.2 19.8 24.5 25.6 22.8 NS
18 22.2 23.3% 20.5 25.6 26.4 23.6 NS
21 24.7 2%.8 23.86 27.2 29.3 26.1 NS
24 26.3 2B +4 27.6 29.8 31.4 28,7 NS
27 38.4 49.3 37.9 40.4 £4.3 42.1% NS
30 40.5 50 .9 3g.1 42..2 46.1 43.8 NS
33 46.8 5%.8 47.9 . 5642 8.2 53.0 NS
36 £6.8 007 61.8 63 .6 64.9 61.6 NS
39 65.5 71.9 73.3 74 .7 1842 72.7 oS
42 06«8 72.8 742 75.6 80.0 7T3.9 NS
45 72.3 B81.2 B0.8 B6.7 91.8 82,6 NS
48 80.8 91.3 BE «4 98 .6 103.8 92.6 NS
51 83.3 95.8 5.8 105.7 114.6 99.2 NS
54 85.6 97 .6 96 .4 107.3 1i7.8 100.® NS
57 91.7 103.8 102.6 113.9 121.6 106.7 NS
60 99.3 107.8 1083 121.8 128.8 113.2 NS
63 100.1 108.6 109.2 122.0 128.8 113.7 NS
66 10C .4 16G.1 110.0 122.6 129.0 114.2 NS
69 101.3 110.6  110.% 123.5 130.4 1315.3 NS
72 102.0 111.6 111.4 124.7 132.6 116.5 NS

#*DBH stands for irth diameter at breast height (137 cm).
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Comparable height and girth (DSH and DBH) growth of Eucalyptus
and Acacia planted in posthole (15 em dia. and 180 om depth, T4) and
pit (90 em x 90 cm) techniques bring cut the development of a new
tachnique for planting of the tree species in highly sodic soils.
'fﬁ view of average potential height and girth (DBH) reported (NAS,
1980, 1983) to be attained by Rucalyrtus tereticornis Sm. and MAcacia

.n:llotica (Le} Willd, ex. Del. under diverse situations of soil types
and agrce-climates, the former was found to have reached nearly
stagnation after three years cf planting despite very encouraging
growth duriong the first three years. Growth of Acastcla was cbserved
to occur satisfectorily. Periodic height and girth growth data also
indi~ete thet Bucselyrtus was somewvwhat sensitive to the rosthole depth
than th: dismeter. This implies that AcCecia is relatively more
tolersnt tc the mechanic al impedance faced by roots to penetrate the
Celcic herizon in case of shallow postholes. This is also evident
from about same magnitude of growth cf Eucalyntus in pcstheles
refilled with amended mixtures containing varying dos=s (0.09 ~ 0.32 g

ce™d of rosthole volume) of gyrsum.

The rasults, thus, showed that use of limited amount of amandments
in a limit=d volume but greater profile depth has a vital role ia
| achi=svinc high p2r caent survival end rarid ez2rly growth cf selected
tree specizs rlantad in highly sodic soils. -The rosthole methced cf
tree planting was cbserved congenial for plants to grow rocts in the
deeper layers where moisture availabllity is high. Eucalyrtus was
found d=veloring a good roct system (Plate 4) rapidly after planting
in postholes refilled with sodic soill amended with gyrsum and FYMN.

The high rer cent survival and early growth of Acacia and Euwcalyrtus



Plate 4

An exposed root system of a six wonth 2138 A close up of root prrliferaticn of
Eucalyptus planted through posthile technique Bucalyovtus in deeper norizons of highly sodic
in a highly sodic soil. , soil profile,
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plantad in rostholes dommstfated the promise of this new technique.,
Yadav et al. (1975 rerorted similar results obtained following pit
method. But growth of Eucalyrtus after three yaars of planting
occurred at a much slower rate than snticipated on the basis of
rapid growth rate during initlal stages.

C. Biomsss Yield on Lopring of Acacias Grown growth of Acacia

was very epncoursging unlike that of Eucalyptus throughout the growth
period. Thus, t© maintain a proper balance between the crown and the
boll fer producing gquality timber, undesirable shoots on trunk of
trees were lopped 16 and 42 months after planting. Woody matter and
foliage yields were astimated. Dats (Table 23) shcw that woody matter

and foliace yield resulted frem lopping was the highest in T.. But

5°
Aifferonces were 'st;iﬂ'.:l.st‘inally significent only in yields caused by
lopping after 16 mcnt:hé of planting. Results also indicate some
r"anl.ééic-nsh in with the growth by showing a decrease or increase in
biomas:s lorred with growth parasmeters recorded for the giv=n troastments.
Woody matter including billets or branches and foliage yielded may

be used as firowood and forag; respectively. Total yield of foliage
{(ovan dry) and woody matter varied between 1921-2828 kg ha"’l and 5306 -

7616 kg ha~? respectively from both the loppings.

Results on chemical composition cf foliage (Table 24) and woody
matter (Table 25) indicate that effect of the different site preparat.
ion tachaiguers was not significant on the coneentration of Na, K, Ca,
Mg, 4, B, &, Fe, Mn, Zn and Cu in both of the components. Howewver,
their rzletive concentration in foliage lopred after 16 months were
highz2r than the same lopred after 42 months of planting. This may be

attriduted to the dilution effect »f continual growth. But in case



Table 23. Biomass (kg ha™ Y lopped =s branches growing on the tree bolls after (16(a) and
42(b) monthe of planting Acacia nilotica (L.) wWilld.ex.Del.

Treatment noody matter Fol iggu Woody
a b asb a [ ) matter +
Poliage
T, 1662 3644 5306 %65 1356 1921 7227
(2216) (472%) (7012} (2542) (7081) {9093) :
T, 1835 4427 6262 642 1681 2323 7943
{2548) (5083) (8531) (3274) (8741) (12015%)
T, 1874 31360 5234 676 1396 2072 6630
(2677) (4667) , (7344) (351%) ('7259) (10774)
LA 2264 4333 6597 874 1698 2572 9169
(3059) {6n18) {9077) (45{5) (g493) (13038)
Tg 3015 4601 7616 1012 1816 2928 10444
(4074) {6573) {10647) {5262) (8898) (14 160)
Me an 2130 4073 6203 754 1589 2343 8283
(2915) (5607) (8522) {3908) {aoaB) {11996)
L3D (0 .05) 756 NS NS 106 NS Ns RS
{1009) (#s) {Ns) {8188) {Ns) {ns)

*Bidures in parenthassc ‘ecnote corresponding value on air drisd besis for woody matarial and
fresh weight basis fcr the foliage.

101
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Table 24. Chemical composition (mol-kg"l) of the foliage of Acacia
lopped after 16 (2) and 42 (b} months of planting.

Trestment Sodlum Potaeslum Caiciam MagnesJum
8 b a b a b a b
Tl 43.5 34.8 338 302 3858 340 266 200
Ty 34.8 26.1 333 287 380 350 270 175
Ty 35.7 3n.4 353 282 382 345 279 183
Ty 47.8 30.4 359 . 294 405 358 27% 19%
TS 39.1 34 .8 346 307 395 345 266 195
Mean 40.2 31.3 346 294 389 347 271 189
Phosphorus Sulphur Ritrogen iron
_a b a b a8 b A b
Tl 124 86.5 132 74.8 1250 918 23.9 16.4
Tz 116 94.2 133 82.2 1262 892 22.8 17.2
T , 120 92.3 131 80.4 1282 = 900 24.2 15.8
Th 124 99.9 132 84.6 1280 930 25.2 16.6
T5 132 o4 .8 130 70.8 1242 884 21.7 4.8
Me an 123 $3.6 - 132 77.8 1259 901 23.6 16.2
; * L
aﬁggg ane seb 3 Zinc 5 :oppert 5 aﬂm 5
Tl 29.3 19.8 9ed 5.5 2.7 2.0 0.16 N.17
Tz 2846 18.6 8.8 4.8 2.6 1.9 0.13 0+15
T, 2847 20.2 9% 5.2 2.4 1.8 0.13 0.17
T‘ 26.9 21.1 8.9 5.3 | 2.5 1.9 0.17 0.16
Ts 273 18.6 9.0 5.1 2.5 2.0 D.1% 0.18
Mean 282 19.6 9.0 5.2 2.5 1.9 0.315 0.17
~ Nas K 5 ﬁas Ca 5 _ﬁNal K+4Cam 5 - CasMg
T, 0.13 0.12  0.11  0.10 0.06 0.5 1.4% 1,70
T2 0.10 0.09 0.09 0.07 0.05 0.04 1.40 2400
T, 0.10 D.11 0.09 0.09 0.05 0.0% 1.37 1.88
T, 0.13 0.10 0.12 0.09 0.06° 0.05 1.47 1.85
Ts 0.11 0.11 0.10 0.10 0.05 0.05 1.48 1.76
Nean .11 0.11 0,10 0.0 0.05 0.05 1.43 1.83

sConcentraticn of Mn, Zn and Cu is in mmol kg™ 1X 10.
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Table 285. Chemical composition (mmol .kg"l) of the woody matter of
Acacia lopped after 16 (a) and 42 (b) months of planting.

Treztment Sod {um Potassium ~ Calcium Magnesium

3 b a b a b a3
T, 3153 22.8 174.4  166.8 125.3  118.9 52.8 41.4
T, 29.8 23.2 182.6 176.4 128.2 121.6 46.6 36.2
Ty 27.6 21.6 178.2 166.5 136.3 130.5 50.3 41.0
T, 30.8 24.5 18B.% 172.6 122.8 124.2 54.3 42.4
Tg 32.4 24 .8 194.2 176.8 120.6 125.8 48,2 46.3
Mean 30.4 23+4 183 .6 171.8 126.6 124.2 80.4 41.5

gphosphorqz eéu;gggg_jg_ QNitrogeub _E_Iron* 5
'1‘1 71.2 48.4 B4.3 46.8 45.3 3.8 2.5 2.2
T, 6843 56.7 80.0 52.4 44,0 40.8 2.4 2.3
TB 64 .6 58.2 Tée6  54.0 82.6 36.4 2.5 2.2
T, 65.3 60.6 72.8 . 46.7 46.4 42.8 2.3 2.4
Tg 70.2 50.8 7842 48.2 430 40.8 2.4 2,3
Mean 67.9 54.9 T8 .4 49.6 46.7 39.9 2.4 2.3

M * * [ty

5 anqgneseb 5 Zing 5 z ,qpner; q_ﬂelﬂgb
T1 2.6 2e5 242 2e1 1.0 1.0 0.59 .55
T, 2.6 2.6 2.3 2.2 1.1 0.9 0.64 0.64
Ty 2.7 2.7 2.4 2.2 1.0 1.0 0.55 0.53
LA 2.6 247 242 2.4 0.9 1«1 D.57 0.58
'rs 26 2.6 2.3 243 1.0 1.1 0.67 0.54
Mean 2+6 2.6 2.2 2.2 1.0 1.0 0.60 0.56

= Nas K 5 e!lgtt‘:a 5 ;la: K+Ca ~ Ca: Mg
T, 0.18 0.14 0.28 0.19 0.10 0.08 2.37 2.87
'1'2 0.16 0.13 0.23 0.1¢ 0.10 D.08 2.75 3.36
T, 015 0.13 0.20 D17 0.09 0.07 2.71 .18
1“ 0.16 0.14 0.25 0.20 D.10 0.08 2.26 293
Ty 0.17 0.14 0.27 0.20 0.10 0.08 2.50 2,72
Mean 0.17 0.14 0.24 0419 0.10 0.08 2.51 2.99

* Concentration of Fe, Mn, Zn and Cu is in maold kg“l x 10.



of woody matter, there was only a marginal decrease or no change

in the concentration of these nutrient elements with lopping at

the two stages. In general, all the nutrisnt elemsnts except Na,
had 3 higher concentration in the folisge than in the woody matter.
This is reflected in calculated ratios of Na to X, Ca, Mg and K 4 Ca
for the foliage and woody matter. Relatively narrower ratios in
foliage than in the wobdy matter indicate thzt accumulation of the
element Na in leaves 4id not occur in levels toxic for the normal

functioning of the metsbolic processes.

Th2 mean total removal of Na (2431 mol ha"") through the lopped
biomess was considerably less than that of K (1827 mol ha"l), Ca
(1618 mcl ha™}) snd Mg (781 mol ha~l). Results (Table 26) indicate
gre~ter rzmovel threcugh biomass loppead after 42 than 16 months of
plantinge This is because of greater biomass harvested with the
former lorriage The amcunts of Na, K, Ca and Mg removed through
biomass were mcre in treatments which yielded higher biomass.
Similar trend was cbserved in the mean totsl removal of P (592 mol
na~3), s (592 mol ha"d), N (2641 mol ha™d), Fe (44.7 mol ha™H) mn
(6.85 mol ha~1), Zn (2.90 mol ha"l), and Cu (1.12 mcl ha™l). Data
(Table 27} on N was interesting in pointing cut its greater removal
than th: re:t of the elements despite poor availsble N stgtus of the
sodic scile This may be ascribed to the ability of Acascia to
symbictically fix atmcspheric dinitirogen. Among the micronutrients,
removal of fe and Mn through foliage was considerasbly more than
thrcuch the weoody matter (Table 28) whereas Zn and Cu were removed
equally by both the comrenents of biomaszs. Data on nutrients removal
thus showad th:t despite considersbly greater concentraticn of the
given nutrient element (except N) in the foliage of Acacla, their

removzl occurred mere through woody comrcnent becCause it constituted

*
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Table 26. Removal of Na, XK, Ca and Mg (mol..ha'i) through biocmass
lopred after 16 (a) and 42 (b) months of planting Acacia.

Treatment Fcl lage Woody matter Total
8 b 8¢b a b 2t
Sod fum
T1 24.5 47 .1 717 52.0 83.0 135 206
1& 22.3 43.8 66.2 54.6 102.7 187 223
Tb 24 .1 42.4 66.5 51.7 72.5% 124 190
T‘ 41.7 51.6 93.4 69.7 106.1 175 169
Ts 39.5 63.2 102.,7 87.6 114.1 211 314
Mean 30.4 49.6 80.1 65.1 95.7 160 241
Potassium
TI 191 410 601 89 607 897 1499
Tz 213 482 696 335, 780 1115 1812
Ty 239 393 633 333 559 893 1526
T‘ 313 500 814 426 74% 1174 19689
Ts 350 558 9509 sg8 813 1398 2308
Maan 261 469 730 304 701 1096 1827
Calc ium
T1 217 461 678 208 433 641 1320
T, 243 588 822 238 538 773 159%
T3 258 481 MO 255 438 693 1434
Ty 353 602 956 278 538 816 1772
Ti 399 626 1026 363 578 942 1968
Mean 294 552 844 268 505 773 1610
Macnesium |
Tl 150 27 42% 87.8 150 238 660
1, 173 294 468 85.8 160 245 713
!3 188 255 444 o4 .3 137 232 676
T 240 325 565 122.9 182} 306 872
!5 269 355 625 145.2 213 is5e 983
Mean 204 300 505 107.1 169 276 781
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Table 27. Removal of P, 85 and N {(mol. ha'l) through bicmass
lorred sftar 16(z) and 42(b) months of nlenting acacia.

Trestment Fol %@ Wcody matter Total
a_ a+b a b )
FPhoschorus
T1 10 117 187 118 176 254 474
Tz 74 158 233 12% 251 376 627
T3 81 128 210 121 19% 316 812
Te 108 169 278 147 262 410 673
Ts 134 172 306 211 213 445 679
Mean 93 140 243 144 223 368 592
Sulphur
T1 74 101 176 140 170 310 486
T, 8% 138 224 146 231 378 602
T3 a9 112 201 143 181 324 526
t‘ 115% 743 259 164 202 367 626
'rs 132 128 260 23% 221 457 Tie
Mean 99 124 224 166 201 367 592
: Ritregen
TI 706 1245 19%%¢ 75 141 216 2168
T2 810 1500 2310 a0 180 261 2571
T3 866 1287 2123 o8 122 220 2344
T‘ 13101 1545 2646 105 18% 290 2937
TS 1256 1606 2863 135 187 323 3187
Mean odg 1431 2379 99 163 262 2641
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Table 28. Removal of Fe, Ma, Zn and Cu (mmol.ha"}) through biomass
lopred cofter 16(2) and 42(b) months of planting Acacia.
Trestment Foliege ' Woody matter Total
a b 240 8 b a+b
Iron
T1 13503 22238 35741 415 801 1217 36959
Tz 14637 28913 435%0 422 1018 1440 44991
TS 16389 22056 38416 468 739 1207 39623
T‘ 22024 28186 50211 520 1039 1560 51772
Ts 21960 26876 48837 723 1058 1781 50619
Mean 17697 . 25654 43351 510 931 1441 44793
Manganese
Tl 165% 2684 4340 432 911 1343 5683
Tz 1836 3126 4962 477 1151 1628 6590
T3 1940 2819 4760 505 S07 1413 6173
T4 2351 3582 934 S88 1169 © 1758 7692
TS 2762 xn 6140 783 1196 1580 8120
Maan 2109 3118 §227 557 1067 1624 6852
Zinc
Tl 831 T45 1276 365 765 1130 2407
T2 564 gGé 1373 422 973 1398 2767
Ta 61% 725 1341 449 739 11886 2530
Tk 177 go9 1677 498 1039 1538 3215
Ts 910 028 1836 6593 1058 1781 isgn
Me an 679 B20n 1500 485 815 1401 2901
Coprper
'gi 152 271 423 166 3164 530 954
T, 166 319 486 201 398 600 1086
TS 162 251% 413 187 336 523 936
T‘ 218 322 541 203 476 680 1221
Ts 453 363 616 303 506 807 1423
Mean 190 305 496 2312 416 628 1124
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higher amounts. This implies that foliage of Acacia may serve
as g gocd forrge and woody matter a good firewood as low ash
content (incrganics) is regarded to improve the heat value of

wood (NAS, 1980).

Ds Firewcod Value of Acacia and Eucalyrtus Billetss The firewood
1

value in terms ¢f KZal kg ° ¢f oven dry woody material of Acecia

and Bucalyrtus wee found to be different €from cne another and wvarisd
with the thickaess of billets or branches of both the species (Fig.9).
The firawood value of Eucalyptus was less than Acacia by 200.300
KCal kg~} for dry wood harvested from differantly thick branches.
Heat value of cven dry wood of Acacia and EBucalynptus increased w:i.ﬂ'n
increasing thickness of the firewood bjillets. Heat value cof firewood
of differently thick branches of Acecis and Eucalyptus was astimated
to show drastic decrease with increasing moisture (Fig.10) content of
the woode. Decresse in heat value of wood with moisture content was
observed tc te of greater magaitude for relatively thick branches

of both the =pecies.

woedy material lopred should be szegregated into different
catacories depending upon the thickness cf billets and dried properly
or seasoned before use., It was cbserved that fine branches of Acacia
and Eucalyptus contained considerxably highar moisture than the thick
ones at the time of lorping. But their seasoning caused rapid drying.
Thick brenches slthcugh contained low meisture at lopning time but
took mere time feor loss of moisture. This shows that thick branches
should be split and stored for adequate span of time (Arnold, 1978)
before burning. In addition, fine branches when dry should be

consumed befora the thick ones for different use of firewcod. Data
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on firewood value of Acacla and Eucalyptus demonstrate that
former spacies should be given priority in afforestation programmas

meant for the generxrcticn of firewocod rescurces.

Ee Growth of Neturel Vegetation Underneath the anab}_e_g_s Bicmass
yield of natursl growth of wegetaticn, primarily grasses, und:=rneath
the canopies ¢f Sucalyptus and Acacia during 192284 showed signifi.
cant veristione. Effect of site preparaztion techniques on the biomass
yield was nct significant, howaver, canories of two trees influenced
the yleld significantly. In s drought year {1982), the biomass

(Table 29) yisld was more in plots underneath the Acacia canopy. But
during relatively wet years {1983 and 1984) it was more in plots under
the sucalyctus plantation. This variation was found related to the
'qrﬂater availability of soil no:lsture in Macia prlantation during
drought ccnditions. Dense Canory of Acacia may 2180 play a role in
éheékim; evapotranspir:ticn whereag open canopy of Eucalyrtus favoured
tha cppoesites During wet years, growth of grasses make use of easily
availab ‘e solar radiation a\nd adequate supprly of soil moisture to
yileld more bicmase in Eucalyctus than in the Acecia plantation whare

" excess of meolsture and limited supply of soler radliaticn effect pocr

growth of natursl vegetation. The vegetation camprised of grasses

1ik> Diplachaz Fusca (L.) P. Beasuve., Cynoden dactylon (L.} Pers.,

Dicenthium annulatum (Forsk.) stapf. end Sporchclus marginatus Hochst
ex+« Ae wizh was chrserved (Bhumbla et al., 19%72) to tolerats high soil
gsodicity and cr salinity. Mors than 90 per ¢ent of the bicmass

resulted from the growth of Diplachne fusce (L.) P. Bzauv. which was

reported (Kumar and Abrol, 1983) to tolerate highly sodic ccnditions.



Table 29. Avarsge biomess (oven dry) yileld (kg ha"l) of naturally grown up vegetation under
the cancpies cf Zucalyptus tereticornis Sm. an? Acacia nilotica (L.} wWilld.ex.Del.

Year Cancry _ —_S1te preparaticn techniques Hean G

T T, T;'——"'—T';T Tr; (0.08)
1982 Eucalyptus 3694 3082 3886 2639 3148 3284 NS
1982 acacia 5395 554 9 5734 5565 5472 %603 NS
Mean 4545 4466 4795 4102 4310 4444 NS
1983 EBucalyptus 7077 5462 8146 5285 4876 6169 NS
1983 acecia 3858 3962 3816 3176 3012 3065 us
Mean 5468 4112 5961 4231 3944 4867 N
1984 Eucalyptus 4385 1388 3804 3696 3592 3773 NS
1984 Acacia 3056 2678 3026 2892 1939 2718 NS
Mean 3721 3033 3415 3294 2766 3246 NS
LSD {(0.05) 1982 ‘ 1083 1983

Canopy cr srecias 748 932 834

Interaction og4 1168 1006

Yaars - - - 1236

0Ll
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Data on the concantreticn of Na, K, Ca, Mg (Table 30), N, P,

& (Table 331), P2, Mn, 2n and Cu (Table 32) of the biomass indicate
that effect of different site praparation trestments was not
significant in all of the three yeaors (1982.1984). But the concen.
tratiocn cof all +the nuvtriant elements, except N, dacreased with
successive years. Same was true for N in biomass harvested from
plots under Eucazlynrtus plantaticn but contrsry was observad in the
case of Acacia. This ¢an be attributed to the 2dded bicmass which
in turn released N that might be assimilated by the underneath
vegetaticn. Concentration of Na in each of the years was more than
of K and fcllowed by Mg and Ca. This implies that vegetation able to
tolerste high sodium and poor Ca availability in the sodic soil can
grow oand reflect the same in its chemical composition. among N, P
and S, relative concentration of N was markedly high. Nitrogen
concentr-ticn of the biomass harvested from acscia plantation showed
an increase with years though it decreased in the case of Eucalyrtus,
Concentr ticn ¢f F was marginally more than 8 in the bicmass during
each of th~ threes yecrs but absolute concentration of both the
nutrients msy re considersd adequate. among the micrcautrisnts
(Tabl= 32), the hichest accumulation of Fe was observed. Ircn
folloved M¥a, Zn =and Cu in order cf decreasing concentr~ticn.

Data {Table 33) on average removal of Na, K, Ca and Mg exhibited
the role cf bicmass rather than conceatration of these nutrient
elemants. Their removel was more through the biomass harvested from
Acacia than fucalyrtus plantaticn in 1982. But oprosite was tfue
during 1583 and 1984. This follows the trend of biomass production

during the thres years. The gsmmoval of Na was more than that of K
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Table 30. Average concentration {mmocl. kq'li of Na, K, Ca and Mg
in biomass harvestad from under the canoples of Eucalyptus
t2reticornis Sm. and Acacia nilotica (L.) Willd.ex.De%.

Treatiment Eucalyptus Acacia
1982 ms;:; 1564 Mean 1982 1983 1984 Mean
Sodium
T1 439% 347 275 352 410 35 306 is?
Tz 479 lon 328 401 452 360 288 387
T3 414 323 296 344 427 3986 298 374
T4 522 362 33, 40% 463 379 272 in
TS 462 337 316 372 428 390 316 378
M=2an 463 353 309 375 4386 322 206 372
Potassium
Tl 206 182 164 184 230 185 170 19%
Tz 232 211 146 197 2456 198 163 202
T3 22% 173 157 188 233 179 170 194
T4 249 203 167 206 216 186 176 193
Ts 236 198 153 196 232 190 168 197
Mean 230 193 157 194 23% 1688 170 196
Calcium
Tl 64 .4 $3.9 7.6 66.0 56.7 60.7 62.8 60.1
Tz £6.8 §0.8 T2.6 63.4 62.6 68 .6 64 .9 65.4
T3 68.2 65.2 64.0 66.1 60.4 §59.3 60 .1 £9.9
'r4 562 66.4 61.8 61.5 58.2 66.8 8.4 61.1
Ts 60.3 68.3 67.3 65.3 8B4.8 68.3 £6.7 63.3
Mean 612 64.7 67.4 64.5 60.5 64.°7 60.6 62,0
Magnesium
T1 187 154 121 154 194 160 1312 162
T2 176 148 118 147 188 154 126 156
T3 196 143 127 155 190 157 136 161
T4 189 156 126 155 183 163 127 157
T5 190 146 131 156 198 150 131 160
Mean 187 150 125 1558 191 157 130 15¢
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Table 31. Average concentration (mmol kq‘l) of P, S and N in
biomass harvested from under the canopies of Eucalyptus
tereticornis Sm. and Acacia nilotica (L.) W:le%"f.

Treatment Bucalyptus Acac ia
1982 1983 1984__ Mean 1982 31983 1984 _  Wean

Fhosphorus

‘1‘1L 90.8 76.7 62.6 76.7 86.8 B82.8 714 8043

T2 86.4 T7.8 T70.8 78.3 B82.5 80.7 T2.2 78.5

’1‘3 892.6 74 .3 66.4 77.8 84 .6 84.2 74 .3 81.0

’1‘4 G6.4 82.5 68.3 B2 .4 87.9 82.0 71.8 80.6

Tg 90.8 84.4 T70.2 Bi.8 90.2 847 T4.8 B3.2

Mean 91.4 79.1 677 T79.4 B4 82.9 72.9 80.7

Sulphur

Ty 82.5 68.9 62.6 T1.3 B84.6 T2.8 68.3 75.2

T, 7.8 74.3 66.4 T3.2 76.8 T70.3 644 TO.5

Ty 84.6 66.5 65.9 T2.3 T5.4 68.2 65.5 69.7

Ty 85.2 73.2 i66+6 T785.0 80.9 69.9 66s7 T2e%

Ty 80.5 73.8 64.8 T73.0 B4.2 T0.8 62.8 72.6

Me=an 8243 7143 65.3 73.0 804 TD.4 85.5 72.1

Mitrogen

T 270 230 190 230 314 360 415 363

T, 282 242 200 242 299 373 423 368

Ty 269 227 196 230 313 168 418 36%

T, 286 23¢9 206 244 308 378 420 368

Ty 276 244 208 242 317 k1.1 437 379

Mean 276 236 200 237 310 arn 423 368
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Table 32. Average concentration {(mmol kg"") of Pe, Mn, Zn and Cu in

biomass harvested from under the Cancpies of Eucalyptus
tareticornis Sm. and Acacia niloticas (L.) willd.ex. Del.

Trestment . Zucelyptus — AC oC ia
1982 1983 1984  Mean 1982 1983 1984 Mean
Iren |
'1'1 10.72 6.66 5-1_4 T.51 11.64 B8 6.32 BeB1
T, 1116 9.32  6.68  9.05 9.68 9.32 B8.16 9.08
T, 9.92 5.78 6+32 T.34 10.%55 .64 7.68 8.96
T, 11.84 B8.96 5.76 8.85 10.04 8.00 7T.24 B.43
Tg 1792 9,14  5.92 8,56 11.68 B.34 B8.82 9.61
Mean 10.91 7.97 5.8 B.28 10.72 8.56 7.64 8.97
Mang anese
T, 218 2464 2.16 2.33 1.88 2.72 2430 2.30
Ty 2434 2.46 2.24 2.35 1.82 2.64 2.472 2.29
T, - 2404 248 2416 2.2) 1494  2.78 2.40 2.37
Ty 2038 2436 2436 237 188 2.T4 2.32 2.3
Ty Ze24 2444 2439 2436 196 2,70 2,36 2.34
e an 2.24 2.48 2.26 2.3 190 2.72 2.36 2.32
Zine
T, 0e36 0428 0421 0.28 - 0434 0.30 0.18 0.27
T, 032 0.26 0.19 0426 0.32 0.26 0.22 0427
Ty 0.38 0.28 0.20 0.29 0.32 0.28 0.22 027
Ts 0+32 0426 0.19 026 0«34 0.30 Q.29 0.28
Ty 038 0.32 0420 0.27 0.32 0.30 0.18 0.27
Mean 0«35 0De28 0,20 0427 0433 0.2 0.20 0.27
| Copperx
T, De3f 010 0.09 0412 0.18 0.12 0.09 0«13
T, 0+18 0.312 0.08 0.13 0.17 0.13 0.07 0.12
Ty 0«14 0.09 0.09 0.1t 0.18 0.12 0.08 0e13
'r4 " De1f 0.32. D09 0.13 0.17 ©0.33 D.10 De13
T 0«20 0.12 0.09 0.14 0419 0.12 0.310 0.14
Mean Nel7 0Oe11 009 0.13 0.48 0.13 0.09 0.33
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Table 33, Average removal {(mol ha'l) of Na, K, Ca and Mg through

harvest of biomass from undexr the canopies of Eucalyptus
tereticornis Sm. and Acacis nilotica (L.) willd. ex. Del.

Treatment Bucalyptus Ac ac
1967 198 1984 Total 1982 m# 1984 Total
Sodium
T1 1609 2460 1208 5277 2216 1488 936 41640
T, }4?6 2175 1106 4757 2647 1427 773 4048
Ty 1598 2628 1127 5354 2447 1511 903 4062
LA 1378 1914 1222 4538 2573 1203 788 4568
Ty 1456 1642 1137 4236 2400 1175 613 4189
Mean 1503 2164 1160 4828 2456 1361 802 4621
Potassium
TI 762 1290 722 2778 1242 712 521 2478
T, 717 1151 496 2364 1430 785 436 2652
Ty 866 1406 596 1868 1334 681 518 2531
T, 656 1071 616 2344 1204 591 509 2308
Tg, 744 966 549  22%9 1299 573 326 2199
Meaan 749 1177 596 2522 1302 668 461 2432
Calcium
Tz 237 4% 309 992 30% 234 191 732
T, 175 332 246 753 3166 27y 173 811
T, 263 531 246 1040 346 226 18% 754
T, 148 350 228 727 323 201 1313 638
Tg 189 333 241 764 354 205 109 670
Mean 202 398 254 855 339 227 154 721
Magnasium
T, €93 1094 534 23231 1049 618 402 2073y
T, 544 80% 401 1756 1100 613 338 2082
T 787 1161 482 2400 1091 596 410 2099
T, 482 826 465 1773 1017 537 366 1900
Ty 508 713 4713 1784 1085 48] 283 1792
Mean 615 921 471 2007 1068 560 354 1583




116

followed by Mg and Cae However, the total removal of these four
elements thrcugh bicmass harvested during 1982-1994 was only
marginally more in case of Eucalyptus than in Acacia plantation.
Similar results were cbserved concemming the removal of P and 8
(Table 34}, #=2, Mn, 2Zn and Cu (Teble 35). But total removal of N
was more thrcugh biomass produced under Acczoia plantatiocn despite
lowar yields Quring 1983 and 1984. This c¢an be attributed to greater

supply of N from tha soil and its sccumulation (Tzble 34).

F. Ameliorative Effect and Micro-Climate Modificatione

(2) Scil Mcistures Data on pericdic per cent soil moisture (w/w)

content of different layers of tha soil profile (0-120 em) indicated
that b2sides soil socdicity aveiladbllity of soil moisturs 1s an
imrortant fzotor causing differences in growth of wegetation including
both of the tree srecies and natural grasses, Moisture content of

the scoil under Eucelyptus plantz=ticn {Table 36) was observed low in
azch of the lazyers at all the ssmpling stages than under the Acacia.
The fluctuaticns in moisture content were mors pronownced in 0«15,
15-30, 2znd 31045 cm layers than in rest of the deeper horizons.
Varistion wes also more marked jin Eucalyptus than in Acacia plantstion.
In general, moisture content of different profile layers undey Acacia
{Table 37) was found higher by 2.3 per cent than the respective
figures for sSucalyptus. Such differences ware marked throughout the
samnlad derth of profile but were more consistant in the upper layers.
In a relatively dry yesr (1982), the moistura content of the profiles
under both Ac:cia and Bucalyrtus was observed as low as the permanent
#iltinc reint during May-July. The maintenance of relatively high
moisture content of the s0ill profile under Acacia rlantation may be

due to (i) the shade effesct of dense canopy on checking loases through
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Table 34. Average removal (mol ha")) of P, S and N throuch harvest

of bicmass from under the cancpies of
Sm. and Acacia nilotica (I.) willd. ex, Del.

Sucalyptus tereticornis

Treatment Bucalyptus Acacia
1982 1983 1984 Total 1982 19583 1984 Total
Phosphorus
T1 33% 542 2T4 1152 468 319 218 1005
T2 266 424 239 931 482 319 193 99%
‘r3 357 6038 252 1214 4185 Az 224 1031
T4 254 672 2527 1178 489 260 207 957
'rs 285 411 252 949 508 255 145 905
Mean 299 531 254 1085 486 29% 197 979
Sulphur
T1 304 487 274 1066 456 280 208 46
Té 242 409% 225 873 449 411 172 1032
‘l'.'3 326 S41 250 1118 432 260 198 890
T4 224 366 246 8%7 450 222 192 865
Ts 253 359 232 646 460 213 121 795
Mean 270 436 245 952 449 277 178 906
Nitrogen
Tl o998 1631 834 3464 1697 1392 1269 43%8
Tz 870 1324 679 2873 1748 1477 1132 4358
73 1028 1845 746 23621 1793 1391 1265 4450
T‘ 755 1262 762 2780 1699 1201 1215 $116
Ts 870 1190 735 2796 17323 1158 847 3739
Mean 904 1450 751 3107 1734 1324 1145 4204
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Table 38%. Awverage removal (mol ha'l) of Fe, Mn, Zn and Cu through
harvest of biomass from urkler the canopies of Eucalyptus
tereticornis Sm. and Acaci= nilotica (L.) Willd.ex. Del.

Treatment Eucalyptus Acscis _
1062 1963 1984 _ Total 1982 1983 1984 Total
Iron
T, 39.60 47313 22.54 109.27 62.80 32.72 19.31 114.83
T, 34.40 50491 22463 107.94 56.62 36,93 21.85 115.40
T, 38425 47.08 24.04 109.37 60.49 32.97 23.24 116.70
T, 31425 47235 21.29 99,89 5%.87 25.41 20.94 102,22
T 34.38  44.57 21.26 100.21 63.91 25.12 17.10 106.13
Me an 35.58 47.41 22.35 105.34 59,954 30.63 20.49 111.06
Meng znese
T, B.05 18468 9,47 36420 10.14 10.4%  7.03 27 .66
T, 723 13.44 T.50 28.24 10.65 10.46 6.48 27.%9
Ty Te87 20.20 B8e22  36.29 1112 10.61 7.26 28.99
T, 6428 1247 8.72 27.47 10.46 8.7T0  6.7% 2%5.87
r5 705 11.90 8.58 27.53 10.73 8.13 4.5 23.44
M=an 729 15-34 B.52 31015 10-62 9.68 6.41% 26.71
Zine
133 1.98 0.92 4.23 1.83 1.36 0.5% 3.54
T, 0.99 142 0.64 3.05  1.87 1.03  0.5%9 3.49
T, 1423 2.28 0.76 4.27 1.83 1¢07  0.67 3.57
T, 0.84 137 0.70 2.91 1.89% 0.9%5 0.%8 3.42
Ts 1.20 1.56 0-72 3!48 1.75 0090 0035 3000
Mean 1+12 1+72 0.7%  3.%59  1.83 1.02 0.8% 3.40
Coppar
L 0.59 0.71 0.3% 1.69 0,97 0.46 0.21 1.64
T, 0.55 0.66 0.27 1.48 0.99 0.52 0.19 1.70
Ty 0.54 0.73 0.34 1.61 1.03 0.46 0.24 1.73
e 0.48 D.63 0.33 144 0.95% O.41 0.29 1.6%
Tg 0.63 0.59 0.32 1.54  1.04 0.36 0.19 1.59
Mean 0.56 0.66 0,33 155  1.00 0.44 0,22 1466
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Table 36. Periocdic chenges in per cent (w/w) moisture content of given

layexrs cof the scil under Eucalyptus planteticon.

Chservaticnal Soi]l profile lgzgrg om

data (15th of -15 16« 1 4 - -G 91-1 1 1

each monih) _

1962 Jan. T+68 B.88 9.68 10.65 11432 14.65 15.84 17.21
Feb. 6.44 8.98 10.16 10.52 10.94 14.46 15.10 16.88
Maxch 5.62 T.54 8.82 9.16 9.18 12.36 13.92 15.26
April 4.16 6.16 7.64 B8.78 9.26 10.94 12.84 14 .1}
May 3.26 4.92 6.66 B.65 8.88 10.24 11.65 13.98
June 2.85 3.65 5.45 6.12 7.32 8.65 10.14 12 .46
July 3.59 4.65 5.86 6.16 715 8.84 10.B6 11.88
Aug . 1153 13.63 16.24 18.52 18.64 17.64 18.80 18.65
Sept. B8.56 9.68 11.16 11.56 11.68 12,72 14.32 15.68
Oct, 4.14 8.16 11.12 11.76 1:1.61 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 0.16 11,76 12.25 12.6% 13.98 14.11

1983 Jan. B.64 B8.95 9.27 8.60 9.%52 13.71 17.7S 19.52
Feb. 1246 Be65 9466 11.68 15.96 18.49 20.45% 22,01
March T+76 B85 10.56 11.23 12,08 15.50 19.45 20.80
April 4,09 4.99 12.78 12.09 12.85 13.22 15.93 17.99
May 6.58  11.79 1€6.14 17.15 18.48 19.96 21,70 21.89
June 5.50 570 14.38 314.96 16.%0 16.74 19.42 20.32
July 6.68 9.66 11.28 14.02 15.68 17.81 17.62 17.46
AUge 743 8.62 10.48 32.62 13.28 14.76 16.82 18.80
Sapt. 18.87 18.80 18.96 16.782 1%5.07 17.27 19.90 22 .8%
Octs. 1421 1500 14+311 1335 12.96 15.73 17.38 20.10
Nov. g9.82 10.23 10.35 10.07 10.5% 13.15 17.79 20.34
Dac. 9.23 10.71 13.29 13.03 12.05 17.03 22.01 2245

1984 Jan. 8.88 .62 j0.02 10.186 11.68 14.56 15.80 16.19
Feb. Teld 1144 11.48 11444 12.51 15.26 186.80 17.80
March 6+21 9.88 10.37 13.25 13.55 16.21 16.82 16.92
April 6,18 Be76 10.34 11.68 12.24 14.45 15.10 1%.86
May 4.06 8.37 0.82 10.16 12.45 12.74 13.19 14.76
Juna2 4.84 5.66 B8+16 8.64 G.48 10.02 11.99 14.32
July 9.312 9.98 10.46 11.02 10.96 111.58 11.90 15.04
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Table 37. Periodic changes in per cent (w/w) moisture content of
glven layers cf the soil under Acacia plantation.
R | o T Eemm———
date (i15th of 0-~15 16«30 3314 46ab 61- 91-10% % 1
eech month)
1982 Jan. B8.85 10.45 11.35 12.64 13.84 16.68 17.62 19.26
Febe 852 10426 312.72 12.92 312.78 16,54 17.84 18.64
March T7.78 10.82 11.64 12.62 12.80 15.17 16.94 17.16
April 7.12 9.84 10.84 11.%56 11.98 13.65 15.78 16.92
May 726 8.76 9.66 10.48 10.77 11.14 12.72 14.86
June 4 .45 7«18 T.65% 8 .88 8.99 9.24 9.68 10.82
July 4.14 732 8.86 9.16 $.68 10.32 11.65 13.36
Aug. 13468 14.68 16448 18.32 19.64 20.12 20.96 21.75
Septe 1154 13.52 13.68 14.%52 14.44 1315.12 16.72 17.26
Oct. 8+¢16 11.16 13,54 13.64 13.78 14.96 15.60 16.20
Nov . 232 10.94 11.65 12.72 12.92 1313.52 15.04 15.88
Dec. BeB4 1135 11.02 12.84 13.9% 14.16 15.68 16.88
1983 Jan. 10.62 13.68 1132 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 0.68 1136 10.84 12.65 12.88 14.76 18.78 19.21
April 8«04 10,04 11.316 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 10.84 314.84 16.16 18.32 18.16 20.94 21.16
July G774 11.68 13.15% 15.54 17.88 17.96 19.56 19.88
Aug. 10.65 12.16 11.96 14.82 15.72 315.64 18.14 19.54
Septe. 18.12 18.66 19.68% 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 20.58
Nov. 12.84 14.16 14.86 15.16 15.21 16.96 18.16 19.38
Dec. 12.48 14.92 13.84 14.6%5 13.65 15.316 21.65 22.14
1984 Jan. 11416 13.68 13.74 14.10 12.92 14.26 18.78 19.286
Feb, 10.94 12.65 13.15 13.76 13.84 15.32 17.82 18.66
March GuBB 1132 311.96 12.68 13.76 14.96 17.79 18.34
April 0.76 1164 12.10 12.5%6 13.60 14.88 17.62 18.18
May 8416 10.96 31432 12.14 13.82 14.82 16.94 17.36
June B.35 10.54 10.88 11.65 12.50 13.52 14 .84 15.68
July 1436 16432 16.94 17.65 18.10 18.65 1B.46 16.48
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evapceraticn and tranapiratian. (1i1) mulch effect of the litter, and

(1ii) low demand of Acacia trees for moisture than of Eucalyptus.

{b) Canory Tgmi‘atm:es In comparison to the neighbouring open
areas, the air or canory temperature beneazsth the tree crowns or
canorias of Acacia and Bucalyptus (Pig. 12) were modified by their
sheltering effect in cutting inscleticn end by their bl =nketing effect
in restricting the ocutflow of heat thereby keering the ground warmer
during winter mcnths and coller during the summer months. This in
turmn helps the biclogical activity underneath the plentations. Such
effect of Acecia plantation was more pronouncad than of Eucalyptus.
Adr temperszturg under Acacia canory Jduring summer was found lower by
3.5 6 ad higher Furing winter by 2.4 ©c than the neighbouring open
areas 2ffect of Sucalypfns canoTy was there but its modifying impact
was less than thot of Acacis. 'These results corrcborate the findings
of other workers {sAC, 1962y Ghosh et al., 1982). This effect helps
in checking the less ¢f s¢i) moisture through evarorsticn and

transpircticu demand:s of the undernsath wegetation.

{c) Soil Temperatures Effect of Zucalyptus and Acacia canories on
temperature of soil at 85 and 15 cm depths was also of medifying tyre
(Pice 13) «» The soil temrerature at 15 cm derth was found lower
threughcut than at § ¢m depth. Pluctrations were rarticulsrly marked
for the lower depth temperature recorded in the oren. Tffect of
AMaclis snd Eucslyrtus during summer months was that of blanketing and
during winter mcnths was of sheltering tyre. Rao et al. (1982) also
reported similar chservaticns. Moderaricn of s501] temperature
axtremes by the Acacia and Sucalyrtus clantaticns is sttributed to

the effects of thair canopies, leaf litter and the growth of underneath
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Fig.12. Changes in atomosbpheric temperature recorded at 137 cm height in the open (¢) and

canopies of Eucalyptus (0} and Acacia (x).
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vegetation. Among these factors, a good develorment of dense
canopy may be the principal factor because affect of Acécias to
moderate the =o0il temperature was more than of Eucalyrtus whose

Canory was oren and poorly develcped (Plate 3) in comparison to the

former spacies.

{d) amelicrstive Effect of Plantations on Soil Propertisss Effect of

Acacia and 2ucalyrtus plantations, ixraquct of the =site rreparation
treatmeants, on reriodic changes in selected soi)l rroperties (pH, EC
and organic carbon) of 0-60 cm profile was observed to be considerable.
Both of the pH and EC (Fige. 14) of the sgol) were markedly lowered,
Reducticn was more In the surface layer and it dacreased with dapth

to almest negligible at 60 om depth. The scil organic earbon content
was increased to double the initizl value under Cucalyrtus and about
threz times under Acscia plantations., Rffect of Acacia on increase in
s0i) crganic cerbon content was more than Eucelyptus, however, thelr
influence on changes in soil pH and ZC wae similer. Greater increase
in crganic cazrbon of the soil under Macia plantation is attributed to
additions of more litter to the soil. These results are in agresment
with the findings of other workers (Shah and vora, 19657 Kretinin,
1967y Yadav and Singh, 19703 Migunova, 31972) who repcrted desalinizati-
on and desclonetsigation of the soill under tree plantations. Ameliow
raticn of the soill cccurs through the effects of growing trees' and

of the und:rneath natural vegetation through the panatration of roots,
improvament of humus and nutrients status through return of corganic
substances from the decomposed plent parts and the enrichment of N
status of the scil through symbiotically fixed N in case of

leguminuous trees.
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Infiltration characteristics of the s0il under Acacia and
Eucalyptus plantaticns were found improved with time (Fig. 15).
Infiltr:tion rate cobserved in 1983 was same for both the plantations.
Increase in water inflltration can be attributed v a reduction in
the soil pH, growth of trees and natural vagetation whose roots open
up the otherwise highly dispersed soil, decomrosition and addition
of organic matter which stabilises the s0i) structure {Sahds et al.
1979}« Ghosh et al. (1982) reported that forest cover results in
markadly greater infiltr-tion in comparison to the cultivatad fields
and natural ¢grass land., Influsnce of root ramification on infiletraticn

was alsc cbeerved.

Litter Productiont  Fcrest or plantztion ecosystems contribute a lot

of organic matter to the soil in the shape of leaf f£fall, twigs, branches
and fruits, the nature and amount of which depand besides other
factors on the specieszs and the growth state of their canories. Results
{(Table 38) showed that Acacia produced more litter than Eucalyptus
plantaticn. Litter production of Acascia was increased with growth
years whereas such an increase was not observed with Eucalyptus.
Bincnthly distributicn of litter produced in a yesr indicates that
winter season (Nove « Feb.,) accounts for more than 40 and $0 per cent
of the total for Acacia and Eucalyptus respectively. More litter
producticn by Acacia than by Eucalyrtus results from bumper aerial
growth of the former (Plate 3). Such observations were also reported
by Ghosh et al. (1982), however, amount of litter production is

expactad tc very greatly with the species and stocking rate.

G. AdNutrients Recycled through Litter: Concentration of Na, K, Ca

and Mg in litter produced by Acacia and Eucalyptus during different
growth rericds of all the three years (Table 39) did not vary



Table 38. Aamount (kg. he~1) of foliage shed during given time preriocds of the year by the canopies
of Zucalyrtus snd Acacia in a highly sodic scoil.

Time periocd Sucalyptus canopy Acacia csno
1962 1963 1584 Vesn 7987 jogs — 1554 Hean
July « August 148 152 132 144 252 465 552 423
{14 .4) {14.1) (12 .0) (13.5) (9.9 (1241) {11.4) {11.3)
Septenmber«Octcbarich 178 184 176 218 326 386 310
(16.1) (1645) (16.7) (16.58) {8.6) (8.5) (8.0) (8.3)
November-Dacembarit2 234 262 249 924 1168 1494 115%
(24 .5) {(21.8) (23.8) (23.3) (36.4) (30.3) (30.8) (31.9)
January-February 196 212 218 209 635 1096 1225 ) 1]
(12.1) {19.8) (19.8) {(19.6) (25.0) {28.5) (25.2) (26.3)
March-April 182 166 180 166 292 37e 516 370
(14 +2) {15.5) (16.3) (1545) (11.5) {(9.8) {10.6) (9.9
May~June 114 132 126 124 216 416 678 462
(11.1) {1243) (11.4) (11.6) (8.6) {10.8) (14.0) (12.3)
Total 1027 1072 1102 1067 2537 3849 4851 3746
LSD (0.05) 122 111 136 124 346 208 414 285
{11.9) (10.3) (12.3) (11.6) (13.6) (5.4) (8.5) (7 .6)

Figures in parentheses stonds for corresponmding per cont of ths total amount.

vel
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significantlys -Mean-concentration of K, Cs and Mg showad a decline
with successive years. Thers was not such change in Na concentraticn
in the litter of Acacia whereas it was found to incremase, though
slightly, in Sucalyptus. Sodium concentration in the litter of
Acacia was 3=1 times _less than that of Eucalyptus. Reverse was true
for K« There was not much differance in Mg concentration of Ca was
more in the litter of Rucalyptus than of Acacla. Amount of Na, K, Ca
and M¢ recycled thrcough litter (Table 40) of the two species varied
significently with the growth pericd of s year and with successive
years (1982-1984) . Their amcunt was more for the winter mconths
{Nov. -« Feb.) for both the species but the quantity of these nutrients
increased considerably with successive years enly in Acscie. In case
of Eucalyrtus, amount of K and Ca showad a gradual dacregse but no

change for Mg and an increase for Na with succeeding growth years.

Concantratica of N, P, S {(Table 41), Fe, Mn, Zn and Cu (Table 42)
d4@ not vary significantly among given growth periocds cof the three
years. The mean concentfation of P, S and N was considerably higher in
litter of Acscia than of Sucalyptus. Howaever, their corcentration
showed a steady decrease with the succes-ive years, Concentration of N
in the litter of Acacia was about double the value for Zucalyptus.

T™e asbsclute concentrastion of N in Eucalyptus and Acacia litter was
morz thaa $ by 3=4 times. Phosphorus concentration was about half

that ¢f the 5 in Bucalyptus litter but only little less in Acacia
litter. Among the micmnutx;ients {Table 42}, concentration of Fe was
more than the rest in litter of Acacia whereas Mn had highest
concentration in Eucalyptus litter. Concentration of Cu wes lowest

and was about half the values for Zn in litter of both the specias,
Concentration of Mn, Zn and Cu showed steady decrease in litter produced
with the succeeding years. Same was found with Fe concentration in

litter of Acacia but thers occurred no such change for Eucalyrtus litter.
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Table 39. Concentration of Na, K, Ca and Mg (newl kg”)) in foliage
shed during given growth periocds by Bucalyptus and acacia.

Growth pericd ) Eucalyptus Acacia
{897 j9e1. i984 Wesn {967 T58) 1060 Wewn
July - Aug. 106 117 132°CT8  36.6 36.3 36.0  36.3
Sept.- Oct. 116 124 128 123 37 .4 37.1 36.1 36.9
dove = Dec. ‘112 128 134 125 37.2 37.0 36.4 36.9
Jan. = Feb. 114 120 136 123 3g.8 36.2 36.0 37.0
Marche. April 114 126 120 120 3742 36.4 35,9  36.5
Mxy = Jung 121 114 128 1213 38.1 37.0 36.1 37.1
Mean 114 122 130 122 37.6 36.7 36.31  36.8
Potassium
July - Aug. 120 90 84.8 98 268 226 186 227
Sept.- Oct. 126 96 96.2 106 256 208 180 214
Hove ~ Dec. 118 102 85.5 102 264 212 195 224
Jan. = Feb. 120 106  82.8 103 258 222 189 223
March- april 128 o8 95.2 107 268 200 200 223
May - June 126 103 90.5 106 256 212 202 223
Mean 123 99  89.2 104 262 213 192 222
Calcium
July - Auge. 180 175 171 175 142 138 1312 137
Bapt.- OCt. 191 169 170 177 146 142 136 142
Nove - Dec. 195 176 158 176 141 133 126 133
Jan. - Feb. 183 185 162 117 145 136 132 138
March~ April 181 184 156 174 139 138 124 133
May - June 194 181 152 176 146 140 122 136
Haan 187 178 162 176 143 138 129 137
Magnasium
July - AUGe. 168 160 151 169 170 152 131 151
Sept.- OCt. 172 164 160 165 168 160 138 154
Nove = Dec. 166 166 155 163 164 156 136 152
Jen. - Feb. 162 166 164 164 160 152 130 148
March- April 174 160 151 162 166 158 133 152
May - June 168 154 148 157 165 154 130 150
¥esn 168 162 155 162 166 155 133 151
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Table 40. Amcunt (moles hd'l) of Na, K, Ca and Mg added to the soil
thrcugh shedding of Euwcalyptus and Acacia foliage during
Ggiven growth periods.

Growth peried Eucalyptus Acacia
15871583 1980 Fewn 1987196 1960 Wesa

Sod ium
July -~ Augs 157 179 17.5 51,1 9.22 16.8 19.8 45.9
Sept. = OCte 19.1 2241 23.7 65.0 8.15 12 .0 12.9 34.1
iov. = Dec. 28 .4 30.1  3%.2 93.8 34.37 43,2 54.3 131.9
Jan. « Feb. 22.4 25.4 29,7 T7.7 24.64 39.6 44.1 108.4
Mazrch « April 17 .4 210 21.8 60.1 310.88 13.7 18.5 43.1
May = June 13.9 15.1 16.1 45.2 8.23 15.3 24 .4 48,3

Lotal 1171 1318 144.0 393.1 95.47 141.0 17%5.2 411.7
Potassium
July - Augs 17.8 138 11.9 42.3 67.6 105. 102 276
Sept. = OCte 2048 17+1 17,7 55.7 55.5 61 69 193
Nov. o Dec. 20.8 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 - April 19.5 16.3 17.1 53.0 T78.4 75 103 257
May « June 14.3 13.6 11.4 39.4 55.3 88 137 281
Total 126.1 107.7 97.8 331.7665.9 829 937 2433
Calc ium

July « Auge 26.7 26.6 22.6 76.0 35.9 64,3 T2.5 175
Sept. = OCt. 3146 30.1 31+3  92.0 31.9 46.5 52.8 131
Nove = Dece 49,2 433 41.4 132.0 130.4 155.8 189.4 475
Jan. = Feb. 35.9 3%.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 2349  19.1 6542 31.6 38.4 83.2 173
fotal 1933 191.9 178.3 562.5 362.8 527.4 624.3 1114

Magnesjium

July = Auge. 24 .8 24 .4 19.9 69.3 42.9 70 .8 T2.4 186
Sept. ~ OCt. 28.4 2943  29.5 87.3 36.6 52.3 52,2 141
NOv. « Dec.  42.0 39,0 40.8 121.8 152.0 182.6 203.4 538
Jan. = Feb, 31.8 35.1 3%5.8 102.8 102.1 167.1 160.2 429
March - April 26.4 26.6 27.2 80.4 4B.7 59.8 68 .7 177
May ~ June 19.1 20.3 18.7 58.2 35.7 64.4 B8.7 188
Total 1728 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 wol kg'i) in foliage shed
during given growth periods of Eucalyptus and Acacia.

Growth period — Eucalyptus Acacia
1982 398" Mean " 1987 3963 _ 1964 _ Wean

Phosphorus
July - Auge 2546  21.8 15.7 21.0 70.7 61.9 51.6 61.4
Sept. - Oct. 2842 2346 1646 22.8 68.2 62.) 55.7 62.1
Nov. = DoC. 2644 22.8 17.4 22.2 64.8 65.4 58.2 62.8
Jan. = Feb. 29.3 24,4 1B.6  24.1 66.5° 60.4 54,0 60.3
March - April 26.5 20.0 1%.5 20.7 68.2 63.8 52.8 61.6
May = June 25.4 20.8 16.0 20.7 66.7 61.0 54.4 60.7
Meaan 26.9 22.2 16.6 21.9 67.5 62.5 54.4 61.5

Sulphur

July = Augs. 53.3 52.9 45.6 50.6 85.6 72.5 62 .8 73.6
Sept. - Oct. 50.6 53.2 47.2 50.3 91.4 T4.6 64.7 76.9
Nove. = Dec. 5248 54 .2 44.3 5.4 B8G.8 78.2 66.3 77 .8
Jan. - Feb. S54.3 52.0 46.4 50.9 B86.4 73 .8 60 .0 73 .4
March « April 56.2 0.4 45.8 50.8 90.%5 76.6 63.2 76.1
May = June 51.5 50.0 50.6 50.7 B4.6 71.3 62.4 72.8

Mean 53.1 52.1 46,7 0.6 B87.9 74.5 62.9 75.1
Nitrogen
July = Aug. 156 162 148 155 s 348 330 L’ 31
Sept. - Oct. 168 156 166 163 341 350 338 342
¥ov. =~ Dec. 176 146 152 158 384 ass 326 349
Jenia = Feb. 184 187 164 169 373 364 340 3%
March = April 182 166 178 171% 365 3ts 322 348
May = June 170 156 165 164 368 358 326 381

Maan 173 157 162 164 3%¢ 358 330 348
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Table 42. Concentraticn of Fe, Mn, Zn and Cu (mmol kq-l) in foliage
shed during given growth periods of Eucalyptus and Acacias

Growth period BucCalyptus AC aC
Y - N - N T TR U {1 M U M YT

Iron
July - Aug. 6415 5428 5.36 5.60 4.15 4.26 3.56 1.99
Sept. - Oct, 5.75 S.94 .12 S5.94 4.44 4.36 3.64 4.15
Nov. = Dac,. 5.68 5.82 5.74 5.75 4.68 4.04 3.78 4.17
Jans = Fab. 6426 5.72 5.82 593 4.12 4,30 3.52 3.98
March - April 5.54 6,16 6.36 6.02 4.26 4.7% 3.44 4.15
May - June 6.00 5.58% 5.94 5.82 4.84 4.18 3.78 4,27
Mean 8«90 575 5.89 S.85 4.42 4,32 3.62 4.12

Mang ane se

July = Aug. 30.8 2B8.8 29.6 29.7 1.16 0 .84 0.62 0.87
Septe = OcCt. 28.9 30.6 26.7 28.7 0.98 0.76 N.68 0.81%
Nov. = Dec. 32.6 2B «4 26.3 29.1 1.10 0.72 0.70 0.84
Jan. o Feb. 33.3 29«1 2743 29.9 1.12 0.88 0.60 0.87
March = Aprll 30.0 27.3 28.1 28 .4 1.26 0.82 0.66 0.91
May - June 323 31.1 26€.4 29.9 1.08 0.82 0.72 0.84

Zinc |
July o Auge 04268 0.24 0423  0.25 0.31 0.28 0.25 0.28
septe = OCt. 0426 0.26 0.25 0.26 0.29 0.27 0.27 0.27
NOVe = DaCe 0423  0.25 0.23 0424 0.30 0.30 0.27 0.29
Jan. - Pab. 026 0424 0.22 0.24 0.30 0.27 0.26 0.28
March = April 026 0423 0.21 0423 0.28 0426 0.25 0.26
May = June 0427 0.24 0.23 0.24 0.29 0.28 0.25 0,27
Mean 0.26 0.24 0.23 0.24 0.30 0.28 0.26 0.28

Coppar

July = Auge 0«15 0412 0.11 0.13 015 06312 0.10 0.12
Sept. - OcCte O0+.14 0.12 0,10 04,12 0.15 0.14 0.12 0.14
NOVe « Dec. 0a14 0411 0.32 0,12 0,34 0.13 0.10 0.12
Jahe = F2b. 0.15 0010 0.12 0412 0,14 0412 0.12 0.12
March - April 0.12 0.13 0,10 0.12 0.16 0.14 0.11 0.14
May « June 0«14 0412 Do12 0413 0.15 0.12 0.10 0.12
Maan O34 D.13 0a.311 04312 04315 N33 0.11 0.13
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Table 3. Amount (moles ha~l) of P, 8 and N added to the sofl through
shedding of Bucalyptus and Acacia fcocliage during given

growth periods,

Growth pericd Eucalyptus Acaci _
1987 Tem3 191 _Tetal 95T 3083 71904 _Fotal

July
Bept.
Nove.
Jane.
M=reh

May
Total

July

Sipt.

Jaf.
March

Total

July
Sspt.

Jan.
March

Tatal

AUG
Oct.
Dec,
Feb.
April
June

Augs
Oct.
Dac.
Pab.
April
June

Auge
Qcts
Dec.
Feba
April
June

3.79
4.55
6.5%
5.74
4.03
2.20
27.76

7.89
8.35
13.31¢
10.64
8054
S.87
54 « 60

23.14
27.77
44.40
36.18
27.74
19.43

178 .66

3.3%
4.20
5.34
5.17
3.32
2.75%
24.09

2.04
9.47
12.68
11.02
B.37
6.60
56.18

24 .65
27.89
34.26
33.45
27.62
20.5%9

2007
3.08
4.56
4.0%
2.79
2402
18.54

6.02
8.68
11.61
10.12
Be24
6.38
51405

19.56
30.69
39.98
35.90
32.09
20.89

Phosphorus
9.17 17.82 29.78
11.9%0 14 .87 20.3%
16.55 50.88 76.38
14 .96 42.23 66.20
16 . 14 19.91 24.32
7 267 14.41 25.38
70.39  169.12 241.17
Sulphur
21.95% 21.57 33.7%
26.50 19.93 24.32
37.60 82.05 91.34
3:1.78 54.86 8C.88
25.1% 26443 22.95
18 .85 18.27 29.66
161.83 223.11 2688.86
Nitrogen
67.3 87. 160
R86.3 74 114
118.6 337 415
105.5% 23% 399
87.4 106 134
&60.9 79 149
2921 1374

168.46 179.11 528.2

28 .48
21.50
86.95
66.1%
27.24
36.88
267.20

34 .67
24 .97
99.08
73.50
3t.58
42.31
306.08

182
129

75.08
56 .‘8
223 .21
174 .58
71.27
76.67
677 .49

89.95
69.22
272 .44
209.24
68.96
S0.24
818.08

430
318

A87
417
166
221
1604

1240
017
408
450

3664




Table 44. - Amount of Fe, Mn (moles ha"i), Zn and Cu (mmoles ha"l)
added to the sodl through shedding of Eucalyptus and Acacia

folisge dAuring given growth pericds.

Growth periocd Rucalyptus ACacia
197983 i%es Total 95T 083 - 1050 Forai~
- Iron :
July = Auge. 0.91 C.80 0.71 2.42 1.08 198 1.97 5.00
Septe « Oct. 0,95 1.06 1.13 3.14 0.97 1.42 1.41 3.80
NOVe = DeCa 1.43 1.36 150 4.29 4.32 4.72 5.65 14.69
Jan. = Feb. 1.23 1.21 127 3.71 2.62 4.7 4.31 11.64
March - April 0.84 1.02 1.14 3,00 1.24 1.80 1.78 4.82
May - June 0.68 0.73 0.75 2.16 1.058 1.74 2.56 5.3%
Totsl 6.04 6418 6,50 18.72 11.2% 16.27 17.68 45.30
Manganese
July =« Aug. 4.57 4.35 3.91 12.83 0.29 0.39 0.34 1.02
Sept. - Oct. 4.78 5.45 4.93 15.16 0.21 0.25 0.26 0.72
Nove = Dec. 8.23 6.66 6.90 21.79 1.02 C.84 1.05 291
Jan. - Peb. 6.5%0 6+18 S.96 18.64 0.71 G.96 0.74 2.41
March - April 4.56 4 .54 $.06 34.16 0.37 0.31 0.34 1.02
May = June 3.67 4.12 3.33 11.12 0.23 0.34 0.49 1.06
Total 32.31 31.30 30.09 93,70 2.83 3.09 3.22 9.14
Zinc
July = Auge. 41.4 36.8 30.3 108. 78.1 130. 138 346
Sept, = Oct. 42.9 46.2 46.0 135 6342 88 104 255
Nove = Dacs 57.9 58.5 60.2 176 277.2 350 403 1030
Jan. = Fab. 50.9 50.8 47.9 149 190.5 29% 318 804
March « April3g.5 38.1 37.8 115 81.7 98 129 309
May « June 30.7 31.6 28.9 91 62.6 116 169 348
Total 2635 262.0 251.3 776 753.4 1079 1262 3095
Copper
July = Aug. 22.2 182 4.5 54.9 37.8 55.8 5542 148.
Sept. =~ Oots 23,1 213 18 .4 62.8 32.7 45.6 46,3 124
Nov. = Dec. 35.2 257 31.4 92.4 129.3 181.8 149.4 430
Jan. = Feb. 29.4 21.2 26.1 76.7 88.9 131.5 147.0 367
March « Aprilif.2 21.5 18.0 S57.8 46.7 52.9 56.7 156
Ny - June 15.9 15.8 15.1 46.9 12.4 49.9 67.8 180
Total 144.1 123.6 391.7 367.8 487 .6 522.4 1378

12349
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amcunt of P, S, N (Table 43}, Fe, Zn and Cu (Tabie 44)
recycled through litter production was significantly more in Acacia
thsan in Zucalyrtus during all of the three years., But cprosite was
obasarved in the case of Mne. Distribution of thair total amount
among tha given growth pariods of a ysar showed close as-ociation
with thz quantity of littsr produced in each of the periocds. Amcunts
of the micronutrients recycled was significantly lower than that of
the macroautrisntz. But an unusual accumulation of Mn in the litter
of Zucalyntuz during 1952-34 was an exception and intriguing. Data
on.litter rroduction, chemical composition of litter and amounts of
nutrients recycled through litter showed thst Acacia perform well
than Eucalyptus. High N concentration beside P and 8 of Acacia
litter make it easier to underge repid decomrosition v produce
organic comrounds fovourable for ameliorstion of physical, chemical
and biclcgical properties of the sodic soils. Being a N fixing tree
and its cbserved encouraging growth further make 1t valusble to harvest

atmos~hzric N for enrichment of the soill with the same,

43 Evaluation of the Growth Response of EZucalyrtus tereticornis
Sme and Acacia nilotica(l.) Willd. ex, Del. tc Comnrosition of
Selected Posthole Filling Mixtures in a Highly Sodic Soil.

Introductions The cogekt cause which constraints normal plant

growth in scdic scils {s the premence of excersive quantities of
elament sodium. Excess of sodium in the root environmant is not
only toxic for rlant metabolism (direct acticn) but also results in
axtremely a'verse soil conditions unfavoursble for normal functioning
of roots (indirect 2ffect). The ability of tree species to grow
satisfactorily on the sodic soils depends on a number of interrslated
faotors (physiclogical composition, growth stage and the rooting

habits). ZEstasblishment of trees on such scils, thus, require
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amel icration of limited root zone to a satisfactory lewl. This

may be achieved by use of eithar normal soil or asmsndmants. The
earliest dccumented reports (Pande, 1956 and 1967) suggested

refill ing of 120 cm deep pite with the ncrmsl scil for better

survival and rerfcrmance of a few treas species planted in sodic soils.
But it lacked practicsl feasibility. Research efforts of Yadav et ale.
{1975) shcwed that mixing gypsum at the rate of 50 per cent of GR and
24 kg FYM with the sodic soil used for refilling of pits $0 cm each
in depth and dismeter yielded good results snd comparsble to the use

of normal scile.

Fit method of planting trees in sodic soils involves high doses
of gypsum and FYM and their mixing in s0i)l of considerably large
volume. These rractices make this technique bottlanecked for general
adoption on a wide scale. Ther#fore, a posﬂl__ol{l tachnique which
overcocmes these difficulties ;asdevised. This requires improvement
of  limited volume of the soil than the pit method. The optimm
dose and combinaticn of amendments namely gyrsum and FYM for better
survival and respid esrly growth of different tree sypeciss was hypo-
thesized to be evalusted in this investigstion. Tree species sealected
for the objective were Ewalyntus and Acacia. The former species,

a fast growing and most widely planted in the cmméry. was cbserved
(Yadav et al., 1975) growing normally after its planting through pit
mathod on & sodic Xpﬂ iﬁ-ﬁ) | s0il. The latter 'i.s” a relatively slow
growing and mostly regarded capable of o_sté:oiiihimnt on ﬁle” sodjf:
soils ;tithout using mndmnts and modifjcation of the planting site.
Mathodologys To investigate the growth response cf given speacies

of fucalyrtus and Acaclia to the composition of posthole filling
mixtures, this experiment was conducted on a highly sodic soil (Table 3).
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For this ypurpcse, postheles of constant dimensions {15 om dia.

and 120 cm depth) wera dug out by a soil suger manually. These
postholes wer: refilicd with five filling mixturas whose composition
18 given in Tsble 48. The robust and uniform saplings of hoth the

| spacies wer:z planted on July 17, 197%. Experiment was laid out in

Table 45. Details of composition of selectad posthc;le filling
mixtures

Filling mixture Composition posthole«)] of 315 cm dia X 120 cm

Aanth
nl Original sodic soil, 0S
M, CS 4+ 3 kg gyrsum
M, | 08 4 6 kg gypsum
H4 0$+3kggypsun+skg FYM

I_OS\-!- 3 kg gypsum 4+ 8 kg PYM
AL .

randomiz=d block design and replicated four times. Zach replicets
comprised four ssrlings planted {n rows at a distance of 3 m between

the plants in 36 mz

(6 mX 6 m) plot meant for the postheles refilled
with the given five mixtures. Plante were wastered on naed f21t basis
for about a yesr after planting. Nitrogen (ures) at the rate of 28
and 10 g plant™* was epplied on Aug. 4 =nA Nov. 26 of 1970 with the
irrig=tion water raspectively. Details of methododlogy for rest cf
practicss end procedures are similar to those given in the preceding
expreriment. However, observations on the role of plantstiong to
quantify soil mclamation &ndl modific'atim c:f micmcl imate and litter

produc ticn were not made 1.n ‘this exr\erimnt.

Results and Discussicon: Experimental resules on varicus aspects

are presented and discussed below under the given headings:



A+ Per Cent Burvivals Reagults on periocdic per cent survival cf

Bucalyrtus znd Acatia planted through posthole technique 4in a

highly sodic soil (Table 46) showed that the two species responded
differ:ntly to different posthole filling mixtures. Relative
mortality of Eucalyptus was markedly greatar than of Acacia for
respective mixtures at all the noted growth stages. Mortality was
obsarved to ccour more betwezn 6«24 months of planting. Mean survival
of Eucalyrtus and Acacia irrespect cof the given mixtures was found
stabilized at 58-60 and 7881 per cont during 24.72 months of the

growth rerilcd resrectively.

- Regronse of Eucalyotus to use of gyrsum and FYM was more than
of Acecla. However, _appljc ation of gyreum wgs a must for both fhe
Spécies tc achieve reeronably desived survival. Eucalyrtus rlantead
in posthcles refilled with the original sodic soil (M,) met complete
mortality just after sbout a yaasr of planting. Corresponding survival
of Acacia lcowered to a poor 6§ per cent during 30-.72 months of planting
through gradual mortality. Use of combined application of gyr-sum and
FYM with €S (M‘) and sand (HS) resulted in significsntly grespter |
.suwivalﬂé.f ;:.;u.c'aljrptus than wifh“an e-rt.;u.al t.lmoae (3 kg) of “gyxl-.sum alone
(Hz)- Aprlication of 6 kg gyrsum alone ("3) resulted in less
mortal ity than only 3 kg and this trestmant was inferior to the
combined use of 3 kg gyrsum and 8 kg FYM with 05 or sand. addition
of gyrsum sithar 2 or 6 kg slone or in combinaticon with PYM t:c} oS
and sand caused nc significant Aiffersne~s in per cent aurvival of
Acacia. Us2 of gyrsum and FYM yielded a survival <f 94=100 per cant,
iignificantly more. than by planting Acacia in rostholes refilled with
original scdic scil. These obsarvations, thus, show that combined
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Table 46. Effect of composition of posthole filling mixtures on
the periodic per cent survivel of Eucalyptus and Acacia.

Growth stage Posthole £111ing mixtures " Mean ish
(months past M M, My A M (0.05)

planting) 1

Bucalyptus
0 100 100 100 100 100 100 NS
3 100 100 100 100 100 100 NS
3 88 100 a8 100 100 9% NS
9 ig 88 76 100 100 76 22
12 12 %0 176 100 100 68 30
15 M 80 é8 100 100 64 37
1B M %0 68 o4 100 62 k1.
21 M 44 2 94 100 61 as
24 M 44 68 88 100 60 38
30 M 44 68 88 94 59 36
3é M 38 68 82 o4 56 3?7
42 M k1] 68 82 88 55 40
48 M ia &8 82 88 5% 40
60 M 38 68 82 88 55 40
72 M as 68 82 a8 33 40
Acacia
(4] 100 100 100 100 100 100 NS
3 100 100 100 100 100 100 NS
6 100 100 100 100 100 100 NS
] 68 Su 100 100 100 92 24
12 38 94 100 100 100 86 33
15 s o4 100 100 100 86 33
18 32 o4 100 100 100 85 36
21 108 94 100 100 100 82 10
24 12 o4 100 100 100 81 28
30 6 94 100 100 100 80 22
36 - o4 100 94 100 78 20
42 6 o4 100 o4 100 78 20
48 6 o4 100 94 100 78 20
&0 6 o4 100 94 100 78 20
” 6 94 100 94 100 78 20

R stands for complete mortslity.
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use of 3 kg gyrsum and 8 kg FYM par posthole was sumrerior than

gycsum azlcne either 3 or 6 kg for Eucalyptus. However, Acacia
respcnded similarly to these combinations exhibiting its greater
tolerance to the soil sodicity hazard. Results slso contradict the
genersl myth that Acacia Can grow on highly sodic soil without using
mﬁ.ﬂdmnts. fédav et al. (1980) also reported combined use of gyrsum
and FYM keneficial for Eucalyrtus and acscia planted using pit (90 em X
90 ¢m) methcd. This may be attributed to the complementary interaction
of FYM with gyrsum for its smmliorative sction on rhysico-chemical
properties of the scil, supply of essential nutrients and increasing
their availsbility’ (G111, 1979) in the soil.

B. Height Growths Data in Table 47 show th:t effect of selected post-

hole amixtures on the height growth of Eucalyprtus differed significantly
at all the cba:rved growth stages. Saplings planted using oaly 05
increased a little in height and then decreased defors complete
mortality sfter 12 months of planting. Mixing of gyrsum and FYM with
05 (M,) and send (M;) gave maximum and significantly higher response
than use of 3 kg but it was inferior to the combined aprlicastion of
gyrsum and FYM with CS or sande This is alsc evident from (Fig. 16)
depicticon of cumulative mean monthly height increase of Tucalyptus
during successive growth years. Results further show that addition

of only gypsum, either 3 or 6 kg nct only registered lower increments
in height growth during respactive years than its use in conjunction
with FYM &nd cr sand but aleo effectad a change in the growth pattern.
The lattaer trestments ('r‘ and '1’5) caused Eucalyntus to grow fast during
first year and showed decreasing rate with subsequent years. But mean

monthly height increments for mixtures containing only gypsum warxe



ribln 47. Effect of composition of posthole filling mixtures on
the periodic height (cm) of Eucalyptus tereticornis Sm.

in a highly sodic scil,

Growth stage Posthole £i1iing mixtures Mean LSD
(;z:;::ngizf ny M, ", n, " (0.08)
0 59 60 60 65 58 60 HS
1 60 €3 62 74 68 65 NS
2 65 72 17 8s 82 7% 8
3 74 81 86 106 100 89 10
44 73 84 88 113 108 93 12
5 71 86 91 118 110 97 15
6 69 88 9% 120 116 98 16
7 62 89 98 123 120 98 16
8 82 94 114 148 149 113 21
® 63 102 136 180 186 133 38
10 63 112 159 212 23¢ 156 50
11 60 124 170 240 276 174 52
12 60 132 182 273 308 191 56
15 - 142 199 292 341 244 5
18 - 148 222 308 358 259 98
21 - 178 166 382 396 298 102
24 - 216 3is igé 444 344 122
27 - 244 340 434 492 378 128
30 - 262 372 458 516 402 132
33 - 280 396 486 538 425 138
36 - 324 438 512 So4 467 146
39 - 346 472 578 659  S14 155
42 - 3e8 4164 592 678 531 160
45 - 396 502 648 726 568 165
48 - 431 534 688 754 617 169
$1 - 436 552 698 798 621 170
54 - 438 562 716 800 629 178
7 - 448 583 736 812 644 180
(4 - 450 597 761 819 657 187
63 - 452 604 774 822 663 196
% - 454 610 782 824 668 212
1 - 456 616 800 826 675 241
” - 459 625 820 828 683 256

1

*M_ was excluded when data analysed statistically.
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more during second or third year of growth although the diffarences

wara not as marked.

Effect of ¢given posthole filling mixturesz on the pericdic height
growth of Acacis (Teble 48) was interesting to show that application
of gyrsum alone =t the rate of 3 and 6 kg as well as its combined um
with‘ FYM and 08 or sand yielded similar helght rasponse at all the
growth stages. Addition of sand in cowbination with FYM and gypsum
had an edge over rest of the mixtures and may possibly be due to its
benef icial influence on physical properties of the soil within and in
the vicinity of the posthole. Unlike Eucalyntus which met complets
mortality after a year cf planting, six per cent Acacie plants survived
in postiicles refilled with 0S8 and their growth was significently dower
than in the other treatmants during the initial two years. But in
subsequant years thelr growth cccurred st a rate comparable to plint:
ir:;;;moles ?éfillad with d“iffemntly mnded sodl. Thise confirms

the ganeral report that plants develop greater tolerance to a given

e

atress emrironmnt with grwth. This is why 1n Programmeas worked ou_t
for af-;;.-.;taticn of salt affected soils early qrwth and high per
cent survival of planted saplings holds the away over their success.
The meas menthly height increments of Acacia growth (Fig. 16) during
first yesr cf rlanting were nearly same for mixtures containing gypsum
aither 3 (M, ) er 6 kg ("3) or both the gyrsum and FYM with 05 (M ) or
sand (MS) » In subsequent years, magnitude of increment declined

gr -dually until fourth yeqr znd markedly 4in fifth and sixth year.
This is in agrecment to the general growth pattern of tree plants
(Kozlcwski, 1971). But copposite was the trand with height growth of
Acecia in rostholes refilled with only 0S. Mean monthly increment in

heicht was lcwest during first and second year in ascending order and
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Table 48. Effect of composition of posthole £illing mixtures on
the pericdic height (om) of Acscia nilotica (L.) Willd.ex.

Del.

in a8 highly sodic scil.

Growth stage Posthole filling mixtures Mean “LSD
{months past Ml H2 H3 H‘ HS' (0.05)
planting)
0 42 41 44 4% 43 43 NS
1 44 45 46 55 53 49 NS
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 8o 103 81 12
7 50 79 85 86 102 80 12
8 52 80 92 o1 109 87 14
9 55 124 132 130 148 120 32
10 62 168 166 164 182 148 :-3:]
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 78 242 259 262 102 229 94
21 92 278 274 278 314 247 98
24 125 319 304 316 336 280 104
27 256 358 352 358 378 340 NS
30 264 166 368 376 388 352 NS
33 314 398 404 414 426 391 NS
16 352 444 440 438 4%2 425 NS
39 396 476 471 474 490 461 NS
42 412 484 480 488 498 472 NS
45 472 516 518 530 544 516 NS
48 504 548 549 545 561 541 NS
51 512 552 555 549 568 547 NS
54 514 553 558 552 574 550 NS
57 520 555 560 559 578 554 NS
60 £28 558 560 565 £82 859 NS
63 539 560 562 565 584 562 NS
66 542 558 562 563 585 562 NS
9 571 558 565 564 587 569 xS
72 590 562 567 567 589 575 NS
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their magnitude increassed considerably in third to tha maximum
in fourth followed by decrmase in the fifth and sixth years of
growth. This observation tc some extent supports the popular
theory of the survival of the fittest. Absclute height of Acacia
was less than Eucalyptus but its trees developed a danse and lush
green canopys. Aerial growth of Eucalyptus into an opem cancry and
usual chlorotic foliage (Plate 3) c¢leprly demonstrate that its
plants are facing & stress whose nature may be nutritional disoxder
or toxicity of sodium or other related fact. The haight growth
data, thus, a&lso prowve the relatively greaster tolerance of Acacia
than of Eucalyrtus to highly sodic solls and this corroberate the

reports of many other workers (Griffith, 1945, 467 Rege and Tamhane,
1964 Yad-EVc 1975).

c.' Girth Growths Results on girth growth as measured by periodic

DSH (Table 49) and DB (Table 50) of Eucalyprtus showed significantly
different effect cf the given posthole mixtures. Saplings plantad

in posthcles refilied with only 05 d44d not grow in girth until four
months of rlanting after which DSH decreased gradually prior to
complete mortality. This decrease may be attributed to the mobilia
zation of stored enzrgy in the stem o leaves and rocts for achieving
naturalizaticn and establishment on a highly sodic environement. The
DSH of Sucalyrtus at all the growth stages was significantly wmore in
poatholas r:filled with mixtures containing both gypsum and FYM in
combinaticn with 08 (M4) and sand (Hs) than gyrsum alone at the rate
of 3 kg per posthole. Girth diameter was more with application of
gypsum at a rate of 6 than 3 kg posthole"l. But these were consider.
ably lower than those for mixtures having both gyrsum and FYM,

Similar response was cobserved in respect of monitored at selected

stages (Table 48) of the growth period. This was also evident from
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Table 49. Effect of composition of posthole £1lling mixtures on the
pericdic DSH* (mm)} of Eucalyptus tersticornis Sm. in a
highly sodic soil.

Growth stage _Posthole filling mixtures Mean LsD

{monthe past Hl M, ", ¥, Mg (0.085)

planting)

0 Se2 S.5 5.5 5.8 Sed 5.5 NS
1 53 6.0 6.4 6.6 6.2 6.1 ns
2 5.2 God 7.0 7.5 T3 6.7 N8
3 5.2 B3 8.5 8.8 8.8 8.0 k % |
$ Se2 9.8 10.3 12.4 13.1 10.2 2.6
-4 5.0 10.0 10.8 13.1 14.2 10.6 .0
6 4.8  10.0 11.6 13.6  14.8 11.0 3.5
7 4.8 116 14.7 15.2 15.1 12.3 3.6
8 4.7 14.3 17.2 20.8 19.7 19.2 4.8
-] 4.7 17.6 20.5 23.6 24.8 18.2 5.3

10 4.6  19.2 24.8 25.8  26.7 20,2 6.2

11 4.6 21.8 26.7 28.2 29.9 22.2 6.2

12 4.6 22.2 30.3 31.9 32.8 24 .4 8.8

15 - 23 .6 42.4 590.2 60 .4 47.7 15.6

18 - 2.4 46.5 63.8 64.5 51.8 16.7

21 - 3.8 57.2 T6.2 ad.A 63.3 20.8

24 - 43.2 €8.9 88.6 103.5 78.6 24.8

27 - 47.1 70.8 106.2 111.3 g4 .6 26.3

30 - 50.0 Ti1.4 110.8 113.€ 86.5 28.8

33 - 53.3 74.3 114.7 117.4 89.9 30.1

3é - 56,7 76.8 120.9 123.3 S4.4 30.8

39 - 8.2 84 .4 131.3 136.63102.6 32.4

42 - 5G.4 86.2 134.% 137.5104 .4 34.8

43 - 63.% 90.5 139.9% 140.4108.6 36.0

48 - 66.6 65.5 144 .7 142.3112.3 36.1

53 - 6B .4 96.3 145%.3 148.8114.7 36.%

54 - 69.8 97.% 145.6 150.3115.8 39.0

57 - 74 .3 104.8 149.2 151.8120.0 40.4

60 - 80.0 11¢.6 153.2 153.1124.1 35.5

63 - 81.2 112.0 15%£.6 156.6126.4 40.6

1] - 80 .8 112.3 157.4 157.3126.9 41.4

69 - Bl.4 112.8 159.8 158.3128.1 44.2

172 - 81.8 113.6 161.4 159.6128.1 49.4

tDSH stands for girth dismeter at stump haight (5 cm).
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Table 50. Sifect of comosition of vosthole €11ling mixturss on
the periodic DIH* (mm) of Eucalyrtus tereticornis Sm.
in a highly sodlc soll. '

Growth stage Posthole ¥iiling mixtures ¥ean ISD
(?onthl past Ml ¥, M, M, ms {0 .05)
10 - 10,2 10.4  11.3  11.6 10.9 NS
11 - 12.3  12.6  13.2  13.8 13.0 NS
12 - 15.8 16.2 17.5  18.2 16.9 NS
15 - 18.8 23.4 314  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 36.8 14.8
2¢ - 19.2  34.6 $3.8  61.3 42.5 20.4
27 - 28,5  40.7  61.7  T2.7 49.9 26.6
30 - 28.8 41.4  63.2  T4.5 $1.2 27.8
33 - 20,3  44.8  74.3  93.8 S8.0 20.2
36 - 34.8 50.6 88.6 90.7 66.2 30,2
19 - 36.2 61.9 £9.0 94.4 67.9 31.7
42 - 37.4 53.3 91.2  96.8 69.7 32.4
s - 38.2 $6.7  92.7  97.3 71.2 33.3
48 - 38.0 $7.2  931.8  97.8 71.2 34.3
51 - 39,3 60.9  92.9  98.8 72.9 35,4
54 - 39.8  63.8  93.6 100.2 74.5 5.7
57 - 42.2  65.7  94.2 103.3 76.4 33.8
0 - 45.2  70.7  99.5 105.6 80.8 32.4
6 - 45.4  71.2 100.4 108.9 81.S 33.2
66 - 44.8 71.9 100.2  109.4 81.6 34.1
9 - 45.6 72.6 104.6 112.7 B83.9 33,0
72 - 45.6 T73.8 106.4 136.5 B85.6 34.3

*DB{ stands for girth dlameter at breast height (137 cm).
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the cumulative measn monthly DSH increase during successive growth
years (Fig. 17)» Mean monthly increments to the cumulative DSH
increase was low in the first year of planting and was maximum
during the second yesr. Subseguently, there occurred a gradual
decrease with sach of the years. Increments withinr postholes
refilled with mixing of gypsum and FYM in OS5 or sand were significantly
increased than gypsum alone at both the rates. This again demonstrates
that the interaction resulting from combined use of gypsum and FYM
was comrlementary for Eucalyptus. Tha results, in turm, mesn that
growth £ this speciss may be altered through medifications of the
soil environment o effect rapid early growth for building greater

tolerance to highly sodic conditions of the solil.

But the effect of different posthole filling mixtures on the
pericdic girth of Acecda at 5 (DSH) and 137 cm (DBH) height of stem
above the ground level 444 not Aiffer significesntly (Tables 51 and
52 nspectively) st all the chservstionsl stages except during 12-24
months of plantinge Application of gysum slone at both the r-tes
(Mz and Mﬁ} were on par but superior than refilling of the postholes
with 05 only though not significantly. This trend was alsc clear from
the cumulative maan monthly DSH increase (Fig. 17) for different
treatments and growth years. Unlike Eucslyptus, the increments to DSH
were more for the first than the second after which the magnitude
shower marginal increase for third and fourth and a decrease in fifth
and sixth ya;r. Incremant in DSH of Acacia planted in postholes
refilled with 05 wers small compared to the other mixtures. This
indic ates that despite wery high mortality (54 per cent) of Acacia in
case c¢f this treatments, girth growth occcured but at a rate slower
than for height during the fifth and sixth years when it was on par

with the cther trzztmants.
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Table $1., Effect of composition of posthole f£illing mixturds on

&%_1_&_ nilotica (L.) Willd.
soll.

the pericdic DSHe (mw) of
ax.Del. in a highly sodic

Growth stage Fosthole Fiiling mixtures Wean 15D
ézgg:hi:gfast Hi M, M, M, My {0.08%}
0 10.4 10.6 11.2 10 .8 117 10.9 NS
1 10.6 1142 10.9 1140 12.0  11.% NS
2 10 .4 12.3 11.8 11.9 12.6 11.8 RS
3 i1.6 14 .2 13.9 125 13.2 13.1 NS
4 1242 15.1 14 .8 13.9 13.5  13.9 NS
5 13.3 15.2 15.0 14 .8 13.8 14 .4 NS
6 13.3 15.3 15.2 14 .9 13.8 4.5 NB
7 13.4 15,3 15.3 15.0 4.0 314 .6 NS
8 15.2 18.2 17.9 18.0 19.6 17.8 NS
9 17.3 21.6 20.8 21.1 23.%  20.9 NS
10 19.6 25.3 24.6 25.2 27.3 24.4 NS
11 21.2 31.2 31.3 13.3 32.9 30,0 9.8
12 Z3.2 4.5 36.2 38.9 39.3 34.4 10.6
15 28 .5 38.9 41.4 43.8 44 .8 39.5 10 .8
i8 30.2 40.2 42.3 46.2 45.2 40.8 11.2
21 34.8 45.1 47.7 50 .4 50.6 45.7 11.6
24 38.6 50.2 52.6 €4 .4 553  50.2 12.1
27 47 .5 60.2 £9.7 60.8 61.6 8.0 4]
30 G243 62.3 63.8 62.9 62.0 60.7 NS
33 S8.7 68 .8 70.2 71.8 T2.7 68 .4 NS
36 61.8 74 3 T76.2 78 .8 80.2 74 .3 NG
39 64 .6 B85.2 B4.3 86.2 89.4 B1.9 NS
42 65.3 87 .4 88.2 89.3 92.2 B4.5% Ne
45 69.3 %4 .8 95.5% 1058.2 108.3 84.6 NS
48 72.2 101.6 102.7 112.7 113.3 101.5 B
51 76.0 102.4 10336 114 .4 116.6 102.6 NS
&4 818 105.4 105.6 120.2 120.5 1074 HS
57 B82.7 107.7 113.2 123 .3 133.8 111.3 NS
60 96.4 108.6 121.% 126 .6 128.4 116.5 nS
63 58 .4 112 .5 124 .6 128.8 130.2 118.9 ns
66 98 «4 113.8 145.8 129.2 130.8 119.6 NS
69 96 .8 118.6 130.0 132 .4 133.6 122.7 N3
T2 1002 124 .8 132.3 135.2 13842 12643 ]

|l

J

*DSh stends for girth dismeter at stump height (5 com).
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Table 52. &Effect of composition of posthole filling mixtuzres on
the pericdic DBHe of Mgig_ nilotica (L.} Willd. ex.
Del. in a highly sodic soil.

Growth stage Posthole £3111 mixtures — Mean  LSD
(;ac;r::hs past M, K, . ", _ (0.08)
10 - 10.2 10 .4 11.2 10.8 10.7 NS
11 - 12.3 12.8 13.6 14.2 13.2 NS
12 - 13 .4 16.7 17 .9 18.1 16.5 NS
15 - 17.6 24.0 28.3 29.4 24.8 6.0
1£ - 17.7 24.3 29.0 29.9 25,2 6.4
23 - 20.6 25.8 29.7 30.0 26.7 6.%
24 - 22.5 2743 30.1 32.4 28.1 6,6
? 26.3 36.7 38.4 40 .6 41.3 36.7 10 .4
30 27.7  38.2 39.8 40.9 41.8 37.7 NS
32 31.4 49.3 53.2 §5.4 60.6 50.0 RS
36 34.3 64 .2 65.8 69.5 78.4 62.4 NS
3¢ 3642 T4.4 76.2 80.2 84 .3 70.3 ]
42 37.8 7642 78.1 81.8 86.2 72.0 NS
45 11.0 80.0 84.3 92.4 98.2 79.3 NS
42 45.8 8l.6 91.4 105.2 106.7 88.3 s
51 48.3 86.2 95.2 107.6 108.2 89.1 RS
54 £9.6 B86.6 96.4 10B.8 107.4 89.8 NS
57 5.8 89.5 100.3 109.2 108.8 92.1 NS
6" 612 92 .6 103 .6 _ 111.7 109.) 95.5% s
63 74 .6 96.7 106.8 116.8 115.7 102.0 NS
&€ 77.3 58.7 106.8 117.2 116.4 103.) NS
69 38.8 106.7 109.2 120.3 124.3 110.0 NS
77 102.4  111.3 113.6 124.3 132.8 111.3 N8

*DBH gtands fcr girth diameter at bresst height (137 cm}) .
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The results on periodic girth growth of Bucalyptus and Acacia
in postholes refllled with different £1illing mixtures alsco demonw
strated relatively greater tolersnce cf the lattar than the former
to highly scdic scoil conditions. Growth of Euealyptus showsd only
marginal =dge over acacias for rosthole £111ing mixtures containing
gypsum and FY¥ but oprosite was true for the treatment invelving
applic tion cf gyrsum alone. Considering potentially achieveble
- DSH and DB in respect of Eucalyptus and Acacis and their sverage
life span, growth cf Acacia excelled Eucalyptus in highly sodic soil.
This experiment glsc proves that posthole technique of planting teee
spacies in sodic soils performs equally well in terms of their growth
(Yadav et sl., 1975) and is cousidq-rably sconocmical than the pit
meth.d. Applicsticn of gypsum for achieving desired survival and
bovet growth ¢f both the species was obsarved very much imperztive.
This Liings cut that an appropriste modific ation of the site meant
for pianting tree specics in sodic solils is a must noxt to the wery
Importsnt aspect of selecting a suitable species, T™he findings show
thet amzlicration of limitsd s01)l environment with use of limited
amounts of amendments (gypsum and PYMP is more important than no
am@ndinents or éﬁﬁendmnts in a considerably large planting pit
(Yadav et 21.,127%5) .

D. Biomass Yield of acacis eon Loppingt Eucalyptus being a strsight

growing tree with self (natural) pruning control, 443 not need lopping
that could preduce mezsurable amounts of bicmess. But growth of
secondary branch:s on the trunk of Acacia trees was gnormous to
practise low pruning for silviculturel and technical considerations
twice after 16 snd 42 months of planting. This ylelded considerable
biomass as foliage and woody matter in branches possessing potential
valuo Jor their use as protein rich for:ge and as firewcod respectively.



reble 53. Bicmass (kg ha~?) lopred as branches growing on the three bolls after 16 (a) and
42 (b) mcaths ¢f plsating Acscis nilotica (L.) wWilld. ex, Del.
Filling Woody matter ?c]_.?_go_ Weody
mixture a b asb a asb matter 3
Folisge
M - 788 788 - 478 478 1266
(864) (864) (2386) (2386)
M, 1084 4964 6048 472 1834 2306 33154
(1206} = (6715) (8021)  (2468) (enep) (10418)
M, 1282 5120 6408 528 1968 2496 8904
(1336} (7044) (8380) (2769) {9076) (11762)
M, 1838 7086 8916 654 2456 3110 12026
(2656) (9862) (12518) (3018) {11684) (13684)
M, 2455 7154 9609 876 2396 3272 12881
{(3318) (9988) {13306) (4408) {11444) (12976)
Mean 1665 5022 6354 633 1826 2332 8686
{2154) {6855) {8618) {3166) {8692) (10245)
LSD (0.08) 1051 1964 2316 114 460 592 2672
(1212) {2796) {3865) (242) (2324) {1868)

*FPigures in parentheses dencte corresponding value on air dried basis for woody material end
fresh welight besis for the follagae.

§71
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Effect of selected posthole f1illing mixtures containing gypsum
alone cr in combination with FYM was al though similsr on periodic
height =nd ¢girth growth of Acacia plants, but it caused significant
differsnces among them for their influence on the secondsary growth
of branches andl in turn the development of canopy. Thase differences
were reflected on the biomass yielded on lopping. Data (Table 53)
shows that foliage as well as woody matter yields were significantly
higher for pestholes refilled with a mixture of 3 kg gypsum and 8 kg
FYM with C5 (M4)' -and sand {Hs) than the gypsum alone irrespective of
its rate for both of the loppings. Biomass yield produced on first
lopping was lower than in the second by about 3.4 times. The mean
foliage yleld cbtainad on both of the loprings constituted about
36=38 per cent of the maan woody matter on oven dry basis. Results,
thus, indicates that the use of FYM in combinaticn with gyrsum
resulted in higher biomass yislds. This may be due to its beneficiasl
effect through supply of essential nutrient elements and their increased
availability through ameliorationof physico-chemical and biclogical
properties of the scil. Lopping is nomally a costly operation, ﬁqugh

I,

if the foliage cr branchea have a promose for vielding considerably
val.uabl:g-i;mans as :ls the ¢ase in Acacia, 1t may pay for itself. The
study suggasts the:t afforestation programas aimed st generation of
firewcod resources for rural cummunities may atart yielding biomass

at short intervals after planting tree spaciss,

(a) Chemical Composition of Biomass: Chemical composition of follage

(Tsble 54) harvested from trees showed t:hai: concentration of the
important nutrient elements 4id not wvary significantly smong different
mixturas containing either gypsum alone or in combination with FYM.
The da, K, Mg, F, Fe, Mn, Zn and Cu concentration in the foliage

yield=d on second lopping of plantes growing in pcstholes refilled with
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Table 54. Chemical composition (mmo)] kq"i) of the foliage of
Acacia lopped after 16(a) and 42(b) months of planting.

Pilling Sodium Potassium Calc ium Magnes Lam
mixture a b 8 b a 5_ 8 b

M1 - 62.8 - 378 - 198 - 275
) 42.5 35.5 346 317 ier 276 248 198
My 36.6 4.7 226 311 3880 268 236 188
q‘ 32.8 30.2 INn 332 362 266 256 169
H5 31.1 3144 374 326 376 270 242 174
Mean 35.8 38.9 354 333 mn 256 246 201

Phosphorus s'ulm:_r Nitrogen Iron

_a b a b a b a b

H1 - 148 - 56.6 - 796 - 23.8
Hz 136 116 136 91.8 1282 916 22.5 18.2
My 125 109 156 103.4 1274 802 20.8 16.4
M, 140 98 132 54.3 1256 878 24 .6 14.6
My 138 95 136 90.9 1260 882 24 .6 15.2
Maan 135 113 140 87.4 1268 875 23.1 17.6

Manganeses Zince Coprer+ Nai Mg

a b a b a b a b
M - 24.5 -  13.8 - 2.2 - 0.23
"2 22.8 16.2 11.6 B.6 2.6 1.8 0.17 0.18
Na 20.9 14.8 10.8 B.2 2.5 1.8 0.15 0.18
M‘ 24 .2 15.2 11.3 8.2 2.5 1.9 0.13 0.18
Ms ‘ 23.5 14.8 11.3 8.4 2.4 1.8 .13 0.18
Msan 22.9 17.1 11.3 9.4 2.5 1.9 0.14 0.19

NasK NasCa _NatKsCa Cas Mg

a b s b 2 b 2
Hl 0.17 - 0.32 =~ 0411 = 0.72
¥, De32 0.11 0.12 0.14 0©.66 0.06 1.48 1.39
H, Oe11 0.11 0.09 0.13 0.0% 0.06 1.64 1.43
M, 0.09 0.09 0.09 0.10 0.04 0.05 1.41 1.57
Mg 0.08 0.10 0.08 0.11 0.04 0.05 1.54 1.55
Mean ¢.10 0,12 0.09 0.16 0.08 0.07 1.52 133

sConcentration of Mn, 2n and Cu iz in mmo) kg'1 X 10.
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only 05 was notebly higher than with rest of the treatments but
revarsa was the trend for Ce, © and N. This may be attributed to
dilution effect resulting from more growth and greater availability
of nutrient @lements £rom the use of FYM and gypsume. Concentration
of all the elements eldcept of Na, was considerably less in follage
collacted from second than the first lovping although not remarkably
in respect of K, Mg and P. Relative mean concentration of Na in
foliage resulted on first (35.8 mmol kg™}) and sacond (38,9 mmol kg~ 1)
lopping was lower than of K (354 and 333 mmol kg~ 1), Ca (373 m and
256 mmcl kg™1) and Mg (246 m and 203 mmol kg-1). The ratios cf Na to
K, Ca, K4Ta and Mg were very narrow and this highlights the ability
of acacia to maintain lower concentration of Na rendering it less
toxice This may be attributed to the selective zbscrpticn mechanism
of the roots of acscia plants growing in a highly sodi& soil.
Concentraticn of N was manyfolds mors than P and S, This indicates
that plants have 2ztablished healthy symbicsis with fhiizobium sn.
and are fixing atmospheric dinitrogen. Otherwise, such high ¢ccncenw
tration ¢f N in a s0il with very roor N supnly seem Aif7icult to |
explain. Among the micronutrients, concentraticn of Fe and Mn was
more than cf Zn followed by Cu. But their absolute values seemsd
normal in view of the achieved growth and figures reported =lsewhere

(kanwar and Randhawa, 1978) .

Bffect of differant mixtures having gyrsum alone or its
combination with FYM was not noticesble (Tzble 55} on the chemical
compositicn cf woody matter in respect of important nutrient elements.
Unlike the foliage, concentration of nutrient elements in the woody
matter yi=lded on first and second lopping showed only & marginal or

no decrezce. Absclute concentrations of these elements followed the
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Table 55. Chemical composition (mmol kﬁ""') of the woody matter of
Aacia lopped after 16(2) and 42 (b) months of planting.

Fliling Sodium tassium Calcium Hagnes lum
mixture  a b a 2 b, a_ b _
N1 - 36.8 - 194 - 96 - 45.4
“2 34.8 23.2 173 17% 120 114 48.7 42.3
H: 33.6 25.1 168 158 133 118 52.2 413
H‘ 32.5% 24.6 186 167 128 121 54 .4 40.8
Hs 32.0 25.5 180 171 134 115 £5.1 39.6
Msan 33,2 27.0 176 174 128 113 52.6 41.9

= Phosphorus Sulphur Nitrogen iron®

_8 2 b 3 b a b
" - 828 « 522 = 68 .3 - 2.6
H: 743 625 T4 .3 56.8 46.7 41.2 2.% 2.5
"3 71.2 58.9 B2.5% 61.3 54 .2 40 .4 2.6 2.4
H‘ 68.6 55.3 712 57 .3 3%.9 36.7 2.4 23
Hs 67.5 6.4 73.5% 58.2 42.8 38.3 2.4 2.3
Mesn 70 .4 63.2 75.4 $7.2 45.9 45.0 2.5 2.4

Manganesed ~__ Zincw Copper+ HayHg

-2 b iy b 8 b a2 b __
"1 - 2.6 - 2.2 - 1.1 - .81
"2 246 2.5 2.2 2.0 1.0 0.9 0.7% 0.5%
H! 2.7 2.8 2.4 2.1 10 0.9 0 .64 0.61
H‘ 2.7 2.6 23 2.1 0.9 1.0 0.73 0.80
Wy 2.7 2.6 2.3 2.1 1.1 1.2 0.71 0.64
Mean 2.7 2.6 23 2.1 1.0 1.0 0.70 0.64

— NasK - . ﬂLé} im Ca 5 :Eg_sﬁ
Hl - 0.19 - 0.3 - 0.13 - 2.13
Hz 0.20 0.14 0.29 0.20 0.12 0.08 2.48 2.7%
l! 020 0.15 0.26 D.21 0.11 0.09 2.51 2.86
ll‘ 0.17 0.15 0 .25 0.20 0.10 0.09 2.36 2.97
Is 0.18 0.15 O.24 0.22 0.10 0.09 2.44 2.93
Mean 0.19 0.16 0.26 0.24 0a1% iDel10 2:45 2.72

sConcentration of Fe, Mn, Zn and Cu is in mme] kg'lx 10.
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trend cbserved in the case of the foliage axcept for Mg. Concen
tration of Mg in woody matter was much lower than of the foliage.
It was only merginally more than of Na but considerably less than
that of K and Ca in the woody matter. Ratios of Ma o K, Ca and
K+Ca for woody matter were only marginally wide than those for the
foliage. But NesMg ratio for woody matter was 3«4 times wider than
the same for foliage of Acacia due to relatively greater dacresce in
Mg concentration of the woody metter relative to that of Na. These
ocbservaticas agsin demonstrate tha abllity of Acaciaz to avoid Na
absory tion end sccumulaticn in plant parts. Concentration of micro-
nutrients, K, Ca, 'Mg. Fe, S and N 1in the foliage were significantly
higher thzn in the woody matter. But it was not so for Na whose
‘concentration showed only a little change between the twc components

of bicmass.

(b} Removal of Nutrients through Biomass: The removal of Na, K, Ca

and Mg threugh the biomess lopred at twe growth stages of Acacia
plants in postholes refilled with mixtures contzining beth gyrsum

and FYM was significantly more than those having gyrsum alone either

3 or & kg rer peosthole (Table %6} . Amcunts removed with lppping at

42 months stsge were 2.3 times greater than that of 16 months after
planting. Mean total removal of Na through biomass yielded from both
the loprings (265 mol ha™}) was much less than that of Mg (790 mol ha™})
Ca (1483 mo) ha"}) and K (2251 mol ha™1). Amount of Na removed
thrcugh follage was nearly the same for both of the biocmass components.
But amount of Mg removed through woody matter exceeded markedly that
for the foliagze. These differ=snces may be ascribed to the changes in
concentraticns of these elements in the tweo components of the biomass

and th: biomass yield on lopping. Thesa cbservaticns, thus, show
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Table 56. kemoval of Ra, K, Ca and Mg (-ol'ha'l) through biomass
lopped after 16{(a) snd 42(b) months of planting Acatcia.

Fiiling Follage Woody matter Total
mixtures a b a+b a b ayb
Sodiunm
Hl S 30.0 30.0 - 29 29 9
“2 20.0 6541 85.1 37.7 118 152 238
M3 19.3 68 «2 87.6 43.0 128 171 259
g‘ 21.4 7] 98,6 59,7 174 234 329
M, 27 .4 75.2 102 .4 78.5% 182 260 363
Maan 22.0 62,5 84.5 54 .7 125 180 285
18D (P.05) 2.8 5.7 8.1 14.7 40 44 50
Potassium
M1 - 180 180 - 153 153 334
M, 163 582 745 186 848 1034 1780
Ma 172 612 784 215 8631 1077 1862
n‘ 243 Bié 1059 342 1184 1527 2586
Ms a2s 783 111 443 1224 1667 2779
Mean 604 $59% 1099 297 854 1151 2253
LSD{0.05) 68 170 212 106 148 226 338
| Calc ium
H1 - 95 95 - 76 76 171
Hz 173 507 680 130 569 700 1381
"3 204 528 733 168 608% 773 1597
ﬂ‘ 273 654 927 236 859 1095 2023
Mg 327 646 974 330 829 1159 2134
Mean 238 486 722 216 587 761 1483
1SD(0.05) 40 92 148 60 146 173 226
Magnasium
!1 - 131 131 - s 35 167
My 117 363 481 $2.7 209 262 743
H, 124 370 49% 66.9 211 278 T4
M‘ 167 416 S84 999 289 a9 973
“5 212 418 630 135.2 283 418 1049
Magn 155 340 495 a8.7 205 264 790

13D{0.05) 30 38 46 24 .6 41 €8 92
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that relative amounts of Na inplant system of Acacias are much
lowar than K, Ca and Mg known for their effact on supnrassing
tox i accumulation of Na. Therefcre, it would appear that Acacia

has a promise for greater recycling of Ca =nd Mg which are mostly
deficient in scdic scils.

- The removal of N, P and 8§ through biomass lopred from aAcacia
trees in postheles rofilled with S was significantly less than
those haviag mixtures (Table $7) including 3 (Hz) or 6§ kg (Ma) gypaum
alone. Use of gyrsum at both the rates ahowed. similar resyonse but
considerably less removal than the combined additica of gyrnsum and
FYM with OS £M4) or sand ("5" Similar effect cf different vosthole
mixtures was noticed on the removal of Fe, Mn, 2Zn and Cu through
(Table %8) lopped blomass of Acacia. Mean ramoval of T (280 mol ha"l)
and 3 (258 mcl ha"l) thrcugh foliage yielded by hoth the lopnings was
almest equal. Removal of latter (416 mol ha'l) was also on part of
the formar (410 mol ha"l) through woody nattér. This 15 due to
similarity in concentration of P and 3 in both the ¢omponents of
biomass. Mean total removal of N (2697 mol ha-li was about Four times
more then that of P and 8. But it was the foliage which accounted fer
mor2 then £9 per cent of its m2an total remcval. Very high removals
of N through folisge of Acacis, thus, indicste that the mechanism of
symbiotic N fix:tion functicned normally under such extramely sodic
#0il corditions znd will enrich them with N which is » major limitstion
for the normal! growth cf the plants. Ameng the micronutrients (Table
88), mzan totsl removal of Pe (46270 mmeol ha~1) and Mn (6064 mmol ha™3)
vaB more than thet of Zn (3721 mmol ha"') and C+ (1174 ymmold ha'l). But
it was the folisge component which removed notsbly higher Fe, Mn, and

k2 than ths wcody matter. However, removal of Cu through the woody
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Teble 57. Removal of P, S and N (mol ha~}) through biomass lopped
after 16(2) and 42(b) months of planting Acacias.

Fiiiing Fol Lage Woody matter Total
mixtures a b a+b Y b _ayb
Phosphorus
M1 - 71+0 71 - 6% 3] 136
M, 64 .6 213 .4 278 80 309 3e9 667
“3 6644 214.7 281 91 301 392 673
M‘ 919 241.6 333 126 391 517 851
Mg 121.3 229.3 31%0 165 403 569 919
Maan B6.0 194 .0 280 115 294 410 690
LSD(0.05)23.6 45.7 51 32 40 48 111
Sulphur
a1 - 27.% 27 - 41 43 ]
Mz €4.3 168 232 80 281 362 595
M, 82.6 203 286 105 333 419 708
H‘ 86.8 233 318 " 130 406 536 855
us 119.4 217 337 180 416 596 934
Mean 88.3 169 258 124 291 416 674
LSD(0.05)21.6 41 52 38 88 80 123
Witrogen
“1 - 380 380 - 53 53 434
H2 605 1680 2286 50.6 204 2388 2541
"3 672 1776 2449 69.4 206 276 2728
M4 821 2157 2979 | 73.3 260 333 3313
Mg 1104 2113 3218 105.0 ryl 379 3597
Me an 801 1621 2423 74 .6 1989 274 2697

LSD{0.,05) 136 210 276 30.1 48 72 352



157

Table S8. Removal of Fe, Mn, Zn and Cu (mmol ha™l) through biomass
lopped after 16{(a) and 42(b) months of planting Acacia.

Fi11ing Follage Woody matter Total
mixtures 2 b ayb a )3} _ayb
Iron
Ml - 11376 11376 - 204 204 11581
Hz 10620 33378 43998 273 1241 1512 45510
Ma 10982 3227% 43257 333 1228 1562 448319
M, 16088 35887 51946 441 1629 2070 54016
MS 21549 36419 s87968 589 1645 2234 50203
Mean 14810 29861 44671 408 1189 1598 46270
ILsp{0.0%) 3216 5136 6444 88 240 314 7004
Manganese
M, - 1171 1171 - 204 204 1375
H: 1076 2971 4047 281 1241 1522 8570
M3 1103 2912 4016 345 1311 1677 5693
M, 1582 3733 531% 496 1842 2338 7654
MS 2058 35846 5604 666 1860 2526 8131
Mean 1455 2866 4322 446 1255 1742 6064
LSD{0.05) 414 468 612 112 268 362 684
Zinc
Ml - 659 659 - 173 173 B33
M2 47 1877 2124 238 992 1231 3356
M3 570 1613 2184 307 107% 1382 3566
M, 739 2013 2752 422 1468 1910 4663
H5 1107 2012 3020 564 1502 2066 5087
M2 an 716 157% 2291 383 1046 1429 372,
LSD (B.05) 186 238 68 106 196 304 g2
Copper
u& - 10% 105 - 86 86 191
Hﬁ 122 330 452 108 446 555 1008
H3 132 %4 486 128 460 589 1075
u‘ 163 466 630 165 708 874 1504
My 210 433 641 270 858 1128 1770
Mean 157 337 494 168 512 680 1174
LSD (0 .05) 30 60 82 k1.3 112 165 218
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matter was more than the foliasge. It clearly brings out that
use of foliage of Acacia as a forage or litter may serve an enriched
bicmass with high nutrient recycling efficiency in ecosystoms and the

scils under agroforestry systems respectively.

E. Biomes: Producticn Underneath the Tree Cancpies: Data (Table 59)

on biomass nprcduction of natural growth of vegetation tolsrant to tha
high soil sodicity undernesth the canoniss of Eucalyptus and Acacia
showed th:t effect of different posthole filling mixtures was not
reflectad on biomass yileld during 211 the three years of observations.
But there were significant differences on yields under the two Canopies
in eacnh or the three years. Bilomass yields undernsath Acacia trees in
all the plots were more than double the same under the cover of
Bucalyrtus plaatation in 1982+ But during 1983 and 1984, biomass
yields were significantly more in Eucalyptus than in acacia plantation.
Average2 biomags producticn in 1982 and 1983 irr:epect of tree species was
necarly similar but significantly more than in 1984. The observed
signifirant differences in biomass yields of the underneath vegetation
between Eucsalyptus and Acacie plantstions showed relationship with |
the agrometecrclogicsl conditicns thr-t prevailed during the cbser-
vaticnal years. In the relatively Adry season (1982) when monsoon rains
were i.:'].to, kitmess yields underneath Acacia csnopy were more,
possibly due to creater availability of soil moisture asz shade of 1ts
canopy =ad litter fall on the soll surface served as a mulch which
chzokat ths Jesere of meisture from scil through evapotrznspiration.
But during wat yaers (1983 and 1984), yields were more for Eucalyptus
plant -tion whose open canopy &allcewed grester insolation. Thus, when
scil mcisturz surply is not ¢ limitation, the avallsbility of solar

radiasticn: may affect the biomass productivity through its effect on



rebie 39 Averaga biomsse (oven dry) yheld (kg ha~l) of naturally grown up vegetation under
the canories cof EBucalyptus tereticornis Sm. and Acacis nilotica (L.) Willd.ex. Del.

Year  Cancpy Posthole £I711ing mixtures Mean LD
Kl H2 H3 M4 HS {0 .08)
1982 Bucalyntus 3068 3092 2498 - 3144 3106 2988 ne
1982 Acacia - 6802 6330 6145 $063 5978 6463 NS
Mean 4950 4711 6322 5104 4541 5126 s
1983 Bucalyptus 6974 6556 5318 73132 6440 6821 NS
1983 Acecia 4046 4862 3734 §B22 4282 452% N8
Mean 5960 5709 4526 6067 %383 S523 s
1984 Eucelyptus 4615 3520 4440 3810 4110 4099 NS
Acacia 3033 2308 2135 2815 2450 2488 NS
Maan 3sz24 2913 3288 3i62 3280 3294 NE
LSD (0.05) Mean 1982 _1983 1964
Cancpies 736 86% 1012
Interaction 1084 1164 1138
Yeasrs - - - 1096

bC1
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photosynthztic procasses of the vegetation undorme:th the Eucalyptus
and Acacia caznoriese Observaticns thereby prompt to conclude that
under relatively -rid or dry conditions acacia may favour higher

productivity of vegetation undar its canopye.

Rasults cn the concentxation of Na, K, Ca and Mg in biomass
harvestad frem underneath covers of Acscia and Eucalyrtus plantations
(Tabla 60) znd their ramovals (Table 61) in the give:n years did not
differ sic. ificantly among different posthole £1illing mixtures. Mean
concentration ¢ Na d:uring 1982-84 variecs between 336 - 4%3 2nd 303 -
419 rmcl Kg~' for the biomass ylelded under Sucalyvtus and Acacia
¢=nopicrs riusrectively. Coancentration of Na in all of the yesrs was
significauntly higher than of K followed by Mg and Ca in the descending
ordzare The absclute concentration of Ca and Mg shoved little varistion
for bicm:ss yizld of the twe canoplies, The concesntrztion of Mg showed
a decraesc with ye:rrs. This was not so for Ca. Similarly, the Na dnd
K cgatants docroc-ed with years of biomass harvest. But absolute values
of de wera r2lstively higher for biomass yields of 1982 and 1984 undere
neath J.celyrtss than under Acaclae. Potasgzium snd Mg concentr-~tion
of biomass hervested ia 1984 from under Axvacis was more than underx
Bucaly "ts plantatinne. Thes: diffarences mey be dus to the dilution
effect broo.se of the axtent ¢f growth and vorying availsbility and
abscrrtica ¢f thezss elements in the soils Removal of Na exceeded
greaily wiot 20 K, g 4y Ca o 2ll the years. The romeval of the gilven
el mzutc (Teblsy 631) in 1932 was monsiderably less through the uandore
neatin Licrass producticn from Sacalyrtus than from Acacia nlantetion.
But Jduri.g 19863 and 1984 +the trand wss reversad. These changes were
mor: dus te varisticn in the bicmase yield Auring differant years

rather then the differsnces in concentration of nutrient elements in
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Table 60. Average concentration (mme) kg"i) of ¥a, X, Ca and Mg

in biomass harvestad from under the canopiss of Eucalyptus
tersaticornds Sm. and Acacis nilotica (L.) Willd.ex. B‘E-

FilTling Euc tus. Acaciy
mixtures 19582 198 1964 Mean 1982 1993 1964  Measn

Sodium
Hl 452 368 332 384 412 g4 292 383
"2 444 379 346 3gd 422 368 316 36e
M3 482 396 326 401 426 412 298 379
M, 440 355 340 378 433 356 301 363
Mg 446 372 336 385 401 362 310 k§.2:)
Mean 453 374 33¢ 388 419 377 303 366
Potassium
Ml 224 188 171 194 246 233 180 220
M, 232 196 162 197 238 226 168 211
“3 246 218 175 213 242 244 182 22)
M, 230 179 166 192 233 236 176 214
Mg 218 206 171 199 252 230 170 217
Mean 230 197 169 199 242 234 175 217
Calcium
Hl 677 61.8 68.9 66.1 6B.3 65.8 60.9 65.0
M, 71.5 65.7 T0.1 69.1 62.8 64 .7 73.6 664
M,y 669 62 .3 64.%5 64¢.6 7T0.6 68.0 70.1 69.6
M, 74.3 6842 66.7 69.7 66.4 68.8 70.9 68.7
Mg 64 .4 62,0 4.4 63.6 T2.1 68.2 72.6 71.0
Mean 69.0 64 .0 66.9 66.6 68.0 67.1 69.2 68.1
Magnesium
H! 184 148 128 153 184 162 121 156
M, 196 146 124 15% 192 160 128 160
My 182 138 118 146 188 175 132 165
H‘ 188 142 126 152 180 164 124 156
"5 192 145 124 154 196 168 126 163
Mean 189 144 124 182 188 166 126 160
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Table 61. Average removal (mol hf“) of Na, X, Ca and Mg through

biomass harvestsd from under the canopiea of Ewralyptus
texeticornis Sm. and Acacis nilotics (L.) w1114, ex. Del.

Posthole Eucalyptus —_Acecis -
£3114ing 1982 1983 1984 Total 1982 1983 1084  Total

Sodium
M 1402 2571 1533 5506 2807 1501 886 5596
My 1375 2485 1220 5081 2673 1793 730 5197
M, 1204 2107 1449 4761 2620 1541 636 4797
M, 1384 2599 1298 5281 3059 17319 758 8537
My 1386 2396 1384 5167 2400 1544 760 4704
Mean 1380 2432 1377 51%% 2712 1700 754 5166
Potassium
My 696 1313 790 2799 1676 1154 547 3378
M, 719 1286 573 2579 1508 1102 389 3000
M, 614 1159 777 2582 1487 838 389 2718
M, 728 1315 618 2659 1637 1140 443 3222
Mg 679 1331 703 2738 1507 982 418 2508
Mean 687 1281 692 2661 1%63 1042 437 3044
Calcium
My 209 431 3318 958 464 325 184 547
M, . 22% 430 46 898 397 314 165 877
M, 167 331 286 784 433 253 149 837
M, 233 498 247 979 469 331 178 979
M, 200 399 264 864 430 290 177 899
Mean 206 418 272 897 439 303 173 913
Magnesium
N 571 1037 592 2200 1257 804 368 2430
M, 608 958 438 200% 1219 779 297 2296
My 456 738 827 31722 1157 654 282 2094
M, 592 1041 470 2103 1274 792 313 2380
Mg . 597 939 511 2048 1175 719 309 2204
Mean 565 942 508 2016 1216 750 314 2281
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the biomass harvasted from both the plantations. These cbservaticns
clearly show thet the concentration of NHa and its removal through

bicmess yizld of the underneath vegeatation exceeded that of K, Ca

and Mg. But this was not so for the bicmass of Acacia lopped and

report:d earlier.

The cencentrz=ticn of P, 8 snd N showed n¢ change among the biomass
yield chteined from plots under Acpcila snd Eucalyrtus tyees vlanted in
postholas refillad with different mixtures Aduring 1982-.1984 (Table 62}).
The. ralztive z:c:xcentreticn. of P was only merginally more then of & in
the undermasth bicmass and both the elements showed 3 decline in their
mean concentrsticn with growth years. The mean concentration of N was
more th:z:n cf I and 8 by about three times, The biomass yields of
Acacia shos2’ an increase in accumulation of N with growth years. But
opposite w:g the trznd in case of Eucalyrtus. This demcnstrate greater
¥ availsbility i: the soil und:rneath Acacies than under Eucalyrtus
canory and may be ascribed to the addition of N through the leaaf litter
rich 4.: the szid nutrients. Mean removals of P, & and § (Table 63) were
higher ia 1982 through the biomess produced from undernesth acacia thm
from .nderne :th Bucalyrtus rlantastion. But thelr removals axcept that
of § warr more ian case of BEucelyrtus in 1983 and 1984. The average N
removal threugh bicmass harvested from plots under acacia was more than
from cucalyrtus rlantaticn in 1983 and 1984 despite the high yields of
bicmess reared in case of the latter species. This is because of
signi ivantly higher accumulation of N in the biomass produced under
the canovy of Acacias

amcag the micronutrients, average concentfation of fe in each of
the y;ars was higher than that of Mn, Zn and Cu in descending order

{Teble 64}). Their sverage concentration showed consid=rable decrease



Table 62. Aversge concentration (mmol kg'l) of F, S and N in
bicmass harvested from under the csnopies of
tereticornis=s Sm. and Acacia nilotica (L.) Wil
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Eucalyptus
- @X. Da),

Filling Eucalyptus —___Acacia

mixtures 1982 1983 1884 Maan 1982 1983 1984 Maan
Phosphorus

H1 96.5 81.5 70.9 83.0 94.9 g4.9 T6.2 85.3

M, 91.4 78.3 66.4 T8.7T 96.7 80.7 72.9 8l

M3 983 T2.9 64 7 T8.6 92.8 82.6 T8.2 B24.5

¥, 02.5 80.4 66.2 T9.7 94.7 82.0 76,2 84.3

Mg 94.8 £6.2 68.5 Ble2 94.7 833 4.3 84.1

Mean 94 .7 TC.9 67.3 89.6 .8 B82.7 75.6 84.)
S8ulphur

M, Bl.6 T3.7 66.7 74.6 B2.7 T3.6 67.8 T4.7

My 81.¢ T4.2 64.8 73.6 85.2 717  T2.3 7644

My 85.7 70.8 62.% 73.0 831 70.4 66.7 73.4

M, 80.5 69.2 63.7 71.2 81.9 753 68.2 75%.1

Mg B4.6 71.3 60 .8 72.2 83.8 70.9 66.4 T3.7

Mean 83.3 71.8 63.7  72.9 83.3 T2.4 6.3 T4e7
Nitrogen

n1 -274 230 204 236 316 384 416 in

M, 280 238 195 238 308 ise 427 374

My 272 222 202 232 326 374 423 375

N‘ 276 242 194 237 312 379 431 374

Ng 82 236 206 242 302 385 436 374

. Mean 277 234 200 237 313 is2 427 374
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Table 63. Average removal (Mol he~ ') of P, S and N through biomass
harvested from under the cancopiss of Eucalyptus tereticornis
Sm. and Acacia nilotica (L.) Willad. ex. 535.

Posthole Eucalyptus — Acacia
£illing 1962 1982 1984 Total 1982 1983 19e4 Total

Phosphorus
n1 299 568 327 1154 645 419 231 1296
M, 282 513 - 333 1029 612 392 168 1172
M, 245 387 287 920 570 308 167 1048
M, 290 587 2%2 1130 668 395 191 1255
Mg 294 555 281 1131 565 k3.3 182 1102
Mean 282 522 276 10813 612 374 188 1174

Sylphur
Hl 259 514 307 1081 562 3se 205 1132
M, 253 486 228 967 s3¢9 348 166 1054
M, 214 376 277 1] 510 262 142 91%
u‘ 254 506 242 1002 578 363 171 1113
Hs 262 459 249 971 S00 302 162 968
Mean 248 468 261 978 538 32¢ 169 1036

Nitrogen
H1 851 160% 944 3401 2154 1902 1262 5320
M, B66 1566 687 3120 1950 1887 984 4823
My 680 1182 900 2763 2007 1398 904 4311
M, 868 1771 741 3382 2204 1616 1086 4906
Hs 877 1524 849 32851 1809 1643 1068 4521
Me

an 828 1830 624 3183 2025 168¢ 1061 4776
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with growth years. But varisztion in the absclute concentration of
each wss not as marked a3 that of oﬁ‘:er elements due to the diff.
erencas in biomass yields of the three years for Acacia and Eucalyptus
plant tions. £ffsct of posthole filling mixtures on the concentration
of micronutrients (Table 64) and their removals (Table 65) through the
biomase yizlds of 198284 was not noticeable., Like other elements,
removals of nmicrenutrients were more in case of Acacia than Eucalyntus

plant-ticn in 1922 only owing to high biomass production in this year.

The dzta on biomacs nroductivity resulted from undemeath growth
of grassesr indicsta2 that pature of the canopy {(open or close) is more
ioneortant in affecting the yield than the planting of tree species
in postholes refilled with different mixtures. Effect of these
mixtures wer gigunifirant te cause marked changes in the growth of
Zucalyritns asd Acacia but influence of their differential growth was
not rzflucted on the underneath growth of vegetation. The natural
grovith cf vegatation was also significantly affected by the distribute.
ica and th2 amcunt of rainfell in a yeasr. Similarly, chemicsl |
comrasiticn of blomess cbhtalned on lovping of Acacia and the wvegetation
under its cancpy showed marked differences. These observations show
that growth cf trees and naturel wvegetation togeth:r do not comrnete
for autcition but are complementary to each other. Grasses may feed
uren the surfacs leyers and will effect considerable improvement in
physizrachemioel ~rererties. Ceonsiderable greater remeval of Na
comrzrable to K, Ta and Mg will definitely bring aprvreciable reduvetion
in its concentr-ticn in the scil sclutlon and nasture of =2guilibrium
eonsaequently, there may occur a notable decrease in ESP of the soil
with tima. But tree species with deep rcot system feed upon the

deerer layers and vroduce leaf litter to enrich the surface scil with



Table 64. Average concentration (mmol kq"l) of Fa, Mn, Zn and Cu
in biomass harvestsd from under the cancpiss of Eucslyptus
tarsticornis Sm. and Acacia niletica (L.) wWilld. ex. Del.
¥illing Eucalyptus Acaciy
mixture 1982 1983 1584 Mean 1982 1963 1984 Mean
Iron
My 0.9 7.5 6.8 B.4  11.6 9.5 8.1 9.7
¥, 1103 T4 5.9 8.2 - 10.7 8.9 T.6 9.1
H3 10.8 8.5 6.2 8.5 9.9 9.1 8.8 9.3
84 11.8 Ta9 5.7 8.4 10.9 8.3 7.9 9.0
HS 11.0 B.1 6.3 8.5 11.6 9.2 8.4 9.7
Mean 111 79 6.2 B4 11.0 9.0 3 | O.4
Manganese
H1 2436 2.7? 2.16 2.4% 2.16 2.84 2.44 2.48
H! 227 2422 2:28 2.26 1.85 2.72 2.26 2.28
M, 2.46 2.36 2,56 2.46 1.98 2,80 2.30 2.36
H‘ 2.08 2.54 2+14 2+2% 2.04 2.68 2.44 239
"5 2417 2.28 2.28 2.28 2.12 2,70 2.30 2437
Mean 2427 2+44 228 2.33 2.03 2.75 235 2.38
Zinc
"1 D.40 D.32 0.24 0.32 0.34 0.26 N.22 0.27
"2 0.36 0.28 0.20 0.28 0.30 0.28  N.20 0.26
"3 0.38 0.30 0.24 N.31 .32 0.30 ND.22 0.28
M‘ 0.34 0.32 D.22 0.29 0.34 0.30 N.32 0.27
"5 J.34 0.30 D.22 .29 2.30 .30 D.20 0.27
Mean Q.36 030 D22 0.29 0.32 0.29 0.20 0.27
Copper
lll 0,18 0.12 0.09 0.13 0.18 0.12 0.09 0.13
M2 D.18 0.10 0.08 0.12 Q.18 .13 0.112 0.14
H3 0.14 0.12 0.09 0.12 0.17 0.13 0.10 0.13
H‘ 0016 0.10 0,00 0.12 0.19 0.14 0.10 0.14
N5 0.16 0.12 0.09 0.12 0.18 0.14 0.09 0.14
Mean 0.16 0.11 0,09 0.12 0.18 0.13 0.,10 0.34
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Tsble 65. Average removal (mol hafi) of Fe, Mn, 2n and Cu thrcugh

biomass harvasted from under the cancples of Eucalyptus
tareticornis Sm. and Acacia ni.loticg {Le) Willd, axe« Del.

"Posthcle Bucalyptus — Acacis -
£11ling 1982 1963 19684 Total 1982 1983 1984 Total
mixtures

Iron
Ml 33.8 52.5 31.6 118.0 79.4 47«1 24.6 151.2
M, 35.1 49.0 20.9 105.0 68.1 431.6 17.6  129.3
M,y 27.0 45.5 27.7 100.3 6142 34.2 18.7 114.2
M‘ 363 5840 21.8 116.2 77 .4 39.4 19.9 136.8
Mg 31.4 52.5 2642 113.1 6%.6 36.3 20.7 129.7
Hean 13.3 515 2548 110.5% Ti.1 40,7 20.3 133.2
Mang anese
M1 731 18.9 9.97 36.2 14 .6 14 .0 7«4 36.1
M, 7.02  14.5 8.03 29.6 117 13.2 5.2 30.1
M3 6.15 12.5 1137 30.0 1241 10 .4 49 275
M4 654 18.5 B8.15 33.2 14 «4 12.9 6.1 33.4
Mg 6.74 15.3 9.37 31.4 12.6 11.5 5.6 29.8
M2an 6.75 1549 g.38 32.1 132 12.4 5.8 31.4
Zinc
My 124 2.23 1-11  4.58 2.32 1.29 0.67 4.27
M, 111 1.84 070 3.65 11.90 1.36 0.46 3.72
M, 0.95 1+.60 1.07 3.62 197 1.12 0.47 3.56
M, 1,07 2.34 0.84 4.2% 2.40 1.45 0.4% 4.30
HS 1.06 1.93 0.50 3.89 1-79 1.28 Q.49 3.56
Me an 1.09 1.99 0.92 4.00 2.07 1.30 0.%51 3.88
Copper
M1 0.56 0.84 0.42 1.82 1.22 0.59 0.27 2.08
M, D.56 0.66 0.28 1.50 1.14 0.63 0.28 2.02
My 0.3% 0.64 0.40 1.39 1.04 0.49 0.21 1.74
H4 D.50 0.73 0.34 1.57 1.34 0.68 0.25 2.27
Mg D.50 0.77 0.37 1.64 1.08 0.60 0.22 1.90
Mean D.49 0.73 0.36 1.58 117 0.60 0.24 2.01
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nutrients. Litter also reduced moisture loss through evaporation.

Its dacomresitica rzleased organic compounds that improved soil
 structure end the nutrients status resulting im improved soil
fartility which in turn facilitated mors growth cf grasses. Thelir
combinaticon, thus, res:ltad in a two storey szystem that enhanced

beth the bioclegicel activity and productivity of a highly deteriorated
sodic soil. This would cause biological reclamaticn of the soil
besides generation of sdditicnal biomass snergy for m:ltifarious npure

pPOSQL.

4.4 Evslustion of Casuarina equisetifeolis L. forxr its Tolerance to
a Highly Sodic scile.

Int;oductgen: Because of the varlety and specialized nature of the
problems of highly sodic scils any sizesbhble afforestaztion project must
be based on findings of the res—~arch trials carriad cut on the site

to be rectored. The first step is to identify which speciesc will
grows However, cholece will vary with the rurposee of plantaticon, scil
and agroeclimastic conditions and growth habits of different species,.

But only two generel izaticnz could be mader (2} only sracies which

are nsturally ricnears of impeverished sites merlt inclusion in a
trisl, and (b) tre=s possessing N=fixing asbillity should be preferred.
In view 0. thess ccnsidarsztionz and vnaatisfesctory cbhserved rerformsance

of Eucalyrtus toreticornis Sm., Cesuarins aquisetifolia L. was

salected for investigotion of ite toclerasnce to s highly sodic soil

conditicns.

Casuarioa squisetifolias L., a synomym of C. littoralls Salisb.,

is kncwn for yvielding best quality firewoed in the werld. 1t is a

fast grewing tree with an aver:ge height varyiong betwesn 15-25 m,
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hw-mr; max imum attainable height and girth is rsported (NaS,

1980) &= grect s S0 m and 100 om respectively. Root ncdules of
this species possess Nefixing actincmyceter (Frankia) and capability
of sdartsticn to diverss soil tyres and agro-climates. Australian
beafwcod tre:, Bullecgk, Foresteosk, Swamp-csk, Horse tall tree,
She-cak, australian pine, Iron wood, Jor=tor oo whistling rine
(beca sz of sound it generates in the blowing wind) are its other
common nemzse In India, it is the most commonly growing and ropular
tree of the cosstal arsas. The:fe_gm experimental evidence2s in its
faveur to tolerate considerasbly high salinity status of the soils.
.B;ut'. thers is no documntéd r:seasrch repert pertaining to its evalue

mtion for scdic scils. Therefore, this experiment was carrizd out.

‘Mathodologys Tc evaluste Casuarina for its telerance to a highly
sodic ccil, a field experiment was conducted for investig-ting its
growth rasrconse when plsnted in deep postholes refilled with (a)

originel sodic scil (CS) M,r (b} CS mixed with 8 kg FYM posthole™?,

1 _
M3 () (S mixed with 2 kg gyrfum posthole™), M3 and (4) €S mixed

with B8 kg FYM and 2 kg gyrfum pcsthole"'i. M,

cut using a mechanical and manually opersted scil augers. The unrer

+ Postholes were dug

porticn (25 ~m dia. X 0-80 cm depth) was dug cut with a trecter
oparstzd suger and was deepened with & manually orerated 15 om ia.
soll augers to 180 cm derth. Exreriment was replicated twalve times
witinia the rurvizw of randomized blt;ék design. Saplings wers planted
on July 1, 1983 and waﬁéfed for six mcnths past planting on need felt
basis {(cr when IW/FE reached = 1.0} to aid their establishment and

natursliz -tione.
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- Observations on por cent survival and growth parameters
(maocimun height, DSH and DBH) were recorded monthly during the first
- yesr and guarterly afterwards. Foliage (needles) sgmples were
collaected at differsnt growth stages from all the plants and were
amalyzed for Na, K, Ca, Mg, P, 3, N, Fe, Mn, 2Zn and Cu. Position
£ sampled foliage was kept uniform for all plants irrespect of the
comrositicn of posthole £illing mixtures. Samrles wers taken from
terminzl or apical branch leaving newly develcoped or juvenile vege-
tation as well as the elder on lower side so that esch samrle represents
fully devzlcped follagz. From the same rosition, ne:dles (foliage)
ware samrled =t specified growth stages for sstimesting the effect cof
wat:ring end growth during summer and winter seasons on the relative
turgidity cf the foliage of Casuarina plants growing in postholes
fefilled with the sald mixturses. Time2 of samrling at sl the

se2le~ted ¢growth stag:e was same (1200 hours, noon).
h 4

Results and Discrnasion

A+ Per Cent Survivals Periocdlic per cent survival of Casuaring

saplings rlanted in rostholes refilled with the said four mixtures
exhibited high relative tolerance to a highly sodic scil (ArrendixaD) .
Thers occurred no meortality in restheles heving either gypsum alone or
its combiinaticn with FYM. Per ¢ent survivasl in rosthcles having only
08 dzcreased to 92, 84, 75 and 67 at 15, 18, 21 and 24 months past
planting respectively. But there was nc furth=r decline between

24«39 mcnths of the growth period. Mixing of FYM with CS caused a
significznt reduction in mertality than using the only 03, hcwever, it
was infericr tc the use c¢f alther gynsum 2lone or its combinaticn with
FYM. Per omt survival was comrlete untll 15 months of planting

Casuarina in restholes gefilled with PYM mixed 0S. But a decrease
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k0 92 and than 84 per cent during 18-27 and 30.39 months ¢f growth
pericd was recorded. These cbservaticns in comparison to data on

bther srecles namely Acacias nilotics (L.) wWilld., ex. Del., Eucalyptus

tereticornis Sm., Albizia lebbec (L.) Benth, Azadirachta indics Juss.

and Syzycium fructicocsum Dc. clesrly prove th-t Zasgsuarins equisetifolia

L. 12 & highly tclerant t0 extremely sodic conditions of the scil.

B. Height Crowth: Data (Aprpendix II) on helight growth reccorded at

22 stagas during 39 months growth pariod showed that the differesnce

in comrcsiticn cf porthele f£illing mixtures effected significant
differences in average height of the plants. Aprlicasticn ¢f 2 kg
gyrs m in combination with 8 kg FYM poathole'l yvielded the highest
helight response fcllowed by gypsum alone (Plate $). Mixing of only
FYM with *he €5 resulted in significant increase in the hesight than
the centrcel (MI} but it was markedly inferior to the addition of
gypsum 2ither alone or in ccmbination with FYM (Fig. 18). The cbserved
height growth rattern alsc showsd rericdicity. Helight crowth weas
notad to b2 relatively fast during the summer (April « Cct.) than the
wintar scason (Nove =~ March). This may be attributed to the sensitivity
of Casuarina tc cold agroclimate. The rer cent increszse in height duve
to aprliication of 8 kg FYM, or 2kg gyrsum or 2 kg gyrsum rlus B kg FYM

1 cover the contrel (038} was camnuted to be 54, ¢4 and 103

posthcle
per cznt at 12 menths, 52, 91 a2nd 97 per cent at 24 months end 110,
144 :nd 154 ner coent 2t 36 months growth staces resmactively. These
findings, thus, showed th:t mixing cf 2 kg of gyrsum and 8 kg FYM or

2 kg gyrsum 2lon? with the €S to r:fil) rostncles for raising a bumper
Casuarine plantsticn (Plate 6) in such an extremely sodic conditions

suits the most. Cumulative mean menthly helght increments to the
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Fig.18. Height growth response of Casuarina equisetifolia L.to
selected posthole filling mixtures in a highly sodic soil.




Plate §

Different pesthole filling mixtures make a difference .in
growth of Zssuarina equisetifolia L. (15 months old).






Plate 6

A bumper growth of Casuarina plantation (3 years ©ld) in &
"highly scdic soil proves its promise for scdic solls,

An inside viow of Cesuarina canopy producing greater
ancunts o the litter,
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Fig.19, Effect of selected posthole filling mixtures on mean

monthly (cumulative) height increment of Casuaring
during successive growth years.
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‘sverage height of Casuarina during successive growth years (Pig.19)
agein indiceted & similsr trend. Magnitude of wsen meathly incremsnts
in the first yeesr was remarkakly grester than in the second and the
third year. 1In ecach year, mean increment was the highest for postholes
refilled with ¢ypsum plus PYM and gypsum alone with no significant
differance betwean the two mixtures. Those having only FYM effected
notably greater increments than the 08 bhut differences among the

three years wers less marked than rest of the treatmanta. Thus,

battar growth responses of Ca;su.arina in peostholes refilled with the OB
mixed with zmendments like FYM and gypsum than U5 slone may be attributed
to the amelicration of physico-chamical properties of the limited mot
sone of highly scdic socil to the deaired axtent. Gypsum is reported
to modify the soil sodicity <Abrol, 1982) to the bemefit of ecomomical

plant growthe

Ce Girth Growths The eoffect of given four posthole £illing mixtures

on the pericdic girth growth indices, namsly DSH {Tabla 66) and DBH
(Table 67), showed that application of gypsum alone or its combination
with FYM were on rare But both of the mixtures were significatly |
supericr te the mixing of FYM alone and the 08 in derscending order at
all the noted staces thmuqhont e growth pericd of 39 monthe after
planting. Tha per cent incresse in DSH due to the sprlicotion of 2 kg
gyrsum in ecnjunction with g8 kg FYM {!'!4) or 2 xg gypfum (H3) or 8 kg

1 over the use of only 0S5 was 88, 93 and 45 perx cent

fYM per posthole’
at 12 months, 126,123 and 7% per cent st 24 months add 154, 144 =4 89
per cent at 36 months growth stages respectively. The respective per
gent increase in DBH was 511, 256 and 185 per cent at 312 months, 254,
"215 and 156 per cent st 24 months and 195, 152 and 78 per cent at 36

jRonths grw‘th stages. These figures, thus, clearly show the greatsr



Table 66. Rffect of selectad posthole filling mixtures on the
periodic DEH* (mm) of Casuarina equisetifeolis 1. in

a highly sodic sofl.
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Growth stage 55
(months past (0.0%)
¢ 2% 2.9 F 9% 2.6 2.% -
1 2.6 2.8 3.1 3.0 2.8 ns
2 4.3 6.8 8.5 8.2 7.0 14
b | Te2 10.% 15.8 15.6 312.3 2.2
‘ . 102 1247 18.3 17.9 14,8 2.4
] Y128 16.0 20.2 19.2 17.0 3.7
L 13.2 17.2 231.3 210 18.2 3.6
7 15.0 18.9 23.2 22.4 20.3% 3.9
s 16,0 213 28.2 28,0 21.9 4.3
9 171 al.4 28 .4 27.4 24.1 5.2
10 19.2 26.9 34.9 4.7 28.9 5.3
11 20.4 28.2 37.% 37.4 33.8 5.0
12 21.6 3.4 $1.7 40.6 3l.8 4.6
18 28.1 42.4 $5.6 4.0 45.0 8.8
18 29.2 45.6 0.2 59.8 48.7 10.1
23 31.3 $4.6 T31.9 72.3 57.3 10 .6
24 34.4 $0.2 768 T7.8 $2.13 11.2
27 3.8 63.8 80 .8 4.4 66,0 25.0
30 3%.3 .4 83.2 aé.2 &8.9% 14.2
33 37.2 69.2 874 89.6 70.9 16.)
3 37.7 711 9.1 95.7 T4.1 17.7
3 Is.) T4 .4 6.8 104.6 78.8 19.3
*DSH stends for girth diasmeter at stump height (5 om}.
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Table 67« Effect of sslectad posthole £illing mixtures on the

periodic DiM» of Casusrine eguisetifolisg t. in a
highly sodiec soil.

Growth stage

(months past (0.08)
plsntiog) :

» 148 4.2 6.2 6.0 4.6 1e3
10 2.0 5.1 7.8 7.7 8.7 1.4
11 2.4 6+8 B4 8.5 6.5 2.0
12 2.7 T 1.7 9.8 13.8 8.5 3.8
15 5.5 13,3 18 .2 25,1 15.5 6.9
18 6.0 21.2 31.3 0.8 22.3 6.2
21 9.2 29.4 40.3 40.6 29.9 5.9
2¢ 14.9 38.2 47.0 $2.8 38.2 6.2
27 16.3  38.8 $1.3 55.7 40.3 7.1
30 17.3 39.0 $2.4 $6.9 41.4 8.8
33 19.8 39.3 $5.8 61.8 44.2 12.3
36 22.7 40.3 7.2 66.9 48.% 16.1

T 2341 424 62.0 72.8 $0.3 16.7
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girth grcocwth resronse of Casuvarina in postholes rafilled with

mixture comrrising combination of gyrsum snd FYM with the 0S.

Use of gyrsum alopne was marginally inferior then its combination

with FYMe. But girth growth with addition of gyrsum was2 significantly
fzster then the use of FYM alone. The girth growth rate was maximum
in posthcles refilled with the 0S5 cnly. 7This trend was also reflected
in th2 mesn menthly (cumulative) DSH increments during the successive
growth years aftar planting (Fig. 20). But unlike height growth, the
maguitude of Increments to NSH during the initilal two yaars did show
littla veariation for the rostholee containing OS5 mixed with either
FYV (MZ) or gypsum (MB) or both (34)' However, value of mean monthly
increment for the third growth year showed a decline in these treat.
ments without any aprreciable change in the resporise trend. But mean
menthly incraments to the DSH growth in postheoles refilled with only
the 08 indlo-ted dacrease with each of the succescsive growth years.
™his implizes thot arvlication of amenddmente caused considerable boost
in the growth cf rlants which in turn may incraase their tolerance to

the extramaly sodlc ceonditions of the =moil.

Th » height and girth growth data in comparison to the reoorts of
NAS (1980) show that growth and survival of Casuarina 1s satisfactory.
Plants at 39 menths growth stage were lush green and had devaloped a
clos2d cenory ot a spacing of 3 m between rows and 2 m between the
plants (Plate 6)e« Its canopy was producing cocnsiderable litter whiech
in turn will cause nutrient recyeling, amelicraticn and microclimate
med if icctions for the benefit of greater biomass productivity.
Considarinc ites relatively fast growth, supericr fuelwood ¥alue,

ability tc fix atmospheric dinitrocgen in symbicsls with an actinomycetas
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(Frankia species) and its relatively high teolerance to an extrems

of the scil scdicity hazard, it appears to be a promising tr:ze

sp:cies for the afforestation of sodic scils.

Pericdic Chemical Comnosition: Trees differ markedly in their

ability tc tolerate varying degree cf 801l sodicity. The differences
gmongst sceme ¢f them are reflected in differentiasl absorption and
accunuleticn of cations principally Na in their roots and shoots.
But 1ittl: informaticn published or otherwise {s available on this
aspact of usefulness in detarmining the adsptaticn of tree spacies.
In view of thaese ccnsiderations and promising initisl growth of
Casuarias in & highly sodic soil, rericdic changes in chemical
comrositicn of tha follage and weody matter of plants arowing in
postheles rafllled with differently composed mixtures were menitored

and the results sre discussed elementwise in the succeading text.

(a) Scdium and FPotassiums Average Na concentration in folisge and

woody matter of plants (Table 68) growing in differently refilled
postheles veried significantly at all the selacted growth stages. -
Sodium accumulation was the highest in postholes refilled with ¢S
followaed by the mixture of 05 and FYM. Its concentration was maximum
in folisce and woody matter of rlants grown in postholes having an
arplicsticn of zither gypsum alone or gypsum rlus FYM, Irrespact of
cther fsocters, Na concentration of folisge wasz obsarved to be 2.3
time s grester then the rospective figure for woody matter. Sodium
concantration wes the maximum in saplings but its accumulation
occurad with advezncament of the growth pericd. Rate of ascumulation

was more in rosthcles containing only €S followed by 0S5 mixed with FYM



Fable 8. Effect of selected posthole £1lling mixtures on the period concentration (mmoles kq"'l') of

Na and K in foliage and woody matter of Casusrina equisetifolia L.

Growth stage Follage _— W tter l
(months past M-l Mz M3 M4 Mean 1LSD M1 "2 H‘ Mean 15D
planting) {0.08) (0,08
) Scdium
0 126 126 126 126 126 NS 147 147 147 147 147 NS
1 164 138 128 127 139 10 146 141 143 129 140 8
3 219 155 130 116 155 16 141 132 139 84 124 12
5 272 208 138 104 181 26 140 120 120 60 110 14
9 246 184 113 97 160 14 99 143 91 104 109 1%
12 489 293 190 18% 289 22 289 124 81 81 144 22
1% 436 264 182 171 263 26 274 136 84 8% 145 24
18 472 286 188 178 281 24 262 128 94 1] 143 23
21 488 290 192 184 269 28 268 131 86 76 140 24
24 492 294 196 176 289 32 272 142 73 68 139 36
27 452 268 182 168 267 30 246 126 70 64 127 32
30 426 242 168 156 248 3% 238 130 72 62 126 34
Mean 357 229 161 14 224 30 210 133 100 87 133 26
Potassium
0 76 16 76 76 76 Bs 108 108 105 108 108 KBS
1 as 91 80 104 a3 11 111 116 100 113 110 11
3 97 110 110 138 113 1% 128 123 97 141 121 1%
5 - 102 141 128 161 133 18 130 133 102 156 130 16
¢ 153 200 171 176 178 17 94 156 189 189 157 20
12 92 130 120 143 121 21 53 102 89 108 110 22
15 116 142 152 160 143 22 48 100 116 132 99 24
18 104 134 146 159 136 23 56 116 134 148 113 25
21 118 146 154 171 147 20 ) 61 124 131 142 114 26
24 126 145% 150 160 145 18 54 121 127 134 109 22
27 111 136 156 167 143 21 50 114 136 141 110 19
30 108 128 142 159 134 20 54 120 123 130 107 27
Mean 107 132 133 148 130 18 79 119 321 136 14 30

§L1



" than those containing OS treated with either gypsum alone or

gyosam rlus FYMs. The highest Na accumul sticn was found to occour

at 12 months growth stsge in all the treatments. Subssquently,

Na concentration of both the components of plants indicated less
marked fluctuaticns. Sodium accumul stion was more in the summer
than in the winter seascn. This means when the growth rate is high,
accumulation of HNa may possibly be more due to tis greater shbsorption
alongwith hich:r amcunts of water teken ur for mea=ting high trans-
pirstica demands during the summer season. A g_g;_i\af_actory growth of
Casuvariaza rlants in postholes refilled with different mixtures
visesevis considerably high accumuiaticm of Na in follage snd woedy
mattar demonstr:te Irelatively high teclerantce t© high dagree of

s0il sodicity and better chences for its adartation ta such an
uncompromising site. This species, thus, differs from Acscia which
allow less Na accumulaticn in shoocts. Sodium accumulation has also
baan rapcrted by other workers (Ayoub, 19752 Rouhanl and Bassiri,
1876} whc examined several tree specles growing on saline and sodic
soils. But important aspact is their satisfactory growth desplite
higher e sccumulation. This is what Casuerina stocd promisze for

its fairly good performance in & highly scdic soil.

The aversge K concentration in the foliage of (Tsble 68)
Casuaring wee considersbly more than its respective value for the
woody matter. Differznce woe marked for vnlants growing in posthcoles
containing only the ¢S. Potassium ccncentration was low at nlanting
and it iacrassed gradually to the maximum in both the comronents at

9 monthes growth stage. Subseqrantly, K acevmulation showed
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fluctuations with the growth pericd. However, the highest K
ceoncantration was cobserved in follesge as well as woody matter of
prlants growing in posthol=s contsining gypsum either alone or in
combinsticn with FYM. The former had an edg> over the former o
cause mere zccumulstion of Na. This may be ascribed to the role

cf FYM for incressing the availability of K in the sol]l and K
addition throuch 1t (€411, 1979). The K concentraticon at all the
growth stag2:s wass significantly less in the given components of
plants growing in postholes refilled with the (8. Significantly
higher sccumulstion ¢f K in plmts in postheles having gyrsum
application shows that K is being zbsorbed seslectively from the root
zone where Ca 1s pressnt in excess although available K content of the
given site is s2lsc high. Data, thus, indicate existence of ants-
gonism batwzin the abscrpticn of K and Ha. Plants growing in postholes
refilled with the 03 cnly showad accumulation of Na in foliage and
woody matter Jed times amd 4-5 times greater than that of K. But

this wae not the case in postholes where 0S5 was tresated with either

of tha amendments like gypsum and FYM or both., This may be the cogent

causz which effected its reflecticn in term of the growth (Plate S).

(p) Calcium and Magnesiums Data on pericdic concentraticn of Ca and

Mg in th2 folisge and woody matter (Table 69) showed their considera
sbly grester sccumulation in the former than in the latter commonent.
Relativ: ccnosntraticn of Ca was more then of Mg in the woody matter
at all th2 grcwthe But the oprosite was observed for foliage excepnt
in the initizl growth stages.irrespect of differences in composition
of posthcle £111inc mixtures. Betwean 5.9 months cf growth, Ca
concentrsticn war maximum and it showed a continuous but gradual
decline subsequently. Accumulation of Ca was significantly more in

plants grewing in posthcles refilled with gyrsum treated OS5 than



Teble 69. Effect of relected posthcle £1lling mixtures on the periodic concentration (mmol kg--l)
of Ca and Mg in foliage and woody matter of Casuarinas squisstifolia L.

Growth stage Fcliage Woody matter
(menths past M, M, M, M, Mean 15D M, M, n;” Ff“ Mean  LSD
planting) {0.05) {0.085)
Calcium
0 342 342 342 342 342 NS 207 207 207 207 207 NS
1 346 364 348 364 353 NS 213 214 210 216 214 NS
3 3=0 355 350 kf-¥ 370 10 222 222 212 230 222 RS
-3 362 470 370 390 398 26 250 250 241 257 280 nS
¢ 380 450 370 410 443 27 160 192 193 202 187 i8
12 230 262 325 275 273 31 115 147 136 148 136 21
15 245 285 364 338 308 2 121 152 156 164 149 20
18 218 266 344 k¥ 288 30 118 148 148 152 142 23
21 196 247 328 306 269 38 104 136 162 166 142 21
24 182 222 312 292 252 34 o8 124 1584 156 133 19
27 144 218 292 276 245 20 112 146 156 151 141 18
30 176 220 288 272 241 20 92 126 152 1%8 132 12
Maan 268 312 336 330 312 22 151 172 178 184 172 16
Magnes ium
0 229 229 229 229 <29 KRB 133 133 133 133 133 -]
1 216 218 221 224 220 NS 126 128 124 132 128 RS
3 204 204 206 205 208 RS 11% 133 116 129 126 N3
5 162 158 162 158 160 NS 120 134 118 120 123 N8
9 ire 370 408 3ss 379 20 91 95 98 100 96 s
12 345 341 386 337 353 22 62 66 78 75 70 11
15 332 326 38¢ 340 348 21 60 64 T1 76 68 i1
is 340 346 378 342 352 18 64 71 716 81 73 11
21 321 134 372 344 343 20 58 64 78 84 71 14
24 314 328 366 321 333 23 4 62 o4 88 72 18
a7 320 324 I 326 336 24 59 62 B8é 92 7% 14
k1] 3as 332 380 333 343 24 62 64 a2 86 T4 15
Maan 291 293 323 293 300 15 as o0 1] 100 92 10
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those hoving the 05 only or FYM treated OS5 throughout the cbssrved
growth w2ricd axcert initially. Greaster aceumulation of Ca may be
aseribed o its crezeter availebility and suppressed availability of
Na 1. the secil resulting from an sprlication of gyrsum. The concéne
traticn cf Mg showed less marked differances, though stetistically
significaznt hetwean 9=30 months of the growth pericd. Its accumu-
latico wes the highest in plants hawving aprlication of the gyrsum alone
than its combinastion with FYM, FYM alonz and only the 8. But
ralztive concentraticn of Mg in foliage of plants growing with the
use cf only (5 was considerably high and it was interssting to know
of it: grester szbsorption than of Ca from the root zone.having
similsr steatus of water soluble Ca and Mg. Abllity of Casuarina to
abscrk considerably high emounts of Ca and Mg in & very high pH =so0il
indiczt2 th:t there may be some mechanism of zcid metabol ism which
sclublizz2e inscluble scil Ca and Mg through the action of acidic
metabelit:s. COtherwise, their concentration sheould have shown a
continucous decrease with the growth pericd de to the dllution effect,
It is olso evident from their relstively high accumulation in follage
of CTasuering rlante in restheles having gyrsum treated £1lling
mixturas which 2ffected bumrer growth of srecies. But again the
diluticn effect ¢f growth was not marked. Higher accumul ation of Ca
and Mg in fcliege than in the woody matter msy help intarscting the
deletericus affect of Nz accumulasticn on normal metabolic and rhotoe
synthetic activities of the plants. Such a behavicur may contribute
its but ia the cversll]l greater tolerance of Cgsuarine to highly

scdic seil. This needs further investigstion to understand the

specifilec =ffects, 17 sny.
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(¢} rhosvhorus and Sulphurs Ceoncentrfsticn of P in the foliage was

only marginally more then that of the woody mstter at all growth
stages. Aprlicztion of FYM slone to the 05 usad for refilling of
peosthol2s resulted in significantly greater accumulation of P in
beth of the comronents fhan rast of the rosthcle filling mixtures.
Mditisu of gyrsum alone followed by its combinaticon with FYM showed
minimim P concentration throughout the given stagehs of the growth
2ricds This may be attributed to the diluticon effect due to fast
growth c¢f riants }n such postholas and antagonism of sulphate, added
through gyrsun, with the abscrption of P from the soil. Irracnect
of different posthole flllling mixtures, F concentration of follage
and woody matter showed an increase with growth mntil 9 months stage,
It declinad afterwards sbruntly and voried little betwe=n 12«18 mconths
cf growth pericd sfter which its concentretion increased in the
foliage. How=aver, this was nct so for the woody matter, wheose P
concantraticn zftear 9 months stage showed a steady decline with the
growth. Th2 dyazmism of P accumulation pattarn of the folliage may
have resulted from its translocation from one component to another.
The rzalstive concentration of 83 in the foliage was 2.3 times
morz than ite value for the woody matter., Its accumulation was also
consideralbly more in both of the comcenents than thzt ¢f P at all
notad stac:s of the growth pariod. Sulphur concentraticn in folilage
also siicwed an increase until 9 months past planting. Rate of
accumnulaticn was significantly higher for the plants growing in
posthcles containing gyrsum alone or in conjuncticn with FYM followed
by FY#¥ alcnee. This 1is due to amnle suprly of sulphate throuch gyrsum
added to the root zone. But subsequently, S concentreoticn was found

reducad to about cne<half at 15 months growth stage for plants



‘Table 70. Bffect of selected posthole f£illing mixtures on the pericdic concentration (mmol kq'i)

of P and 3 in foliage and woody matter of Casuarina equisetifolia L.

@rowth stage Foliage Woody matter
{months ?ast M, M, M, M, Mean LSD ¥, ;?l2 ﬂ; M Mean  LSD
planting (0.05) (0.05)
Phosphorus
0 30.3 30.3 30.2 30.3 30.3 NS 21*3 21.3 21.3 21.3 21.3 NS
l 33.8 38.9 32.0 33.6 34.6 NS 24 .4 22.3 2643 24 .5 24 .4 NS
3 46.7 §2.3 3.7 48.0 a44.7 5.5 48,0 33.7 28.3 28.0 33.8 $.5
s 73.2 T2.3 413 319.3 8.0 6.8 82.85 62.7 42.3 41.7 57.3 6.2
9 60.3 727 498.0 63.0 61.3 B2 617 52.7 4.3 34.3 45.8 4.B
12 29.7 30.3 25.3 31.3 29.2 NS 31.3 28.3 19.3 22.3 28.3 5.0
15 32.8 36.9 22.3 24.5% 29.1 8.0 32.8 30.4 18 .8 19.4 25.3 6.2
18 34.6 43.4 24.8 26.5% 3i1.8 7.6 28.7 26.5 17.5 18,2 22.7 6.2
21 28.8 42.8 36.5 38.8 36.7 8.7 26.4 24.8 19.2 19.5 22.% 5.2
24 36.5 46.3 42.2 41.4 42.1 8.0 31.8 28,2 20.5 18.2 24.2 Se2
27 41.6 46.4 44.3 £42.8 43.8 NS 29.6 27.6 16.7 18.2 23.0 6.8
30 4847 51+5 41.5 38.2 4%.0 7,5 28 .7 29.2 16.2 18.3 23,1 T4
Moan 41.4 47.0 3%.8 3g.0 40.6 7.0 37.0 32.1 23.4 23.7 29.0 B.2
Sulphur
0 77.2 772 772 772 77.2 N5 48.1 48.1 48.1 48.1 48.1 NS
1 768 8l.4 89.3 88.2 B4 .4 4.6 48.3 49.2 49.0 50.0 49.3 NS
3 797 919 107.2 101.6 95,1 10.4 48.8 49.3 4£%9.1 431.1 4B8.1 8.0
55 89.7 105.1 139.1 11103 111¢3 12 .8 47.8 53“ 5000 39,7 47.7 7.6
] 106.6 97.2 109.7 117.8 107 .8 14.4 35.0 47.5% 60.3 50.0 48.2 8.3
12 90 .3 73.8 71.9 68 .4 T6el 6.8 281 45.0 T6.9 48.4 49.6 10.2
18 82 .4 713 60.5 5643 676 6.2 2242 416 74«8 52.6 47 .8 9.8
18 85.5 T4.2 61.7 5%B.5 70.0 7.1 24.5 32.8 62.3 S0.8 42.6 11.6
21 76.7 64.5 82.6 85.7 62.4 B.2 26.6 34.7 61.8 54.7 44.5% 10,7
24 62 .8 71.8 £4.3 56.2 61.3 8,0 30.3 32.3 60 .4 K562 44.8 11.6
27 66.4 T6.2 $5.8 58.3 64.4 8.6 24.2 27.2 53.1 52.5 39.5 12.4
30 71.5 78 .3 57.9 59.2 66.7 7.7 21.3 24 .6 50.6 48.4 36.2 11.2
Mean 80 .4 B0 +4 T8.2 75.7 78.7 RS 33.8 40.3 8.1 49.5 45.5 7.7
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grown in gyrsum treated postholes with little fluctuations
betwa=n 15«30 months growth pericd. However, S concentration in

-

the fcliac2 of Cesuerina plent, growing in pestholes refilled

with C3 alcne or (5 nlus FYM showed only a gradual decline after

9 months crowth stage untl] 21 and 24 months steges. Between

12«30 months ¢f growth period, accumulation ef S was significantly
mor=2 with beth of the sszid mixtures. This may be attributed to
relatively slower rate cf plant growth obtained with three mixturss.
But 5 ccucentr:tion in woody matter was significantly low in postholes
refilled with the S alcne or 03 plus FYM than those ccntaining
gypsum ¢r ¢yysum plus FYM mixed O3 throughout the observed growth
pericd.

(d) ditrcgens Daste (Tsble 71} on N concentraticn showed that its
relative accumulation in foliage was s ignificantly higher than in
the weedy mattar like P and €. But lte concentrotion was many times
greater iu both the components than thest of P 2nd 5. Concentraticn
of N in fcllagz 2nd woody mattar of saplings at planting wos the
highest. 1t was cbserved decreasing paricdice 113} with the advancerent
cf growth. Results showed repid decresse with rosthole 7illing
mixtures contalning gypsum alone or its combinaticn with FYM., It
imrlies theot this decrezse is a consaquence of rarid growth or the
diluticn effecte Therefeore, Casuarina rlants growing ia restholes
refilled with the €3 alene cor 8 plus FYM indicated cignificantly
higher sccumulation of N at al) the stages during the cbserved graowth
rericd. Relatively grzater accumulation of W in the bicmass rroiuced
by Cssuerina in a highly sodic scil with low aveilasble N status
dercastrates its ablility to use atmospharic dinltrcogen {ixed thrcugh

symbicsis with Frankis srecies (an actinomycetes). This species,
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Table 71. Effect of selectad posthole ﬁ.ll!.ng mixtures on ths
periodic concentration (mmoles kg”') of N in foliage
and woody metter of Casuarina equisetifolis L.

Growth stage R ioléggu Mean LSD
(months rast Hl "2 )ta B‘ (0.08)
planting)
o 1714. 1714 1714 1714 1714 ]
1 1672 1696 1652 1644 1666 NS
3 1446 1385 1164 1119 1279 50
5 1256 1064 872 826 1008 48
9 1166 1072 836 794 967 55
12 1087 926 744 7158 868 65
15 1112 970 736 696 879 €2
18 896 666 782 688 751 60
21 777 694 616 %45 658 70
24 746 680 532 538 624 65
27 786 627 531 528 612 56
30 714 600 496 503 %78 §0
Me ant 1114 1008 ess 859 467 55
Woody mattar
] 1136 1136 1136 1136 1136 NS
1 954 1064 1087 1045 1038 uS
3 862 846 694 711 778 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 3s
18 - 488 432 386 412 429 38
21 376 304 313 340 356 40
24 Y412 366 302 321 350 42
27 384 328 266 272 312 44
30 426 276 274 284 3158 48

Msan 628 593 539 547 Ly ¥ 51
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‘ therefors, has & promise to earich such scils with N thrcocugh
fixation cof dinitrogsn and production of litter containing high

amcunts of 3 and other essential nutrient eiements.

(e} Micronutrisats: Among the micronutrients, relative concentration

of Fe in folisge and woody mettar of Casuarina was the highest followed
by that of Mn (Table 72), Zn and Cu (Table 73}. Their accumulation
was more in the fcliage component in general at all the stages.
Concentrsticn of these four nutrients was max imum in the Casuarina
saplings at plantinge The concentration showed & decrease with the
growth. As growih was sigaificantly more in posgstholes refilled with
the 05 trected with either gyrsum alone oxr its combinaticn with FYM,
plants growing in swh postholes hed significantly low concentraticn
of micronutrients due to the dilution effect. Because of slow rate of
growth of rlazants in postholes refilled with the ¢S alcne, the relotive
concentr:zticn cf Zn and Mn in the feoliage was high, hcowever, Fe and

Cu accumul eticri was more with postholes refilled with FYM trested €S,
But differancas in concentration of these four micronutrients in the
woody matter were nct marked due to the effect of different posthola
£illing mixtures. abscluts concentraticns cf Fe, Mn, Zn and Cu in

the foliage of Tasuarina showe” that plant growﬁx may not snffer due to
the deficiency of any of these. These values may be regarded optimum
in view oZ the genzaralized values reported by Kanwsr and Randhawa

(1978) fcr differant types of plants.

(£) dater Relations of Casuarinas Casuarina plants growing in

postholes refilled with the given four different mixtures to watering
during thz winter and the summer seasons (Fig.21) showdd marked

differ:nc:s in their water relaticns, Relztive turgidity (RT) of



Table T72. Effect of selacted posthele £illing mixtures on periodic concentration (mmoles kg'l)‘
of Fe and Mn in foliage and woody matter of Casuarina equisetifolia L.

Growth stage Fcllage woody matter —
(months past M M, '_glda M, Mean  LSD M ¥, HS 114 Maan  LSD
planting) (0.05) (0.05)
Iron
0 40.00 40.00 40.00 40.00 40.00 N8 12.32 12.32 12.32 12.32 12.32 RS
1 38.36 36.46 34.8B4 35.65 36,33 1.06 11.68 12.04 11.48 10.96 11.% NS
3 32.32 26,79 20.71 20.%4 25,09 2.24 G446 10.36 9.46 9.29 9.64 NS
5 10.18 9.29 T.14 7 .68 B.57 1.6% 4 .46 5.36 3.93 4.29 4.51 NS
9 1107 1411 11«25 13.21 12.41 2.04 4.29 4 .64 3.93 4.11 4.24 B8
12 13.21 10.71 8.39 11.43 10.94 2.22 3.63 4.29 3.21 31.04 3.562 N8
15 11.68 9¢8& 6.36 7-44 8&84 2.18 4.16 4.74 4-56 3068 4.29 NE s
i8 10.35 9.64 7.59 5.36 ‘B.49 1.88 4.4 4,92 4,77 4.65 4,72 RS
21 9.64 836 714 6.84 8.00 2.64 3.08 4.16 4.2B 4.26 4.17 NS
<4 8,36 T.48 6.26 .66 Tel® 1.92 3 .65 3.88 4.06 4.38 4.12 N
27 9.14 Be32 6.18 5.68 7233 1.96 3.44 3.56 J.08 4.16 3.758 NS
30 8.58 T.16 6.20 5.92 6.97 1.84 3.62 4.12  3.98 4.38 4.08 NS
Mean 16.9% 15.68 13.51 13.9% 15.01 1.55 5.81 6.20 5.82 5.79 S92 s
Manganese
0 208 208 2.08 2.08 2.08 NS 1.04 1.04 104 1.04 1.04 ns
1 2.22 2438 2.16 222 2,28 NS 1.00 1.00 0.96 0.94 C.98 NS
3 3.51 3.26 2.09 2.04 2.73 1.14 0.%8 1.00 0.83 0.84 0.94 N3
S 4.5%% 3.64 2426 2.08 3.13 1.26 0.64 0.95% 0.87 0.84 0.90 3
9 4.51 2+89 2.16 227 2.96 1.32. 1.89 1.02 0.96 0.80 112 0.36
12 2429 1.44 1469 1.42 1.71 NS 2.76 1.0 1.07 0.82 1.41 0.48
15 2.84 1.20 1.46 128 187 1.18 1.62 0.96 O.B4 0.76 1«12 Q.52
18 2.72 1.65 1.52 1+36 1.81 122 1-82 C.87 0«88 0.66 106 0.44
21 3.36 145 126 1.09 179 1.36 1.64 1.12 0.76 0.48 1.00 0.36
24 2.64 1.58 1.38 1428 172 1.16 1.78 1.14 0D.04 0.60 1.12 0.48
27 2.32 1.14 1.46 1.32 1.56 1.06 1.64 1.32 D.88 0.66 1.13 0.58
io 2.66 118 1.26 1416 157 0©.90 1.52 1.26 0.96 0.72 1.12 0.46

§§1



Table 73. Effect of s2)2ct2d posthole f£filling mixtures on the periodic concentrasticn (mmoles x,103
kg«1 ) of Zn zad Cu in foliage and woody matter of Casuarins equisetifolia L.

Growth stage Felince _”__ Woody matter _
{(months rast Ml My Py M‘ Mean 15D M b& ‘Hs Mi Mean  LSD
planting) (0.05) 1 (0 .05)
Zinc
0 462 162 462 462 462 ws 246 246 246 246 - 246 NS
1 452 438 448 438 444 NS 238 246 238 246 242 NS
3 ags 400 400 323 3317 42 231 231 231 246 235 NS
5 292 333 308 292 308 30 215 231 215 231 222 NS
e 269 262 246 200 242 3a 138 154 154 152 150 NS
12 262 27 246 215 250 45 123 092 62 108 96 40
15 248 284 23p 202 243 40 126 cag 56 076 87 44
18 272 296 214 224 282 LY 132 076 48 076 083 56,
21 256 282 238 240 253 48 118 102 §2 062 086 52
24 244 286 216 228 244 &0 126 0a2 56 0.62 84 55
27 232 274 216 228 238 48 112 088 556 56 78 45
30 245 2645 216 236 241 44 112 0Bg 48 £6 76 82
Mean 301 32% 287 274 296 35 160 145 123 135 140 NS
Coppsr
0 125 125 125 1258 125 NS 156 156 156 156 156 NS
1 125% 125 1258 125 128 {3 156 156 156 141 151 NS
3 125 141 128 125 129 NG 41 156 156 141 149 NS
5 125 141 125 112 126 16 1256 156 141 125 137 NS
9 141 141 112 112 127 20 94 o4 678 07¢ 86 NS
12 T8 125 103 1312 105 20 47 31 031 047 39 NS
1% T8 125 78 86 92 16 47 47 031 47 43 o 23
ie 64 0gé G4 &4 70 16 31 47 047 31 39 NS
21 56 086 54 78 71 20 31 33 47 31 35 NS
24 64 078 56 64 66 20 31 47 31 a7 39 NS
27 56 0l 56 18 67 20 47 31 47 47 48 NS
30 64 N&4 56 56 60 NS 47 31 31 47 39 NS
Mean 92 110 91 05 97 NS 79 B2 79 78 80 NS
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Fig. 2l. Effect of watering on changes in relative turgidity of Casuarina foliage during winter of
1982-83 (a) and summer of 1983 (b)
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'plants in posthcoles receiwving = sprlication of their gyrsum or

gyrsum plus FYM indicated little fluctuations with time during both
the seascnse. But there wss a marked irregularity in the RT of foliage
of plants grewing in postholes refilled by the CS5 slone or 0S plus

FYM and recsrconse to wataring was cbsarved maximum in that treatments.
This imrliss that the addition of the 0S alone or 0S plus FYM d4id

not am2licrzte the s0il to an extent favourable for the growth cof
rocts tc hcrizons of ensured water avellability as did the aprlication
of aither gyrsum alone or gypsum plus FYM. Plants in case cof the
former treatments, thus, suffer water stress snd responded to watering.
High sci) sodicity thrcughcut the entire depth of nostholes refilled
with th2 5 slone or 0S8 plus FYM is the cogent caus= that restricted
root growthe Such cbhservations ware made by other workers (Abrel and
Acharya, 1975f Acharya et al., 1979) in case of fleld c¢rors. Aprlicata
ion of ajither gyrsum alone or gypsum nlus FYM resulted in greater
degree ol amzlicrrticen of s0il which not only helred in fast rroli.
faraticn c¢f rcots but also higher inflltration and in turn storage in
the roct zcne. During winter saason, RT of plants ¢growing in prostholes
containing no avrlicestion cf gypsum was observed to increase with
watering thesn those having gyrsum treated mixtures. But this was not
the case i: surmmer season. This is ascribed to the low evarotransw
piraticn demands during the winter seascn and relatively poor growth

of rlants in pnostheoles contzining the 08 alone or 0§ rlus FYM.
Irreocract cof cther facters, the RT is rencorted to fecrease with

growth and high atmospheric evapotransrirstion demand= (Zahner, 1968;

Kozlowsh i, 1979) .
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§.5 Evaluation of Selected Tree Species for Their Tolarance to
Scdicity end Mechanicsl Impedance in & Highly Sodic Solil.

Introducticns Scil sodicity is one cf the important coanstraints

which mske the scil envirconmeant inhoscitable and impsirs the growth
of th: rlants being demesticated by the mankind. Therefore, most
highly sdalic scils are devoid of gresnery rvossescing much economic
significance. Afforestaticm of these desertified lands aprears
promisinc for not only maintaining the heglthy ecolegizel balance that
has be :n severely disturbed dAue to indiscriminate large scalzs cutting
of wood in the rast but also to creste rescuvrces to meat additional
futur: neads ¢f firewced, forage and cother products. Considering the
vast scope thst scdie scils hold for afforestation, only a few efforts
have bssn made 1n this directicn, This is so beceuss 1imited research
wdt]’;"ha.s béen dene on the fileld sé.ale. Thus, lack cof axrarimental
evidences heve a s2rious bearing on formulation of rlans md programmes
to afforest such soils.

Ia view of advarse prorerties of the scdic solle, establishment
of trees requir:s a correct choice of specles in additicn to any special
treatment for site preparation. Cholce cf a promising species for such
soils dzrends upon the local agreclimate, scil conditicns, potential
availability of species and purrcse of the plant:iticn i.e. industrial
usz2t (firewocod, pulmwood, ssow timber and resnel rroducts) domestic uses
(firewced, poles, stzkes), savironmental protecticn, amenity, shade,
shalter, ‘cod, for~ge an?® browse and amelicreticn of the scil through
leaf fall, .+ £ixaticn and accompanying rhysicc—chemical rhencmena.
This 2x¥rariment was cenductad o investigate the tolerance of select2d
tree speciles wama rlanted thrcough newly davelcered pesthels technique

in a hichly sedic scil.



Methodology: To eviluate the performance cof selected aight trse

spacies nemely albizia lebbec L. Benth (Siris), Azadirachta indicas

Juss. (sez2m), Dalbergis sissooc Roxb. (Shisham), Morus indica var. alba

L. (Shahtcct}, Porulus deltoides Bartr. (Poprlar), pProsopis fuliflora

fructiccsum DCe. (Jamoa) in a highly sodic soil, this experiment was

carriad cut st Gudha Farm of the institute. Detsils sbout rhysico-
chamiczl characteristice of the =2xxperimental site are rresented in

Parteal of the current charter.

Rebust and uniformly looking saplings each of the given sreciles
ware rlantad on March 31,1980 in shellow and deep postholes. Shallow
posthcles werz 30 ocm wid2 (dis.} and 60 cm deep and were dug out
mechaaicelly usine 2 soil auger runr by tractor power (Plate 2). Deer
rostholes wers rrepered by deepening of shallow postheles (30 cm X
30 cm) dug cut with tractor operated auger to 120 cm depth with 15 cm
dia. (15 cm X 61=120 cm} manvally orersated scil augers. Aprroximate
volume of the soil dug out in shallow and deep postheoles was calculstad
to b2 42412 cc (T4+2 kg) and 530314 cc (w 92.8 kg) resvectively. Each
posthcle was refilled with a mixture comprising surface (0=30 cm) soil
collected from a patch supporting natural vegetaticn within the
experim:ntel field, B kg FYM of good quality (Table 74} and 3 kg
agriculturzl)l grade gyrsum cf 70 rer cent purity, 25 g N (27.8 kg ha-l)
as ursés a0 rice husk with scil In = ratic of 3:2 by volume. Ancother
dos2 of sgme amount of N was aprlied to esch rlant with irrigestion

water 180 days after nlanting.



Table 74. Chemicszl comrosition of the FYM used in the rosthole
f£illing mixture.

Item N r K a Mg S Fe Mn an cu
(mo1 kg™l (mmol kq~3)

Concentreticn 0.27 0.10 0.31 0.21 0422 0.14 45.4 5.2 0.48 0.44
- g - mg

amcuat added 39 16 62 43 27 23 2.5 0.3 3 28
throuch 8 kg
BYM

*FYM at the time of use had 32.40 per c2nt moisture (fresh wt. hasis).

Exrariment was rerlic:ted four times in a factorial (eight tree
species rlant2d in twc tyres of posthcles) randomizad block design
layout. Each replicate included four plants. Distance between row to
row and nlant to rlent was maintained st 3 m (11131 plants ha"l}. Age

of the serlings cf Siris, Neem, Shisham, Shahteoot, Poplar, Mesquite,

Jaman znd ssamoa at planting time was sbout 8, 6, 18,18, 12, 6, 8 and 9
months respectively. Plants were watered on the need felt basis for

about four months rast planting to sid their establishment.

paricidic observations on per cent survival and growth indices
{(m:x {mum heicht and stem girth diameter at 5 snd 30 om height above the
ground lev=2l) were recorded after 15, 45, 7%, 210, 360, 540 and 720
days of rlanting. Experiment was terminated 720 days ra<t rlanting to
evaluate the surtiving species in terms of their (s} vrimary biomass
yield. () Chemicsl comrcsition of warious plant ccmnponents () root
growth beheviour end (d) intensive analysds of soll profiles in the
vicinity cf growing trees teo st:.:dy mechanicsl impedance snd |
jdentiiicesticn of salient scil characteristics which may modify the

trea crowth directly cr indirectly. Procedures followed to accomplish
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and guantify thz given observetions are presented in Chapter IIIX.
Somz cf the important agro-climatolcgical conditions that prevailed

during the observed growth reriod are dericted in Fig. 22.

Results and Discussicnt The experimental results on varions aspects

of thir investigation are rresented and discussed below under wvarious

headsa:s

A. Per Cent Survivels Data (Table 75 and spprendix I1I) showed an

increare but veryine mortality among selected srecies subsequant to

planting excert Shiisham. Mortality cccurred mors frequently until 360
days ol nlantinc then later cn when per c_e__nt survival of given species
tend2d to stecbilize. The species which survived hostility of the soil
so_dicit:y hazard® differently demonstrated no change in per cent survival

after 540 as well as 720 days of planting.

A1l Penlar rlants died just 45 days after planting but they
indicsted growth end survival up to 30 days. Rest of the species showed

cent n2r c:nt survival during this rericd, however, significent diff-

Following comrlete mertality cf Porlar, rer cent survival of Jaman
and shehtcct decreassed reriodicel 'y to extinction after 540 days of
planting when rest of the srecies were noticed to indicate little
varleticnoa

2ffert of the two tyres of postholes on the per cent surival
was alsc sicnificent. Irresrect of the tree species, rer cant survival
wes mer2 in shllow than in tﬂemd'eep rostholes throughout the noted
growi-h rerictd but etatistical significance was computed to cccur at only
thrze growth stag:s i.e. 75, 210 and 360 days after planting (#ig.23).

Oecurrence «f mertality in deer rostholes was not only cf high crder but



Table 75. Paricdic par cent survival cf selected tree species
in & highly sodic scil.

Tree Growth period, d st plantin

spacies 15 45 7E 210 360 540 ~ 720
Jiris 100 100 83 93 87 69 69
Naam 109 100 100 75 63 63 63
Shisaam 130 100 100 100 100 100 100
shahtoot 109 107 130 175 25 ] 0
Pevlenr 100 0 D 0 ) ] 0
Mgy it 100 100 100 a7 BR7 87 87
J gmen 100 100 75 18 12 0 0
J amoa 100 100 100 €8 56 50 50
LoD {n.D8} WS 10 13 23 25 23 23

19
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2180 nnheznced cconsiderably. But this was aot so in Mesquite

and saishame Ter cent survivel dsta (Table 75), thus show that
mortelity cf the s2]lected specles cccurzd differently but mostly
batwez2a 75 to 364 days rast planting. Differences among the given
tr:a csrecles wers remarkable throughout the growth pericd. ©Of the
zight rpecies studierd, Foplar, Jaman and Jamcs met comrlete mortal ity

wheress roer g2t survivzel cf Shisham, Mesquite, Siris‘, Neem and Jamoa

was 197, &7, 7%, 75 and 50 1i: shallow and 100, 87, 62, 5% 2nd 50 in

dear rostholen after 540 as well as 720 days of planting, racrractively.

A2)a*tively hirh rer cent survival of Shishem and Masquite
irrasrect ¢f th: tyre of posthole used ¥o rrepare the vlanting site
may b3 attribute’? to their gr2eter telerance v high scil sodicity

than Siris, Jdzom nd Jamose The latter species indicated moderate

toclarance wheress Poplar, Jaman end Shahtoct were fou.d pocrly tolerant
and [ 4lad to survive. Similar survivel esch of Mesquite and Shisham
i bot tyras f rostholes furthar indiczts thelr greater relgtive
tolzirace t.aa of Sirds and Huewm whose rer ¢ent survival in the shallow
rastholers wos more than in deeper cnese. This brings out that

apriic ticn of sewe dose of gyrsum and FYM caused amel lorsticn of the
s0i. 1u siallcw rostheles 0 & grzater degres than in the deep ncstheoles
wits, cunrcreatively larger velume of the scils. This may be termed
diut:. .. offect of arprlisd amendments. The btter rerformance and

qurvival .y Mzsguite, Siris, sShishsm and dN20m was revorted by other

workers av stotad in o review by Yadav (1980). PRut contracy rerocrts
. rerorted
about all of tie s=2id specoies exzerpt Mesquite are also/in litersture.

Be Growth luadices

(a) Beight Growth: Dota on periosdic height growth of tree species

with @iffarent rurvival per cent indicsted significant veriations.
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'poplar 7id not grow in height hefore complete mortality (Aprendix Iv).
Jamsn zil Zhahtoot showsd an increase in heicht though slight until
7% days <f rlanting. But all the plants of both the srecies were dead

after 7% =07 16" doys of planting respectively.

Juriae; the chzerved growth reriod, maximim height growth was

raccriz” for MasqQuive znd it wes followed by Sivis, shisham, deem and

Jamos (Fice. Z') . Ia the initial stages, height growth rate was very

Sicws Avor:c> dacraase in helght ¢ MesQuite, S5iris, Shisham, neom

aad Jeanca 15 a4 75 days past rlanting weas 43 (16 o), 3 (3 cm), 6

(3 and, 7 (2 em), 6 (3 cm: and 81 (30 emy, 52 (16 em), 25 (13 cm),
27 (8 2n), 6 (3 cmy rer cent respectively over the initial height
recordst 18 doys after plantinge Subsegqueatly, Mesquite and Sirids

shoae it o c2latively faster height growth than Shisham, Nesm snd Jamca.

Av:ar.gn s icht of Masquite incrazsed from 67 om after 75 days to
365 < (475 rer cent) after 720 days of plantinge Height growth of

siris during the sane rericd was 205 ¢m (436 rer cent). Height growth

0; wiiishers, nNeam atd Jamea was relztivelyv very slow. Jamoa showed no

heigut crewth in +the initial years cof vlanting although it attained
helght incremepts »F 18 {2 cm), 43 (22 em) #nd 65 (33 cm) ver cent

ov>r th> initiz}l holcht 2t planting. Fer ¢nt increacse ia height4s,

75, 210, 36N, 845 end 720 days rast rlanting “or Shisham and Jeem

were ¢ (2 <o), “f (13 em), 73 (37 emd, 82 (42 om}, 10 (S5 em), 157

80 cm) 0 7T (2 2m), 33 (10 om), 3152 {46 cm), 197 (B¢ cm), 263 (79 cm),
313 (04 om) res-2ctively. Growth Jvring winter (Nove. te feb,) merked
with co.sifarably low temperzturs (Fig. 22) was almest negligible.

This msv bz gecribed to adverse effect cf low temreratures cii plant

petabolism. Sxcent Siris and Shisham (deciduous), rest of the

surviviice sreciss were of evergree: nature. Helight growth 2quations
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Table T6. Haicht growth curves of the tree species in a highly
zodic scil.
Tree sr=cies  Growth edquation Ri
height (o)
Shallow pesthcele rnlanting
siris 1845 4 0.481 8 = 1.60 x 1077 &° 0.995%w
Neem 2242 4 0.294 d - 1.93 x 107% &° 0.992%#
Sh isham 16.7 + 94211 d - 1.63 x 1077 a2 1,977 4w
Mesquite 20.1 4 0.084 d « 6.50 x 107+ &2 0.952%#
Jamca 531 4 0.004 A 4 7.08 x 107> &° N.086%%
Mean 1449 + 1.262 @ - B.24 x 107> a° 0.991 %+
Desp posthcole planting
siris 2244 4 0201 4 4+ 1.28 % 10"'5 al D.CaR**
2N 26.9 4 0.183 §d - §.19 x 10'5 d2 0 .081%w
Shishan 53.5 4 0,067 4 + 7.12 x 107 42 0.954wx
Mecquite 23.2 + 0.648 A = 7.70 x 107> a2 0.903%w
Jamoa 51.0 4 N.006 d + 5.31 x 1072 &% 0.580+
Mean 18.2 4+ 04112 4 + 1.75 x 10"4 8> 00RO

4 deacts drve

rert rlanting.
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of the surviving five species &n the two tyres of rosthole planting

are nrzesant:d in Takle 76.

Bffect of th> twe posthole typcés on height growth was marked
although stetisticelly signiflicant difference rrevalled only at two
growth stzgas (210 2ad 360 days past planting} (Fig. 25). The height

growth of Sirie, dzem ond Shisham planted in shallow postholes was

significantly more than in the deer ones thrcughout thair growth

perici excert in the Initial 75 days (Fig. 26} . Sinilar cbservations
ware nefde 1o Mesquite in the early growth varicd but the raverse was
apoticad ft-r 360 days of rlanting. Height growth of Mesquite in deep
pestholas hetween 360=720 days of planting ococcurred zt a r=te which
not caly racouped the lag but alsc established a considearable lead over
the avar«g2 helight of Mesquits rnlanted in the shallow postheles.

During the latzr steges cf growth rericd, Masguite growth in haight
was slow hut more biomass rroductivity in terms cof braaching on the
main stem wss ch:served. Therefore, sbsolut> height == a3 measure of

growth o bicwmess rrofuetivity may heve a limitaticon.

(b) CGirth Growth: Paricdic changes in the stem girth diameter at

5§ em (931} Beicht (fic. 27a) esbove ground leva] shcwe” that girth
growth wos slws st negligible until 75 days of growth. But subsequently
the sicnificznt di<ferancas developed smeng the growiog tree specles.
The JI8H of Mesquite nd 31ris wss almecst tantamount at 210 days growth
stagee But later on increase in Mesquite cccured =2t a faster rots
than ic $irds though girth growth of hoeth was signiflicantly more than
rest of the sracies throughout thes noted growth rericds. FPoplar,
shahts: t aud Jaman Jded after 45, 210 and 360 days of planting
res-otively (Appendices V and VI). A gratual decline in their

st o irth with time after rnlanting was a2vident. Tha cogent causs may
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be the breaskdown =nd wmobilizstion of stored snergy for continual
survival cnce the plant system ceasedl synthesisa food because of
imrending s0il sodicity stress, Similar were the chservsticns on
girth growth =t 30 om height (Fig. 27b) except that girth dizmeter

values we. 2 lower than DSH in all the species,.

T2 DSH of Mesquite ircreased from 11 mm aftexr 75 days to 104
mn (84% per cent) after 720 days of planting. Increase in Siris
during the scme span was 63 mm (573 per cent)., But increase in the
girth dizreter of Mesquite and Siris at 30 om height betwe=n 75-720
days cof rlanting was 87 mm (1243 per cent) and 54 mm (675 per cant)

resrectivaly (Fige 27b) e Girth growth of Shisham, Neem and Jamoa

occured ot & relatively slower rate than elther of Mesquite or of
Siris. CGirth growth cf Neem was more consistent snd glirth diameter
at 5 om aad 30 om height recorded after 45, 75, 210, 360, S40 and 720
days past rlanting wes 7, 99, 14, 28, 42, 54 and 4, 6, 9, 18, 32, 42
mn respactively. This indicated an owerall increase of 47 mm (671
per cect) and 18 me{S50 rer ca2nt) in Adiasmeter at 5 and 30 cm helight
during 720 days of growthe Correspronding values for Shisham and Jamoa
were 500 (35 mm) and $S80 (29 mm) per cent and 5689 (53 mm) and 367
(22 mm) rer cent respectively. Girth growth equations of the given
trée spucize planted in shellow and deep postholes are rresanted in
Table T77.

sffect of the twoe posthcle types was also significant on the
girth diszmeter at 5 and 30 cm stem height of the surviving species
throughcut the noted growth period except first 75-210 dasys (Fig.28).
Stumr girth diameter in both tyres of veosthole planting was at par

until 210 days of planting irresrect of the given species. However,
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Table 77. Girth growth equations of the ¢given trae species

Girth “Growth equation 2
dismeter (mw R
of speacies ‘
(a) Girth diameter at 5 c¢m height of stem when planted in shallow
nostholes.
Siris 3.6 + 0.100 @ + 2.89 x 10° &° T TN
Neem 3e4 5 0.088 d + 3.69 x 107°a° 0.9 0n+
Shisham 4.7 % 0.050 4 - 4.11 x 10™%4? 0.983we
Mesquits 646 + 0,063 4 1.97 x 10”°a° 0.981%%
Jsmoa 2.2 4 0.107  # 2.68 x 10-°a° 0.987%¢
Mean 1e3 4 D0T7I4 + 2461 x 10“5d2 D.982%+
Girth diamater at 5 ¢m height of stem when planted in deep rostholes
Siris 752 4 0.038 4 + 5.15 x 107°a° N.001%e
Heem 4.2 + 0.078 @ ~ 3.59 x 10™°a° 0.935=
Sh isham 6.7 + 0.028 4 + 4.04 x 10'5d2 0.9079n
Meaquite 8.8 + 0.015 4 + 8.67 x 107242 0 .907¢w
Jamos ~11 4+ 0.160 d + 2.68 x 107°a2 0.987+
Mo an 6.0 + D.050 4 5.30 x 10~-a2 0 .0a7%w

(b) Girth diamter at 30 om helght of stem whan planted in shallow

pesthcles. SRR
siris - 443 4 D.4D + 7.78 x 107242 D.00 **
Neem 2.0 + 0.046 + 3.45 x 107°a? 0.982%s
Shishsm 4.2 ¥ D.022 4 2.47 x 107°a? 0.997%%
Mesquite 4.3 3 0,033  + 6.38 x 10°%3° 0.990%»
Jamoa 045 + 0.086 4+ 4.17 x 107> 0.985%*
Mean 2.5 + 0,051 # 3.19 x 10™> 0e9854w

Girth diameter at 30 om height of stem when prlanted in deep postholes.

Siris 6.5 + 0.008 4 6.74 x 10"5 0.978%®
Hoem 3.8 4 0.015 4 3.61 x 107> 0.994%%
Shisham 4.0 3 0.016 + 3.55 x 10‘5 0.999%e
Mesguite 5.0 4 0.019 + 1.77 x 10'5 0.995%*
Jamoa “145 + 04121  + 5.09 x 107> 0.980%%
Kean 3.7 4 0.034 4 4.47 x 107 D.992%¢

4 dencte dasys past planting.
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girth diameter at 30 om height differed significsntly with the

two ty'es at this growth stage. Subsasguently, the avarage girth
diasetar st both the heights remained significantly greater-in
shallow than in the deep rosthole planting. But this differonces

in stuor heligint girth diamater at 720 days growth stages attained
almost rerity. This may be attributed to different growth bshaviour
¢E the civen trez species when nlante? in the twe tyn3s of postholas.
Girth disreter =t 5 om (Fig. 29} and 30 cm (Fig. 31} stem height

of 5iris ~nd Wzem was significantly greater in shallow than in the
daeep rosthcle rlanting at all the growth stagas beyond 2310 days of
rlantinc. But crrcosite was true for Mesquite. BSuch an effect was,
how»ver, unmerkad in Shisham and Jamca. Data further shcwed that the
absoluve girth dismeter at 5 cm height was markedly.higher than at

30 om cf tha live spacies throughcut the recorded growth period.
!

The heicht and girth growth data, thus, clesrly indicated
relatively grester tolersnce of Mesquite and Siris. Mesquite showed
rapid early growth in the de»p rosthcles whersas Siris and Neem in
shallow cnes desrlte their cconsiderabls mertality. This brings out
that the letter two need sodic soil amelioration to a greaster degree

for th:ir establishment casused by aprlicetion of same dose cf gyrsum
and FYM in shallow than the deer rostholes with a ]larger volume,.

Cent »ar survival of Shisham was an interesting chservestion but its
grewth of height and girth was quite slowe dJamoz slsc showed wvery
slow crowthe The rosult: ccrrebeorste the rarorts of several authors
ecmpiled Yv Yedav (1980}, However, there is no evidenc= in literature
tc comrore qrowth and rer cent survivel of the glven tres rsrecles in

" view cf the rhysiccmch2mi~al characteristics of different planting -

sites witn th2 cng under this exveriment.
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C. Frimary Bicmsss Productiont Do-ts (Tsbie 78) on average biomsss |

yield per rlant of the five tree srecles in a growth period of 720
days indicszte huge differences anong themselves. Mesquite yielded
the hichzst amount of dry matter whareas it wes the lowest in the
case of Jvemca. The mean total of & Mesquite plant was messured
17718 sud was several fclds the rer rlant yield of Siris (5577 g,
dgem (651 ¢), Shisham (349 g) an? Jamca (293 ¢). Similar order was
chsarved for the asrial (foliage znd woody mattor) biomass vield
{Tabl=2 78), rootcs (Tsbla T9) and the oody mstter (Table 80N) comro.
nants of the total biomess rrod wticn of these srecles. In case of
foliag=2, Shisham intercheng=d its rank with Jamoa (Table 80). Biloass
yields reccerded cn fresh weight besis of all the componente of these
specizs were conrid-rebly high dqe te the molsture content. Mean
moistur> contant of roots, woody mattar and foliage was determined

to vary betwe:an 5265, 54-67 and 5672 per cent respectively.

Rasultr alsc show the signific:nt effect of two types of poste
holzs on the totsl biomass yileld (Table 78) as well as the different
componants namzly roots (Table 79)] fo'iage and woody matter in the
form of stem and twigs or billets (Table 80). M=eguite produced
siéniiicantly higher biomas= whon planted in deev (23252 g plantfl)
than in shellow (12183 g plant'l) prosthcles. Trand wag contrary to

Siris. This type of effect was not significant in Neem, Jamca and

Shish2me However, rel ctive yields of Alfferent rlant comronente, and

“in turn, the total biomass wes more in the deep postholes whersas Neem
and Jamca gave more yield in the shallow rostheles. Shoot.root

relations of these speciss tyrify the grester ef iciency of the root syst
of Mesquite in producing significantly higher aerijial bilemazs comrrising

folisge ond woedy matber (stem and secondary branches). This is cleegr



Table 78. Biomass yield (g plant"'l) after 720 growth days of the
given specias planted in shallow and deep postholes in
a highly sodic soll.
Species Oven dry basls Fresh m%ht basis
Shallow Deep Maan Shallow 8D Mean
Aerial biomass (Foliages stem and twigs)
8iris 4983 2212 3598 11918 5268 8593
(5537) (2458) (3998) (13242) (5853) (9548)
Neeam Sgé 316 450 1350 702 1026
(649) {(351) (500) {1%00) {780) (1140)
Shisham 156 26% 211 554 770 662
(173} {294) (234) {616} {856) (736)
Mesquite 10532 19699 15116 26297 47298 36798
(11702) (21888) (16796) (29219) (52553) (40867)
Jamoa 199 150 178 €08 464 536
(221) {167) (194) (676) {31%) (596)
Mean 3291 4529 3910 8145 10900 9523
(3656) (5032) (4344) {90%0) (12112) (10%81)
LSD(0.05)3 Species ' 218 264
{242) (293)
Postholen 222 252
(247 (280)
Intersction 276 323
{(307) {(359)
Total (Foliage 4+ Stem and twigs 4+ Roots)
Siris 8538 2616 = 85577 19783 6330 13057
{o487) (2907) (6197) (21981} {7033) (314508)
Neem 901 406 654 2186 990 1588
(1001) (451) (727) (2429) {1100) (1764)
shisheam 282 4198 349 869 1232 1053
(313) (461) {388) (966) (1369) (1168)
Mesquite 12183 23252 17718 29983 54532 42258
(13537) (25836) (19687} (33314) (60591) (46953)
Jamoa 326 288 293 923 717 819
(362) (287) {326) {1023) (797) (910)
Mean 4446 5389 4918 10748 12760 11758
' {4940) (5988) (S464) (11943) (14178) (13061)
| 1SD(0.0S)s Species 1320 1460
‘ (1467) (1622)
Postholes éad 1296
{760) (1440)
Interaction 1868 1964
{2076) (2182)

li:jures in parentheses denote corresponding values in kg ha~?
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Table 79. Root hiomass production (g plant"") aftar 720 growth

days of the given specles planted in shallow and deep
postholes in a highly solic soil.

Species Cven dry basis “Prash we Lght basls
“Shellow __ Desp Mean  Shaliow Deep ¥ean
Sixis 3588 404 1980 7865 1062 4464
{3950) (449) (2200) (8739) (1180) {2960)
Naem 317 20 204 816 288 - 562
{352) {101} (22N (9229) {320) (624)
Shisham 126 150 138 315 462 389
{140) {167) (153) (330) {513) (432)
Masquite 1651 355) 2602 isas T234 2460
{1834) (3948} (2891) {4096} {6038) {6D6T)
Jamoa 127 108 118 282 228 255
(141) (120) {131) (313) (253) (283)
Mean 1155 pé1 1008 2597 1655 2226
(1283) (957) (1120) (26486) (2061) (2473)
LSD (0 .05) Species 304 &
{338) {409)
Postholes 192 284
{213} (316)
Intaraction 430 ' 562
(478) (624)

¥figures in parentheses dencte corresponding values in kg ne~l.



Table 60. Biowass yield (g plant™?) after 720 growth dsys of the
given species planted in shallow and dGeep postholes in

a highly sodic soil.

Species Oven dry basls Fresh weloht basis
“Shallow :%;; Haan "ssgzw:::ﬁ.,_g _____Mean
Yolisge

Siris 736 428 581 2654 1428 2041
(818) {472) (64 6) {2949) {1587) (2268}

Naem 153 135 144 388 3138 363
{170) (150) (160) {431) {376) (404)

shisham 35 46 41 128 168 148
- {39) (51) (46) (142) {(187) (164)
Maaquite 2308 4177 3243 7665 13462 10564
{2546) {4641) {(3603) (8517) (14958) (11738)

Jamoa 70 £6 63 242 182 212
] ' (78) {62) (70) (269) (202) (236)
Maan 660 968 804 2238 3116 2676
(733) {1076) (893) (2483) (3462) {2973)

LSD(0.05) s Spacies - 104 206
(116) (229)

Postholas &5 112

(72) (124)

Interaction 146 218

{162) (242)

Hoody matter (Stem and twigs exclvding foliage)

S8iris 4247 1787 3017
(4718) {1966) {3352)

Neam 431 161 - 306
i (479) {201) (340)
Shisham 121 219 170
(131) (243) (189)

Masdquite 8224 15822 11873
{5118) (17247) {13192)

Jamoa 129 94 112
(143} (104) (124)

Maan 2630 3561 3096
(2922) (3957) {3439)

LSD{0.05)s Spacias 768
{850)

Postholes $63,

(630)

Interaction 1082

{1202)

9264
(10293)

962
(106%)

426
(473)

18632
{20702)

366
(407}

%930
{6559)

3840
(4267)

364
{404)

602
{669)

33838
(37596)

282
(313)

7785
{a650)

6582
{7280)

663
{7137

514
(571)

26234
(29149)

324
(360)

6857
(7619)

878
(976)

614
(682)

1282
(1424)

Mgures in pareantheses denots corresponding values in kg ha’lo
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from the data (Tsble 81) showing widest shootsreoot ratio of Mesquite.
Shootsireoot ratles of Siris and Neem grown up in shallow postheles
wars zlsc noted to be considersbly wide. But their abszolute ylalds
of th» aarial biomass (shoot) weare markedly less than that of Mesquite.
Shisham :nd Jamoa had narrow choot: root ratios as well as unsatisfe

actory crowth of both the rocts and shoots.

Table 81. Shoctirect ratios of biomass produced by different -~pecles
in & growth reried of 720 days.

Specias ' Gven dry biomass Fresh
Shellow Deep Mean  Shallow Deep Me an
siris 1440 5.48 1.82 1.52 4.96 1.93
Neam 1.84 3.51 2.21 1.62 2.44 1.83
Shisham 1-24 1.77 1.53 1.76 1.67 1.70
Masquite 6.38 5.54 5.81 7.13 6.54 6.74
James 1.57 1.39 1.48 215 2.04 2,10
LSD (0.05) Species ‘T 1.08 1. 22
Postholes 118 1.07
Interaction 128 1.32

1o Masquite, per cent contributicn of roctr, Ffoliage and serial
woody meztter towards total biomass vield was computed to asbout 14, 29
and 67 reor cent Ain both tyres of rosthcles {(Fig.31) . Similsr values
i:'or both tyres of postheles indicate its high tclerance to sodicity
hazasr? beccusy thaose rostholers ctherwise affected 5iqnificant differances
in it+ bicmars rroductivity. Thase differences msy have resulted from
the Jiffer:nt mechenis sl impedsnce axrerizncad by the rocte of Mesqguite
in shallow and deap rostheles duriang initial growth steges. Fractiocnation

of totel bicmersrs yield of Siris in shallow rcstholes among different
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Fig.3l. Percent contribution of root, foliage and woody matter towards average
total biomass (dry) yield of given species in two types of postholes.
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components was simllsr, oerial woody matter comronent of Neem,

Shisham, Jamoz and Sirir in deer postholes showed l1ittl=s variation

ameng thems:lvaeg and it was significantly less than thet o Mesquite
and Siris i. the shzllow postholes. Feliage of Neem in deep nostholes
made relstivaly cracter contrihution than in the shallow on2s towards
its total yield. ©n the basis of these results it may be deduced that
Mesquite iz tclerant to extrs=mely high scil sedicity. It nroduced a
dense growth of rcets in scil layer=s wvhes=2 =SSP was maasured above 90,
however, rcct and shocot blomess was significantly less in shallow
than in the deep posthcles owing to the greater mechanical impedance
facad by its rocts during downward growthe 1ts high tolerance to soll
sodicity is alsc evident from greater ef "iciency of the root system
ie2. preduction of mor: asrial bicmass rer unit blomass of the roots.
Siris fellowad by Neem periormed better in shallow than in deep posthole:
They werz found &ble to pamtrate the ir toots across the calcic horizon,
a sever: rhysical impedimsnt in the soll profile. This implies that
beth are fairly tolerant to the mechanicrl impedance of th2 calele
horizon =nd high =z0il scdicity. But they may raquire mere careful
managemant durine the initis)l stages and amelior-tion of thz sodic soil
of the rlanting rilt cr posthole to z graster extent. Since the tolerance
of rlants té rtracec environments vary with growth stages, this sspect
ralesting nc thace srecles needs carrying ocut mor» research work. Shisham
and Jamoa did nct grow satisfactorily though the survival of the fermer
spacie s a5 cent vt cent throughout the growth span ©f 720 days rist
planting.

Data on rrim:ry blomass production, thus, bring cut thast hazards
of high scill sodicity and mechanicasl impsdance grestly modify the growth
behavicur ¢ different tree species. A highly telersnt species like

Nesquite mey require ameljoration of the sodic scill of the plenting rit
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to a lesser degrees. But its biomass rroduction may be 2nhanced
markedly by limited perforation of the c:lcic horizon. Siris and
Neem msy noed mor: care and smelicration for establishmant in the
initial sto2s only. Mesquite snd Siris were slsc reported by
Yadav et sl. {1%78) to perform well vhen planted in rits, 90 em each
in denth to rerform wall when rnlanted in rits, 0 cm aach in depth and
diameter. Good rerformance of thes2 specles when rlanted through
posthcle techalique was als® a promise to make planting operstion
economics:l and less troublesome. In view of their llife span and
potentizl yields (NAS, 1980) under diverse situations =f agroclimate
and scil tyres, Mesquite may be ranked a highly tolerant, Siris -nd

Neam moderately and Shisham and Jemoa vroorly tolerant ¢f highly sodic

so0il conditions.

De Chemicsl Comrosition of Plant Componentss  Concentretion of Na in

tha feliaoz of differesnt tree species (Teble 82} was cobserved generally
higher than in’ rects and in serilal woody matter (stem and twics).
Foliacn end rocote of Mesquite showed significantly higher Na than other
species. Scodium in folisge anf woody matter of Sirds was nctably less.
But it iudicetod rel:tively grester accumulation in roots than Neem,

Shishem .7 Jamtae 2ffect of nesthocle derth ou Na concentration of the

threa nlaut comropents was nct significant. However, folisge of Mesguite
in deep posthcle»s contained more then double the Na contant in shallow
en2se It was ccntrery in the casz2 of Nzem. Roots of Siris and Neem

in shallew postholes hed significantly les: Na accumulaticn then in
deepar cnzes. But thz trend was oprosite in Mesquite. The waristien

In bz concaentrstion of the given plant components miy be due to different
mechonisme of dte sbhsorpticn &s well as translocation. Better growth

8f Masquite despite high Na accumulation infers its tolerance to
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Table 82. Nz, K, Ca and Mg concentr.ticn (mmol kg'l) oi follisge, roots
g zerisl woody metter of diffzrant tree gpecies.

Species foliage Stem and twigs Roots
Shallow Deep Mean Shallow Deep Mean Shallow Desp Mean
Sodium
Sirils T8 61 70 48 35 41 74 165 117
Naam 306 1300 248 100 100 100 T4 109 o1
Shishsm 139 143 141 78 g1 a5 87 83 85
Masquite o6 213 160 78 a6 87 139 117 128
J SMoa 10¢ 152 130 104 104 104 100 104 107
Mean 165 135% 148 83 87 a5 96 113 104
L5D {0.05) Sracies 43 22 ]
roctholas NS 2 < [ 1
Intzracticn 61 NS 13
Potassium
Siris 172 ins 262 18% 138 164 208 167 185
Naam i28 2867 249 174 200 187 279 251 267
Shisham 305 251 271 192 190 192 156 156 156
Masquite 428 305 387 a7 44 12 236 136 192
Jamoa 143 131 138 87 64 16 110 108 110
Mean 256 2861 259 146 113 141 197 164 179
LSD{0.05) Spacies 21 15 26
postholes NS 10 15
Intaracticon is 23 43
_ Cajelum
Siris 167 42% 595 150 1%0 150 148 270 210
Neam 4587 662 560 1413 188 168 100 100 100
Shisham 650 632 640 208 220 215 140 150 145
Mesquits 507 500 502 200 19% 198 220 275 248
Jgmoa 387 378 382 aon 228 265 198 201 199
Meean 555 520 £35 200 195 198 160 200 180
LSB () 05) Sp=2cies 56 25 20
rocestholas 35 NS 13
Interaction B3 ' s 30
Magnesiun
Siris 750 504 625 221 208 215 175 271 "
Neen 162 362 412 187 162 178 212 229 223
sFisham 358 421 387 196 212 204 228 300 362
Masquits 4192 3g3 437 100 108 104 208 171 187
Jamoa 437 375 396 258 232 235 202 267 279
Maan 496 408 450 192 179 187 221 246 233
LSD(0.05) Sravies 54 21 12
Postheles 37 12 8

Intzrsction 79 33 21
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socdicity. Poor rerformance of Siris and Neem in dsep postholes

may be die to the grester concentration of Ha in roots itself.

Relstive concentration of K among different plant coamponents
was about 2«4 times higher than of Na (Teble 82). Its accumulation
l1ika Na wss also meore in foliage fellowed by roots (except in Shishem)
and wocdy material. Foliasge of Mesquite contained significantly more
K (367 mmcl Xg™!) then Shisham (277 mmol kg™1), Siris (262 mmol kg™ 1),
Nesm (249 mmol kg™l ana Jamoa (1383 mmol kg~ . Effect of poa;l:holc
depths was not signif icant on K concantrastion of different species in
general. But accumulation of K in the foliage of Siris and Neem was
more with deep than in shallow postheles. It was the opposite in case
of Mesquite. This may be sttributed to the dilution affect of better
growth of Mesquite in desp md Siris and Neem in shallow postholes.
Potassium concentration in woody matter of Shisham and Neem was sigai-
ficantly more thsen in Siris. It was the lowest in Mesquite and Jamoa.
However, Naem fcllowed by Mesquite end Siris showed significantly
greater accumulaticn in roots than Shishsm and Jamoa. Ra'sults, thus,
‘shew that relatively greater concentraticn of K in roots of Siris and
Neem may help to counter the entry of Na in plent system. But in
Mesquite, differvnce in K concantrationof rocts in deep and shallow
posi:holas appeers to be due to dif!erential growthe.

accumuletion of Mg and Ca in different components of given
{(Table 82) tree species was also more in fcliage than roots followed
by aerisl wecody matter. But concentration of Ce in twiga and billets

of Nzem, Shisham and Jamca was more than of its rocts. Relative

concentrations of Ca and Mg in the three cowmponents of different specles
meres more than thos of Na and K. But a few excepticns in roots were

noted., Accumulation of Ca was maximom in Shisham followed by Siris,
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Hoem, Mesquite and Jamom., But this order was cobserved w change

for Ca cencentration in woody matter to Jamoa, Shiaha_g_. Mesquite

Meem ond Siris. In ri:spect of Ca acouwmulstion in roots it was

Ma2squite, Siris, Jamos, Shisham and Noem. This shows that Ca concen-

traticn may be asscciated with the ability of tﬁa root systm'ns of
different epecies tc check entry of Na in roots because growth and
survival cf these -pecies also followed this ranking. Concentration
Of Mg (mmol kg™!) in folisge of Siris (625) was significantly more
then Mesquite (437), Neem (412), Jamoa (396) and Shisham (387).
Concentrs=tion ¢f Mg in woody matter of Mesquite was significantly less

than in yeem followed by Shisham, Siris snd Jamca. accumul stion of

Mg in rocts ¢f Siris and Neem was nearly equal but significantly higher
than in Mssquite and lower than in Jamoa and Shisham. Data (Table 82)
on relztive concentration of Na, K, Cs end Mg in follage, wooly
materisl and roots, thus show that their relative sccumlastion s
roots and follege gave more information in determining tolerance |
machanism of different species beside sbsorption and translocstion of

thezz alemente.

Results on concentration of P, 5 and N (Table 83) in folizge,
aarizl woody matter end roots also show that their accumulation was
morz in the feolisge followed by rocets and woody branches. Differences
in the concentration ¢f N were more pronounced than those of P and §
dus to tree species. Accumulation of P in the follage of Mesquite was
significantly more thean Neem, Siris, Shisham and Jamcs indescending
order. Similar trend wos cbesexvad for S accumulation in foliage. But
concentrstion of P in the woody matarial end rocts of Mesgquite was
significently less then in Siris, Neem and Shishsm. Sulphur

accumulaticn in wocdy matter did4 not vary markedly among the species,.
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Table 83. P, 8 snd N concentration (mmol kg™1) of follage, roots
. and aerial woody matter of different tree spacies.

Species Follage

Shallow Deep
siris 95 117 106 47 37 42 77 . 108 o3
Meosm 117 129 123 30 56 43 33 435 19
Shishgm Y 95 90 3s 36 38 56 57 57
Mesquita 153 130 141 24 17 21 36 24 30
Jamoa 96 81 88 30 21 25 ss 1 (11
Mean 109 110 110 33 33 33 .57 o 61
1SD (0.05) Species 14 s s
' Poztholes NS NS 3
Intaraction 20 ® 7

Sulphur
8iris 80 115 97 38 49 44 78 130 104
Nesn 131 97 114 49 89 s4 90 T o3
Shisham 86 " 90 37 =3 as 60 6 60
Masquits 195 187 3176 " 4 59 11 110 111
Jgmos 72 ss 70 56 44 %0 88 87 a0
Yean 113 107 110 51 %0 $0 s 93 89
LSD (0.05) Species 13 6 s
Postholes ] } 7
Interacticn 1» o 14
Ritrogen

Siris 878 1014 246 454 510 487 512 558 8534
Heem 564 612 sge 284 306 295 322 33 330
Shisham 1276 1094 1238 = 568 572 570 %94 626 610
Mesquite 992 826 909 444 404 424 $56 S18 537
Jamos 590 636 613 206 326 313 372 414 393
Mean 860 856 @38 411 424 419 471 490 480
LSD (0.05) Species 214 116 128
Postholes 120 ns ns

Intersction 278 134 159




214

But 1ts concentration (mmol kg™?) in roots of Mesquits (111) wes
. more then in Siris (104), Jamos (88) and Heem (83). Relative

accumulaticn of P ond 8 were many times less then that of H. Concen=
trotion of 8 (mmol kg™}) in the follsge of leguminuous speciss
namely Shisham (1235}, Siris (946) and Mesquite (909) were consider.
ably more than the ncn-leqmihuous speciss i.e. Jamos €613_) and Hesm
(588) « Similar trend was cbeerved far-accmlation of N in roots
and woody mars of these spogg;s. Effect of posthcole depth on the
concentrztic. ¢f N, P and 8 in the woody matter, P and 5§ in foliege
and N in roots of diffaerent species was not significsat. However,
accumulaticns of N in fclisge and thet of P and S 4in roots of thess
species veried significantly. These differences are the outcoms of
the differentiel dilutlon effects resulting tfm differont growth |
#stes of these species and the sbility of leguminuous spacies to
f£ix atmospherie dinitrogen symbictically. Viewing the concentration
of d, P 2and 8 in plant c_:aipanonts of these species in assoclstion with
their growth and bilomass producticn, it may be deduced that the specie:
able tc Six stmospheric dinitrogen were able to tolerate sodic |
conditions better than the others. Gcﬁcentrgticns of these nutrients
in follage conform to the obaervutiona cf oth=2r workers (Ayoub, 1975
Rcuhani and Bassiri, 19767 Garg and Khanduja, 1979).

Data (Table g4) on the concentration of Fe, Mpn, Zn and Cu in
the three comrcnents of the plants showed significant varisztion due
te the specles and among the comnonents of & given svecies. Accumulat.
ion of Fe in rocts of Siris (94.2 mmol kg™ 1) was significantly more
than in Mesquit2, Jamoca, NHeem and Shishsm. Concentration of Fe in
roots of Siris, m Mesquite and Jamoa was notsbly more than in
folizge followed by woody matérial-_ Bff2ct of posthole depth on the

concentretion ci Fe in the foliage and in woody matter was not
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Table 84. Fe, Mn, Zn and Cu concentration (mmol kq'll of foliage,
roots and asrial woody mattar of different tree species.

Species Folinge

im-

sﬁalzw Deep s__g.
8iris TeT5 6,55  Te15 536 2.53 3.95  140.32 48.24 94.20
Neen B.82 8.82 $.82 7.08 4,38 . 5.11 1942 295.82 22.%2
Shisham 7.82 10.18 $.00 6.36 6.64 6.40 9.82 9.89 6.65
Mesquite 10.5% 6.73 8.4 10.44 15.11 12.78 27.46 25,82 26.68
Jamoa B.38 8.73 045 6.42  T.93 T.16  24.92 22.66 23.74
Mean 8.02 7.60 T .80 T.09 7.33 7+20 44 .42 26.44 35.‘3;
158D (P.08) Species 2.14 . T . $432;
Postholes . - N8 2.70
Interaction 2.06 2.04 6.08;
Manganese _ '
8iris 2.13 1.79 1+9% 4.16 3.08 3.61 6,128 4.57 Se.41
Neem 1.43 089 1.16 4.91 3.23 4.07 9.6¢6 845 9.04
Shisham 3.7 2.86 3.30  4.57 5.085 4.80 4.66 4.82 4.7%
MesJquite 2.02 1.79 1.89 4.71 $.2% 4.90 10.61 16.36 13 o‘ﬂi
Jgmos 250  2.14 2432 4.29 4.54 4.41 23,73 21.7T7 22,75
18D (0.05) Species 0.43 0.89 0.80
’0!‘&10193 ..25 ns 0.%0

Interaction Q.57 127 1.13

. Zine . .
8iris 0..23 N.29% 0.23 0.31 0.25% 0.28 0.26 0.62 0.43
Neem 0.43 0.49 046 0.34 012  0.12 0.20 0.18 0.18
Shisham 0.42 D.43 0.43 0.19 Q.15 D.17 0«15 0.18% 0.15
Mesquite G.51 0.45 048 0.09 0.11 0.10 Q22 0.34 0.28
Jamog 0.31 0.28 0.30 0.11 0.12 0.11 0.20 0.20 0.20
Mean 0.38 0.38 0.38 0.17 0.15 0.16 0.20 0.29 0.2%
LSD {0.05) Species 0.05 0.08 0.0
Postholes ns NS 0.02
Intersction 0.07 NS 0.08
Copperx ,

ggu 0.14 0.4 O.14 0.08 0.08 0.08 017 0.38 0.27
ﬁ. 0«13 G.34 0.14 0.09 0.08 0.08 De13 O.44 013
017 0.14 0.16 0.09 0.08 0.08 0.09 0.09 0.09

squite 020 0.17 0.19 0.08 0.08 0.08 0.16 0.19 0.17
M 0.13% 0.13 0.12 0.08 0.08 D08 0.16 0.136 0.1‘
Mean 0.16 D14 0015 0.08 0.08 0.08 0.34 0.19 0.16
SD (0.05) Speciss 0.02 s 0.03
Postholas NS NS 0.02

Intaraction ns : 0.01 0.03
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significent. However, Mesquite showed significently higher Pe
concentratics in foliege with shallow postholes. The trend was
opposite for sarial wcody matter. B8iris snd Neem grown in deep
postholes accumulated more Fe than the plants grown in shallow poste
hole was the highe -t (340.32 mmol kg"1). In case of Ma, concentration
in roots was higher than in the woody matter followed by the foliage.
Diffarences in cmposiﬁén due to the srecies were proncunced more
wlith rezrect to their roots and the foliage than them and ths.
Relative accumulation of Mn was less than of Fe in all of the speciss.
Posthole depth significently affected fe concentraticn of foliage and
of reots. Accumulation of z:: unlike Mn and Fe was mm. in tha fothgt.
than in rcots followed .by the woody material in general. But Siris
showad less sccumulation of Fe in the foliage than the other twe
components., Differances in comentratlén of Zn snd Cu of the foliage
and woody matter due to posthole depths were not pronounced. Relative
concantration ¢f Zn end Cu in the given comronents of these spacies were
considerably higher than Pe and Mn. Concentraticn of Cu in folliage of
Mesquite (0.19 mmol kg™}) was the highest and significently more then
in the other species, H.tgiwat: Cu accumlation in roots was in M
(0+27 mncl kg"'l)_;. Coprer sccumulation in woody matter of these spacies
 was nearly the same. In view of slow nutrition rate of trees in general
{(Kramar =and Kozlowski, 1960) and.the critical limits reported by ssversl
workers compilad in a review (Kanwar and Randheawa, 1978} the concantrate-
ions of Fe, Mn, Zn and Cu cobserved may be termed adequats for normal

growth of these species in a highly sodic goil.

. K. Root Studies of Tree Speciess Root systams of the spscies which

survived and grew at different rates during initial 720 days after
planting were studied intensively. Pertinent results are presented

balows
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{a) Root Penetration D t Data (Table 85) showed thet roots of
Masquite penetrated to a greater depth ﬁam other syvecias, In deep
posthol2: rocts wers obasrved growing to a depth of 222 om whersas
in shallcw rostholes, the reot penetration was reduced significently to
189 cm danth. llaxt- o Mesqu.im. it was Siris whose roots penetrated
down to 184 cm in shallow (Plate 7) and 188 ¢m in deep postholes,

Root renetrstiom of Shisham and Jamos was significsntly grester in

Table 8%. Effect of posthole derth on root psastration depth (om)
of diffarent tres species,

Species “Fosthole depth ~ Mean
"Shallow Deep

Siris N 184 188 186
Noem 127 119 | 123
Shisham 86 ' 135 111
Mesquite 189 222 206
Jamos 132 168 150
LSD () «05) Species ' ' 13

Posthole depths | 10

Interaction 22

desp than in shallow postholas., But in case of lNeem, the effact of
pesthcles on root penetration depth was not evident. Results, thus,
indicate that speciles greatly differad in respect of their root
penetrsbility under similar conditions of planting site modificetion.
This may be attributad to differences in their tolerance to soil
5_odicity snd machanical impedance st different depths of the profile.
Por example, Mesquite showad greater root penetration asnd shoot growth
in deep than in shallow posthodes whareas raverse was true for Siris
{Plata 7). |



Plate 7

A 8iris (720 days old) nlant in dezn posthole A Mesguite plant (720 days cld) in deep
with limited root amd sheot growth. posthole with promising root and shoot
' growth.
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(b} Site Modification Technique and Root Growth Behaviours Different
sp xcize showed {Table 86) significent differences to produce fine and

lazgz reots in the twe types of postholes. Fine roots biomass of
Mesquit: in shallow postholes (417.6 g plant’l} wes significantly lacss
then in d=erer cnes (1243.8 ¢ plant-x). It was reverse -in the case of
large roets. Hewev:r, the total biomess wzs also about double in deep
than in thzs shallow rosthceles. In case of Siris, large roots in
shzllow end dzap rosthelss constituted @7 awﬂr 86 rer cent of the total
bicmass roopactivelv.e Effszcot of two tyres of rostheoles on fine root
biomass was not significant, however, large root bicmass in shallow
postholes wer aboeut 7«8 times more than in the dgep ones., RoOCE cystem
of Siriz in shallow prosthole wss cbgerved =stoutly developed wherzas

in the dzep tyre the rocts ware obsrrved mostly cenfined to the amel io-
rated gcil volume of the posthcle (Plate 8). This indic stes that the
appliccticn of mere amendments per unt volume {or mass of 0S) in shallow
posthole Eavoured davelopment of a resolute root system of Siris than
the dllution of s:me amcunt of amenmentes in a larger volume of deen
posthelase Finz root bicmsss of Shisham snd Jamoa was notsbly more
thaa of other svecies but their roct systems were observed (Plate 9) to
bz poorly develcpeds HNeem produced mors fine roots in deen then in
shellow pestholze. Data showad that deep rostholes fswour growth of
tiner rocts. Tair is ascribed to the tillage effect which increasad
porcsity of tha =cil masse. This has besn reported favoursble for roct
growth bacause it raduces soil strength {(Taylor and Bruce, 19683 Rogers
and Jhurlow, 19737 Grives et al., 1975). In Mesquite =nd Siris it was
noted thst roctzs In shallow gostholas bzcame thicker when penetratad

to danths bayond that of shallow rpostholes.



Table 86, &ffect of postheole depth on rer plant bicmass of fine and large roots ¢f different
tree spacies in & highly s dlic soil.
Species 7ine roots L roots “Total
ow___ Deap Mean  Shallow Deep Mean Shallow _ Deep Mean
Siris 69.4 579 63.6 2622.% 347.3 1484 .9 2691.9 407.3 1549.6
(3) {14) (8) (97) (86) (92)
Neem 23.0 13.3 18.1 328 .4 76.4 202 44 351.3 89.7 220.%
- {7 {15} (11) (93} (8%} (89} '
Shiﬁg 2949 £3.3 41,6 85.7 128 5 107.1 116.1 181.7 148 .9
(26) (29) {28) (74) {71) (72)
Masquite 417 .6 1243.8 g30.8 1233.2 2094 ,.8% 1663.9 1650.8 3348.1 2499.%
{28) (37 {31) {75) (63) (69)
Jamos 48.5 33,0 40,7 78.6 74 .7 76 .6 127.1 05%.0 111.0
{38) {30} {34) (62) (70) (66) :
(20) {25) 23 (an) (74) crmn
LSD (0005) Spec:les 53.9 271.2 29131.7
(1) (2)
Posthole denths 34 .1 1715% 185,.7
{8) (1)
Intarscticn 16.2 i83.5% 41%.3
(2) (3)

Pigures in parenthases stands for resp2ctive percaeantage of the total.

.3
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(¢} Cation Exchange Capacity of Roots of Tree Spmciess Data (Table 87)

indicste th-t RCEC of leguminucus trezs l.e. Meséuita. Siris and
Shisham was significantly mere than that of Neem and Jamos. The RCEC
of 2ll the cpecias was‘_ohsemd decreasing with inc¢reasing thickness
or wocdinass. This may be due to decreased activity on suberization
{Kramar and Kezlcowskl, 1960) and proporticnate reduction in the root
surf:ce per unit mass with increasing thickness. Considerably higher
RCEC in csse of leguminuous trees may be associated with higher N
supply which generally increasses RC2C c¢f plant roots. Root zone was
slsc found to have a bearing on changes in RCEC of a given cpecies,

The ACEC values for different species were noticed to decrease with
depth. But the rate of decrease was more with species whose RCEC was
markedly highe High RCIC of Mesquite and Siris may cause greater
uptake of polyvalent cations 1.2, Ca and Mg relative to the monovalents
(Na an®® K} Dicots with highar RCEC walues have been raported to tdke
up polyvalent cations wmore sfficiently than the mcnccots, which a8 a
grour have rocts with low @RC values (Heintza, 1961)« Should an
es#entiai pelyvalent cation like Ca in sodic soil be in critically
short suprly, spracies with higher RC:2C valuee would be meore ccmpetitive
than with low RCEC values (Bear, 1964} . Decreassa in RCIC ol species
with depth mey be ascribed to the effect of scil envircnment. The

RQEC is reportad to cormiam with the comrosition of the suite of
caticns takan up by some syecises (Heintze, 19617 Baar, 1964). It is
c:ncluded thiet high RCEC may h2lv a smciéa in scdir soils to avoid
assimilaticn of Ra or ass=ist in greater absarption of pcelyvalent cations
1ike Co and Mg, the abzorpticn c¢f which counters the deterimental

effects of Ne in the metabolism, if any.



Table 87. RCEC of differently thick roots of different speciles.

Speclss  Root thickness Root zcne, ﬁg cent of ggg penetration WMean
(dia.‘ n) 3 2. - L_

giris Less than 2- 36.4 32.8 30.4 26.7 3146
2e 5 213 20 .4 18.7 16.3 19.2

S. 10 13.2 14 .2 123 10.2 12.5

10- 20 8.8 9.6 8.2 6.6 8.3

20~ 40 5.9 4.8 3.6 3.5 4.5

more than 40 3.6 3.5 3.8 3.8 3.7

Mean 14.9 14.2 1248 11.2 13.3

Noem less than 2 16.2 14 8 14.2 12 .2 14 «4
2« S 146 12.7 11.9 10.8 12.%

5. 10 9.3 8.2 7.6 7.7 8.2

10~ 20 5.8 4.4 3.8 3.2 | 842

20- 40 2.8 246 3.3 3.4 3.0

¥ean - 9.7 8.5 8.2 7.5 C 8.8

Shishge lass than 2  32.3  31.3 30.4 26.7 ' 30.3
2« 5 28.4 26.3 24 .7 22.8 25.6

5 10 22.€ 20.8 20.2 18 .6 20.6

10~ 20 15.7 13.9 12.2 10.9 13.2

20~ 40 10.8 9.2 7.7 6.5 8.6

Mean 2240 20.4 19.7 17.1 19.6

Mesquita Less than 2 38.4 36.2 32.6 30.8 34.5
2= S 34.3 32.7 30.8 29.2 31.8

5. 10 26.5 22.9 21.1 20.4 2247

10=- 20 14.3 12.6 10.7 11.2 10.7

20— 40 8.2 7.2 6.8 7.8 7.8

More than 40 S,7 4.8 5.2 5.0 5.2

Mesn 21.2 19.4 17.9 17 .4 19.0

Jamos Less than 2  14.8  13.3 14.5 13.6 4.1
2« 5 13.3 10.8 11.2 10.8 11.0

5= 30 9.4 8.3 8.8 8.0 846

10~ 20 5.2 4.9 5,0 4.6 4.9

20- 40 3.0 3.2 2.8 2.6 2.9

Mo an 807 8.1 8.3 7;9 8.3
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(d) Layer-wise Reot Distribution of Tree Bpeciess

(4 3iriss Data (Table B8) show that root system of Siris was more
well developzd in shallow than in deep postholes. Total z.;oot bicmass
in each layer was significantly more in the shallow type. The concen-
tration of lzrge rnof.s aucounted for more than 96 per cent of the total
bicmasse But in deap postholes, smount of large as well as fine roots
was ralstivaly less though these penetrated the 'pmfue depth as in
case of shallow postholes (Plate B.)e. Maximum root diametsr showed a
decrease with root panetration hut it waes significantly more of Siris
plant: grewing in shallow postholes. Biomass of fine as well as large
roots was high in the surface layer and it showed a decrezse with depth,.
The charescteristic feasture of ths roct system of Siris was pronouncesd
growth of relztively larged siged roots in shallow rostholes, There
was profuse ncdulation of Siris rocts 4n the urrer (0-30 cm} layers,
{11) Mesguitas This species developed extensive root system (Table 88).
Mesquite preduced significently higher reot hiomass in daep than in
shallow resthelas, however, reoct penetration derth in both types was
almcst the szma. The amcunt of fine roct biocmass was rarticulsrly high
in Mesquite. It ws® more in deep postholes, This indicates that
perforatiocn of the soil during digging =d refilling of the postholes
with amelicretad solic soil favoured the growth of fine roots, Amount
of large roots in tha surface laysr was more than in Siris. But in
soil ;Layers betwean 16-7% cm it was considersbly les: than Siris in
shallow pcostholes. Despite Mesquite being a leguminuous tree, nodulation
was not cbserved in any of the scoll layers. Amount of fine as well s
larga roots decreased with depth down W 135-150 cm depth. Beyond this
danth, rootz were noted to proliferate away from the base of ~lant.

This may be due W congenial soil conditions for root growth. Roots of
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Table 88. Layer-wise root biomass {g) distribution of Mesquite and
Siris planted in shaliow and deep postholes.
Soll. F ine roots _ﬁ'i.&_mts P Pine4lL
layer llow Deep Mean ow Deep |Mean allow an
{om) :
Siris _

0« 15 15.20 22.58 18.89 952.3 183.4 5687 .7 967.% 203.4 585.5
16= 30 19.85 B«TO 3427 667.3 84 .4 52%.9 o87.3 93,1 540.2
31~ 45 11.10 4.79 T.94 336.6 26.3 181.4 346.4 31.1 188.7
46- 60 8.06 5.66 6.84 239.% 16.8 128.0 2471 22.5 134.8
63~ 75 4.07 4.20 4134 50.9 11.1 310 55.0 15.3 35.2
76~ 90 272 4.1} .41 25.0 7.2 36.1 277 113 19.5
91-108 2.10 3.83 2.96 16.6 4.8 10.7 18.7 8.6 13.6

106=120 1.76 2.44 2210 10.1 37 6.9 11.8 6.2 9.0
121-138 1.83 1-83 1.83 8.3 3.6 6.0 10.1 5.5 7.8
136-1%0 1.82 .89 136 T.8 2.2 5.0 10.3 3.3 6.8
151=168 1.38 0.61 1.00 8.2 3.2 a2 8.2 2.6 S.d
166-180 125 0.47 0.86 4.1 131 Z2+6 %.3 15 3.4
181=19% 0.62 0.29 0D.43 2.3 0.6 14 2.9 0.9 1.9
196-210 0.45 0.28 0 .36 1«1 0.5 0.8 1.5 0.9 12
Mesquite

O= 15 108.80 275.97 192.38 48%5.2 1000.7 T43.0 594 .0 1274 .4 934.2
16= 30 B85.31 202.91 144.11 348.6 574.2 4614 434.0 TIR.3 606.1
3145 70.28 153.11 111.70 T1e2 107.4 89.3 141.5 270.2 20%.8
46~ 60 61.87 138.64 100.28 61.8 93 .0 T7.4 123.6 230.7 1771
61— TS 16.62 110.68 63.65 32,8 53.7 43,2 49.4 164.4 106.9
T6e 90 30.96 91.318 51.07 21,5 41.8 2.7 4.5 133.0 83.8
931-105 5+50 58.80 32.18 21.9 33.1 279 27.4 91.9 59.6

106-120 4.97 49.72 27.34 19.8 35.8 25.8 24.7 81.% 3.1
121=135 483 41.63 23.23 . 17.1 30.2 23.7 22.0 76.9 49.4
136=-150 6.59 35.91 21.25% 24,1 35.7 29.9 31.0 66.0 48.%5
151-165 8436 35.65% 22.00 18.2 30.3 24,2 37.6 4.9 S1.2
166-180 8.85 23.18 16.52 34.3 21.7 28,0 44,2 44,9 44.5
181-195 10.27 13.87 1207 33,0 18.0  25.5  43.2 31.9 37.5
196=-210 8.590 - 843 8.5 20.2 15.4 17.7 28.7 23.8 26.3
211-22% 4 280 4.06 442 10.3 110 10.6 15.1 15.0 18.0




Plate g

% gAiEis (720 days old) plant in shallow posthole with stout
development ¢f roct system and sheoot.

A closa up of tha root systam of 720 days ©ld Siris
in a shallow posthcole,






Table 8%. Layer-wise root bicmass {g} distribution of Shisham, Neem
and Jamca planted in shallow and deep postholes.

8ol ¥ine yoots motg Total (FineyLarge)
layer Shellow Desp Mean Shallow Desp Mean 3Shallow Desp Mean

(em)

Shisham

Oe 15 5.51  12.27 8.89 40.7 67.6 S4e1 46.1 79.8 63.0
16~ 30  5.46 8.66 7.06 19.9 . 27.4 23.6 25.3  36.1 30.7
31- 45 5.93 643 6.18 10.8 312.9 119 16.7  19.3 18.0
46- 60 4.93  $.82 85.37 7.8 8.0 7.9 12,7  13.8  13.3

6175 4.53 5.35 4.94 4.1 4.8 4.4 8.6 10.1 9.4

76- 90 3.54 4.33 3.93 6.0 7.6 6.8 6.0 7.6 6.8

91-105 - 3.9 3.98 - 2.3 2.3 - 6.3 3.2

106-120 - .24  3.24 - 12 1«2 = 4.4 2.2

121-135 - 2.27 2.27 - 0.8 0.8 - 3.1 3.1

136-150 - 1.86 186 - 0.4 0.4 - 2.3 2.3
Neam

0w 15 366 296 3.31 B8B2.3 43.1 62.7 86.0 46.1 66.0
18- 30 6.22 3.60 4.91 89.5 13 .8 51.6 95.7 17 .4 56.0
31- 45 3.84 249 3,16 45.4 9.7 27.5 49.2 12.2 30.7

46~ 60 2.87 1.56 2+.21 39.2 3.9 21.6 42 42 S5 23.8

61~ 75 2.30 1.03 167 26.6 2.8 4.7 28.9 3.8 16.3

76~ 90 165 0.79 1.22 18 .6 1.6 10 .0 20.2 2.4 113

91-105 1.13 0.55 0.84 13.0 1.0 7.0 14 +1 15 7.8

106-120 0.76 032 0.54 7.6 ' 0.% 40 8.3 0.8 4.6
Jamca

Om 15 13¢24 556 9439  22.3 2249 22.6 385.6  28.5 3240
16= 30 11.54  5.31 B8.43 19.9 17.0 18.4 31.4  22.3  26.9
31- 45 9.71 419 6.95 17.1 15,4 16.3 26.8  19.6  23.2
46= 60 B.T1  4+17 6.44 14.9 B.8  11.9 23.6  13.1  18.4

61=- 75 Be2b 3.27 4.27 4.3 4.5 4.4 9.5 T8 8.7
76=- 90 - 2439 1.21 - 1.8 0.9 - 4,2 4.2
91-105 - 2«13 1.08 - 1.6 1.6 - 3.7 3.7
106=-120 - 1.96 1.00 - 1.0 1.0 - 2.9 2.9
121-135 - 171 171 - 1.0 1.0 - 2.7 2.7
136150 - 1.03 1.03 - 0.9 0.9 - 1.9 1.9

151-165 - . 0.62 0.62 @ = 0.9 0.9 - 15 f ™



Plate S

A 720 days ©0ld Mesquite .plant with A close up of the extensjively developed
promisine growth of root and shoot in roct system of 3 720 days old Mesquite
a deey .usthole. rlant in a deep posthole.
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Mesquite were dark brown in colour as compared to pale white of Siris.
Thase wer: extensively branched. and beared profuse growth of fine root
hairs on fine rocts. Maximum root diameter was more in deep postholes
than the shallow cnes and it decresased with denth in both the Casen.
Plate ¢ shows axt:nsive growth cof Mesquite roots in soil layers whose
8SF was more then 90« This proves its high tolersnce to highly sodic

so0il conditions.

(1i1i) Ngems Rcot growth as messured by nroducticn of bicmass of fine
and lrruz rects of Moem showad (Table 89) th-t the amount of fine roots
in both tyraes of postholes waz about sane. But in shallow rostholes,
biocmass iu lzrge rocts and, in turn, total roct bicmass was significantly
more then in the deep postholes. Roots were dark cclourad in bhoth tyres
of the restheles and were brittle 1n.nature in compariscn to those of
Mesquito.

(iv) Shishem and Jamcadl Root systems of Shisham and Jemoa were

cbhsarved rocorly developed (Plate 10). Biomas:s of their fine and
large rocts in tha rrofile was almecst squal in different layers.

Shishaty rocts were found rrofusely nodulated cwing tc ites abilivy to

fix etmosrharic dinitrogea in eymbiosis with Rhizcbium speciss,

4.6 FhysiccwChemical Factors Influencing Mechanicel Impedance in a
Hignly Sodic Soil profile,

Antroducticns  Mechaniczl impedance (MI) er compactness has been

rarorted (Barley and Greacen, 1967) to have wides-read in‘luence on

roct crowth and penetrstion. It was sugg:sted by Tayler et al. (1966)

th :t scil strength should be recognised and evalua“ed in most experiments
dz2aling with the plant-s0il interacticns. This is because scme workers
ccaclud»d that soil strength and not the bulk density (Db) was the

critical fector in controlling root penetratioix-g The rzange of MI which
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stovped roct growth was reported (Berley and Greacen, 19673 Greescan

at l., 1968) &t 0.8 = 5.0 MPa. The wmode of measurement prchably
influsnc»d the difference. The factors which influence resistmce

of scil o metal penetrometers are soil bulk density, moistlre content,
textuyr:, crosnic matter centents and the manag?amnf practices. BStudies

wers cerried cut to identify and mode]l the role cf some of these factors

in a highly scdic scil under experiments on tree srepries,

Methodolocys A ststic tir renetrometer wes first used te quantify the

MI of highly scdic scile But in view of 4ts inconszistency and roor
repaatobility under relatively dry ecnditions of the soil prefile, an
impact renetrometer was fabricated. Detalls regarding its fabricasticn,
use to measurs MI wnd Calculation of energy in Kilcjoules (KJ) are
glvea in Chapter-lll. To evaluaste ﬁ:e influence of moisturs content
on MI, mecheniceal impedance of each layer of the scil profile was
mezsured at five Aiffarent moisture contants for commuting the
relaticnshirs between the two. The MI was cslculasted in S1 ypits J.@.

Kd»

Results =2nd Discussion: The equational models which explain the

influence of scoil moisture on MI show & high degrez of recinrocal
rel:tionshir betwesn them in different lasyers of a highly sodic soil
profile (Table 90). With an increass in moisture content of the soil,
thers occcurs a decrszare in MI. But with a3 given increa-e in mcisture
content of the scil, the decrease in MI varies grestly among different
layers of the rrofile. A fell in MI with a given increase in molsture
conteat of the scil (Fig.32) was cheserved mazrkedly grazter for silty
loam (=90 cm) zn? loam ($1-150 cm) layers than those of the loamy
send (151-219 =) in the soil wnrofils. Deta alsc show th t with

decresasing mcisture content ¢’ different scil layers, coefficient of

vari-tien showsd a gsnersl increess. This das so more incese of



Table 90. Relsticnshir of the mechanical impedance (KJ) with moistur= content {v/¥) in
different layars of a highly sodic soil.

Depth  Equational model Texture ] Re cefticlent of yariation at three soll molsturs
(cm) W—z&l—!&’%ﬂ?’
-1 Tum{13-28) Algh
(26-38)
Oe 15 MI » 1886~46.5 M s11 $2  D.95wew 8 5 3
16« 30 MI = 2532-62.4 M si} 52 D.96wes 10 8 5
31~ 45 MI = 2676-65.6 M s34} 48 0,96%+w 14 8 6
46~ 60 MImm 2576-60.7 M sil 52  0.95%aw 13 _ 10 2
61~ 75 Ml =« 2708~59.8 M 51} 44  O.94we 12 9 6
T8~ 90 MI w 2694-58.2 M sl 40 D9k as 18 10 v
91-108 MI w 2646607 M 1 40  0.92%ew 31 23 | 22
106-120 MI = 2676~58.2 M 1 40 0.89wwe 4 22 18
121=135 MI = 257455.5 M 1 36 0.90%ew 40 23 18
136-150 MI = 2232.52.6 M 1 32  0.88%aw 20 18 12
151=165 MI = 1574~36.4 M ¥ 32 0.97Thee 11 7 S
166-180 MI = 1195-27.8 M 18 26 0.97aex 10 . .
181=195 M1 = 1082=2642 M is 26 0.07svew 8 6 4
196-210 MI &= 1136=29.5 M 1ls 22 0.0T*xn 9 7 4

MI and M stands for mechanical impedance end rer cent moistule content on volume basis.

L2z
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relatively he:vy taxtursd horizons of the scil rrofile., Values of
coefficlent cf vzrl tion for layers between 91-150 om, a gone of
sclid cranul 2z of csleiom ¢:rbonate accumulaticn, indicated a wide
vard ticn -rchably dus to limitati®n of the use cf penetrometer for
measuring Mle. During measurements, it was cbserved that by chance or
otherwise placeneant of the panetrcmeter tir on solid granules grzetly
enhanced the MI. The reseoults, thus, clearly show that MI increaces
with the profile depthe But 1t varied little betws::n 16-150 c¢m depth
of the scil profile. although MI showad & linesr decreare with increase
melsture ccantent of the s0il but in practice high scdicity of the surface
s0il and calcic horizon between 91«150 cm denth of tha rrofile do not
let th: givean zone of high MI have adequate mcisture thet lessen the
soil strzngths. This may be the possible season for rapid root growth
of saversl tree speciss when planted in deep postholes. A few trees
were elsc found capable of growing roots across this gon2 at their own.
This claarly pinpoints the necessity of evaluating tree species for
their tclerence to the MI of a highly sodic soil. Mesquite, 3iris,

Neem, Casuaerina and Babul were cbhserved to show their capability in

Aeing s

Thesa findings, thus, show that to modify MI of the soll for
favcurabla reot growth, irrigation is an im-crtant practice. Thus,
irrigcticn in initial stages of planting tree spacies in a highly sodic
soil iney nsewe ze an imretus to grow en extansive root system that will
aid their establishmant by increasing tolerance due to growth and
utlilizing a lerger volume of the soil for absorvtion of water and
essantizl rlant nutrients. The reciprocal relaticnshir of soil meistura
and M1 is rororted {Barley aond Grzacen, 1967} to be a universal. But
MiI of & highly sodic soll was fo.und much higher than wvaluss reported by
Grzaczin et #l. (1¢68) at which roct growth stopred. This implies thzt

MI is a major factor that check root growth and in turn the shoot

*
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growth cf rlants. #for favourable growth, MI needs modificeticn

throcugh tillsge or irrigaticn or addition of crgenic matter to the

root zone. Factors

Factors Affecting Mechanical Impedances

Te ddentify faotors that affect soil strength irrespect cf
different leyers of the soil profille, lineazr relationships of MI with
elay, clay vius silt {(finer fracticns of the scil) . Db, concretions
(par cent, w/w), pH and ESP weres worked cut. The MI was cbserved
clesz21ly related to the changes in finer fractions of the soil. 1Its
ralzticnshir with rer cent clsy was highly significant (R2 m 0.88%%)
and it showed (Fig. 33) further improvement with clayssilt. This may
be resronsible ‘or s considerable incresse in MI of the scll layers
betwean 1630 cm depth of the profile. As clay rarticles are negatively
charge?? and a major fracticn ¢f charge cccupiz2d by sodium iong, their
disversicn and tronsloca-tion to may alse rasult in an increase
in comp.ctness. Disversicn ratio of the soil vrofile was also found

hicghly related (r = 0.91%*) tc th= scil strength (MI).

The rzl:ztionship c” soil Db with MI {Fig. 34) was also
signiflicaht (Rz w 0.73%+*} glthcugh at relstively low values, there was
a considerasbly varistion in MI of the scil. This mey due to lorge
variticnz in M1 dus to other facters l.o. clay, silt, 25p, veid ratic
etc. Such a2 veristion in MI l=d tc a roor relazticnship (Rz = 0.11)
of coacreticas per cent {w/w) with MI ﬂ'wugh‘the zon=2 ¢f concretion
accunmul s ticn in the profille was actually observed exhibiting a high
mechanical lupedance (Table 90, Figes 32). This wes so due 0 an
equival=ut MI of s0il lmyers containing less concretions between 0490

em =n? those having a wary high ceontent of conerestions hetween
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91-150 cm depth. When MI wvalues only for 93-150 cm derth were
includad, the rel:tionship turned cut to be highly significant
(R%= 0.00%+). This shows thst in addition to clay, silt and Db,
cepereticns added to the MI of the soil. These concretions are chiefly
com-os:ad of caleium carbonste. Their disszolution yields calcium
¢.rboaste which caments the soil perticles to effect greater comp:rcte
ness. ULuring exc.:avaticn in reoot studies, it wes exverleanced that
uniform distributicn of fine granules of calcium carbonate in the
T XTI WELE AL TET LU BT XA IHETARE & K Wi atao

irregqulorly spreed large sized concretions.

The relaﬁicusbibs_ cf MY with EST (R2 - 0,92%%) and rH -(Rz -
0.87%*) was glsc feund highly signi“icant. These bring out the rele
of disrersicn in ceusing commactness. It may, thus, be rresumed that
in additicn tc imrertant rhycical facters i.e. taxture, moisture
content, Db, ccncrxti-neg, dilspersicn cf the scil due to high sodicity
or alkslinsss aslsc contrib:ted to the high MI of a sodic soil. The
effact cf high 323F or v may be indirect through their iInflusnce on
scilewater ra2lsticnships of the scile. Experimentez)l data, therefore,
show thet ¢lay, texture, scil Db, conerati nes, pH and Z5P are the
importsut rhysicomchemical factors which affected M1 in a highly sodic
scil. Thess results corrcbdrate the findings reported in s review |

by Bowan (1981) «
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SUMMARY

Considering a totel latk ¢of systematic experimental
evidences which@a severe restriction for succzssful raising
of plantations on sodic soils and unequivocal emphasis of the
Governmant of India to devise programmes for afforestation of waste
lands especially the salt sffected soils in the country, this
investigation was carried ocut to evaluate selected tree specles for
thair tclersnce to sodicity end mechsnical impedance in a highly
sodic s0il with particular reference to root growth behesviour. 3ix
field trias vere conducted on a highly sodic experimental ferm of
Central Scll Salinity Research Institute ncar village Gudha of Karnal
district of Haxyaﬁa. High soil sodicity hazard of the experimental
site clgssified as aqﬁic Natrustalfs 1is a representative of the
sizeable chunk of sodic soils occurring in the Indo=Gangetic plains
of Harysna, Punjal;, Uttar Pradesh, Bihar, Madhya Pradesh and

Rajasthans. The pertinent findings are summarized balow experiment

wige,

"B+1 Analysis of Scil Profile for the Identification and Intensity
cf Zconstralnts for Growth cof Trees in a Highly Sodic Soil

Menagement of sodlic solls for afforesstation hecausg of deep
rooted system of tree spacles mquire_s amelioration of the reoot
zone to deeper depths of the soil profiles. The soil profile (0-240
cm) analyses of a highly sodic soil was conducted to quantify and
identify salient physico=Chemical constraints which may impair

¢rowth of different tree specles in such soils.

A« Physical Propertisss Texture of the soill for =11 layers of 15 cm

sach between 0-90 cm, 91-150 cm and 151-240 cm was found to be silty
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loam, lo:m and loamy sand respectively. Clay comtzant was less
in the surface 15 cm layer but it increased gradually with depth
down to 60 cmy It varied between 20.3 and 32.3 g 100g~) soil in
61-120 cm and then decl ined to vary between 10.2 and 13.8 g 100g™}
sclil among warious layers batween 151-and 240 cme Amount of silt
in the surface layers was slightly less than in the 16-4% ¢m layars.
1t slsc showed a dacrease with depth but veried less between 121 and
240 cm of the profile. Sand fraction in the surface 15 cm layer and

between 121 and 135 cm denth was about zame. Howewver, its amount

was oonsiderably more in the layers between 151 and 240 cm.

water retention at 0.03 MPa (field capacity) and 1.5 MPa
(permanent wilting point) was cbserved closely associated with the
texturel class, more for layers of silty loam (090 cm}, followed
by lcam (91-150 cm) and lcemy sand (151-240 cm) porticns of the
profile. The crganic matter content of the soll was very low and
its amcunt indicat2d 2 reguler decrease with profile depth. Average

amount of concreticns (g 1009'1

s01)) was less than unity in layers
between 0=45 cm but incressed to 1.30, 4.80, 8.28 and 10.64 in 46-60,
6175, 76«90 and 91~105 cm layers raspeCtively. netween 1b5-150.-cn;.
concreticns were more with a content of 24"_..23 g 100g"lsoil. But |
baycnd 150 cm depth, each suecaading layer exhibited a decrease in
its content. BSoil bulk density (Db) varied betwaen 1.70-1.8%5 g cm’a
throughout the soil profile. Relative values of Db were relatively
high for soill layers betw2en 16-120 ¢m than the surface 15 om and
holrizons beyond 120 cm depth. Similar trend was observed when scil
mass (ingluding concretions) was taken as such but then Db va lues

wers a little high. The perticle density (g cm™>) of Aifferent
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proflle layers ranged between 2.54=2.76 for the scil, 2.82-«2.98

for the concretions and 2.62-2.94 for the soil plus concrations.

B. Chemical Propertiess High pH of the soil throughout the

profile showed that the experimental area was extremely alkali.

Soil pH was the highest in the surface layer angd decreased with
depthe. Scoluble galts ware also more in the surface layer amnd
dacrazsed with depth. EC of all the s0i) layers below 90 c¢m depth

of the rrcflle was compzratively low and, thus, were relatively
ncne-sal ine. Among the four principal cations (Na"'. k¥, ca®™ and Mg’""),
concentration of sodium in the saturaticn extract of scil exhibitad
its predominance. Its concentration was maximum in surface (0-15 omw)
g0il and decreased regularly with depth of 150 ¢m. But its content
wae almost conctant for sci]l layers between 151-.240 cm. Potassium
indicatad less marked wvariastion in the profile, however, its relative
cencentration was higher in layers between 0«3135 cm than in 136=240
em depth of the profile. Conceptration of both calcium and magnesium
was very low and less than unity for layers down to 105 cm. Concen-
trations of both were chserved in¢rezsing with depth hut thelir
rzlative concentrations were very low despite the large quantities
cf caleium earbonate content of the soil. The sverage c;coa content
cf the s0il ranged 1.18~3.26 ¢ 1009"'1 s0il for layers between 0 and
60 cm. But the middle rorticn (91-16%5 ¢m) of the prcefile indicated
its gcoumulation between 5,26-15.62 g 100g"1 soil. The content of
CaCO4 2qu ivalent was increased asprxecisbly dn inclusion cof concretions
in the scil and ite Aistributicon within prefile showed dependence on

the amcunt of concentrations in different layers of the prof lle.
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Among the anions, carbonate snd bicarbonate wera predominant
perticularly in the surface layer. Their amount decreazed with
depth down to 180 cm. But voriation betwean 181 and 240 cm was not
necteble. Cencentrations of chloride and sulphate were relatively
low and declined with prof fle depthe. Thelir accumulation was also
maximum in the top layer (0-15 cm). The CEC cf different layvers
varied between 7.00-12.68 me 100g™) soil. It was relatively higher
for horigzon betwsen 16-135% ¢m depth than for lower layers and the
surfsce one. Sodium was determined to be a pradominant cation on
the exchance gomplex and 1ts content ranged from 4.36 to 11.94 me
100 g"1 20il for the different layers. Exchangaable sodium alsoc showed
a decrease with depth. But exchangeable calcium and msgnesium
indicuted an incresse with depth although their rel:ztive amount ¥as
low in ail of the 16 layers. Aamcunt of K on the exchange complex

ramed from 0.22-0.89 me 100g™1

801l but it followed nc particular
trend 11.kv_a other caticns. Computed ESP, ESR an? SARe of the scil
profile also decressed with depth. I8P exhibited gocd correlation
with ;ﬁii’z, rHe, ESR and SSP than with SARe. SARe also showed

comparatively wesker relationship with pH pHe anr? ESR.

152°*
Available N of the soll profile wae low as a whole. Its content
was maximum (25.2 mg kg~ }) in the surface soil »nd decreased with
derthe Avallable P in the surface layer was high (37.4 mg kq"':l) but
it decreassd to 23.0, 162, 9.6, 8.6, 6.2 and 5.2 mg kg™}) soil in
the deerar layers in descending order. 1Its content showed further
decline bayond 105 om and all of these layers were poor in available
Ps Amount of avallable K, though decreassd with depth, its overall
content in 0=120 cm of profile was high and medium in rest of the
profiles. Avallable contents of Fe, Mn and Cu were high. Their

sccumulation was also maximum in the surface layer and At declined
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with profile depth. Depth wise distributiocon of available Zn

wasg similer to other micronutrionts but ite average amount was

low throughout the seoil profila.

5.2 Ewaluation of Selacted S§ite Preparation Techniques on the
Performance of Eucalyptus tereticornis Sme. and Acacia

nilotica (L.} Willd. ox. Del. in a Highly Sodic Soil

To achieve satisfectory performance cof a tree species planted
in a highly inhospitable solic soil, planting technigues suited for
normal so0lls reguire an appropriste modification. In wiew of a few
intrinsic bottlenecks of recently suggested tachnique i.e. pit
rlanting, this experiment was carrled ocut to bring a refinement in
the vlanting technigques. The hyopthesis of propesed tachnique was
that in tree rlants, management of the mot zcone by modifying the
séél ic s0il environment with limited amount of amendments in the

profile tc a deepsr depth has a vital role in their successful
2steb]l ishmnt.

As Per Cent Survival snd Growtht Survival of both acacia and

jucalyntus planted in posmcies of considergbly limited width
(10-15 cm) but grester depth (120-180 cm) and pits of large volume
{90 cm each in dia. and depth) was notsd to be cent per cent during
72 months of initisl growth pericd. Effect of postholes refilled
with limited amounts of gypsum (3 kg) and FYM (4.-12 kg) mixad sodic
5611 and pit using compsratively more gypsum {12 kg) and FYM (24 kq)
313 not reflect significant differences on periodically recorded
growth of the two species. Periodic haight, DSH and DBH, thus, did
fail to axhibit significant differences.owing to posthole and pit
rlanting techniques. Among postholes of different dimensions,

diameter of postholes was observed having no bearing on the growth
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whereas thelr depth to 180 cm effectad a clear 2dge over that of
120 cm at some stages of growth particularly in Bucalyptus.
Response of Acacia te different rnostheole tyres was indifferent,
Its growth in pits had an edge over th2 postholass. It was proved
that use of limited amount of amendments in a limited volume (with
gregter profile depth and narrow diameter of planting rit l.e,
poesthcle) heez a vital rele in establishment of plantations of
selected tree spacies in highly =sodic solils,

B. Biomass Production on lLopping Acacis treess doody matter and

follage yields resulted from lopring of Acacis after 316 and 42 months
cf planting 414 not vary markedly due to different planting techniques,
However, ylelds obtained were the highest in '!‘5. Total yiald of oven
tl-.:y foliage and billets from hoth the loprings ranged 1921-2828 and
5306-7616 kg ha~} respectively. Different site preparation techniques
effected nc significant change in the concentraticn of Na, K, Ca, Mg,
W, P, 5, Fe, Mn, 2n and Cu in both of the components of bilomass.
Their relative accumulation was more in folliage lopped after 16 than
42 months of planting. The mean total ramoval of Na (241 mol ha™})
through the lopped biomass was l=2gg than that of K (1827 mol ha"li,

Ca (1618 mdl ha'i) and Mg (781 mcl ha'i). amounts of given elements
removed were greaster with blomass lopped after 42 ghan 16 months
growth stage and were more in treatments which yielded higher biomass.
Weody matter though showed low accumulation of the ssid nutrient
2]laments but their removal occurred more through this component of

biomsss.

Ce Ffirewcod Value of Acacis and Eucalyptus Billetss The firewood

valve of Acacia was determined to be more than that cof BEwalyptus

by 200300 KCal kg"'l of dry wood. Heat wvalue of both the species
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cshowed improvement with increasing thickness of the billets.
An incregsing moisture content of differently thick branches
of becth the trees effect drastic reducticn in their heat value.

Thickn=ss ¢ f branches also affect their seasoning or dArving pattern.

D. Biomsss Production Underneath the Tree Cancpiess Effect of site

preparation techniques on biomass yieldad f£rom natural growth cof
vegetation, primarily sodicity tolerant grassas, was not significant,
However, canonies of Acacia and Zucalyptus influenced the yield
significantly. Blomass yield was more underneath the former canopy
én a relatively dry year (1982). But in 1983 and 1984 when normal mone
soon rains occurred, opposite was true. Concentraticn of Na, X, Ca,
Mg, F, 8, Fe, Mn, Zn and Cu of the biomass did not vary with site
preparation technigues in 1982-1984. Thair concentration decreased
with sueces:sive years. Same was true for N in bicmases harvested from
Zucalyptus plantation but contrary was cbserved in case of Acacia.
Aversge removel cof these elaments exhibited the role of bicmass yield
rather than their concentraticn. Thus, their removal was more in

1982 than in 1983 and 1984,

Eo Amelicretive Effect and Micro.Climatse Modif icaticnss Per cent

moisture ccntent (w/w) of different layers of moil profile {0w=3120 cm)
under ducalyptus plantation was cbassrved to be low at all the sampling
stages then under Acacia plantation. Fluctuaticons with seasons were
proncun~ced in 0=15, 16+30 and 31-45 ¢m layers than rest of the

deaper horizons and molisture content of different soil layers under
Acacla was found higher by 2.3 per cent than under Zucalyrtus

plantation.
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-Aix temperature under Acacis Ccanopy during summar was
chserved lower (sheltering effect) by 3.5°C and higher (blanketing
effect) during winter by 2-4°C than the neighbouring cpen ares.
Impact of Bucalyptus canopy on modification of air temperature was
less marked., Modifying effect of the two canoples on soll temperature
was mcre at 5 than at 15 om depth. The effect was that of blanketing
during summer and sheltering during winter months. Acacia and
Emalfpms rlantations effectad cmsﬁebahle amelioraticn of highly
sodic soll with time by lowering pH and BEC of the spil and increasing
crgenle carbon contant and water infiltration rate. Amelicration wvas
more in surface layer (0«15 cm). acacia plantation resulted in greater

incresse in organic carbon of the 8301l than Eucalyptus.

Litter production of acacle was more than Zucalyptus plantation
and was cbserved to ircrease with growth yesrs. Such an increasse
was not noted with Euvamlyptus. wWinter season (Nove - Feb.) accounted
for more than 40 and 50 per cent qf tha total litter production of

Acacls and gucalyptus respectively.

Fe putrionts Recycled through Litters Concentration of Na, K, Ca,

Mg, N, ¥, 5, fe2, Mn, 2n and Cu in the litter produced by Acacia and
Bucalyrntus during different growth seasons of 198221984 did not wary
sicnificantly. However, there were notable differences with the
litter of the two speciss and the smount of these clemts recycled
through littey of the two species varied significantly with different
growth reriods in 19811984, Thelir amounts recycled during winter
were more for both the species end increased with suecessive growth
yesrs only in aAcacla. Distribution of the totsl amount of each

autrient recycled through litter produwed dvring different growth
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pericds cf 1982-1984 showed closs association with quantity of

litter rather than the comentraticn of a nutrient in the litter.
Litter cf Acacia recycled considerably greater amounts of N to the
soil greatly deficient of this nutrient and important from bicmass

productivity purposes,

$+3 Ewvaluation of the Growth Resronse of Eucalyptug tereticornis
Sm. and Acacim nilotica (L.) Willd. ex. De%. to Composition
of Selected FPosthole Filling Mixtures in a Highly Sodic Soil

Excessof exchangeable Ns md high pH impart sodic soils poor
physico_chemical properties which affect adversely the growth of most
plants, In order to alleviate/cvercoms these problems, the devised
posthole technique wes tested with five filling mixtures in a repli.
cated randomizad block design with two tree speciles, Eucalyptus and
Acacia.

A. Per CTent Survival and Growths Irrespect of the f£illing mixtures,

per cent survival of Eucalyptus (855-60) was less than of Acacia (78~
81) during 24=72 months of growth. However, for optimum survival of
both ths speciles use of amendmente waz noticsd to be zbsolutely
essantisl. Survival of éﬁcalyptua increased when filling mixtures
cemrrising 3 kg"&sum in combination with 8 kg FYM posthoie"l was
usad and was superior to gypsum alone evsn aprlied at higher rate

{6 kg) « But response of Acacia to use of 3 or & Xg gypsum alone or
3 kg gypeum and B kg FYM in combination with sodic soil or sarmd

was indifferent.

The height and girth growth data showed greater tolerance of
Acacia than of BEucalyptus to sodicity of the 20i). Helight and

girth responses of Acacia wara similar for mixtures contszining
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gypsum zlone at a rate of 3 kg or & kg or 3 kg gypsum ard 8 kg
FYM mixed with sodic sai)l (08) or mand. But in case of Eucalyptus,
use of gypsum alone at both the rates was inferior to its corbined
sprlicstion with FYM. Results suggest that for identifying species
suited to afforestation programmes on salt affeétéd soils, due

we idhtage be given to per cent survival and early growth.

E. Biomass Production on lLoprping of Acacia Trees: Canopy growth of

Acaclia excelled ovar Eucalyrtus in a highly =0dliec soil. Acecia
vizlded considerable biomass on lopring of trees 16 and 42 months
past rlanting. Foliage and woody matter yislds were significantly
hichsr for posthcles refilled with s mixturs of 3 kg gypsum and 8 Xg
TYM wj..t'h CS or sand than gypsum alcone irréspact of ite rate for
becth of the 1oppings; Biomass yleld resulted from first lopping
was lower than the secomd by 3.4 ﬁims. Effect of f£filling

m:!xtums on the chemical composition of Iopped woody materisl was
nct noticasble. But chemical composition of folisge harvested from
‘t:he control (08) different significantly with that from mixtures
having an application of amendment. Concentratiocn of all the elements
axcept Na was notably less in foliage collectad from the second than
from the first lopping althoudgh not significantly for K, Mg and P.
Mean total removel (mol ha™}) of Na, K, Ca and Mg thmug'; lopped
hiomass was 265, 2251, 1483 and 790. This showed less Na in the
rlant system of Acacia and it= abllity t0 recycle Ca, Mg and K.

Mean total removal of N (2697 mol ha"l) was about four times more
then thet ¢f P and 8. Foliage socounted for more than 89 per cent
of its removal. Combined use of FYM and gypsum caused considerably

mere removsl of N, P, S, Fe, Mn, Zn and Cu than use of gypsum alone

at hoth the rates.
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Ces Bicmass Producticn Underneath the Tree Cenopies: Biomers
rroeductivity undernpeath the cancples of Eucalyptus and aAcacia
showad no effect of posthole £111ing mixtures during 1982.1984
but it varied significantly betwean the two canorirs. PRiomass yi=lds
underneath Acacia trees in all the plots were more than double than
under the Euwalyptus plantaticen 4n 1982. But in 31983 and 1984,
bicmass yielded under RBucalyptus canopy was significently more than
that undar Acacia canopye. These cbservations astablished the
relationship of bicmaas production of natural growth of wvegetation
underneath the canoples of Eucalyptus and Acacia with the agro.
Climatological conditicns prevalling during the obsarvaticnal y=ars
(1982=84) » This relationship prompts to conclude that under relatie-
valy dry conditions, Acatia would favour higher biomass productivity
undery 1ts canopy.

Concentration of Na, X, Ca, Mg, ¥, P, 8, Fe, ¥Mn, 2n and Cu in
the biomass harvested from underneath the cancopiles of Acacila amd
Euwalyptus and their ramoval in 1982-1984 2id not vary much due W
Aifferent posthole f£illling mixtures, Bu¥ changes were more duve to
varistions in the biomass yield during different years rather than
the differences in comeentration of nutrient elements in the biomass
harvested from both the plantations, Concentration Of Na and ita
removal through bicmass yield of the underneath vegetation excesded
that of X, Ca and Mge But thie was not so for lopped biomass of
Ac:cise Significantly different chemical composition of grass cover
under Acacia from its lopped biomass indicates that the rols of
grassas and trees are complimentary rather than competitive in
respect of their nutritions Thus, the double storay system of plants
may enhance improvement of s0il physicoechamical properties by

¢rzatar biomass production snd nutrisnts recycling.
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54 Bvalustion of Cagsuarina g_guiaetifolia L. for its Teolerance
to & Highly Sodic Soil

A field axperiment was carried ocut to investigate performance
0f <Cgsuarina planted through newly devisad rosthcle teéhnique in a
highly sodic soil. A rerlicated trial within the purvizw of Randow
miz=>d Block D2sign included rlanting of the sald species in deesp
postholzss (25 om dlz. urpto 80 ¢m depth and 15 cm diae. from 81=-180 ¢m

derth) refilled with four £411ing mixtures {a) originasl sodic soil

{os), M2 (b} 08 mixed with 8-kg FYM, My {(C) ©S mixed with 2 kg
Gypsum, M3: {3) 0S5 mixed with 2 kg gypsum and 8 kg FYM, H4.

A. Per Cent Survival and Growtht Per cent survival at the end of 24
mcnths was 67 per cent in control (M Yo Mixing a*’ FYM imnroved
survival '::lgnificantly but for bast msults anﬁlithion of gypsum

ﬂlonﬂ- er :ln ccmbinaticm with FYM wasg 1mperative. Influence of posSte
hole £411ing mixtures on the pariodic height and qirth increments
durine initial 36 monthe of the growth noriecd wes significant. Absolute
h2icht #nd cirth growth measured as DSH and DBH snd in turn magnitude
of halkht and girth imcrements were almost egual in H4 and M3. These
wera msrkedly lass in Piz and Hl' Height and girth growth cccurrad
mor: in summer and lower in winter. After 36 months of planting, !-l‘,'
M3 anad “2 gave ha ight increase by 154, 144 and 110 prer cent cver Hl
resrectivelys. Respective per cent increase in DSH was 154, 144 and 89
and in VBH it was 195, 152 and 78. Yer cent survival height and girth
grewth data thus indicated thet Casuarina is a highly tolerant and
rromising tree species to mest requirement for afforestation of sodie

s¢cil se

B. Changes in Pericdic Chemical Compositiont Concentrsticn of Na in

foliage and woody commonoents was refilled by posthole £illing mixtures

being minimum in M,. Sodjum accumulation was more in foliage than
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weed. But K content was the higheat for H‘ or M, and minimum

for Ml' Thase cbservations reint to antaqonlistic role of Ha and K.
In control (M1) Na accumulation was 3-5 times more than K on whole
plant basis. This trend wes not so with other £1lling mixtures.
Follage contain=2d more Ca and Mg than woedy parts. Ralative accumue
lation ¢of Ca was more than Mg. At all selected growth stages, it
was oprosite of the follage composition excent in very early growth

Etagesy

Phosphorus concentration was minimum in H4 and the hichest in M 3
mainly due to dilution effect. Accumulation of P was only marginally
more in follace than in woody branches. But S content of foliage was
2«3 timas more than the casuarinz branches and ite accumulation was
more than P at z]l1 growth stages, Filling mixtures having gyosum
causad grester accumulation of 5 in the plants. The concentration of
N in the biomass produced by Casuarina in scdic soils indicate gbil ity
of this spacies to fix N even under most hostila soil environmental
cond itions having little native N sugoesting effectiveoness of the role
of actinomycetas, Frankia. Concentration of micronutrients was more
in folliage than woody materis)] and followed the ordzr Fe Mn Zn Cu.
Due to dilution effects, concentrations were lower in £1lling mixtures
treatments that effectad greater growth or biomasa i.e. M‘ and M3.
Results alsc show that accumulaticn of microcnutrients in the woody

rortion varied little with different rosthole filling mixtures.

C» Watar Relationss wWater relations adjudged by RT of Casuvarina plants

morz tc watering in M, and M,. Better maintenance of RT in M; and M,

1
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suggest that aprlicaticn of gypsum favour proliferation ef plant
rocts in zones of easy water avallebility which in turn ensure supply
of molsture requirements of Casuvarina plants.

5«5 Evaluaticn of Selected Trea Specias for Theilr Tolerance to
Sodicity and Mechznical Impedance in a Highly Sodic Soil.

Establishmant of trees on sgodic soils greatly depends upon a
cerract choice of species in addition to any special treatment for
site rreparaticn. This experiment was conducted to svaluate tolerance
of sight selected specles t© a hichly sedic soil when nlantad in
challow (30 cm X 60 om) a0 deep (30 em X 60 om 4+ 15 cm X 61=120 om)
posthelas refilled with a mixture of eoriginal sodic scil, 8 kg FYM
and 3 kg gyréum. Experiment was replicated four times within the

purviewr of factorial Randomized Block Design.

A.Per Cent Survivals O©f the elght species, Poplar Jaman and Shghtoot
met complete mortality whermas per cent survival of Shisham, Mesguite,

Siris, Neem and Jamoa was 100, 87, 75, 75 and 50 in shallow and 100, 87,

62, 50 and 50 in deep postholes after 540 as well as 720 days of plahting
respectively. Cccurrence of mortsl ity in deer postholes was of higher
ordar than in ehallow ones throughcout the noted growth periocd of 720 days
when surviving smacies were harvested for estimating biomass production

el reot crowth behavicur.

Be. Heicht and Girth Growths During the cbserved growth reried of 720

days, maximum height growth was occurrsd in Mesgquite (385 ocm) followed
by Siris (252 em), Shisham (131 om), Neem (124 cm) and Jamoa (84 cm).
Helicht crowth in initlal stsges and winter was very little. Increase
in height of Siris, Neem and Shisham was significantly more in shallow

than deep posthole planting. Similar was the observatiocn on Mesquite
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in the sarly growth pericd but it was severse after 360 days of
plantinc. cirth arowth of Mesgquite (104 mm} as messured by DSH
was also more than Siris (74 mm), Shisham (42 rwn), Neem (54 mm)
end gamce (62 mm)« Height and girth growth dats, thus, ¢learly
indicated relstively grzatar tolerance cf Mesquite and Siris.

Comrarastive growth of Masquite was more in deep postholas. But
Siris and Neem showed more growth in shallow ones despite thelr

cénsiderable mortality.

C. primary Biomass Productiont Mesquite yielded the highest smount’

of dry metter and it was the lowest in the case of Jamca. Msan total
cf a Mesquite plant was 17718 ¢ and was several folds the per plant
yield of sSiris (5577 g}, Neem (654), Shiszham (293 g) an? Jamca (293 ¢).
Similar wes the erder for the aerisl bicmass yield, roots and the
weody matter components of total bicmess rnrodoction of these species,
Mzsquite produecsd significantly higher bilomass when rlanted in deep
(23252 g plant™}) than in shallow (12183 g plant™}) rostholes. Trend

was écntrary to Siris and not evident in Neem, Jamca and Shisham,

Shoots: roct ratic of Mesquite was the widesst followed by Siris and
Nzem which tuplfy greater efficiency of tha roct systems of these
spacies. Fracticnation of total biomsss yvield into dAiffersnt Ccompo-
nents varied with speciaes and type of ypostholes. On the basis of these
rasults it may be deducad that Mesquite is telerant to extremely high
soil sodicity.

D+ Chamicsl Comrosition of Plant &omponentss Accumulation of Na, K,

Ca and Mg was more in folisge followsed by roots (excert in Shisham)
and woody materlal of diffarent spsclies. Feollage and reots of

Mesquita contained high Na than other species. Cencentration of Na
in folliage and woody matter of Siris was notably less but it showed

relatively grester sccuomulation in roots than Neem, Shisham and Jamose.
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Ralative content of K in different components of sald spacies

was about 2-4 times higher than of Na. Type of posthcle showed

ne iafluence on sccumulaticn of N&s and K in general. Relative
congentretion of Mg and Ce in different comronants of qgiven specise
was considerably more than that of 8» and K. Diffaerences in the
concant::‘atiot; cf N wers more proaounced than those of P and 8 due to
tree sp2cies, Relaztive accumulation of P and 8 was many times less
than that ¢of N in vorious pvlant components of differesnt species.
Accumil sticn of P and 8 in fcllege of Mesquite was more than Neem,

Siris, Shisham and Jamoa in descending order. But P content in woody

materisl of Mesguite was less than in Siris, Noom and Shishame. Data
on the concentration of Fe, Ma, 2Zn and Cu in the three comronents of
rlants showed merked variation duve to the species. The differences
in cheni~al composition of plants may be ascribed to (a) differentizl
dilutien affacts resulting from different growth rates (b) abiligy
of laguminucus species to fix atmospheric dinitrogen symbiotically
and (7) metabelic adjustments owing to their growth in a stress

anvirooment.

E. goct Studies of Tree Speciess Roots of Mesquite were found
penetrated to depths of 222 and 189 cem in deep and shallow postholes.
Reots of Siris penetrated down to 184 om in shellow and 188 cm in deep
vostholas. Relative root penetration of Shishsm, Neem and Jamca was
significantly less,

Different species showed marked differences to rroduce fine and
lsrge rcots in the twe tyres of rostheoles. Fine roots biomass of
Mzsgulte was significantly less in shallow {(417.6 g r-\lant-l) than in
da23r (1243.8 g plant"") postholes, It was not so in the casze of

large rocots, however, total biomass of roots was also about double in



deep than in the zhallow postholes. 1In 8iris, large roots in
shellow and deep rostholes constituted 97 and 86 per cent of the
totsl bilomass of roots respectively. Large rocts biomess of Siris
wat obouvt T=8 times more in shallow than in deep postholes. Pine
rects biomess of Shisham and Jamca was notably more but their root
sy stems as a whole were cbserved to be noorly developed. ...“9.9.‘1
rroeduced nore fine roots in desp than in shallow postholes. Results

showa? that deep rostholes favcour growth of finer roots.

Root cation exchange capacity (RCEC) of leguminuocus trees i.e,

/o -—-\
Masquite, Siris and(ﬂ-eem}was significantly more than that cf(ﬂaen

o

e

and Jaoma. The RCiEC of all tha species showed decrease with increasing
thickness or woodinees. The RCHEC values for these syecies were noticed
to decrease with depth. But rate of dacrease was more with species
h#ving high RCEC.

Data on layer-wise root distribution of roots of tree species
proved thet root system of Mesquite was stout and extensively developed
in deep as well as shallow rostholes in comparison to thosz cof Neem,
Shisham and Jamese Root system of Siris was wel) developaed in shallow

than in deep postholes,

5«6 PhysicoeChemical Factors Influenc ing Mechanical Imredance in a
Highly Sodic Scil Profile.

Studies were carried cut to identify and model the role of
imrortant rhysicoechemical fzetors which influence mechanical
imradence of 8031l to metal penetrometers. For this rurpose, an
imract renatrometer was fabricated following inconsistency and poory
r2peatabllity of a static tip penetrometar under fleld coenditions.
Results showed 3 high degree of reciprocel)l relationship between scil
moizture and mechanical impedance (MB) of different horizons of &

highly s=odic so0il profile. Decrease in MI with s given increase in
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moisture contant af the. W W antith en b marckedly greatar

for oilty loam (0«80 cm) and loam {91~-150 cm) layers thHan thdse

of the loamy sand (151-210 cm) in the soil profile. The MI vas
observed closely related to the finer fraction Q€ OR WN. Tts
ralatAehenir with per cent clasy was highly signi“icant (azg O.08%e),
It showed further improvement with clay plus silt. Relationship of
scil Ub with MI was also significant (R°w 0.734¢) . Zone of sccumu-
lation cf concretions in the 501l profile i.2. 90,150 cm exhibited
high MI. Changeg in MI of the different layers showed asscciation
with depth of the profile. Results, thus, showed increase fin MI of
the sedie soil with increase in clay, clay rlus silt, bulk dansicy

of the scll and it= content of concreticns.
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Appendix 1I. Effect of selected posthole filling mixtures on the
reriodic per cent survival of casuarins equisstifolia
L. in a highly sodic scil.

Growth stage Posthole £1113ng mixtures Vean 15D
{months past ) ", My W, (0.05)
planting)

0 (July, 1982) 100 100 100 100 100 NS
1 100 100 100 100 100 KRS
2 100 100 100 100 100 NS
3 100 100 100 100 100 NS
4 100 100 100 100 100 NS
5 100 100 100 100 100 NS
6 100 100 100 100 100 NS
7 100 100 100 100 100 K8
8 100 100 100 100 100 NS
9 100 100 100 100 100 NS
10 100 100 100 100 100 NS
11 100 100 100 100 100 NS
12 100 100 100 100 100 s
15 92 160 100 100 %8 Ns
i8 84 92 100 100 o4 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
k| 67 84 100 100 90 17
k13 &7 84 100 100 90 17
39 67 84 100 100 90 17
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Appendix 1l. Effect of selectad posthole £illing mixtures on the
periodic height of Casuarins equisetifolia L. in &
highly sodic soil.

Growth stage Posthole £11]1ing mixtures He en K35

(months rast M T_ERJ—H-— {0.05)

planting) ! '

0 29 30 28 29 29 -]
1 36 46 53 58 48 it
2 44 55 71 79 62 11
3 59 72 o5 103 82 20
4 82 102 122 - 125 108 22
s 91 114 13% 142 120 28
[ 1 3.4 120 143 158 1268 27
7. 95 129 148 164 134 30
8 103 141 158 172 143 29

9 112 148 179 188 156 32

10 126 180 197 206 177 37

11 139 196 237 248 205 40

12 156 240 303 316 54 62

.15 1%8 280 is2 37N 300 55

18 21% i3o 385 417 337 63

21 227 347 400 428 351 52

24 247 376 471 486 395 84

27 2%8 480 576 620 404 90

30 262 540 632 666 52% 101

33 268 572 652 682 544 108

36 275 577 670 698 555 160

284 592 696 73% 577 102
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Appendix 11X. Pericdic per cent survival of mlectad tree speciss
planted in shallow and deep postholes in s highly

sod i 801l .
Tree “Type of Growth ricd, days past Dl
species pestheole 15 45 TS § 10 !ﬁ go 720
Siris Shallow 100 100 100 100 a7 ¥} -1 T5
Deap 100 100 87 87 a7 62 62
Maan 100 100 93 93 87 68 68
Neam Shallow 100 100 100 100 v i3 7% 75
Deep 100 100 100G S0 50 50 50
Mean 100 100 100 -3 62 62 62
8h :I.shg Shallow 100 100 100 100 100 100 100
Deap 100 100 100 100 100 100 100
Masn 100 100 100 100 100 100 100
Shahtoot Shallow 100 100 100 i3 25 [+ 0
Deap 160 100 100 ) o 0 0
Meean 100 100 100 . 0 0 0 0
PopRar - Shallow 100 o 4 ] 0 0 v}
Deep 100 0 0 0 0 0 o
Maan 100 0 0 (4] 4] 0 0
Mesquite  Shallow 100 100 100 87 87 87 87
Deep 100 100 100 87 a7 87 87
Mean 100 100 100 87 a7 87 8"7
Jaman Shallow 100 100 a7 2% 12 0 0
Deep 100 100 52 12 12 0 0
Mean 400 100 74 18 12 0 0
Jamoa Shallow 100 100 100 62 62 50 50
Desp 100 100 100 7 S0 S0 50
Mosn 100 100 160 48 56 50 50
LSD (0.05) Species NS NS 13 23 25 23 23
Poetholes s NS 6 12 13 w8 NS
Intaracticn N8 NS 18 32 - RS NS




Aprendix Iv. Pericdic hsight growth of selsctad tree speciss
plantad in shallow and deep postholes in s highly

sodic soil.
Tree Type of . Growth %rmi ays gast planting
species posthole 15 45 10 0 0 20
8iris Shallow 31 34 51 127 165 231 28%
Dasp a0 30 44 83 108 18% 218
Mean 31 32 47 105 136 208 252
Neem Shallow 30 32 39 82 101 123 135
Deep 29 32 40 70 77 95 113
Mean 30 32 40 76 89 109 124
Shisham Shallow 51 55 64 o4 101 111 119
Deap 0 53 63 81 86 100 144
Mean 51 54 64 -1 93 106 131
Shahtoot Shallow 121 124 123 126
Deep 126 130 134 *
Mean 124 127 128 - d " *®
Poplar Shallow 215 » * . . *
Daep 215 ® " . " - *
Mean 215 w " = " - "
Mesquite Shallow 40 52 72 196 250 299 324
Daap 34 54 62 178 22% 362 447
Mean 37 53 &7 186 238 330 3g%
Jaman Shallow 29 31 32 44 42 b *
Deep 28 30 27 35 k 1
Mean 29 31 30 39 39 .
Jamoa Shallow 53 54 5% 56 59 73 a7
Dasp 50 53 53 52 60 72 82
Maan 51 4 54 54 60 73 84
Mean - 71 55 60 93 109 168 195
LSD(0.05) Species 14 6 6 17 20 25 30
Postholes NS NS RS 10 13 NS NS
Species X rostholes NS NS 9 NS s 41 42

_*Denote cent per cent mortality.
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Appendix V. Periocdic girth growth, stem diameter (mm} at stump
height (5 cm from ground level) of selectad tree spacies
planted in shallow and deep postholes in a highly sodic soil.

Tree Type of ‘Growth period, daye past plant

species posthole 13 35 18 5;5 360 iﬁno 720

3iris Shallow 8 8 10 24 40 74 1]

Desp e 8 12 17 25 46 60

Maan 8 B 11 21 33 60 74
Neem Shallow 7 7 9 18 34 54 o4

Deep 7 ¥ § 8 10 22 30 44

Maan 7 ? 9 14 28 42 54
Shisham Shallow 7 7 '8 12 24 32 38

Deep 7 8 10 13 23 k71 48

Mean 1 7 9 12 24 33 42
Shahtoot Shallow 8 - e ;) d

.‘.P 12 12 10 - -

Maan 10 10 9 - A
Poplar Shallow 38 - *

Deesp 3s *

Mean 32 =" -
Mesquite Shallow 6 8 10 20 44 74 90

Deep 6 8 11 26 54 112 118

Mean 6 8 11 23 49 93 104
Jaman Shallow 8 8 8 6

Deeap 8 8 ? 5 *

Mean 8 8 B 5 * *

J amoa Shallow 9 10 11 18 0 52 60

Deep 10 10 10 14 26 44 64
Moan 9 10 11 16 28 48 62
Maan - 12 8 10 15 32 55 67
LSD(P.05) Species 1 2 2 2 4 14 7
Postholes 16 ) - HS 2 2 NS 3
Interaction NS NS 2 3 -3 20 9

*Denote complete mortality.
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Appendix V1. Periodic girth growth, stam diameter (mm), at a 30 em
height from ground level of sslectad tree species
planted in shallow and deep postholes in a highly sodic
soil.

Tree Typs of Growth period, davs past planti

species  posthole 15 45 T8 %;I!:“"E'o ~Te0 ?‘40 T20

Siris Shallow 5 5 7 i9 30 58 75

Daep 3 6 8 13 20 36 49
Maan 6 6 8 16 2% 47 62
Neen Shallow 4 4 é 11 rg 42 5
Deep 4 5 5 7 15 22 33
Mean 4 4 6 18 32 42
Shisham Shallow 5 - 6 9 15 24 32
Deep S 5 7 10 15 24 35
Magn 5 s 7 9 is 24 34
Shahtoot Shallow 7 7 7 7 -
Daep 10 10 9 w
Mean e 8 8 * *
Poplar Shallow 28
Deep 28 * *
Mezn 28 * * - * " *
Mesquite Shallow 4 5 7 15 36 66 81
Deerp 4 5 7 18 46 90 107
Mean 4 5 7 17 41 ) o4
Jaman Shallow 5 5 5 3 *
Deep 5 5 3 2
Mean 5 . 4 3 -
Jamon Shallow 6 6 6 10 18 25 1
. Deer 6 6 6 8 12 17 24
Mean 6 6 6 9 15 21 28
Maan - 9 S 6 12 23 41 32
1LSD{0.05) Specles 1 1 1 2 3 11 6
Postholes N5 NS NS . ] 1 2 3
Interacticnis NS ] 3 4 17 B




