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INTRODUCTION



INTRODUCTION

Long since it is aware that plant performance, in
addition to being influenced by the inorganic status of the
soll, is also profoundly affected by the micrcbilological,
organic moisture, aeration and physical factors prevailing
in the soil. Limitations of certain ions can overcome by
the presence of some other ions. When potassium is limlcing
sodium may serve to extend its supply. Cope et al., (1953)
have stressed the increased availability of potassium in

some solls as a result of sodium application.

sSodium plays a role of major importance in soil plant
relations, particularly in arid and semiarid regions. This
monovalent cation plays an important role in drought situa-
tions. Drought is one serious prcoblem which causes reduction
in production potentials of mogt of the field crops. Water
can be retained in soil by making use of sodium chloride
which is a cheaper source., Besides sodium helps to improve
the release and avallabllity of certaln nutrient elements.
Exchangeable sodium in the soil is found to have some effect
on hydraulic conductivity. This helps to retain more water
in the root zone of plants. sSodium is beneficial for the

growth of some plants.

Anions like phosphorous is found to increase the

efficiency of certain major rutrients like nitrogen. The
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mycorrhiza population in the soil is controlled to same
extent by the presence of phosphorous and secdium. Phospho-
rous improves the growth of plant up to a certain stage.

It is a very important plant nutrient which helps in the
metabolic activities.

Mycorrhizal association in the root zone, helps the
plant avatlability and uptake of nukrients (Young, %%giy
and-Guws 1986). Similacrly it brings about the drought resis-
tance in the plants. Some cations like, calcium and magne-
sium influence the phogphorous solubilizing power of

mycorrhiza.

Different molsture conditions present in the soil
affect the plant nutrient availability and uptake. The phy-
sical properties are also influenced by the soll water. The
nutrient movement .n the soil is greatly controlled by the

soil water.

The important physical properties of soll which influ-~
ence the availability and uptske of nutrients are soil bulk
density particle dens.ty, pore space, water holding capacity,
aggregation, hydraulic conductivity, and soll temperature.
All these properties, thus indireckly or directly influence

the plant growth and development.

Phosphorous is found to have an effect on infection

of the mycorrhiza, which cause a solubilizing effect on it



and making 1t more avallable to plant. By improving the
aoil conditions the vesicular arbuscular mycorrhiza helps
in water retention and improves moisture conditions. The
effects of different levels of phosphorous, sodium and water
on the physico=chemical and biological properties are not
studied in relation to plankt growth. The interaction effe
ects of sodium, phosphorous and water are important, to
study their influence on nutrient availabillty and uptake.
Their interaction may bring out changes in physical proper-
ties also. The mycorrhizal percentage also may be affected
by the interaction effects of sodium, phosphorous and water.
Water stress 1s a situation creaved by the soil environment
and atmospheric parameter. Different ways and means have
tried long past to solve the prablem of drought conditions.
Various research £indings show that sodium presenc in the
soll, as well the mycorrhizal population have some part to
play in creating drought resistance in plants. Whether it
is through soil or plant)is a gontroversy among scientists.
If it 1s through soil the water retention power of the soil
might have increased. Or if 1t is ain the plant, the plant
might have acquired some adverse conditions. Any how the
actual situations are yet to be studied. Thus viewlng Llhe
importance of such an investigation the present study d@as

under taken with the following cbjectives:-
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1. The influence of dlifferent levels of phosphorcus on
oo,
the biometric, obse:vatlongiPphysico-chemlcal properties of

soll and on mycorchizal populatione.

20 Impact of different levels of sodlum on nucrlent
uptake, biometric characters, and physico-chemical properties

of soil.

3. Evaluation of mycorrhizal percentage in relation to

dlfferent levels of phosphorus, sodium and soll water.

4. gtudy of the interaction effects of phosphorus, sodium
and water levels on the physleo-chemical and biological pro-

perties of soil,

Se Efficlency of the plants to survive under drought situ-~
ations under the influence of sodium, phosphocus and vesicular

arbuscular.- mjc’owhghua
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REVIEW OF LITERATURE

Plant growth and development is very closely related
to the soll conditions. Physical, chemical and biological
properties have impact on plant growth from seed to yield
stages. Moisture conditions which prevail in the soil is
directly related to the water absorption by roots. Soil
moisture has influence on nutrient availability and uptake
by plant. Water availability depends on soil physical, che-
mical and biological properties. Soil moisture conditions

prevailing, influence the soil micro organisms.

Anions like phosphate has influence on mycorrhizal
infection through its effect on chemical properties of soil.

The relevant aspects are reviewed under different topics.

2.1, Effect of physical properties on plant growth

Physical environments prevailing in the soil play a
prominent role in plant growth. Directly or indirectly they
influence the different stages of plant growth. Soil stre-
ngth, soil moisture, temperature and aeration’affect plant

growth and nutrient avallability.

2.1.1, Effect of soil water

Flooding reduced longivity of green leaves and their

nitrogen content. (Joshi and Dadane 1965, 1966).

Choudhary et al. (1971) reported that prolonged sub-

mergence of wheat reduced the protein content of grain.



The water absorption is alsc influenced by soll temperature
thrgugh its effects on the viscosity of water and permeabli-

lity of seed coat.

Pradhal et gl. (1973) found that maximum root length

in rice increased as the soil molsture tension was raised.

Maity (1975) cbserved that higher evapotranspiration

rates were always associated with lower scil matric suction
level (0.1 to 0.4 bar) and it gradually decreased with the

increase of soil matric suction up to 0.8 bar,

Choudhary and Bhatnagar (1980) found a close corresg-
pondance between wheat root distribution and water extra-

ction pattern,

Mali and Varade (1981) reported that emergence of rice
seedlings in a clay soil decreased significantly with redu-

ction in soil moisture content and increase in bulk density.

Zalawadia and Patel (1983) found that 75 per cent
available soil moisture significantly outyielded the other
levels with respect to growth, kernal production, shelling
percentage, oll content and phosphorous uptake by the

groundnut crop.

2.1.2. Effect of bulk dengity

Gupta and Abrol (1970) observed that with increased
bulk density there is an appreciable increase in uptake and

concentration of nitrogen and phosphorus and to somewhat



lesser extent the concentration of potagsium, sodium, calcium

and magnesiumimde. %WPQ&J‘%“%%mMGMALM.W$Lhmhww‘wﬁwu‘

singh and Gupta (1971) reported that fertilizer res-
ponse was maximum at optimum bulk density of 1.35 g/cc and
reduced at higher or lower compaction. Interaction between
compaction and fertility was found significant on number of

ear bearing tillers, uptake of nitrogen and phosphorus.

Primary seminal roots were signilficantly shorter and
shallower with the penetrometer resistance, The resistance
of close packed sands, to root penetration and the further
hardening effect of gravel highlight the importance of pro-
moting root size pores to by-pass mechanlcal resgistance

(Vine &Lal, 1981).

Katoch gt al. (1983) dbserved that soil compaction
significantly reduced the yield attributes, yield and pro-

tein content of seed.

2.1.3. Effect of Aeration

Holder and Brown (1980) reported that when plants were
subjected to prolonged low oxygen concentration, resulted in

decrease of transpiration and root injury.

2+.1.4. Effect of temperature

Budhewar and Omanwar (1980) reported that increase an

extractable zinc with increase in temperature of incubation



seems t0 be due to enhanced micrdbial activity and subsequent

decomposicion and release of organic zinc at high temperature.

Reddy and Mishra (1983) noted an increased rate of
ammonla loss at higher temperature during £irst week after

urea application.

The total yleld of corn increased 4 to 6.4 fold, root
growth 2.6 to 5.1 fold, phosphorus uptake 2 to 4 fold when
temperature increased from 1893 to 2593. (Muckay and Busher,
1984). similar observation on phosphorus uptake was reported
by Barrow (1979).

2.2. Effect of anions on physico-chemical and biological

properties of goil

The varying concentratlons of anions in solil may
influence thc physico=chemical and biological properties
of soil.

2.2.1. CoOngentration of anions and soll physical properties.

When the concentration Of anion increases or decreases
in the soil it may influence the physical properties in Alffe
erent ways. Various investigations were conducted to analyse
the effect of anions on soil water, temperature, bulk density,

eta.

Nair et al. (1966) reported that the apparent speci-
fic gravity is found to be a very convenient measure for

available phosphoric acld and available potash in soils.



Singh and Gupta (1971) dbserved that interaction
between compaction and fertility was significant on uptake

of nitrogen and phosphorus.

Lutz and Haque (1975) cbserved that water retention
at 5 bars alternately increased and decreased with incre-~
asing rate of phosgphorus, but did not always exactly
parallel in the case of changes in charge, hydration and
swelling. The highest rate (1,600 ppm) caused a slgnlfi-
cant decrease in the five and fifteen bar percentages in
all instances except the ﬂ3904 on kaolinite. Modulus of

rupture was significantly reduced by source of P,

Gattani et al. (1976) cthrough varlous experiments
found that Phosphorus fertilizer had a beneficial effect
on aggregation. White et al. (1976) observed that soil
nitrogen and bulk densities increased and available

phosphorus decreased in eirght years of cultivation.

Dlelgzalde (1977) reported that the finer particles
showed higher values for total, organic and inorganic

phosphorus than particles greater than 50 micron.

mandal @pd | han (1977) £ound thoc changes in soil
bulk density and water content have been shown to signi-

ficantly influence phosphorus diffusion in soils. Singh

and I
et—ngm (1977) concluded from their experiment that there

—
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is much effect of temperature on the solubllity and subse-~

quent availability of phogphorus to plants.

Hire and singh (1979) found that diffusion coefficient
of phogphorus increased with increase in bulk density from

1.25 to 1.70 g cm™>,

Barrow (1979) observed that phosphorus absorption on
soil particle was exothermic., Karpachevskii et al. (1980)
£rom thew laboratory experiment showed that increasing the
temperature from 4 to 40°% increased almost three f£old the

amount of P205 absorbed by anionite from sand.

Shanmuganathan gzl Qades, (1983) found that the addition
of phosphate and fulvate to soil samples with a net charge
zero, lowered the zero polnt of charge producing particles
with a net negative charge. This increased the amount of
dispersible clay present from 0 to 90 per cent by weight of
so1rl, The sorption of phosphate and fulvate by sorl samples
with a net positive charge reduced the zeroc polnt of charge
and caused flocculation of dispersed clay. Treatments wvhich
produced dispersed clay, led to increased bulk densities,
plastic limitg and moduli of rupture but lower porosities,

water holding capacities and hydraulic conductivities.

Mackay and Barber (1984) noted that the temperature
affects each of the mechanisms involved in phosphorus uptake

by cOrne



4)2 S0, and Na,PO, to the treated

soll increased the bulk density, but reduced the water

Application of (NH

holding capacity. Phosphate glven together with organic
matter increased the water holding capacity and reduced

the plasticity (Adhikari et al. ,1986).

Sah and Mikkelsen (1986) reported that phosphorus
sorption capacity of soil increased with increasing tempe-
rature as well as with prior flcoding. The bonding energy
of sorption, calculated from the Langmunir isotherm, also
increased with both temperature and prior flooding of
solls. The apparent heat sorption reaction calculated
with Freundlish isotherm and Van't Hoff's equation incre-~

ased due to prior flooding of soil.

2e.2+.2. Anions and soil chemical properties

Anions are found to have great influence on soil

chemical properties.

Gillman and Fox (1980) dbserved an agronomically sig-
nificant increase in CEC of the surface horizon with incre-
ase in super phogphate application. A&s a result the leach-
ing of applied nutrients like calcium, magnesium and
potassium was retarded and greater quantities of these
cations were pregent in the 0-50 cm profile than in the

plot receiving no phosphorus, despite the fact that more
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cationg were removed from the phosphorus treated plots by

crops grown in succession.

Pal and Broadbent (1981) found that concentration of
calcium and magnesium in the column effluents were higher

with Ni,+ sewage than with NO3 sewage. Magnesium was eluted

4
to a greater extent by the nitrified sewage.

Prasad and Moito (1982) cbserved that the CEC incre=-
ased in proportion to phosphorus retension by the soils.
Removal of soluble aluminium, f£collowing phosphorus sorption

brought about further increases in the CEC,

Significant cadmium sorption by the phosphate free
oxide sample occured at pH level below the oxide zero point
of charge, indlcating that che sorption was sufficiently
energetic to overcome some electrostatic repulsion, The
Langmulr sorption constant for cadmium was increased by
such enrichment (Skuo and Mcneal, 1984). Westerman et al.
(1984) also found increased uptake of nitrogen, phosphorus

and potassium when phosphorus is applied.

Stumpe et al. (1984) reported that addition of urea
with phosphates slightly decreased aﬂ%nia loss from 17.0
to 1222 per cent of the applied nitrogen on a highly calca-
rious soil. The relative savings of urea mitrogen were much

higher in low calcium carbonate solils.
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Peinemann and Vandeoli (1985) observed that sorption
of phosphate was affected by the exchangeable cations and
was increasing with increasing valency of cations indlca-
ting that the more compact the diffuse layer, the greater
the phosphate sorption. It is proposed that the CEC of the

soil might be influenced by phosphate sorption.

Ligand exchange has been described as the mechanism
of the phosphate surface hydroxyl reaction (Gold berg QXQSPme
1985)., This includes absorption and desorption kineties of
hydroxyl ion release. The addition of water favour forma-

tion of a monodentate surface complex.

Mahimairaja et al. (1986) reported that long term
application of NPK fertilizers significantly increased the
hydraulic conductivity of a vertisol. Soil porosity, aggre-
gation and hydraulic conductivity were increaged and bulk
density decreased by the combined application of NPK ferti-

lizer and cattle manure.

Shang and Bates (1987) found that plant zinc concen-
tration decreased with increasing soil pH and increasing

soil or fertiligzer phosphorus.

Smille et al. (1987) cbserved that a high proportion
(80%) of the added phosphorus could be recovered by water

extraction when exchangeable calcium was replaced by sodium.
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Zsoldos et al. (1987) found that the sbsorption of
2.4D by roots of rice seedlings was markedly increased in
a phosphorus deficlent mutrient solution compared with com~
plete nutrient solution or a solution defeclient 1n nitrogen,

potassium or sulphur.

24243« Anions and soll biological properties

Soil biological properties especirally vesicular -
arbuscular mycorrhizal infection was greately influenced by

concentration of varicus anions present in the sorl.

Islam et al., (1980} dbserved that rock phosphate
application reduced the degree of infection of mycorrhizal
fungl without affecting plant growth in the field. In pot
culture, nodulation, nitrogen fixation and utilization of
rock phosphate were increased by inoculation with mycorrhizal
fungi.

Omusu and Wild (1980) reported that incculation of

lettuce, onion and clover with VAM fungus (Glomus mossecae)

increased plant ylelds and phosphate uptake in three soils
that had been depleted in phosphate. The lower specific
activicy ain lettuce and clover has been attributed to grea-
ter release of slowly exchanging phosphate caused by the

high uptake of phosphate by the mycorrhizal plants.

Howeler et al. (1981) found that inoculation with

mycorrhizal roots had a pogitive effect on phosphorus
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concentracion of plant tissue and or plant growth even at

the lowest phosphorus concentration in solution.

Menge et ai. (1981) reported that mycorrhizal depen~
dancy of troyer citrange was positively correlated with soil

pH and inversely correlated with extractable soll phosphorus.

Yawney (1982) reported that soil phosphorus, soil pH
and mycorrhizal condition significantly influenced nutrient

levels in plant parts.

Same gt al. (1983) reported that increasing phosphorus
supply decreased the percentage of root length converted to
mycorrhizae. Small additions of phosphorus to several defe-
client plants increased the percentage root length infected

possibly by stamulating the growth of the mycorrhizal fungus.

Plenchette (1984) concluded that mycorrhizal fungal
development in the roots depended on the internal phosphorus
concentration when external phosphorus concentration was low
and on external phosphorus concentration when ainternal phos-

phorus concentration was low.

Prankland and Harrison (1985) dbserved that infection
of ectomycorrhizae in Betula, vesicular-arbuscular mycorr-
hizaeg in Acer were highly correlated with several soil fact~

ors like pH, organic matter, phosphorus and iron.

Johnson and HummeL (1986) found that amproved phos-

phorus uptake by mycorrhiza incculated severinia plants,



appeared at least partially responsible for increased growth
compared to non-VAM plants under conditlions of high soluble

salts and pH associated with high field montmorillonite clay.

The vesicular-arbuscular mycorrhizal infection of root
samples of mixed vegetation was negatively correlated with
both pH and phosphorus aluminium. (Noordwiijk and Hokroked. s,
1986).

Pacovsky and Fuller (1986) found that phosphorus con-
centration was significantly lower in VAM plants at weeks
six and nine as compared to non VAM soyabean suggesting
phosphorous input in VAM plants was immediately used for
new growth, Total phosphorus input for VAM plants was lin-
ear over 21 weeks and the average rate of phosphorus uptake
for these plants was 0,19 mg pa~t. Estimated specifie phos-
phorus uptake rates (SPUR) for the mycorrhizae (VAM roots)

were twlce that of the control roots.

Sreeramalu and Bagyaraj (1986) reported that Glomus
fasciculatum caused maximum increase in growth, phosphorus,
and zinc content and influenced the flowering and yield of

chilli plants.

Young et al., (1986) cbserved that vesicular-arbuscular
mycorrhiza can enhance the uptake of the fixed soll phosphorus.
The efficiency of utilization of variocus forms of phosphorus
by mycorrhizal plants depend on the species of mycorrhizal

fungl present and also on the soLl types.
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Levels of mycorrhizal infection on Leucsenaroots incre-
ased as the concentration of phosphorus was raised from 0.002
£o 0.153 Mg ml™t. Higher levels depressed mycorrhizal infec~
tion but the level of infection was never less than 50 per
cent. Mycorrhizal inoculation significantly increased phos-

phorus uptake and dry matcer yield at all levels of soirl

solution phosphorus (Habte and Manjunath, 1987).

2.3. Bffect of cations on physigo-chermugal and biologigal

properties of soll

Cation absorption and inceraction in exchange complex
defenitely influence the soil physical properties, chemical
reactaons and biological characteristics of the soil. On
the other hand cationic transformations and exchange are
influenced by the physico-chemical and biological properties

of soil.

2.3.1. Cations and scoil physical properties

Cations have great effect on most of the soil physical

properties such as hydraulic conductivity, soil structure etc.

Reid et al. (1949) reported that soil aggregation was
significantly higher in saline soils than in normal soils.
These soils are found tvo be generally flocculated and highly
permeable and do not contain exchangeable sodium ions to any

appreclable extent (Richards 1954).
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Bodman and Fireman (1950) cbserved that high sodium
water (Ca/Na = 0.17) of concentration 4000 ppm increased
the exchangeable sodium in soil upto 30 per cent and grea-

tely reduced permeabillty.

Richards (1954) concluded that soils which contain
appreclable amounts of exchangeable sodium lons are an a
dispersed condition and have generally poor soll physical
characteristics. This f£indings has been confirmed by Gupta

and Narain (1971) Singh (1972) and Marwaha (1972).

Talati et al,, (1959) showed that in the absence of
high amounts of soluble salts in Rajasthan soils, exchang-
eable sodium was correlated with soll texture. When exch-
angeable sodium exceed 9 per cent of the CEC, the percola-
tion rate markedly decreased. A reduction in permeability
or hydraulic conductivity with increase in exchangeable
sodium ions in the soil or sodium ion. Concentration in
permeating water has also been reported by Govinda Iyer

(1957) Klaga (1966) Sharma (1972).

Mohammed ud kimper (1962) reported that the presence of
salts affected the loss of water from the soll by evapora-~
tron and transpiration. It was also noted that the water
holding capacity decreased with the salt content and

vice versa.
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Kanwar and Peo (1969) reported that hydraullc condu-
ctivity decreased as the ratio of monovalent/divaleat cations

ingreased.

Gupta and Abrol (1970) concluded that increased bulk
density resulted in appreciable increase in concentration
of nitrogen and phosphorous and to somewhat lesser extent
is the concentrations of potagsium, sodium, calcium and

magnesium.

Locdha and Seth (1970) reported that potassium decre-
ases with the increase in sizge of the particle. The clays
of undifferentiated alluvium and grey brown solls contain
very high amount of total potassium and the predominant type

of clay appears to be illite.

JMakendsa Singh (1970) showed that the finer fraction
of the soil was significantly correlated with total and

immediately avallable boron.

Satyanarayana and Ghildyal (1970) found that nitrogen
and magnesium uptake increased with increase in bulk density
up to 1.63 g cm"3 buc decreased with subsequent increase in
bulk density. The concentrations of lron, manganese, c¢al-
cium, phosphorus and sodium increased in the plant material

as the bulk density increased from 1.4 to 1.83 g cm .

An increase in exchangeable sodium percentage vas

accompanied by a marked decresase in hydraulic conductivity



(Dixit and Lal, 1972) Govinda Iyer (1957) Klagga (1966) and
Sharma (1972).

Singh (1972) pointed cut that sodic soils possess ext-
remely slow to very slow hydraulic conductivity values,
because of thelr dispersed nature. Similar observation has

also been made by Mc Intyre (1979).

Pandey and Pathek (1975) studied the physical proper-
ties of normal and salt affected soils and found that high
sodium saturation increased bulk density and decreased non

capillary porosity, resulting in low hydraulic conductivity.

Acharya and Abrol (1977) reported that higher base
intake rute and increased retension at low suctlons resuited
in greater profile water storage at low ESP. Improvement
in transmission characteristles resulting from lowered ESP
was reflected in the drying pattern of soll. The first sta-
ges of drying was delayed in low ESP treatments compared to
the high ESP treatments, because of regular movement of water

£rom lower layers to the surface to meet evaporation demand.

Boldyrev et al,, (1977) reported thaet prolonged irri-
gation with mineralized waters f£rom the ingulets canal
resulted in more compact, dispersed and fine textured soils
with reduced aggregate stability and permeability. The

adverse effects were explained, not only by mechanical action



but also by the digpersing effect of sodium ions, the content
of which in the irrigation water varied f£rom 40 to 70 per cent

of the total cations.

Abrol et al. (1978) dbserved that inecreasing exchange-
able sodium percentage (ESP) moisture retension increased at
soll water suctions greater than about 0.2 atm, while ac
lower suctions more moisture was held in solls of low ESP,
Infiltration rate, soll water storage, hydraulic conducti-
vity and scil water drffusivity underwent a sharp decrease
when ESP was higher than about 15. Dispersion and dlsplace-
ment of digpersed particles is considered to be the chief
mechanlsm responsible for dbserved reduction in the trans-
mission characteristics. The depth to which dispersed parti-
cles are displaced decreases wlth increasing dispersaiblilty

resulting from high ESP values.

Acharya et al. (1978) showed that ESP significantly
affected the magnitude and pattern of water content changes
in the profile following evaporation. The total surface
water loss under evaporacive demands was higher f£rom the
low ESP goil than from the high ESP soil, because the hydra-

ulic conductivity was greater.

Dune (1978) studied that the calculated effective

soll porosities were used to predict hydraulic conductivity



values, corresponding t¢ a solution of decreasing electro-~

lyte concentration or increasing SAR values.

Pupisky and shainberg (1979) in their data indicated
that at haigh ESP and salt concentration above 0.01N, Swell-
ing of clay was the main mechanlsm responsible for the
hydraulic conductlvity decreases At low ESP and very dilute
soil solution dispersion and clay migration within the condu-~
ctivaty pores were the main mechanlsms responsible for

plugging the sorl pores.

Agassi et al. (1981) showed that the infiltration
rate was more gensitive to the sodicity of scll and to the
electrolyte concentration of the applied water than was the
permeability of the underly:ing soil. Crust formation isg
due to two mechanism (i) a physical dispersion of sorl agg~
regates caused by the impact action of the rain drops and
(ii) a chemical dispersion which depends on the soil exchan-
geable sodium percentage (ESP) and electrolyte concentration

of the applied water.

Berkhelser (1981) concluded that the amount of water
adsorbed by the cation=humic complexes were directly related
to the absolute standard enthalpy of hydration on monovalent
cationg in the series lithium*; Sodium*} Potassium® and
Cesiumi But the tetramethyl ampnium (PMAT) humic complex

adsorbed more water than expected, based upon the absolute
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standard enthalpy of hydration of tMA¥. The amount of water
adsorbed by humic materials saturated with monovalent catioas
depend on the nature of saturating cation and strength of

interaction of the catlon with humic surface.

The sodium and organic matter addition to soll through
the waste water were found to interact in their effects on
the active surface of soll particles. A&s a result of this
interaction, drainage of heavier soil, impaired during efflu-
ent irrigation, improved by subsequent drying (Burns and

Rawitz, 1981).

Shainberg et al. (1981) cbserved that when the salt
concentration is 3.0 meq 1-1, the hydraulic conductivity
and clay dlspersion decrease if the exchangesble sodium
percentage (ESP) values exceed 12. In distilled water, clay
dispersion and hydraulic conductivity decreasse at ESP valuss

as low ags 1 to 2 per cent,

Cass and Summer (1982) proposed an emphirical sodium
stability model which express the relationship between the
slopes of the threshiold concentration curves as a function
of the degree of hydraulic conductivity reduction. This
model provides a means of evaluating both, the suseptiabi-
lity to hydraulic conductivity reduction and the degree of

hydraulic conductivaty change, as the percolate concentration.



changes. They also related the slope of sodium sensitivity
model to the smectite content, cation exchange capacaty and
specific surface of pedal, non vercisol soil through log log
relationship. Soils vith low specific surface, low CEC and
little smectile and or sufficient sesquoxide to inhibit swe-
1ling tend to be most stable in the presence of mixed Na/Ca

solutions.

Hadas and Frenkel (1982) reported that the infiltera-
tion rates of the gypsum treated plots were higher than the
non treated plots, for each field and the infiltration rate
of the solil irrigated with sodic-saline water for 8 years
was greater than the infiltration rate of field irraigated

for two years.

Kazman et al. (1983) reported that the infiltration
rate of four soils was very sensitive to low levels of ESP
where the hydraulic conductivity (HC) of these solls was
lesg sensitive. The presence of lime in the soils was eff-
ective in preventing hydraulic conductivity decreases due
to low levels of exchangeable sodium. Lime was not effec-
tive in maintaining the infiltration rate of the calcariocus
soils, phosphogypsum prevented the sharp drop in infiltration

rate of the soils at low levels of ESP.

Reddy and Mishra (1983) cbserved an increased rate of

ammonia loss at higher temperature during first week after



urea application. Bresler gt al., (1984) found that soil
salinity (BC) accounted for only 10-15 per cent of the varia-
bility of saturated hydraulic conductivity, texture (per cent
sand) explained 25 to 45 per cent of the conductivity variabi-
lity and 10 to 15 per cent of the variability were explained
by the interaction between salinity and texture.

Gal gt al. (1984) attributed the crust of sandy loam
with ESP 1.0 consisted of a compacted skin seal, to the mecha~
nical lmpact of rain drops. ILattle clay movement or develop~
ment of & "washed in" layer was cbserved under these condition.
At DSP greater than 1.6 thc crust consisted of naked sand and

8llt grains over a clean washed in layer.

Black and abdul Hakim (1985) found an increase in SAR
from 0 to 44 resulted at high EC (5 meq 1-1), in a 25 per cent
decrease in relative permeability but these was no significant
difference between solls at each SAR., At low EC { 0 meq 1~1)
an increasge in SAR resulted in an average relative permeability
decrease of 70 per cent, The organic matter maintain structural

gtabrlity at moderate Na¥ levels.

Adhikar;;,\\%l1986) dbserved that the presence of Calclum
and magnesium with organic matter increased the water holding
capacity, plasticity and aggregate size. Copper and zinc reduced
the aggregate size but increased the water holding capacity.
Irurtia and Peinemann (1986) found that £n samples of

sandy loam or clay loam textures, when the total salinity passes
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£from high to low values, maintaining a high SAR, the hydraulic
conductivity become practically zero, the percolates had pH
values up to 8.5 and contained organic matter and clay in sus~
pension as a consequence of the high dispersion. In loamy sand
texture the migration of clay particles also took place but

there was a slight increase in hydraulic conductivity.

Karim and Sulaiman (1987) reported chat decalcification
with dilute acid, shifted particle sige distribution to finer
texture classes §nd increased the molsture content of most of
solls over a wide range of suctions and at the liquid and pla-

stic 1limits.

2+3.2. Cations and goil chemical properties

Various cations present in the soll influence the chemical

reactions of the soll.

singh and Sharma (1970) found that silt + clay, Calcium
carbonate, pH and calculated values of ESP, SAR and SSP of satu~
ration extract were to be higher in saline water irrigated soils
as compared to unirrigated ones, while the reverse trend was
dbserved with pore space.

Nitant (1974) reported that both high pH and sallnity
reduced nitrogen mineralization to a great extent.

Paliwal and Malawal (1975) reported that mineralized and
avarlable nitrogen and organic matter content decreased with

the increase in the ESP and pH of the scils. The uptake of
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nitrogen and phosphorous was negatively correlated with the
salinity of soils.

By mixing phosphated soil with solutions of chloride
salts, an calcium chloride the rate of desorption of phog-
phate was found to be inversly propdticnal to the calcium
concentration., Desorptlion was faster tn .01 M magnesium chlc-
ride than in 0,01 M Calcium chlorlide and faster in .03 M
Sodium chloride than in either magnesium or calcium chloride.
A range of monovalent cations formed a sequence fLrom fagtest
to slowest of lithium®> sodium™> ammonium™> potassium® , rubi-
liuﬁg cesium. The escaping tendancy of the phosphate was
decreased when the cationg which balanced the negative charge
on the absorbed phosphate were close to the surface. Thug
identity and concentration of the cations had a large effect on
the concentration of phosphate when the solution soll ratio

wag was small (Barrow and Shaw, 1979).

Rahman and Rowell (1979) confirmed that sodlum - magne-
sium montmorillonite and a montmorillonite soil bkhaved ildene-
tically to the scdium - calclum systems at the same DSP and
electrolyte concentration. At the same SAR the higher TSP in
the sodium ~ magnesium systems caused greater changes than
in the sodium - calcium systems. At the same SAR, the higher
ESP in all the sodium - magnesium systems apart L[rom vermi-
culite increased the differences, but for vermiculite with a

lower ESP, the differences were reduced.



Bladel and Gheyi (1980) repeorted that calcium was
selectively adsorbed over sodium and to a lesser extent over
magnesaum. Enthalpy and entropy changes were negatlve for

the substitution of calcium by sodium.

Devitt et al,. (1981) reported that increasing the
salinity of the irrigation water increased the concentration
of both sodium and potassium in the saturatlon extracts and
greately increased the accumulation of sodium in leaves of
wheat plant. The best indicator of the potassium - sodium
ratio found in leaves at harvest was the product of potassium=-

sodium in soll solution and the root length density.

Fenn et al. (1981) noticed that anignia volatalization
£rom solls after surface application of urea or inorganic
nitrogen were reduced by calcium and madgnesium nitrates or
chlorides, sulfates were leas effective., Suppression of
amonia loss was a result of two chemical reaction (i) Preci-
pitation of carbonate by calcium thus preventing permanant
(NH4)2 Co,H.0 (AC) formation and (i) Calcium depression of
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soil pHd by decreasing the dissociation of the CaCO., - Ca(OH)2

3
buffer system. 8Soil pH values as low as 6.5 were recorded
in calcarious so0il and 3.9 and 4,5 in the acld solls after
addition of calcium. Soll gH values in the presence of cal-

cium reached approximate nutrality in 24 hours even in acid



soils. Soil pH without calcium but with ammonium carbonate
plus calcium reduced the pH of calcarious soil to 5.3 and

raised it to 5.7 in acid soils.

Increased potassium application increased the cytosol
calcium, magnesium and phosphorus buc decreasedthe sodium

content. (Lynd et al,, 1981).

Oster et al., (1980) reported that the flocculation
value of calcium - montmorillomite ilncreased rapidly with,
small amounts of exchangeable sodium*l The flocculation
values for calcium and sodium illile increased linearly with
sodium. Vander-Waals attraction forces are mainly respon-
sible for the flocculation of Cu-montmorilliomite and Illite

systems.

stout and Buker (1981) found the dlfferential adsorp-
tion of potassium as the concrolling factor in the uptake of

Mg by corn seedlings.

Suarez and Frenkel (1981) reported that sodium hydro-
lysis exceeded calcium hydrolysis £or sorl clay fraction
where-as sodium and calcium hydrolysis rates were about equal
for the montmorillonite due to the dissolution of other
silicates in the soll clays. Sodium kaolinite hydrolysed
so rapidly that it could not be prepared free of chlorine

without almost total loss of exchangeable sodium.



39

Dufey et al.. (1982) found that the perclet number (P)
for chlorine (Pcl) was to decrease markedly when the exchan-
geable sodium percentage (ESP) increased from 0 to about 20
per cenc, P MNa and Pca were almost not affected by changing
ESP, The following sequence was dbgerved P Ca P Na Pcl,
The discriminatory mixing power of soil towards the three iong
likely results from changing size of montmorillonite tactoids

and from demixing of adsgorbed sodlum and calcium cations,

Nadler and Magaritz (1982) dbserved a portion of the
dissolved HCo; of sodium carbonate in sodic soils, reacts
with calcaum 2+ initially present in the soil and is immedi-
ately precipated as calcium carbonate.

Wallace et al. (1982) reported that in Atriplex
polycarpa 502' decreased caleium and magnesium concentrations

by applying sodium sSulphate. In Atriplex canescens leaves

contarned less sodium, total cations, chlorine, sulphur and
8ilicon but mose nitrogen than did those of Atriplex polycarpa
Chloride decreased nitrogen coneentrations in leaves of

A. polycarps by applying sodium chloride.

Replaceability of interlayer potassium® decreased as
rubidium+ content increased to 1 per cent in the exchangeable

sites (Bagber. . and Carison, 1984),

Devitt et al.. (1984) found the sbllity of root system

to tolerate high levels of soluble salts and in particular
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high levels Of sodium® is partially due to compensatory uptake
of water and lons in the most favourable regions. Sodium=-22
results indicated that the regions closest to the surface were

the most active in terms of sodium+ uptake.

Fletcher et al., (1984) found from the exchange isoth-
erms for magnesium that, there is some preference on the soll

for caleium over magnesium.

Rappaport and Axley (1984) reported that one part urea
with one part or greater of potassium chloride (by welght) as
a fertilizer solution reduced ammonia logses from 42 per cent

to 46 per cent or even, less.

Gupta et al. (1985) ocbserved that at 29.3 ESP diammo-
nium phosphate was a better source of phogphorus than monocal-
cium phosphate but at 50.2 ESP monocalcium phosphate out
vielded diammonium phosphate. Nitrophosphate having 57.5 per
cent water soOluble phogphate was only 51.5 per cent efficient,
compared w th diammonium phosphate. At higher levels of phos-

phorus wheat plants exhibited copper defecilency.

Classens (1986) found that relatively yhigh concentra-
tion of NH4 were tolerated, wlith the addition of sodium
(3 meg dm™>) to the nutrient solution Bven high M 4 concentra-
tions (7 meq dm™>) could be tolerated. Relatively high total
salt concentration could be tolerated if the phosphorus con-

centration was within acceptable limits.
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Black et al. (1987) established that on alr dry soil

hydrolysis of ammonlia was slow.

2,3.3. Cations and soil biological properties

S01l biological properties, to some extent are influ-

enced by the various cations present in the soil.

Lalitha Batra and Bharadwaj (1981) found that vegeta-
tive growth was adversly affected due to ilncreasing ESP,
At higher ranges of sodlcity there was marked reduction in
drymatter yield, number of nodules and nitrogen content of
all the lequmes except daincha which was found to be distin-
ctly tolerent to high exchangeable sodrum. Only daincha and
Indian clover can grow, nodulate at ESP 70. In other plants
substantial growth and nodulation occured only up to ESP 34.
The number of nodules declined more sh@bly than the dry
matter yield. In the initial period despite plant growth,
nodulacion was found to be lacking at the highest level of
ESP. Subsequent appearance of nodules showed inhibition of

legume-rhizcbia symbiosis due to excess exchangeable sodium.

Menge et al.. (1981) dbserved a positive correlation
between f£oliage concentration of magnesium in non mycorrhigzal

troyer citrange and mycorrhizal dependency.

Schultz et al. (1981) found that the growth of the

nonmycorrhizal seedlings at the higher fertilizer levels was



not sufficient to produce plantable seedlings for artificial

regeneration.

Pacovsky {(1986) cdbserved that copper and zlnec concen-
trations were always higher in vesicular arbuscular mycorr-
hizal plants while iron and manganese concentration were

lower than in the equivalent phosphorus fertilized soyabeans,

Peter gnd (ule-{1986) envisaged that processed water
from ghale industry containing increased concentration of
caleium, magnesium, sodium, nitrate and ammonium as well as
with high electrical conductivity if applied to the crops,

result resw¥x reduced mycorrhizal activity in treated soils

Polonenko gt al., (1986) noticed that salt stress may
cause a significant reduction in the nunmber of microorganism
in a soll, a large portion of the microbial population can

raplidly adopt to marked changes in salinity.

Rogers and Williams (1986) reported that cesium content
was greater in the mycorrhigal treated goil than control.
Cobalt content was increased 2.5 times than that of the

control at the first harvest date.

Saif (1986) observed that NPK fertilizers slightly
reduced spore numbers without affecting infection. ZIunfection
and spore population were increased by returning plant
residue to the field., Potassium fertilizer increased infe-

ction on legumes.
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stahl and Williams (1986) reported that water from oil

shale processing contain increased concentrations of calcium,
magnesium, sodium, nitrate and ammonium, reduced mycorrhizal

activity on the roots.

Struliu et al., (1986) reported that the rate of uptake
of phosphate from dilute solutions of KHZPO4 by fungus mycorr-
hiza was much increased if calcium or magnesium as chlorides
was added to the solution but not if sodium or potassium was
similarly added. The P/Ca ratio of granules was reduced in
the presence of calcium and increased in that of magnesium.

It is concluded that these divalent cations are incorporated
into phosghatic granules and that their effect on phosphate
uptake is related to the reduction in the soluble phosphate
present in the cells rather than to their effects on the cell

membrane.

2.4. Soil moisture gonditions in relation to physico-chemigal
and biological vroperties of soil
Moisture conditions prevailing in the soil, have vital
role in deciding the physical, chemical and biological pro-
perties of the soil. 8Soil mechanical properties, aeration
and soil temperature are to a great extent depend on soil
water. As well the nutrient availability, uptake and movement

are controlled by various hydrological properties. Solil
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reaction is a water dependant factor. Many of the micro-
organisms live in the goll are surviving on optimum moisture

conditions.

2,4.1, Soil water and physical properties of soil

soil molsture status hag a great influence on soil

physical properties like soil aeration, temperature etc.

Chibber ¢t a. (1964) found that molsture equivalent
and water holding capacity are slgnificantly correlated to

water stable aggregates.

Choudhary et al. (1971) reported that water absorp-
tlon is also lnfluenced by soil temperature through its eff-

ects on the vigcosity of water and permeability of seed coat.

Ghildyal and Trapathi (1971) observed that thermal con-
ductlvity increased exponentially with the increase in degree
off saturation. Volumetric heat capacity showed parakolic
relationship with che degree of saturation. Thermal diffusl-
vity alsc increased exponentially with increase in degree of

saturation.

A high significant positive correlation between clay
content. and the meiscture constants was cbserved by Velayudhan
and Ray (1971). Organic carbon and CEC were also signifi-

cantly correlated with the moisture constants.

Achavrya and Gupta (1975) found that thermsl diffusi-

vity values increased with moisture content up t¢ a particular
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wetnesgs of soil and then the rate of increase decreased

with further incgease in moisture.

Gumbs and Warkentin (1975) reported that larger values
for diffusivities and conductivities on wetting than on dry-
ing and generally larger in unconfined than in confined sam-
ples. 7The values of water tension, diffusivity and conducti-

vity av any water content depend on the rate of wetting.

Gupta and Bhatia (1975) studied the behavionr of air
permeabiliicy at various corbinations of moisture content and
bulk density and 1t was attributed to (a) reduction in air
fllled porosity with increase in moisture content coupled
with swelling of solid phase at the expense of void space
(b) Maximum swelling effects in the morsture content range
of 22 to 36 per cent by volume at relatively low bulk

densities.

A significant positive correlat.Lon was cdbtained by
Talatr et al., (1975) individually between soll moisture

constants and, silt and clay content.

Skinner (1975) reported that under anaercbic incuba-
tion the type of nutrient added had little effect on stabi-
lity. Aercbic incubation with glucose gave a largec propor-

tion of stable aggregates than water.
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Any drop an moisture content which caused the pores to
drain proauced a sharp decrease ln the apparant self-arffusion
cosfficient (Barraclough and Nye, 1979).

Lawrence et al. (1979) found that critical point urying

produced more shrankage f£rom pF—l more than half of which vag

atributed to loss of interlamellar water and rest to the colla-

pse of rores largec than 10 um and most of the plant availeble

water was roeleased by collapse of narrower pores ana not by rore
emptying.

Spoor and Godwin (1979) observeu that the soils asform
either in a compressive way or by brittle fissuring, depending
upon the relative values of moistuce content. The shear stren-
otn of the clay soils tested was more closely related to the
soirl moisture suction and to the amount of shrinkage which
occured on drying than to the absolute dry bulk densaty.

Patel ana Sangh (1981) related increased bulk density wilh
aepth, and found that this depenas on the soil water content at
the time of compaction. Soil compaction increases the number
of small pores at the cost of larger pores and conducts ruch
less water per unict pore srace. Thig intake rate and hydraulic
conductivity of the soirl cecrease with compaction,

Sharma and Felitsiant (1983) found that the stratifi-
cation enhanced the water retensaon of the layers at ficla

capacity in soal havaing loam as overlying macerial.
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A highly significant variation observed in the ODR
values, when water table changed from 0.45m to 0.75m degth

and to 0.15m depth (Bornstein et al. 1984).

Kemper and Rosenew (1984) reported that cohesion incre-
ased for several month after disruption in moist soils. Rate
at vhich cochesion increased was slcower in air dry soil, but

continued for years.

Egashira et al. (1986} observed that the natural water
content was a good indicator of 15 bar percentage, 1liguid
limic, bulk density, water retension at RH 32 per cent and

organic carbon ¢ontenc,

Olivier gt al. (1986) showed that bulk density increa-

sed with depth and decreased with increasing wacer content,

Ploughing soil at high moisture contents caused a rise
in penetrometer resistance and in bulk density and a decrease
of maecro pores as well as in oxygen concentration in the top

soil and tillage pan (Maidl and Fischbeck, 1987).

2.4,2. Effect of soil water on chemical properties of soil

Soil water affects the availability of mutrients like

nitrogen, phosphorus ecc. in diffecent ways.

Joshi and Dastane (1965) noticed that f£looding reduced

longivity of green leaves and their N2 content.



39

Vyas and Motiramani (1971) reported that at the same
phosphorus level, higher moisture per cent increased the
availability of phosphorus. Minimum fixation was found at
60 per cent moisture level and maximum at 10 per cent moi-

sture level.

Debnath and Hajra (1972) found that rate as well as
magnitude of ghift in the amounts of various phosphate fra-

ction were enhanced by higher moisture level.

Mandal and Khan (1975) showed that continues water-
logged condition appeared to be beneficial for the availa-
bility of soil natiwve phosphorus in acid soils. The alter=-
nate waterlogged - saturated condition was found to decrease
the Al-P content in all the soilg. Under continuocus water-
logged and saturation treatments the soils poor in native
Al=P content recorded an initial increase in Al-P content
followed by a decreasing and then an increasing trend.
While the soils comparatively rich in Al-F content recorded
a progressive decrease. Shimpi and Savant (1975) reported
that continuous submergence favoured ammonia retention in

the soils.

Subramanyam and Mehta (1975) f£ound that zinc availa-
bility was maximum under saturation, f£ollowed by £looding
and field capacaty in that order. Available iron and

manganese were maximum under flooding, least under field
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capacity and intermediate under saturation. Application of
zinc decreased the availability of iron and increased that
of manganese, while iron addltion decrease the avallable

zinc content of soil.

Cameron and Posner (1979) reported that mineralization
of the nitrogen of high C/N fraction was much greater in
incubation under waterlogged anaerobic condition than under
aercbic condition, yet for low C/N fraction there was little
difference.

Hira and Singh (1979) noticed that phosphorus diffusion

7 7

increased from 9.47 x 10™’ to 23.72 x 10™! cm® Sec™! with

increase in soil water content from 7 to 18 per cent g g'l.

Budhewar and Omanwar (1980) cbserved more solubility
of zinc under high moisture. S50 more available zinc in sub=~
mergence than field capacity condition. They also reported
an increase in extractable zinc with increase in temperature

of incubation.

Cassman and Munns (1980) showed that nitrogen minera-
lization declined linearly with water content. In contrast,
these was a sharp decline between 0.3 and 2 bar treatments

and a more gradual decline at higher matric suctions.

For ailrdry soll maximum solute concentration occured
at the wetting fronts in sandy loam and silt loam but lagged

behind the front in the loamy land. (Ghuman and Prihazr, 1980).
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Keren (1980) cbserved that the CEC of the montmorillo-
nite hydroxy-Al complexes after drying was higher than the
nondried systems at a pH above 7.5, whereas no difference
uas observed at the lower pH range (pH 5-6). The CEC and
spacing for both the dried and nondried systems were highly

correlated.

A pronounced increase in exchangeable NHZ content wag
reported by Frye and Hutcheson (1981) when soils are dried
particularly when cven drled. Ammonia is released from both

organic and inorganic components during oven drylng.

Keren and Gast (1981) reported that Boron adsorption
in the nondried suspensions was completely reversible for
both the sodium and calcium systems. There was a signifi-
cant exchangeable cation effect, however at higher pH with
the calcium system adsoroing the greatest amount of boron.
Drying and rewetting of the clay suspension after boron addi-
tion not only increased the amount of boron adsorbed, but

slgnificantly reduced the reversibility of adsorption process.

Magaritz and Ampied.. (1981) found that the large amount
of irrigation water applied enhanced the procesgs cecuring in
the Ca Co

- HCo3 -~ Co, system.

3 2
The extractable phosphorous was consistently lower in

the 0 to 0.3 m depth for the high irrigacion. At the lower
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depths there was a suggestion of higher irrigation but this

effect was not consistent (Pratt and Lag 1981).

Russelle et al., (1981) showed that grain yield and
nltrogen-uptake were highest with light frequent irrigation.
Heavier infrequent irrigation decreased tracer nitrogen -
recovery, Maximum fertilizer use efficiency was cbtained
with the low rate applied as a gide dregsing and with light

frecuent irrigation.

Sharpley gt al., (1981) cbserved that for all soils
the logarithem of phosphorus release (PAd) was linearly
related to the logarithem of contact time (t) at any given
water/soil ratio (w) and phosphorus amendment and to logari-
them of 'w' at any given contact time and phosphorus amend-

ment,

Skogley and Haby {(1981) reported that soals high in
extractable potassium have frigid (cool) temperature regimes,
and ustic moisture regimes. Chemical measurements which
relate to the quantity of potassium in soil apparently do
not have an adecuate cause and effect relationship in the

availability of potassium to plants.

Schaff and Skogley (1982) reported that soll moisture
(10, 17 and 28%) significantly influenced the diffusion of
potassium, calcium and magnesium. The temperature and soil

moisture interaction was significant for all three cations.
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Sharpley et al. (1981) showed that an increase in
incubation time, temperature, and in water content between
16 and 25 per cent resulted in a decrease in the amount of
phosphorus desorbed. This was attributed to the effect of
these variables on phosphorus sorption, by formation and
gtabilicy of amorphos iron and aluminium complexes and

calcium precipitates,

Mitra and Mandal (1983) observed that under air drled
condition the amount of water soluble and exchangeable ferr-
ous iron was practically nll in almost all cases where as
the content of water soluble and exchangeable manganese was
fairly high. The amount of manganese in this form recorded

a marked incrdase after waterlogging the soils for one monch.

Patel and Ghildyal (1983) reported that the inflow
rate of nutriencs was the maximum under unsatuvrated treatments
and was higher with drainage treatments than under f£looding

and under recycling treatments.

Reddy and Shastry (1983) found that the movement of
phosphorus was insignificant and it was up to 15 to 30 cm
only under higher moisture levels., Potassium moved into
the so1l at all irrigacion levels at irrigation water/cumu-
lative pan evaporacion (IW/CPE) ratio of 0.60 to 1.05 and
there was greater movement to lower depths (30~45 cm) under
higher levels of irrigation. The crop uptake of phosphorus

and potasslum was greately facilitated at IW/CPE ratio of 1.05.
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Significant increase in avallable phosphorus and
phosphorus uptake was dbserved by Zalawadia and Patel (1983)

in surface and subsurface soils with levels of irrigation.

Korentajer et al., (1984) observed that increasing
the percolation rate greately increased sulphatez- leaching

logses and decreased the apparant fertiliger recovery.

Mulvaney and Kurtz (1984) reported that N, and N,0
were evolved only if£ enough water was applied to increase
the soil molsture content to a level sbove the 0.03 M Pa

molsture percentage.

Norstadt and Porter (1984) found that soil nitrogen
content was negatively correlated with soll temperature,
Anaercbic soil conditions beneath a continuously maintained
intact, molst manure pack would minimise possible nitrate

nitrogen formation.

Pratt (1984) showed that the ratio of leached sodium
from rootzone to input sodium in water was correlated with

leaching factor.

Das and Mandal (1986) reported that the decrease in
redox potential during fourty days was greatest under water-
logging. Extractable iron and manganese increased almost
throughout incubation. Available nitrogen content showed

an increase under waterlogging.
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Rao and Narasimhan (1988) noticed that after four months
of flooding the increase in CEC ranged between 22.7 and 1.1l.
In remaining soll there was a decrease from 0.4 to 12.7 per
cent. In all goils AEC increased after two months of flooding
but exchangeable calcium, potassium, and sodium contenta of
most soils increased afterflooding and only exchangeable

magnesium showed a decrease.

Maidl and Fischbeck (1987) cbserved that very large diff~
erences in soil nitrate content between ploughing at low and
high soil moisture content. Positive correlations were shown
by the soil moisture contents with the clay, clay < silt, CEC/

clay ratios and the organic carbon contents of the soxl.

2.4.3. Effect of water on biological properties of soil

Soil water play a great influence on soil microflora

and fauna and there by influence biological properties of soil.

Patten gt al. (1980) showed that drying of soils
markedly increases thelr capacity for denitrification of
nitrate under anaercbic condition. Drying increases their
capacity to denitrify nitrate under anaerobic condition by
increasing the amount of soil organic matter readily utilized

by denitrifying microorganisms.

Knight and skujins (1981) noticed an increase in ATP

concentration, in the water potential range -2 to =20 hars
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in the arid soils and was negatively correlated with exponen-
tial decreases in respiration rates £0r the same water poten-
tlal range. It was concluded that the soil microflora may
exhibit diverse physiologlcal responges to water and consequ-
ently to available carbon source induced stresses in solls

from environmentally different areas.

Mahler and Wollum (1981) fcund that soll water poten-
tial and soil texture play an important role in the survival
of the four rhizobia isolated, Rhizcbia population were
always greatest at 0.3 bars. Population were proportioaal

to decreasing water potential to “15.0 bar.

Keck et al. (1984) noticed specific nodule activity
was enhanced by increasing the quantilty of water applied at
each irrigation and was adversly affected by increased irri-

gation by saline wacer.

Relatively at low goll moisture levels the beneficial

role of mycorrhizae was reported by Reid (1984).

Many sclentists like Dokesslan et al. (1986) have
cbtained that soil water gtatus and the mycorrhizal condi=-

tions interact in influencing plant growth.

Biomass - carbon released by water potential increase

ranged from 17 to 70 per cent of total, was cobtained by
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Kieft et al. (1987). Resplration of biomass carbon -

rmobilized by water potential increase exceeded respiratvion
of blomass - carbon made avairlable by proceeding desication.
Water potential increases associated with the wetting of dry

goll may be a major catalyst for soll carbon - turnover.
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MATERIALS AND METHODS

The experiment is carried out as a fleld experiment
with Banana as test crop in the farm area at the College of

Agriculture, Vellayanl during March 1988 to April 1989.
3.1. Climatic conditions

Vellayani is situated at a latitude of 8.5°N, longi-
tude of 76.9°E and at an altitude of 29 meters from M.S.L.
During the period of investigation, there was as average
rainfall of 108.5 mm. The average relative humldity main-
tained during the period is 71i.7 per cent. Mean maximum day
temperature of 32.2% and a minimum of 23.6°C are recorded

during the period of investigation.

3.2. Preliminary analysis

Soils are collected f£rom the plots before planting suck-
ers and analysed for physico-chemical propertieg. The results

are given in table-l.

3.3, Field experiment

Plots located at a uniform topography are selected.
The land is levelled uniformly and pits are taken for the

planting of Banana suckers.

3e3.1. Design and treatments
The experiment is laid ocut in RBD with three levels

of phosphorus, three levels 0f sodium and two levels of water.



Preliminary analysis

Table-la Physical and mechanigal properties of the preliminary soil

Physical properties Mechanical analysis
Moist- Bulk Parti~ Pore Vol. Water Mean Hydra- Coarse Fine Silt Clay Textural
are % density cle space Exp. holding wei- ulle sand sand % % class
g em™3" density % % capa~ ght condu- % %
g cm=3 city dia- ctivik
% meter Cm hr~-
8.71 1.27 2.23 44,27 0.84 34.43 0.54 86.50 42,00 26.00 18.20 13.80 Loam

Table-ib Chemical properties of the preliminary soil

Nitrogen Phosphorus Potasgsium Calcium Magnesium Sodium
Organic pyaija- Total Availa- Total Availa~ Total Cmols(#)kg=1l Cmols(+)kg~! Cmols(+)kg-1
carbon o o o ——
ble _, % ble_, % ble_, %
kgha kgha kgha Avalla- Total Availa- Total Avai- Total
ble ble lable
0.24 162.25 0.006 8.25 0.0063 30.35 0.0005 0.0029 0.0033 0.0005 0.0089 0.00018 .00034

6b



The layout of the experiment is shown in f£ig. 1. The

treatment combilnations are as follows:

1.

2.

3.

4,

5.

6.

WlPONaO

WlpoNa1

WIPONa2

W1P1Nao

WlPlNa1

WIPINaZ

W1P2Na0

W1P2Na1

WleNa2

Where

Wy

1]

10. W, P, Nz

20770
11. WZPONal
12. WzPoNa2
13. W2P1Na0

14. W2P1Nal

15, WP Na2

271
16. W2P2Na0
17. W2P2Na1

18. W2P2Na2

FPirst water level with 20 per cent
depletion from f£ield capacity.
Second water level with 40 per cent
depletion f£from f£ield capacity.

No phosphorus

P,05 @ of 90 g/piant/annum

P,0g ® of 115 g/plant/annum

No sodium

Sodium at the rate of 68 g per plant
per annum.

godium at the rate of 136 g per plant

per’ annume.
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3.3.2. Application Of treatment

All the treatments are replicated three times.
Altogether there are 54 plots with three plants in each plot,.
Banana suckers var. Nendran of almost same age based on
weight of suckers are planted as per the layocut. Nltrogen
and potassium are added as per the package of practlces
recommendations. The phogphorus is applied as per the treat-
ments. Three levels of sodium as sodium chloride are also
applied, Plant protection measures are taken as recommended
in the package Of practices of Kerala Agricultural University
for Banana Nendran variety. Cowdung at the rate of 10 kg per

plant 1g also applied cne month after planting.

From preliminary observations moisture content at 1/3
atmosphere, is determined. It is calculated as 7.34 per cent.
20 per cent and 40 per cent depletion from this field capaclty
moilsture content (7.34 per cent), are determined. Based on
this irrigation scheduling are done once in two days and once

in four days to supply the required water as per treatments.

3.3.3. Installation of tensiometers and soil thermometers

Manometric type tensiometers are fabricated in the
laboratory and installed in the plots, with the cups buried
at a depth of 15 cm from soil surface. Soill thermometers

are also installed at a depth of 15 em in plots to note the
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soil temperature. Weeding is done frequently and bunds

are taken for each treatment.

3.4. Observations

Observations on biometric parameters, physico=-

chemical properties and mycorrhizal percentage are recorded.

3.4.1. Biometraic observationg

For three different seasons biometriec dbservations

are recorded. The biometric cbservations include:-~

3ed4,.1.1. Helght of the plant

From the base to the tip of pseudogtem height is

taken and are recorded in centimeters.

3.4.1.2. MNumber of leaves

Number of fully opened photogsynthetically active

leaves are noted,
3.4.2.3. Girth
Girth at the base of the pseudostem is taken.

3.4.1.4. Length of the leaf

It is taken from the tip of the lamina to the basal

end of lamina.

3.4.1.5. Wadth of the leaf

Maxdnum width at the middle of the lamina are
determined.



3e4.1.6. Leaf Area Index
Leaf area determined by the formla

LA = Length x Breadth x .8 (Murray)\96§

It is expressed in cm® plant™t

Total leaf area per plant
Land area occupied by the plant

Leaf Area Index =

‘ - .z

3.4.2. Mycorrhizal infection

Roots collected from three plants are pooled and

these roots are processed for Vesicular - Arbuscular

mycorrhizal root infection,

Staining of root samples of VA mycorrhiga and taking VAM

Countg

The method of Philips and Hayman (1970) is used
for cbserving VA mycorrhizal infection, in varicus root
samples. One hundred root bits of approximstely one cen-
timeter length are examined, segment wise, for this pur-
pose. The root bats are initially washed an tap water and
softened by simmering in 10 per cent potassium hydroxide
at 90q3 for one hour. After cooling, the excess of alkali
is removed by repeated rinsing in tap water and then acidi-
fied with two per cent hydrochloric acid before staining
with 0.05 per cent trypan blue in lactophenol at 90% for

three minutes.



Preparation of trypan blue

Mix 50 mg Trypan blue (Romali) with 100 ml Lactophenol.

Preparation of lactophenol

Mix 10 ml Lactic acid, 10 mi phenol, 20 ml Glycerol and

20 mlL water.

The excess staln from the root tissue ig removed by
clearing overnight in fresh lactophenol. Ten root bitg are
examined at 2 time for the typical VA - mycorrhizal infection
under a light microscope. Each root bit is divided into four
equal segements for recording the presence or absence Of VA
mycorrhiza and based on this different grades from 0 to 4 are
glven depending on the extent of mycorrhizal infection. The
average value thus cbtained for 100 root bits examined are

taken as the mycorrhizal index.

3.4.3. Physical propertieg of goil

The goil samples collected for dAifferent gseasons are

analysed for the followlng physical properties.

3.4.3.1. Soil water status

Gravimetric soll water concents are recorded by colle-
cting soll samples from 15 om depths, for every season under

study.
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3.4.3.2, Soil temperature

Soil temperatures at 15 cm depth are recorded at 07.30

and 14.30 hours once in a week.

3.4.3.3. Textural analysas

Mechanical analysis 1s dore by Bouyoucos hydrometer

method. (Gupta an¢ Dhakshinamoorthi, 1980).

3¢4.3.4, Physical constants

Bulk density, particle density, weter holding capacity
volume of expansion and porosity for undleEEPed so1l samples
are determined for all the seasons as described by Gupta and
Dhakshinamoorthi (1980). The cores used are of length 8 cm

and dismeter 5 cm.

3.4,3.5. Aggregate analysis

Aggregate analysis 1s carried out by Yoder's wet scaving
method (Yoder 1937) as descraibed by Gupta and Dhakshinemoorthy
(1980). The samples are wetted slowly and using a et of
sSieves, water stabble agoregates are determined. Mean weight

diam~ter 1s used as structural index (Van Bavel (1949).

3.443.6. Hydraulic conductivity

Using the Jodpur constant head permeometer, hydraulic
conductavity for samples from each treatment 1is determined
(Gupta and Dhakshinamoorthy, 1980). Core samovles are equili-
brated with water overnaght, and constant head 1s maintained
using the permeameter. Quantity of water collected for 10

minutes are noted until concurrent values ob ained. Hydraulac

conductavity 'k' was calculated using the Darcy's ecuation,



-
DHAL
Where
K = hydraulic conductivity (cmhe™?)
t = time in hour
Q@ = amount of water collected in time 't' (=cm™>)
L = Length of the soil column (cm)
A = Area of cross section of core (Cn?)
H = Effective hydraulic head (Height from base of

soil column to the top of the water level (-cm).
The maximum and minimum atmospheric temperatures are
also recorded from the regiscer mawintained by the college

observatory.

3.4.4., Chemical analvysis

Chemical analysis are done for all the goil samples as

given below.

3.4.4.1, Qrganic carbon 4is determined by Walkley and Black's

rapid titration method (Jackson, 1973).

3.4.4.2. Available nitrogen is estimated using the permanga-

nate titration method by Subbish and Asija (1956).

3.4.4.3. Available phosphorus is estimated by Dickman and

Bray's Molybdenum Blue Method (Jackson, 1973).

J«4.4.4. Exchangeable X, Ca, Mg and Na are estimated using

Atomle Absorption Spectro photometer, Model-PE-3030 using

ammonium acetate extract (Jackson, 1973).



3.4.4.5. Plant nitrogen is estimated by micro-~kjeldhal's

method using sulphuric acid extract (Piper, 1966).

3.4.4.6. Phosphorus in the plant sample is estimated by
Vanddomolybd. ¢ phosphoric yellow colour method (Piper, 1966).

3.4.4.7. Potassium, Calcium, Magnesium and Sodium for plant

samples are estimated using Atomlc Absorption Spectrophotometer

PE-3030, from triple acid extract.

3.4.5, gStatistical analysis

The data ocbtained under various obgervations are

statistically analysed as RBD and the results are interpreted.
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RESULT AND DISCUSSION

A field experiment is conducted using randomlsed block
design with three replications in the Vellayani farm area.
The observations for various parameters are statistically
analysed and the results are presented in table No., 1 to 43

and figures 1 to 20.

The results obtained and the pertaining discussion,
using the mean tables under the relevant titles are included
in this chapter., The analysis of variance done for all the

parameters are given imn the appendix.

4.1, Biometric dhservationg

Biometric observationg such as helght of the plant,
number of leaves, girth of the pseudostem and leaf area index
recorded during 90 and 180 days after planting and at the
yielding stage (270 days D.A.P) are given in table 2 to 9.

4.1.1. Helght of the planc

From tables 2 and 3 it can be seen that plant height
values are not influenced by individual effects f£rom phoa-

phorus, sodium and water.

For the first and second stage for different levels of
water and phosphorus, W2P0(74.67) has significant effect on
plant height than WP, (55.44).



Table~-2 Effect of different levels of 2, Na, water and their interacticns
on plant helght

I stage 1I stage III stage

PO Pl P2 B) r1 P2 PO P1 P2
Wi 64.56 63.22 60.11 96,67 102.63 105,70 237.78 249.57 259,00
w2 74.67 55.44 63.44 113.00 86,33 104.00 247.44 227.30 252.22
Nad 66403 52.30 65,83 104,52 86433 110.50 252,33 248.483 254,17
Nal 6703 64433 57.67 102,50 113.67 97.67 225,83 237.50 254,33
Na2 T5.83 61,66 61.83 107.50 94,702 105.33 249.67 228,867 258,33
Mean for
Phosphorus 69.62 59.39 6l.73 1D4.84 93.00 104,50 242.561 238.34 255,61
CD st 5%
level for P - 9.68 - - 11.32 - - 14.796) -
CD at 5%
level for WxP - 13.66 - - 15.59 - - 20,92 -
CD at 5%
level for PxlNa = 16.73 - - 19.09 - - 25.63 -

Table-3 Effect of different levels of ha, i and their ictorastions on
plant helght

I stage I stage 1II stage

Nad Nal Naz2 Nao Nal haz Nad Nal Na2
Wi 62433 5433 65,22 107.22 103.44 100.67 252.67 244.33 249.44
w2 6022 65.67 67.67 93.67 105.78 103.89 250.89 234.11 241,67
Mean for
Sodium 61l.28 63.00 66.44 107.44 104.81 102.00 251.78 239.22 245.56
Mean for Wl - 62.63 - - 103.78 - - 243,81 -
Water W2 - 64.52 ~ - 101.11 - - 242,22 -
QL at 5% level
{or Water ~ 7.5% - - 8.923 - - 12.98 -
CD at 5. level
for Sodium - 9.66 - - 11.02 - - 14,80 -

cD at 5% level
ZOK Wwxlia = 13.66 - - 15.59 - - 23.92 -

68
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Prom the plant heignt cbserved, during cthe yieldingy
stage maximum valae cbiained Lor wldz(?.fw?.w o) wiea 4s
significant over %193 (237,78 sm) and Wiy (227,723}, 4
secn foom the result maxirmm plant heighit dbsgerved at higi
aat level of water and hignest level 9. phogphorus. Yawney
et al., (1932) algc observed a decrcased scediing growta by
desreasing acll pnosphorus for diffarent pi raiges. adll
and Varade (1331) 2130 have the opinicn that emergence of
rice secdlings in a slay goll dexrcased signlficantly wicu

reduction in soll molsture content,

Tor all the stages, interaction of water anld solium
ez not  Influenced plant helght. 3Sut for differene lovels
of sedium and phogphorus, By y {75453 om) -2, {113.37}
and ‘“’292 (253.33) covbinstion influcneed plant neiqoc for

the threc stojes rosredcively.

Y¥itn no aciium the eifect of phospuaorus on lant helg .t
is not promdnant in all wno stages. Though the ouoznaogus
alonce zan influence plant heighe, in the presenss oz odlum,
its cffext can be enhsnzed to 80 extent. Talsz is alge
agreeing with tae work o7 Uslker @t gil, (1,87} that .~diun
azzumilaged Srom goliwr 2nloride ap lied, in 3 shwa.s ol
sistazia vera anl P, gtlantiIg wero lute: by aoowth., Thes
sdants bad a higher relstive growsh rate aud & nlgrer Jaosk

to root ratio.
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4.1.2, DNupber of leaves

Tables 4 and 5 give the wmean values for number of leaves

recorded during the three stages.

Individnal effects of different lovels of water, phos=
phorugs and godium are insignificant on nunber of leaves, at

all the three stages.

Ia the case of conbination of wacer and phosghorus wlz)l
increases number of leaves in the l{irst and second sbtages and
it is significaat over WPy in both stages. In the third
stage W,P, (5.33) io significant over WyP, (3.56) and W P,
(3.89). W,?4 is also on par with W,Z,.

In the beginning ©f plant grovth more waser is required
aglnce the leaf development mainly confined to this stage.
When the plant ig matured, even at lower water levels, nurber

of leaves haVe increased at hlgher levels of phosshorus,

The diiferenc levels of sodium and water coxbination
have not incsceasel the namber of leaves, signiiicantly during
the plane growth. During the initial stages of plant growth
sorbination of sodium at the rate of 88 g/plant/anoumn and
phosvhorue at the race of 99 g/plant/ennum hos given signi-~
£leaat value £or nunber of leaves (10.17) which is nigher
than the values for all tne other treatments. Aftor 279 days
of plancing zJaZPZ gives maximam value (5.33) which is
significant, over Na,P, (3.83) and Na,B, (3.17}). For



Table~4 Effect of different levels of

P, Na, Water and their lnteractions
on number of leaves

I stage Il stage IITI stage
PO Pl P2 PO Pl P2 20 Bl P2
Wi 8.78 12.00  3.33 B.11 9422 9.11 4,78 3.89 4.56
W2 9.44 767 3,56 9.00 8.00 9.22 3.78 3.56 5.33
Nad 8.83 8.33 10.00 8.83 8.83 9.17 3.83 4.17 5.00
Hal 8,83 190.17 3.00 7.83 9.50 3450 4.67 3.83 4.50
Naz2 9.67 8.00 9433 9.60 8.00 8.83 4033 3-17 5o33
Mean P 9.11 8.83 92.44 8.56 8.61 9.17 4.28 3.72 4.94
CD at 5% level
for Phosphorus = 048299 = - D.6436 = - 0.8469 -
CD at 5% level
for WxP - 1.1740 - - 0.9088 = - 1.1977 -
CD at 5 lovsl
for P x Na - 144370 =~ - 1,113 = - 1.4669 -

Isble-~5 Effect of different levels of Na, W and thelr interactiong

on_nurber of leaves

I stage II stage I1I stage
Nald Mai N82 NaJ Nal Ha2 Hal Nail a2
Wl 2233 9.56 9.22 B.89 8.78 8.78 4.44 4.44 4433
We 8.78 9.11 8.78 8467 9.11 8.44 4.22 4,22 4.22
Mean for Nal 9,06 9433 D407 8.78 Be94 8.61 4.33 4.33 4.28
Mean for W1 - 9,37 - - 8.8148 -~ - 4.4374 -
Water w2 - 889 - - 847407 - - 4,2220 -
CL at 5% level
for water - 3.68775 - - 05247 - - 70915 -
CD at 5% level
for seodium - 3.3299 - - D.6426 - - 00469 -
CDh at 5. level
for WzNa - 1.1740 - - 29388 - - 1.1977 -

Sdees sz

men T VS ooy T =

c
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NayP, (5.00) the murber of leaves are almost equal to Na,P,.
From the table it is cbserved that the sodium has no much
influence cn munber of leaves. When phosphorus level incre-

ased to P, even with no sodium (Nao) the nunber of leaves

2
is found to be 5.00 at the later stages. Plant demand for

rhosphorus io also more during this stage. Prom tne present
study, the dbsecvations show that sodium does not have much

influense on the number of leaves Of the plant.

annamma George (1980) has reported that during the
initial stages of growth ke up to 60 days the phosphorus
appllicacion had not influenced either plant height or number
of leaves in the case of cowpea. The present result shows
a regponse to phosphorus upto the P2 level but there is no
gsignificant increase in growth factors for hlgher level of
phosphorus aloug higher sodium. It shows that phosphorus
is reguired for tne proper foliage during plant growth in

case of banana.

4.1.3. @inth of the pscudostem of banana plant

Girth of the plant measured at the lower most position
of the pseudostem for all the treatments and circumferance
abtainad are recorded and mean values are given in table
o, € to 7.

There 1s no sagnifizant efifect on the girth of the stem

Zor different water, phosphorus and scdium levels excepting



Table-6

BEfect of different levels of P, Na, Water and their interactions

on _the girth
(in cms)
1 stage Il stage 111 stage
PO P P2 PO Pl P2 28] Pl P2

Wi 23.61 27.94 26,39 49.00 50.44 52.11 49,33 52.67 53.89
W2 28.61 23.00 26,00 50.78 106.22 50.89 52.33 45,67 51.22
NaQ 25.50 21.75 29.33 51.00 51.17 50.00 53.83 51.67 52.67
Nal 25,50 29.33 23,58 47.67 52.00 53.00 47.00 53.17 52.00
Na2 27.33 25.33 25.67 51.00 131.83 51.50 51.67 42.67 52.50
Mean £or

Phosphorus 26.11 25.47 26.20 49.89 78.33 51.50 50.83 49,17 52.56
CD at 5% level

for Phosphorus = 2,45 - - - 46.38 - 3.1149 -
CD at 5% level

for WxP - 3.47 - - - 65.60 - 4.41 -
CD at 5% level

for PxNa - 4.25 - - - 80.34 - 5.40 -

Table~7 Bffect of different levels of Na, W and their interactions
on the girth
1 stage II stage I1I stage
Nag Nal Na2 NaQ Nal Na2 NaQ Nal Na2

Wi 27.00 25.28 25.67 51.11 50.78 49.67 54.11 50.67 51.11
w2 24.06 28.00 26.56 50.33 51.00 106.56 51.33 51.11 46,78
Mean for

Sodium 25.53 26.14 26.11 50,72 50.89 78.11 52.72 50.89 48.94
Mean for Wi - 25.98 - - 50,52 - - 51.96 -
Water w2 - 25.87 - - 69 .29 - - 49,74 -
CD at 5% level

for Water - 2.00 - - 37.87 - - 2.54 -
CD at 5% level

for sodium - 2.45 - - 46,38 - - 3.11 -
CD at 5% level

for WxNa - 3.47 - - 65.60 - - 4,41 -

b9
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the control treatment of =sodium which gives a value of 52,72
significantly dlffering £rom second level of sodium in the
vielding stage Of the plant.

The dimensicns of the glrth of the plant shows a decre=-
asing tendancy at lower phosphorus levels with lcower water
content., WyPy is inferior to other treatments in both first
and third stages., This treatment gives a mean value of 45.67
wnich 1s the least value. Highest water level along with
highest phosphorus level wle shows the maximam value of
53.89. For the optimum growth of the glirth, water and phos-

phorus cannct be linmlted to the lowast levels.

The effect of water on growth characters is also stre~
ssed by Ahlawat gg al., (1978). For cowpea in a field experi-
ment, he found, that by zncreasing the soil moisture from 25
to 50 per cent of available soll moisture at 0«39 cm, depth,
the plant heignt and other characters increased to a favoura-

ble growth rate.

I'or the first and second gtage scdium is not affecting
gircth of itne stem. But when the glant reached yielding stage,
at higher levels of godium and lower leval of water the sigze

of girth decrease.

For different levels Of sodium and phosphorus highest

value of girth is cdbtained, when sodium and phosphorus are
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applied as medium level (Naipl) glving values of 29,33 and
53,17 for the first and third stage. For increasing girth
alze soddum is required only in minimum amcunt at higher

levels of phosphorus.

When more water is applied to the scil, probably the
increased uptake ¢of water by the stem waild have caused the
higher diamenslons of girth of the pseudostem at higher water

levels.

4.1.4. Lsaf area index

Leaf area index calculated for three stages of growth
are given in table 8 and 9 and Fig. 2. Three levels of
sodium and phogphorus and two levels of water are not affe-

cted LAI throughout the plant growth.

LAL shows a decreasing tendancy at lower water levels
with phosphorus at 90 ¢/plant/annum. Highest value of LAI
noted £or w,P, in the initial stages {.6142, .8871) but a
maximim value ¢f 1.081 is recorded for w2P2 in the later
stages.

Interaction of sodium and water has not influenced leaf
area index in any of the stages. 1In the initial stages either
sodium or phosphorug at higher levels (NaoPa and NaZPO) give
higher values of leaf area index (0.88 and 0.87) which is on

par with Na,P, («89). But during the later stage combination



Table-8 Effect of P, Na, Water and their interactions on LAIL

P I gtage II stage IITI gtage

0] Pl P2 PO Pl P2 PO Pl P2
Wi «3790 .6142 «3610 «6602 8871 «8109 .8586 8609 0.2640
W2 «5091 .2957 4471 .8726 .5418 7797 .6194 .6993 1.0809

Na0 «3971 .5560 «4460 «7599 5999 .8780 . 7307 .8436 1.0057
Nal <4466 .4571 3671 .6713 8997 .7691 .8200 8350 0.9666
Na2 .4886 .3517 3989 8680 .6438 .7388 .6663 .6617 1.0949
Mean for
Phogphorus «4441  .4550 .4041 . 7664 «7145 .7953 .7390 7801 1.0224
CD at 5% level
for Phogphorus - 2064 - - .1562 - - 2113 -
CD at 5% level
for WxP - <2919 - - 2209 - - «2589 -
CD at 5% level
{or PxNa - «3575 - - «2706 - - +3660 -
Table-9 Effect of different levels of Na, W and their interactions on LAIL
I stage IT stage III stage

NaD Nal Na2 Nad Nal Na2 Nao Nal Va2
Wi «5835 .39283 «3723 .8278 « 7600 .7704 .9556 .9287 «7992
W2 «3492 .4490 «4538 .8641 .800 .7300 . 7645 8190 .8160
Mean for
sodium 4664 .4236 .4131 «7459 . 7800 . 7502 «8600 «8739 .8076
Mean for Wil - .4514 - - +7861 - - .8945 -
Water W2 - «4173 - - .7314 - - 7999 -
CD at 5% level
for water - .1685 - - .1276 - - .1726 -
CD at 5% level
for Sodium - « 2064 - - .1562 - - «2113 -
CD at 5% level
for WxNa - .2919 - - « 2209 ~ - 2989 -

L9



Fig.2, Effect of different levels of Na, P, Water and their interaction
on LAI during 1I and ITI stage.

Tig. 3. Effect of drfferent levels of Na, P, uater and thelr interaction
o1 mycorrhizal percentage during sezond and chird stage.
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of maximam phosphorus and sodium (Hasz) gives a masimum
value for leaf area index 1.09, which is superior over Na,®, .,
NazPO and Naopoa

Barly stages of plant growth requires a higher water
level W1l and lower phosphorus level as per the lesf area
index is concerned. But when the plant grows, even at lower
water levels (W2) in the presence high levels of phosphorus
leaf area index is found to show lncreased value. VWhen the
yield factors are taken into consideration lower levels of
sodlum or phospnorus are sufficient at later stages, aince
photosynthetic agtivaity are reduced during thig scage. Plant
neignt and leaf arca index 02 greengram wag significantly
increasecd by application of phosphorus, when it ig graduslily
increased fram zero to 50 kg P,Og ha~t. This observation by
Reollin Bhaskar (1979) is in agreement with the present result
chtained,

442. Mygerrhizal infection

Mycorrhizal infection is found to be influenzed by
various soil, plant and atmospheric parameters. Correlaticn
has been worked out witn soil moisture percencage, wates
noliding capacity, hydrauilc conductivity, mean weigne dlia-
meter, soll phosphorus, soll sodium, plant phosphorus and

plant sodlum, Correlation matrix is given for interpretation
in table No. 43 to 45 and Fig. 3.
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Effect of different levels of Na, P, Water and thelr interactions
on mygorrhizal infection in Banana root

Table-10 Mean table for mvcorrhizal percentage

Ho. Treatments I stage II stage IXI staye
1. W2 PO Nad 56400 63.00 87.75
2o W2 PQ Nal 40.00 45,33 84.25
3. W2 P) Na2 38.20 39.25 80.2)
4, W2 Pl Nad 49,00 32430 73.59
5. W2 P1 Nal 20.20 28,80 67407
6. W2 Pl Nal2 17,20 23425 52425
7e VW2 P2 Nad 25,00 15,50 46,25
8. W2 P2 Nal 18.00 12.3) 364,52
9. W2 P2 Na2 11.30 10.75 32433

13. Wi PQ Nz 52,00 53.50 85,75
11. Wi PO Nal 41,00 47475 80457
12. U1 PO Na2 39.00 37.40 76425
13. Wi P1 Nad 33.92 33.02 Tie25
14, W1 Pl Nal 34.00 23425 8230
15, Wi Pl Na2 31.00 24,52 56,75
16, Wi P2 Nad 27.00 16.00 48,57
17. Wl P2 Nal 16.00 12,25 38.00
13. W1l P2 Na2 12.039 8452 28,2

Mean value for

P) 44,33 48465 32.42
r1 32467 27.42 6379
P2 18,17 12.59 37.92
Nad 40,33 356.50 68,50
Mal 28,17 28,413 61.3u
Na2 24.67 23.94 54.25
Wi 30.44 29,92 60458

W2 31,67 29.13 62450
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The average atmogpheric temperaturs, rainfall and
relative mamidicy £or the three seasons are calculated for
interpretatlion of mycorrhizal infection. Seasonal effects
ars mainly due to these thraes fagtors. NO seperate angly=-
sis have been done with these three atmospheric factors,

The mean values obtained for mycorrhigzal percentage is given

in table No.10 and weather f£actors in table No. 13(a).

In all the three stages maximum mycorrhizal infection
is cbsexrved for Pyla (56, 63 and 87.753) irrespective of
water lovels. With increase in sodium level there is a deare-
ase in the mycorrhizal percentage (Correlatica taoble NHo. 43
end 45). within the game podium level with incrcasc in phos-
phorus there 1s a decrease in mycorrhizal count. Since water
treatment is glven only in the third stage, effect of it is

cbserved only in the third stage.

Ag the phosphorus level increased mycorrhizal percens-
tage decreased., During the third season where the actual
water treatments are given the mycorrhizal percentage is

found higher in the lower water level.

The ¢bservations shows that sodium and phosphorus ac
the minirum level is sufficlent for proper growth of mycorr-
hiza which is the consconance with the results of Islam gt al,.,

(1983). They found that the phosphate application reduced
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Table-10(a) Mean temperature, rainfall and relative humidity
at_the three growth stages of banana plant

90 DAP* 180 DAP 270 DAR
Atmospheric
Tomperature Maximum 32,77 30.43 32.82
(°c) Minimum 24.57 23.50 22.98
Rainfall 5
) 52,13 205.03 84.36
Relative
humL s £y 71.33 79.00 67.60

*DAP = Days after planting
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the degree of infection of mycorrhizal fungl without effesting

plant growth in the fleld. Peter et al., (1986) have alsec

reported that the processed water from shale industry contain-

ing increased concentration of caleium, magnesium, sodium,

nltrate and ammonium &8s well a&s with high electrical conducti-

vity if applied to the crops, result in reduced mycorrhizal
activity in treated soils.

Water treatment are not given during the first and
second season. But during the third season when water level
is kepe as a iimiting factor there also mycorrhizal counting
shows no mmch difference between the two levels of water.
Maxisum mycorxhizal infegtion 1s recorded during the third
season ZSor all the treatments than the first and second
season. 7The data for relative humidity, ralnfall and atmos-
pheric temperature Ifor the three seasons snows a waximum
average raianfall and relative humidity during second season
and optimam Guring the third seasen (R.H. 67.5, raintall
84,36 em). Optimur values of temperature, relative humidity
and rainfall during the third season would have favoured the

mysorrhizal populatlon to gsome oxtent.

vhen gaoll phosphorus and sgoil wmoisture are aoxrelated
with mycorrhiza a positive correlation ig obtained for the

flrst season wnile during second aud third season a negative
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correlation is cbtained (Correlation table No.i3d). When
mean weight diameter, scil sodium and water holding capa~
clty are concerned « - value for coxrelation vith mycort-
hizal population i3 very small. There ls s positive corre-
lation existing between plant phosphorus plant sodiua

with mycorrhizal population having a percentage of 45 and 13,
(Table ~ 45). Dakesslan ekt al., (1986) dbtained the result
that soll water status and the mycorrhizal conditions inter-
act in influencing plant growch which 1s agreeing wlth the
result of this experiment. Hydraullc conluctivity is nega-
tively correlated with mycorrhizal population. A&s per an
early report-ky-—=idwses, in case of hydraulic conductivity
the micrcbhial sealing in the soll causes a reduction in
hydraulic conductivity. Such that wnen the mycorrhizal
infection lncreased it might heve reduced the hydraulic

conductivity as shown by correlation studies.

4,3+, Physicael properties of soil

In the present study soil physical parameters are very
important, since soll moisture characters, structural factors
and porosity are interreclated with the bilologlcal and
chemleal properties like mycorrhigzal spopulation, soil sodium
and soil phosphorus. llean zable for all the physical pare-

meters exceptingmean welght dlameter and hydrauvlic condustivity
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after analysis of variance are given in teble 1li to 23 and

with relevant figures 4 to 1i,
4.3.1. 3o0il morgture

Soil molsture percentage at a depth of 15 om at the
three stages of plant growth are determined and presented

in table 11 and 12 and Fig. 4.

Different levels of sodium, phosphorus and water as
such are not influenced soll molsture per cent for the three
stages studled, Dut in the third stage sodium at the rate
of 63 g/plant/annum has increased molsturc percentage to
6487 from 5.22 for no sodium treatment. In the initial ste-
ges even with no phosphorus, moisture percentage found to
be highest (23.77) at lower water content, When the plant
started growing there is neo significant interaction cfieat
of water and phosphorus on mbisture percentage. when the
sodium level increased from Nao to Nal at higher water con-
tent molsture percentage iz 7.85, which is significant over

Wy
slgnificent effect for the interactiong of sodium and water,

W, Na, (4.65), W, Na, {5.28% and ¥ Na, (5.78). There i3 no

and phosphorus and sodium during initial stages.

Highest value of molsture percentage for treatment

Na, Py (7.86) which is significant over NaqPy (5.,01), La,P

27D

(5.09) =nd Na,P, {5.09). The results shous that plots

received sodium at a rate of 63 g/plant/anmum can retain
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Table-11 Lffect of different levels of P, Na, Water and their interactlon
on soil molgture per cent
I stage 11 stage III stage
PO Pi P2 PO P1 P2 PO Pl P2
Wil 18.67 20.89 17.55 6.76 6.02 G.34 6.63 4.67 6447
W2 23,77 17.01 17.55 5.88 6.02 6.33 5.34 6.50 6.20
NaQ 23.83 15.16 19.77 6.20 5.92 5.73 5.02 5.09 5.56
Nal 21.66 18.42 14.44 6.20 6.69 6.68 7.86 5.53 7.23
Na2 18.18 23.29 18.45 6.57 6.02 6.58 5.09 6.13 622
Mean for P 21,22 18.95 17.55 632 6422 6.33 5.29 5.58 6.34
CD at 5% level
CD at 5% level
for PxW - 6.7493 - - 1.2004 - - 2.1640 -
CD at 5% level
£for PxNa - 8.2662 - - 1.4700 - - 2.6510 -
Table~12 Effect of different levels of Na, Water and their interactions
on soil molsture per gent
I gtage II stage III stage
NaQ Nal Na2 Nao Nal Na2 NaQ Nal Na2
w1l 17.07 17.48 22.58 5.95 6.65 6.51 4,66 7.383 5.28
W2 22,10 18.86 17.38 5.95 6440 6.27 5.79 5.91 6.35
Mean for Na 19,58 18,17 19,97 5.95 6.53 6439 5.22 6.87 5.82
Mean for Wil - 19.03 - - 6637 - - 5.92 -
Water W2 - 19.44 - - 6.21 - - 6.01 -
CD for Water
at 5% level - 3.8968 - - 0.6931 - - 1.2495 -
CD for Na
at 5% level - 4.7725 - - 0.8488 - - 1.5303 -
CD at 5% level
for WxNa - 5.7493 - - 1.2004 - - 2.164 -

GL



Pig., 4. Effecc of different levels ¢f Na,P,Water and their interaction
on soil wolsture percentage Qurung thurd stags.

Fig., 5. Bffect of different levels of Wa, P, Water and their interaction
on 031 bulk density during 3rd stage.
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s80ll moistare than tne plots which received no sodium or
sodium at the rate of 136 g/plent/annum, Increase in phos-
phorus level is not found to have any influonce cn molsture
content, Sodium in the excnange complex might have helped

the water adsorption and increase the moisture content. This
result is in agreement with the findings of Acharys and Abrol
(1977) that in the drying pattern of soil, the {irst stages

of drying was delayed in low ESP treatments compared to hiogn
TSP treatmonts, because of regular movement oi water f£rom
lower layers tO the surface to meet evaporation demand. Higher
sodium content in the soil can reduce the water movement, This
regult is in confirnity with the gkudy of Pandey and Pathek
{1975) that ln the case of physleal properties of normal and
salt affected soils, high sodium saturation ilnorease bulk den-
sity and decrease non caplllary porosity, resulting in low
hydraulic conductivity. But the medium dose of sodivm helped

so1l aggregation and the wacer conductance is thereby increased.

432, DBulk density and Particle density

The bulk density and particle density calculated at
15 om depth of the soil at the three stages and presented the

mean value in tables 13 to 16 and in figures 5 and G.

Bulk density and particle densivy for the first two

stages are not affected by the two water levels. Bu: in the



Table~13

Effect of differcnt levels of 2, Ha, Water and their interactions

on bulk density (in g om 3>
I stage il _stage 11X stage
PO Pl P2 <] Pl P2 =1} Pl P2

Wl

W2
Nag
Nal
Na2
Mean P

1.2975 1.2200 1.2537 1.4113 1.3862 1.,3609 1.3981 1.4133 1.4209
1.2371 142357 142604 138275 1.3759 1,3991 1.4400 1.3830 1,4438
1.2478 1.2183 1.2593 1.3882 1,4103 1.3737 1.4075 1.4534 1.4391
1.2590 1.2399 1.2941 1.3953 1.3734 1.3691 1.4789 1.3798 1.4285
1.2952 1.2254 1.2178 1.4044 1.3593 1.3912 1.3708 1.3611 1.4295
1.2673 1.2279 1.2571 1.3959 1.3811 1.38G0 1.4191 1.3982 1.4324

CD at S% for P - 0.0651 - - 00397 00387 -

CD at 5% level

for PXW - 000921 g - 0o0561 bl - 000519 haad

CD at 5% level

for PxNa - 0.1128 - - 042687 - - 0e03636 -
Table-14 Bffect of different levels of Na, W and thelr interactions

en _bulk density

I stage II stage IIX stage

NaQ Nal Na2 Na?d Nal Na2 Nag Nail a2

Wi
W2
Mean for Na

1.2359 142664 1.2682 1.3950 143714 1.3917 1.3944 1.4186 1.4192
1,2477 1.2622 1.2233 1.3922 1.387) 1.3783 1.4723 1.4394 1.3530
1.2418 1.2643 1. 2461 1. 3927 1.3792 1. 3850 1.4334 1.4232 1.3871

Mean for W1 - 1.2571 1.3861 - 1.41738 -
Water W2 - 1.2444 - - 1.3852 - - 1.4222 -
CD at 5% level

for water - 060532 - - 0.0324 - - 060292 -
CD at 54 level

£or ila - 0436581 - - 0.0297 - - 063367 -
CD for wWxlla - 3.7921 - - D40561 - - 27319 -

LL
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third stage lower water level reduce bulk densitiy and rarcie
cle density, wasre partlele density 13 significancly differ-
ent between two levels (2,27 and 2.34). Phosphorus ap,lication
reduce bulk density and particle dengity. There is sigai-
ficant dlfference between Pl and 22 for bulk density vaiues
during the third stage. as the sodium level increased Zrom
Nag to Nal both bulk density and particle density reoduce Jrom

1.43 to 1.30 and 2431 to 2.20 respectively.

Interaction efiect of water and phosphorus and water
and sodium bas no sagnificant effcct on bulk density and
particle densily during the first stage of growth. Lowest
value ol particle density cbtained for Na, P, {(1.95). The
treatment Wl Nal and Wil Pz gives lowest valuss of bulk den-~
sity and particle density of 1.37 and 2.24 during the second
stage ol growthe Interaction effect of sodlum and phosphorus
over bulk densitcy and particle denssty has no swgiaficence

wn the second gtage.

During third stage Pl W, gives lowest value of bulk
density of 1,38 and P2 Wi grves the lowest value of partlele
denglvy (2.25).

Tor botn bulk density and particle density highest
sodium level gliveg minimam value during the third stage.

But particle density reduce wlth higher water level and ball



Table-15

Cffect of differcnt levelis of P, Ka, Water and cheir intevactions

" -
on particle density (in gcm'B)
I stage 11 stoge 111 stege
20 Pl P2 PO Pl P2 DY Pl 2

Wi 21377 2.0587 262004 263119 2,2880 262500 242795 242798 2.2475
W2 20921 242519 201159 2.2958 243480 243200 2.3089 2,4107 2.2850
HaG 2.0312 2.1003 2.1715 2.3219 2.,3990 2.3110 2.2001 2.4230 2.2172
Nal 23238 2.16685 2.353) 2.2870 2.2990 2.2480 2,385 2,85860 2.3050
Naz 20,3897 20,1990 1.949) 2.3037 22580 2.2940 2.3081 2.0270 2.2770
Mesn P 2.31149 241557 2,1582 2.3039 2.3183 2.2857 2.2942 2.,3453 2.2653
Co at 5% level

for P - 0.1598 - - 00681 - - J.0/96 -
CD at 5% level

£or WxpP - 042260 =™ - 0.0964 - - 0.1004 -
CD at 3% level

for Pxia - G.2768 - - 01181 - - Jel222 -

Table=-16

Lffeckt of different levels of Na, Wacer end their inceractions
¢n particle density

X scage ii ptage 1XX stage
Nad Nal a2 Na0 wWal da2 Had dal Na2

Wi 240631 2.1088 2.16459 2.2960 2.2420 2,.3130 2.2587 2.3951 2,1532
ve 2.1338 2.2602 2.0608 2.391 243135 2.2568 2,361 2.38%0 2.2550
Mean for Wa 21210 2.2145 2. 1128 23435 2.2779 2. 2849 2.3193 2.,3918 2.,2041
Hean for Wi - 201323 - 242830 2.2690 -
Weter W2 - 21533 - - 2.3225 - - 203350 -
CD for water

at 5% level - 0.1325 - - 2.0556 - - 0.0579 -
Ch for Wa

at 5% level - 0.1593 - - 0.3683 - - 3.3796G -
Ch for uxlla

at 5. level - 0.2260 = = 0.0964 - - 3.133% - 3




Plig. 6., Effect of different levels of Na, P, Water and their interaction
on goll particle density during third stage.

Pig. 7. Effect of different levels of Na,P,Water and thelr interaction
on water holding capacity during third stage.
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density reduce with lower water level Olivier et al.. {1986)
also conoluded fromthew investigations, the same result that
bulk dengity incroased with depth and decreased with increa-
ging water content. The comblnation of sodium at the rate
136 g/plant/annum and phosphorus at the rate of 99 g/plant/
annum reduce the bulk density?1.36 and particle density to

2402 which is gignificant over other treatment.

vichout considering wotcr levels the bulk density and
particie density has been reduced to a favourable value in
the presence of sodium and phosphorus. 3J3odium in the exahange
comelex lncrease aggregation and reduce soil compactica thereby

reducing the bulk density and particle denslty.

4.3.3. UWater holiing capacitcy

The water holding capacity for all che gamples collected
at 15 cm depth at the three stages are calcalated and mean

values are gaven i table Ho. 17 and 18 and in tig. 7.

Levels of water, phosphorus and sodiun have not influ-
enced the water holding capacity of soll in the first two
stages. During the third stage higher level of water Wy (28.3)
and phosphorus at the rate of P, {29.85) individually inoreased
wates holding capacity of solle JSodiuw has no effecc on water
holding copacity in any of the stages ol the plant, Tor the
farat two Zeasons there is no unteraction efcesc on water holding

capasity by the comoined treailmenc of wacer and phogphorus,



Table-17 Effect of dlfferent levels of P, Na, Water and their interactions
on_water holding capacity (%)

I gtage II stage III stage

PO Pl P2 PO Pl P2 PO Pi P2
Wl 32.17 38.42 36.59 28.37 29,03 30,58 28,23 29.11 27 .54
W2 37.61 37.96 36.03 30.82 3039 31.02 23.47 30.60 25,75
NaQ 37.11 37.22 37.86 31.22 29.33 30.23 26.60 28,57 26.14
Nal 34.58 40.14 33.43 28.99 29,46 29.03 21.43 32.24 27.42
Na2 32.99 37.21 37.64 28.57 30,35 33.14 29.51 28.75 26.38
Mean P 34.89 38.19 36.31 29.60 29,71 30.80 25.85 29.85 26.65
CD at 5% level
for Phosphorus - 643260 =~ - 3.1460 =~ - 1.8439 -
CD at 5% level
for WxP - 9.0450 =~ - 14,4499 = - 2.6070 -
CD at 5% level
for PxNa - 11,078 - - 5.449 - - 3.1936 -

Table~18 Effect of different levels of Na, Water and their interactions
on water holding capacity (%)
I stage II gstage III stage

Nao Nal Na2 Nao Nal Na2 Nao Nal Na2
Wi 35,27 36.21 35,71 28.92 28.89 30.17 29,11 29.44 26432
w2 39.53 35.89 36.18 31,59 29,43 31.20 25,09 24.63 30.10
Mean for Na 37.40 36.05 35.95 30.26 29,16 30.68 27.10 27.03 28,21
Mean for Wl - 35,71 - - 29.33 - - 28,29 -
Water w2 - 36.18 - - 30,74 - - 26.61 -
CD at 5% level
for water - 5.2200 =~ - 2.5690 - - 1.5060 -
CD at 5% level
for Na - 6.3960 - - 341460 = - 1.8439 -
CD at 5% level
for WxNa - 9.0450 -~ - 4.4499 -~ - 2.6937 -

18
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water and sodium, 2nd sodium and phosphorus. lidth differont
levels of phosphorus and water highest level of water hoelding
capacity is showed by i,P;) (30.60) followed by W;P, (29,11},
These two are significent over u,Pg (23.47) and 17292(25.75}1a

Lowest level of welar and sodium ¢ive a lower value of
water holding capacity (25.09). While sodium applied at the
rate of 13¢ g/plant/annun, with lower level of water increased
water holding eepacity, to a value of 30,1 which is signifi.
cant over Wiy (26.32) L (25.09) and Wy, (24.63),

1 water holding <capacity of 233.24 is rccocorded for 91('3\
which 45 significant over all other treatmants exceapting
19y
Firsc two stages where water treatments are not glven,

Layly (25.51}) which is on par with P

tnere 1s no sicnaificant ffocl of water levels and levels of
wvhosphorus. 3ut treatment effects are apparantl ;7 shown during
the third gtage where soll receivcd higher water levels, cfecor-
ded higher water holdingy cagacitr. Gererall: yhen more wates
1s present in tho s0il, there i1s increass in the water holaing
capacity of the soil especiall; in the heavy tertured or loam,
soll. Thecophorus at the medium level is reconmendable for
increaslinyg ws.er bolding cagaclicy than no shosphorus or higher
levels of phosphorous. Tthe view is supiorted by Adhikari g- a .
(1986} he showed that phosphate given together wi h organ:ic
matter increased the water nolding caraci ty and recuced the
plasticit_ . ZInteraction effects are also predominant onlv

during the chird stage were water creatronts are cffecuive.
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As a general case application of phosphorus and sodium may incr-
eagse water holding gapacity. Higher level of water holding caraw-
city at lower water levelg might be due to presence of higher
levels of sodium in the complex. Abrol gt gl. (1978} from his
experiment came to the same conclusion thal with increasing
exchongeable sodlum percentage (LSP) molsture recvenslon increase.
at soil water suction greater than about 0.2 atm.

4,344 volune 0of axoansion

ysing the core samples collected, volume of exransion fo.
all soil samples at 15 or depth are determined for all che three
stages. 7The mean values are rresented ip table 7to. 19 and 20

and in Fig.8.

Zodium given at three lev.ls and water ai two lovels do
not change the volume of exyansion values., Yor cifferent levels
of phosphorus JdJuring third stage highoast value ol volume of
expansion o observed for the second dosce of phosphorus {(2.e1)

which 1s sicnificant over control level of »hosprorus (1.04..

Tor the first and second season wlPO gives highcst values
(3,77, 1.30). But during the third stage raximum volure of
exransinn valie of 2.38 i< obtalned for higher levels of
phosphorus with higher levels of water. Lowest level of water
and phosphorus gives tne minlaun value of 1,53+ Interaction
effec: of sodiur and waler is no: significant during plant
growth. Though the treatwent a, P is found to b2 siynificant

Adurin; the first stage of growth (3.38), in tnz later stages



Table~i2 Effegt of different levels of P, Na, Water and cheir interactionsg
on volume of expansion 2% )

_?stage 11 stage Tit stage

23 Pl P2 ) Pl P2 PO Pl P2
Wi 377 2601 1497 1.30 2460 2402 1.72 2452 2488
W2 2«65 210 2,02 2,72 1.19 1.48 1.53 j.84 2435
Nagd 2.85 215 1.90 1.26 1.20 2.22 1.44 240 2.07
Nal 3.28 1.77 1.44 1.72 2.156 1.18 1.65 2,08 260
Ka2 330 2:25 2464 1.55 2032 1,86 1.78 2,05 3.17
Mean P 3.21 2.08 1.98 i.51 1.85 1.75 1.63 205 3.17
CD at 5% level
CD ak 5. level
for wWxpP - 1.4884 = - 1.2077 = - 1.1998 =~
CD at 5% level
for Pxia - 1.8230 - - 1.479 - - 1.4584 o

Table-20 Effect of different levels of Ne, W and their interactions on
volume Of expansion

I stage i1 atage III stage

Na)d Nal NaZ fad Nal Ha2 Had sl Na2
Wi 2453 2.51 2.74 1.71 1.98 2.24 1.95 2634 2.83
L2 217 1.83 2.72 1.41 1.39 1.58 1.9 1.89 1.83
Mgan for Lia 2434 2,23 2473 1.56 1.69 1.91 1.97 211 2433
Hater w2 - 2426 - - 1.463 - - 1.9043 =
CD at $% level
for W - (08523 = - D.6973 = - I.6875 -
CU at 5% level
for .a - 1.9525 = - De8539 = - 38420 =

Cd at 54 level
for Wx<a = 1.4885 - - 1.2%717 = = 3:.3908 =

V8



Fig. 8, Effect of different levels of Na, P, wWater and their interaction
on volume of expansion during third stage.

FPilg. 9. Effect of different levels of Na,P,Wacer and thelr interaction
on poreosity during third stage.
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of growth maximum comolnacion of godium and phosyhorus

(¥a, PZ) glves hignest value of 3.17.

The present gtudy on direct and interastion effect
¢ affeorent treatmenc show that the nigher doses of sodium
and phosphorus along wlth higher level of water increases
volure of ewpansion, Pupisky and Shainberg (1973) in cheLr
exrcri cental work indlcated tnat at nigh ESP and salt con-
centration aveove J9.J1 K, swelling of clay was the main recn-
anist respongible for che hydraulic conduztiva=y oo decrease.
studires conducted by Gupta and Bhatia (1975) supports this
result. They show the behaviour of air pecmeabllity ac
various covbrnazicn ol wolsture concent and bul% densily and
it wag attributed o (1) reduccion in aarfllled porosibty
wich increace an rioiscure content, coupled witn swelling o.
so1id phase at tnc ex, ense of vord spacze, {(2) Uaxinur swell-
ing ofSgots in the molsture conteat zange of 22 to 36 per zeat
by volums at relatively 1lo. bulk densiiy. ~hen water level
increased more absorption of water so nigner cxoonsion.
Sodium at tre higher level mrghv have influenced absorption
of water in the exchange site thereby ancreasing volure of
expanaLto,
4.3.3. Porosity

Forosity is deteormined for all tne samnles 20llcccel
Erom 15 am deprh at the three stages and mean valuos presentel

in cakle No. 21 and 22 and in Fig. 9.



Table=-21

of ditfferent levels of P, Na, Watcr and thelr intersctiocng

on_pore Space (o

I stage II stage I11I stage
PO £1 P2 PO Pi »2 PO P31 P2
Wi 43.89 37.39 42,67 49.06 40.690 49,58 39,77 41.09 38386
W2 40,72 42.85 41.87 40427 42,15 43.76 41,55 42493 37.54
ad 41.27 42.36 21.66 4%.42 41.95 41.54 47,75 4235 34.85
Nal 41.47 43,97 43.27 39,99 41.09 40439 40,42 44,08 39.61
Na2 44,18 36.99 41.88 402.79 41,02 4G.09 40.81 38.26 40.14
Mean for P 42,31 42.17 42,27 42,17 41.38 43,67 49466 41.55 38,18
CD at 5% lcvel
for P - 30868 - - 1.2389 - - 103128 -
0 at 5% level
Co at 5% level
for Pxlla - 67301 - - 21453 - - 242738 -
Table=22 Effect of diflercot levels Of Na, Wster and their interactions
on SpCre space (i)
I stage Il stage I1I stage
JE\e] wal Na2 Nad Nal Na2 Nad Mal Na2
Wl 4265300 41.23 39,13 40.45 39.94 40,86 39.32 41061 38,678
W2 39.993) 41.97 43.57 42.15 41.93 39.99 394,31 41.10 40,69
Mean for Na 41.76 41.60 41.38 41.30 40.49 47,43 3832 41.36 3%.73
Mean for Wl ~ 41310 - - 43.416 - - 39,90 -
Water W2 - 41.847 - - 410061 nd - 43037 L
CD for water at
54 level - 3.1584 - - 1.2116 - - 1.02719 -
CD for sodium
at 5% level - 343639 - - 1.2389 - - 1.3128 -
CD for Wx.a at

e

v s e ey
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Water has no signiflcant effect on any of the three
stages for the scil porosity. In the third stage of growth
Py (40.66) and 2y (41.55) give a signiflicant value over P2
(38.18). oDuring the first and secound stage different levels
of sodum have not affected porosity. Juring the third
gstage sodium at a level of 63 g/plant/annum given a signifi-

cant value (41.36) over Na, (39.32) and Naz (39.73).

Only Interaction of different levels of water and
phosphorus has influenced value of porosity during the first
stage of growth. Wl Pa glwves the nichest valuc of 43.9 and
minimm value is f£or Wi Pl (37.39). In the second stage
maxlmum value is for W, P, (42.20) and minimm value is
43.03 for wlpo. Duaring the ylelding stage higher dose of
phosphorous and higgzx levels of water show a lower value
for porosity (37.54) while lez aive the highest value of
42,01, Sodium and water in combination at the lowest level
gives maximum value of porogsity (42.27) during the second
gtage. Ior this interaction velueg ranges f£rom 39.9 to 42.2.
Nal with two levels of water is recorded signifilcent value
of porosity (41.61 and 41.19) which is sigunificant cover
Wy hay and on par wich hz Naz. The lnteractlion of sodium
and phosphorus has no siagnificance over first an?! gsezond
stage. But a slgnificant value of 44.24 is cbtained for
Hal B, during the third stage of growth. dere volue rangfas
from 34.7 (NaOPZ) £0 44,04,
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In all the three seasons sodium at an optimum level ual
1s found £o have an influence on porosity of the socil. With
no sodwum and higher level of sodwum tne porosity is found
to decrease in meny of the treatments. Juplsky and shainberg
{1979) have shown that at low ESP and very dllute solil solu-
tion, digpersion and clay migration within the conductivity
pores were the maln mechanism rosponsinle for pluggins the
soil poreg. AliZeroat levels of phosphorus or its iatcraction
have no macn inflacnee on che porosikty of soul. idigher values
of gorosity for medlun dose oi phosgphorus and solavm treatm-ats
may be due to incresse in micicporeg over macropores. Mloro-
rorosity mainly ccunt the posogity oo sorl. randey ana Pathel.
{1975) found that high sodium saturation in soil liacrease bulk
dencity and decrease non~caplllary peorosity resulting i1 low
hydraulic conductivity. In tne pregent study the higbest dose
of Na2 decreased the mlicroporos.ty and ﬂai is Eound to be

favourable Lor optimam porosicy.
4.3+6. Mean veight diameter

Mean values of the mean welght diamstor aalculated fronm
the wer sieving aggregate enalysls, done for the rooled samples
collected £rom 15com depth at three stages of growth of the plane,
are presented in the table No. 23. 7The statickloal aasalysis ic
not done f£or thege pooled data, but correleticn ls given in

cable Lo. 43, 44 and 45 and in Tig. 19.
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Table-23 BLfest of diiferent levels ot Na, B, W and theiy
interactions on the mean weight dlsmeter and
Hydraulic conductivicy
Mean welght dlamcter Hydraulic
conductivivy
Treatments I gtage 1II stage IiII stage (3rd stage)
am h-l
Wl 23 Nald Je3363 00,5390 2.4873 6362
Wl PO Nal 0.8294 023299 05620 38,54
Wl PO Na2 1.03528 00,4932 066321 77412
Wl P1 Nad 0.5723 D0.5131 045371 75.54
Wl -1 ¥Nal 0.8079 1.1402 0.9312 5643
Wi 21 da2 1.1784 0.9585 3.9837 76.40
Wl P2 Nad 05240 1.1394 3.7833 37.54
wl P2 Nal 35340 N.7492 0.6891 132.908
Wl P2 Ha2 06325 N.8763 0.8391 93.25
U2 Py da0 06562 08523 0.4081 71408
W2 PO Nal }+3973 J.3541 2.3891 47471
W2 PO «~a2 Jed446 J.3442 33923 56,83
w2 P21 Na0 345313 1,3392 24391 127.39
w2 Pl Nal 06299 0.9818 J.5276 97432
W2 o1 Na2 2.7133 Je8011L 3.6913 57,71
W2 2 Nald J. 4643 0.68933 3.32982 J2.61
W2 P2 Nail F.8884 J«5741 3.4839 37 .82
W2 P2 Na2 J5.3833 0.7272 2.3971 111.09%
Mean
B9 371386 0.6631 J.4803 6le15
Pl J3.7439 0,9552 Je6849 81.79
P2 De51479 2.8978 55983 73.38
Nad J.6142 0.8439 3.50236 GBa.51
Hal Q06972 0.7716 2.5973 67.42
Na2 D.7342 7.8166 346571 82.39
Wl Je 7965 0.7598 2,776 72.27
w2 33677 0.8646 2.4588 1.94

st
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In the first season with no phosphorus for an increase
in sodium content there is an increase in mean weilght diareter.
With increase in phosphorus from Dlﬁto 92 there is a decrease
in mean weighe dunameter from 0.7439 te 0.5879. laxirum values
of 1.0528 (P, Na,) and 1.1784 (P, Na,) and minimun values of
0.3833 (P, Na,) and 0.3973 (?Gmal) are recorded. Uater level

2772
has no effest in the first and second stages.

In the s22ond stage £ Nal shows comparatively nigh

1B
values 1.1402 and 00,9818 where asg lowver values given by Poma1
(0.3259), There is a decrease in meon welght dlamster witn

ipcrease in sodium content £rom Nao to Naya. Na, has got high-

est value {(0.8432),

In the third stage water level hes significant lnflu-
ence. For the higher level of watar taere is an lncrcease in
mean welght diameter. Here also the effect of sodium hag gob
sawe trend as in the second stage. Bubt with pros horus at
the rate of 90 g/plant/annum gives the mexlruum valuc Jor meon

waight diameter. Maximu velue noted for w7y N, is 0.9837.

Erom the correlaticn macrix (Tuble No. 43, 44 and 45)

o3

ic ¢an be seen that mean werght diameter ls posltively corre-
lzzed with soll phosphorus ana negatively correlated with
merstugs L2 the second and chird stages. Gattanl et al.,
(1876) through various experiment found that phosphorus ferti-

lizer had a beneficial effect on aggrenation which is in



Flg. 10, Effect of dfferent levels of fa, P, Water and their
interaction on mean welgnt diameter during third stage.

Flge 11. Effect of difforent levels of Ne, P, Water and Jheirs
interagtion on hydraullc conductivety during 3rd stage.
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confirmity with this result. Chibber et—at. (1964) has
concinded that water stable aggregates are directly related
to molgture content while (Gattani (1876) has shown an incre-
asc in aggregate stsbility by the addition phosphoxus fereti-
lizers. These results are in confirmity witn the presenc

coasexvatlons cotained.

44307, Hydraulic ccoadugtivity

For the third stage, the hydraulic conducrvivicy deteT-
mined for the pooled sample and presented in table No. 23 and

I‘ig- 11.

water level has got a significant effect on the hydrau-
1ic conductlivity of the soll. With higher levcls of water
there is an increase in hydrvaunlic conductivity (72.27 cm nedde

With increase in phosphoyrus f£rom P3 to Pl there is an increase
in hydraullc conductivity. Scdium with P% level there ig an

increage Of hydraulle conductivity £rom 37.54 for “19°Na0

130,05 for Wlpzﬂal. For the treatment 92Nag lower values of

o

37.54¢ and 30.61 are cbtained for the water levels w, and i

1 2

respectively.

When goll regeived water treatments, higher water level
at the rate of 20 per cent depletion of £ield cagpacity give o
high value of hydraulic conductivity. So in the presence of
more water, conductivity increase, OCumbs and Warkentin (1975)

reported, hidgher values for dl€fusivities and conductivities



on wetting than on drying and generally larger in unconfined
than in confined sawples. A&t higher water content interfer-
ence of sodium is less and a higher value of hydraulic con~
ductivity is cbtained. Sodlum in soil soclution Lielps in soil
aggregation. Thereby increase the values ©f hydraulic condu=-
ctivity at Nal level. ZFhig result is in agreement with the
works of mony selentiscs like Dixit and Lal (1972). Govinda
Iyer (1957), Klaqggoa (1956) and Sharma (1972}, they all repor=
tad that on increase in exchangeable sodium percentage is
accaompanied by a marked decrease in hydraulic conductivity

ie. at very high levels cf sodium.

4.4. Chemical preneriies

Che alcal enalysls of the scil colleated from a depth
ol 15 cm at all tne thees steges of plant growth are dome and

mzan vaiues are presented ln table No, 24 Lo 38,

Regults are given ror organis carbon, avallchbiz and
tocal, altrogen, phospnorus and potassiun and exchngeable
calcoiun, magnesium ana socdum. rlont analysis ic carried out
for totul nitrogen, phosprorus, potassium, 2alcium, magnesium

and sodsun. Tables 39 Lo 42 give cegulis of planl analysis,

4.4.1. Organic carbon

Table 24 and 25 give mean values of organic carben for

different stages of plant growkth.



Table=24

Effect Of differerat levels of P, Na, W end thelr interactiong

cn _oroanic carbon

()

I stage II stage III stage
1 244] 21 P2 23 Pl P2 PJ i P2

Wl 108965 0.8086 1.9362 0.,5745 3.6321 J.4362 05244 3.5430 343545
W2 Deldt AT D,8856 Q,7515 0.5990 0.4731 D.2424 05585 3J.4735 7J.4226
Hag 162520 1.9256 0.,7577 0.5483 D.6082 9.4101 0.5148 (.6Nn7/9 3.31i9
Nai D794/  0,.7484 1.0257 (3.5299 0.4839 00,4932 0.4969 0J.4431 0.5367
a2 D.9242 2.,3072 0.7483 0.6820 0.5207 0.4147 D.5827 2.4858 02,3477
Mean P 3.9993 9,927 <5439 0.5088 0.5376 (.4393 35315 0.5123 02,3886
CD for P

at 5% lLevel - 33098 - - 0.1686 - - 3,1184 -
CD ag 5% lavel

for Pad - 0.4381 - - 2.2385 - - 3.1675 -
CD &k 5% level

for Pxtla - 05365 - - 02921 - - 042051 -

Table=25 Bffcect of dlfiferenc leVelg of Hg, Pater and their interagtions
on crqhn¢c i¢ =arbon
I stage IZ staga Ii. s.age
Nal Wal Na2 Nad Nal Ha2 iad Nal Na2

Wi 1.0533 De305% 049424 95591 95161 0,537 O.4442 93,4455 0.5141
W2 060702 38373 12,8439 1.4854 0.4885 3.5407 0.5121 3.5189 9.4296
Mean for Na 1.0118 0.3563 n.8%31 9 5922 05223 00,5391 3.4782 2.4822 J.4718
Mean for Wil - 39674 - 05376 - S 04683 -
Water W2 - D.8737 - - De5043 - - 3.45669 -
Co ak 5. level

Zoy La Water ~ 362529 - - 21377 - - 043967 -
Co gt 5%

for a - 23392 - - Ja 1086 - - 0.1184 -
Ch for Wada

acv 5. level - 0.4381 - - 2.2385 - - 31675 -

€6
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The different levels of water, phosphorus and sodium
have no effect on organic carbon content. The no phosphorus

treatment shows a higher value for organic carbon than P, and

2.

For the first two stages there is no significant inter-
action effect of diiferent levels of phosphorus and water on
organic garbon. Curing the third stage sz] ¢glves maximam
value of J.56 which is significant over WIPZ €0.,35). Organic
carbon oontent is not influenced by the interaction of water
and sodium in any ©f the stages. Sodium and phosphorus intere
acticn do not change the organic carooen contenc during the
initial stages of growth. At the ylelding stege for this
interaction the values ranges from .32 for NaOPz to 2.61 for
¥a,P,s The maximm value is sagniticant over ha P, {2.32},

Sacisfactory values ©f oxgaenle carbon are dbtalned even
in the absence of phosphorus for atl the threc stuges. There
is a degradation in soal orgenic carbon £rom first stage to
third stage probably dve to urilization by the plank. Ag

phosphorus level increased f£rom P. to P, there is a slight

ls]
decrease in organic carbon in almost all the treatments through-

ocut plant growth,

42402, 30il nitrogen (Available)

Avallable nitrojen content arc devermined at different



Table-26 Bifect of different levels of P, Na, Water and their interactions
on avallable nitrogen

(in kg ha~1)
1 gtage 11 stage 111 stage
B) Pl P2 jzds ] Pl P2 PO Pl P2

Wi 280.72 283.23 270.89 171.24 172.98 1B84.68 173.95 143.49 175.06
W2 J04.78 548.80 233.94 172,98 175,61 173,72 147,53 149,02 355.64
NaQ 233467 475.78 237.44 172.99 169.86 174.72 174.50 131.51 197.57
Nal 215,53 337.12 240.57 173.60 174.57 189.28 149 .89 152,54 158,923
Ha2 428,99 435.16 279.25 171.73 178.45 173.60 157.92 154.71 439,53
Mean P 292,73 416,02 232.43 172.11 174.30 179,20 160.77 146.26 265,35
CD at 3% level

for P - 166.05 - - 22.29 - - 157.13 -
CcD at 5% level

ForWxp - 234.32 - - 31.54 - - 222.22 -
CD at 5% level

for Pxila - 28763 - - 38.62 - - 272.16 -

Table-27 Effect of different levels of Na, Water and their interactions
on aveiloble nitrogen

I stage 11l stage 1II stage

Nad Mal Na2 Nagd Nai Naz Nad Nal Na2
Wi 23850 257,20 338414 171.24 182.13 175.47 170.16 167,22 154.61
w2 391,75 271.61 424.13 172,48 176.11 173.72 165.55 139.87 346.83
Mean for Sodlum 315.63 264.41 381l.i4 171.86 179.15 174.62 167.84 153.80 253,72
Mean for w1l - 278.28)0 - - 176430 176L30 - 164,14 -
Water w2 - 362.4990 - - 174.11 - - 217.42 -
CD at 5% level
for Water - 135.5800 - - 18.2072 - - 128,29 -
CD at 5, lesvel
Eor Sodium - 166.0459 - - 22.2990 - - 157.13 -

2D at 5% level
for Wxlia - 234,82 - - 31.54 - - 222.22 -
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gtages of plant growth and presented the mean values in tables

26 to 27 and ln figure 12.

Individual effects of water, phosphorus and sodlum
levela are negligible on availleble nitrogen. For dilferent
levels of phosphorus and water combinatlon masimam response
for lez (548.8) this is significant over all the other ccme
binacion cf phosphorug and water during thoe firsi gtage of
growthe

In the second and third otage of growth there is no
interaction effecct exaepting the effcck of &ang on available
nitrogen, in the third stage. All the other interaction at
the third stage are insignificant, NazP& gives highest value
of available nitrogen (439.,3) vhich is significant over all
the other treatment corbinations. 7The effest of treatwments
on avallable nltrogen are predominent only during the third
stage, <fhere is a decrease in avallghle nitrogen content of
soll from initial gstages to yielding stage of planc growth.
Stumpe ot 1. (1984) repoected £roa hls experiment that addie
tion of urea witn phogphate slightly decreased ammonia loss
£rem 17,0 to 12.2 per cent of the applied nitrogen on a highly
ealcarious goil, In the present case also the losses of nltro-
gen might have been reduced to same content by the increased

levels of phosphorug.



Fig. 12. BEfect of different levels of Ma, P, Water and their
interaction on soil available nitrogen during third
stage.

Fig. 13, ©Cffect of different levels ol Na,?,Water and thelr
interaction on soil available phosphorus during
gecond and third stage.
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4.4.3« Soil phosgphorus {(Available)

Analytical results of avallable phogphorus are given

in table 28 and 29 as mean values, and figare 13,

In all the tvhree gstages there is no individual effect
for differcent levels of phosphorus, sodium and water., There
8is no gignificant effect due to interactions excepting the
different lewvels of sodlum and phosphorus in the figst stage
of growth. In the initial stage Na_.LP0 which has got maximum

available phosphorus of 20.3 kg P ha~! which 1s sagnificant
over all the other combination of sodium and phosgphorugs excep-
ting Na, Py {15,6) and Na,P, (13.0). HMaximum values Of avai-
lable phosgphorus are cbgerved during second stage.

From the rezults chtained foc awvailable phosphorus, s
punosphorus applied at the rate of 90 gfplanc/annum is found
to be a better treatment as far as availabillcy or phosphorus
concerned. When the sodium level is increased te Na2 there ls
a slignt increase J.rnt,‘:é'alue of avallable phosphorus. Avallable
phosphorus analysed during second gtag: is found to be magivum
and it in decreased when slant attain meburity. The inltial
analysis shows a low value for availsble nhosphorus since the
applied fertiliizer is not wade availsble £o plant at that time,
When the twater treatments are given, f£or water level at 40,
depletion from field capacity avallable phosphorus is found to

increase. BEven at lower water levels the available phosphorus



Table-28

Effect of different levels of P, Na, HWater and their interactions
on _soil available phosphorusif

(in kg ha™1)
1 stage II stage III stage
P2 Pl P2 PO P3 22 PO Pl P2
Wi 11.49 10.91 3.64 19,93 43.65 39.67 11.58 16.82 17.58
w2 13,82 14,25 8.99 159.83 34.30 19.39 12.99 24.24 16.49
Nad 3437 13,05 9.77 22482 29,77 22.48 i5.14 21,77 10,77
al 20:33  9.08 B,.34 16,72 38.98 49,79 12,53 13433 22.31
Na2 FB7 1562 763 20.09 48,22 16.33 11.i6 23449 17.99
Mean P 12.656 12.53 8.81 19.87 38,98 29,53 12.28 20.83 17.03
CD at 5% level
£or Phosgphorus - 5420 = - 23,90 - - 10.81 -
CD ak 3% level
fOr W}CP - 7.36 b - 33:83 - bl 15.28 -
CD at 54 level
for PxNa - 9.01 - - 41.43 - - 18.72 -
Table=-22 Bffect of different levels of Na, Water and their interactions
cn soil avallable Qhosghorus(%p
I stage Il stage I1I stage
Nad Nal Na2 Kad Nal Na2 Na0 Nal a2
Wi .38 11.63 190.02 25,36 37.24 40.64 11.97 12.91 21.028

w2
Mean for sodium
Hean for Wl

water W2
CD at 5% level
for Water

CD at 5, level
for Aa

Ch at 5% level
for wxila

1i.21 14.0)3 11.85 24.63 33.07 15.77 19.82 21.87 12,93
13.30 12.82 10.94 23.02 35.16 28.21 15.89 17.38 16.55

- 13.34 - - 3%.41 - - 15.32 -
- 12.36 - - 24.51 - - 17.91 -
- 5.201 - - 23.92 - - 13.81 -

- 7.36 = - 33.83 - = i5.28 -

86
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is fcund to give a higher wvalue in thils result is contridi-
ctory to the observations by Vyas and Motiramani (1971) where
they found an ingrease in available phosphorus content, for

an lncrease in molsture content. The avallability of ghospho-
rus at lower levels of water can be attributed to the higher
sodlum levels, which might have overcone the lower water
situations. Proa the gorrelation matrix (Tablce No., 43).
Posltlve correlation is observed between mycorrhizal popula-
tion and avallable phosphorus in the first stage (24%). This
correlation is not seen during later stages. evels of myco-
rrhizal infection on ugucene roots increased on the concentra-
tion of phosphorus was raised from 0.J02 to 0.153 g mi~l
(Hobte and Manjunath 1987). ~his work also agrees with the
resalt of the experamenc. Effect of scdlum on available phos-
phorus is posléive during the first and cthird stages. Thisg
result is in confirmlity with the work of Barrow and Shaw (1979)
that by mixing phosphated scoll Wi ch solutions of chloride
salts descrpclon of pnosphorus was faster in sodium chloride
than magneslum chloride and calcium chloride. There is negative
correlation in the second stage of growth where the avoilable
phosphorus was maximum. As the sodium level increased the
uptake of phosphorus is ncc iniluenced by the mycorrhizal popu=
lation. Strulluv gt al., (1986) from their work come to the

conclusion that the rate of uptake of phosphate was not
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increased by sodium and potassium ln the presence of mycorre

hizal fungl which is in consgonance witn the present result.

4.4.,4. Soll Potassium (Available)

Soil avallable potassium 1z determined at 15eom depth
for all stages of growth and mean values in kg/ha as K are

presented in table 30 and 31 and in figure No, 14.

Sodium, water and phosphorus alone as such 1ls not
bringing any change in the values of avalleble potesgium,.
There is no mich changes c¢chazerved in availeble notessium
daring the first and second stage, Sor the interastlicn of
water and phosphorus. Later gtages valves rengss L{rom 13.2
to 25.6., Maximum value ls obtained for Pgwi and rinimam £or
lel‘ sSodium and water interacticn hag nc significant effect,
Significant effest of seodium and phosphorus interaction is
noted only during the third stage, where Naipz gives sigai-

ficant wvalue (28.17) over NazPl(lé.QA) Naape (12,21}, naaPz

(12.88) aad Wa,P, (10.74). Values ranges from 10.04 te 28.17.
Potassium ircn first stage of growth decrease suddenly
during second stage anw further reduge durisg third stage of
growth. The higher values obtained during the first stage are
due to the fact that the samples are colliected for analysis
after the applicaction of fercilizer. The gradation in the
potassium level towards later stages mlight be due to leaching

losses, plant absorpticn anl fixaticon. During later stages,



Table-30 Bffect of different levels of P, Na, W and their interagtlons
on avallsble wotassium on soil
W 4n kg n=1
I SEQEE" Il stage I1TI gtage
7D 21 D2 2D Pl P2 P2 P P2
Wi 189,77 145.97 144.06 70.02 64.11 T0.62 20418 1316 25.69
n2 153,55 144.97 159.79 6l.48 70,84 65,00 17.61 18,25 16,32
Nao 163414 153,96 139.24 60.46 64.42 74.23 21.97 22.13 12.68
Nal 154.27 129.25 172.73 65.95 72.85 6245 21.48 13.04 28.17
Na2 197,59 153.22 142.91 B9.84 &5.16 66475 13.22 14.94 21.82
Mean P 171,67 145.47 151.63 65.75 67.48 67.81 18,89 15.71 20.96
CD at 5% level
for Phosphorus - 50.75 - - 11.22 - - T56 -
D at 8% level
for W}:P - 71.?7 - A 15w97 - bt 10169 -
CD at 5% lavel
for PxNa - 780 - - 19,56 - - 13.09 -
Table=31 Bifect of difforent levels of ¥a, W end tholr intorsetions

S

on _sSoil availablo otassiunx%g

I staye II stage III stage

Na0 Nal Haz2 Nad Jal Saz2 ad Nal nNa2
Wi 137,06 189,57 183.25 52.43 3556.06 39.25 21.56 12.26 18,17
W2 167.16 1i4.85 175.82 63432 &8.75 35.26 16.39 234533 15,25
Mean [or 3odium 152.11 152.33 164.57 8537 867442 87,25 13.98 19.89 156.66
Mean for Wil - 159.93 - - 68.25 - - 13.64 -
Water W2 - 152,57 - - 65.78 - - 17.39 -
CD at 5% level
for Water - 41.44 - - G022 - - 617 -
Ch at 5% level
for sedlum - 53475 - - 311.29 -~ - 756 -
C3 at 54 level
for wxiNa - Ti.77 - - 15.97 - - 12.69




Fig, 14. Bflect of dafferent levels of Na,P,Water and their intcraction on soil available
potassium during third stage.

Tige 15. Lffect of Grfferent levels of Na, P, Water and thelr interaction ou soil avallable
godium during all the stages.
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as tne phosphorus level increases from P, to P2' available
potassium content increases in soil. The work of Gillman
and I'ox (1980) chserved that with increase in superphosphate
application the leaching loss of calcium, magnesium and pota-

ssium was retarded.

4.4.5, Soil calcium and magnesium (Exchangeable)

Calciun znd magnosium for all three stages ak a depth
of 15 om ore decermined using atomue apsorption speztrometer
and is given as centimeles(+) kgl in tables 32 to 35.

The separate effexts of water, phosphorus ant sodium
have not made any change in evwchangeable caleciunm and magnesium
in the farst stage. In the case oI caleium, phosphorus in the
control dose (.2227) nas got significance over first dose of
phospnorus P2 {.0032) in the second stage. In the case of
magiesium soelium has somce influence on magnesium, Ia the
seaond stages sodium at the rate of P-"al and Na2 is significant

aver ro goddium.

in cthe lirst scage Jor eszhangedble calceiun the maximum
value la dotained for WoPy {.0045) whale the miuimam value is
given Dby “32‘?3 (.003b). DIne sare trend is noted 1a tre sezond
stage of growtn also. Here the minimum value is Jlven by

‘r'll’o (¢5‘326) L

In the first scage Of growth there is no signifaicant

change on exchangesble magnesium by any of the interaction



Table=32 Ezfect of different levels of P, Na, Water and their interactions
on_soll exchangsaklie calcium

Centimolel+) kg~

1 stage II stage III stage
PQ Pl P2 P P1 P2 B2 Rl P2
Wl D.0344 L0740 0342 +0026 L0028 + 0029 «0203 L0225 3306
W2 32036 .17045 02342 «30227 2336 0029 «2075 L2207 « 3005
Nad 740038 3043 0239 <3022 3032 +» 3025 «0002 30297 «Q232
Nal 03043 3340 .03246 «D041 413333 <3336 29705 .7305 <3310
Na2 0.0038 0045 .0036 «0N26  .9933 23026 <3935 L0794 «0034
Mean P 3407343 0043 0241 3327 Q0332 3328 3334 L0396 <3705
CD at 5% level
£or Phosphorus - +00047 - - « 22367 - - «03%4 -
CJ at 5% level
for wxP - 202367 - - «30095 - - «03056 -
CD at 5% level
for Pxila - #33082 =~ - «23312 - - «33X169 -

Table-~33 Effect of different levels of lNa, water and thelr interactions
on goil exchangeable calclum

I stage I1 atage IIi stage

Mad Nal Naz2 Nad M2l Jaz Ja0 "2l a2
Wi 33040 240744 0.00639 5.0026 2.0034 09023 040203 3.0006 0.2336
W2 03041 2.0042 J.0240  3.73325 D2.0)32 2.0034 04,0005 2,0007 0.2024
Mean for sodium 30341 38043 243040 J.2026 1.00333 Je 0228 UaJ224 2.9736 2.0005
Mean for W1 o~ 2.0241 - - Je 328 - d Jo03335 e
Water 1i2 - 10341 - - de0331 - - 2.2235 -
C@ at 5 level
for Viater - 3.233385 -~ - 2073955 - ~ 3432233 -
CD at 5% level
for scdium - 32334176 ~ - 212267 - - 1.723398 -

CO at 5. level
for uxia - 6306 - - 0232395 - - 337756

P

€0t
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levels. In the second stage of growth maximum axchangeable
magnesium is noted in the W,P, {.0708) which is significant

over all other treatment, JIn the third stage W has got

2"z
a high value of (0008 which is significant over W Fy {.0204),

Maximum magnesium is pregent in wlP (.003%). ZIn the case of

v
exchangeable calcium there is no significant effect produced
by water and sodium cormblination during first and third stages.
In tne second stage among the treatments highest value given
by W Na, (.0034) and it iR on par with WNa, (,J034) and Woda,
(.0032) and it is significant over W, Na, (.0323). In the case
of magnesium maximum values are noted in W, Na, (0008} and
W,Na, (.0008) which is significant over Wy Na,y (.0206) and W,ua,
(.2006) curing the second stage. During the last stages of

growth maximum valuc for magnesium is for W,Na, (,001}.

For diiferent levels of seodium and phosghorus in combi-
nacion during the second stage maximuam exchangeable magnesium
noted in Wa, P, {.0008). During the third stage Na P, has the
highest magnegium (3.901). In the ¢ase of exchangezble calcium
in the first stage from the interaction effect of sodium and
phosphorus, the combinaticn of sodium ar the rate of 68 g/plant/
annum with phosphorus 115 g/plant/anmum giving highest value
of +3246, which is on par with Nazpl (.J045) and is signi-
£icant over Ha,?, {20036) whach 4s having the minimum value.

The same trend is dbtailned during the second and third stage



Table~34

Effect of different levelsg of P,

Na, Water and thelr interactiong

on _soll exchangeable magnegium

{in centimoles kg~1)

I stage Il stage IIL stage

PO Pl P2 PO Pl P2 PO p1 P2
Wi 0018 .0014 .0016 « 0007 0007 0007 L0009 «0004 «3007
W2 <0017 ,0016 .0016 -£007 . 3008 «0007 .0007 <0307 +0008
NaO <0019 .0014 .0017 . 0007 0007 .0006 .0008 0009 +0007
Nal 0317 «0015 0017 02083 «3027 0007 0009 0002 «3010
Na2 .0216 «J016 0014 0007 «0007 .0006 .0008 «0005 .0005
Mean for
Phosphorus «00175 .0015 0016 »0007 -00075 L0007 .00080 .00055 .0Q075
CD at 5% level
for Phosphorus - «000443 - - 30010 - - « 0004 -
CD at 5% level
for WxP - « 00063 - - «00014 - - « 00057 -
CD at 5% level
for PxiNa - «00077 - - .00018 - - « 00069 -

Table-35 Effect of different lovels of Wa, Water and thelr interactiong
on_exchangeable magnesium
I stage IT stage 1II stage

Nao Nal Naz2 Na0 Nal Naz2 NaO Nal Na2
Wi «0C15 0019 .0014 0006 +0008 «0060 .0006 .0006 «0007
w2 0018 « 0015 . 0016 «0007 «0007 .0008 .001 .0007 0004
Mean for Sodium

(¥a) <0017 .0017 .0015 <0006 «0007 0007 .0008 « 0007 «0006

Mean for Wi - «0016 - - . 0007 - - « 0027 -
Water w2 - .001s - - « 0007 - - «0037 -
CD at 3% level
for Water (W) - .00036 - - 00082 - - «00033 -
CD at 5% level
for Sodium (Na) - .00044 - - «00010 - - «0004 -
CD at 5% level
for WxNa - .00063 - - .00014 - - «00057 -

GOT
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of growkth where Nall?z comblnation giving highest wvalues of
0.0036 and J.001.

sodium at the optimum level ie. gsodium at the rate of
68 g/plant/snnum with a highest phosphorus level of 115 g/plant/
annum has mush influenced the exchangeable calcium and manne-
sium present in the soil., There are reports that in the presence
of sodium the calcium and magnesivm availability increased.
Bladel and Gheyli (1930) have reported that enthalpy and entropy
¢changes were negauive for the gubstitution of caleiwa py sodium,
This favours the replacemenc Of calcium by sodium. iIn this
study also thc calcium is released by the sodium proesent lu

the 501l sclutiocn.

4.4,6. 5Soil sodium (Dxchangesble)

Sodlum has been applied as sodium chleride as per tne
treatments, the analysis of sodium beccowme important Zor the
present stady. Exchangeable sodium 15 extracted Zor soll samw
rles at a deptnh of 15 com and analysed using armeniur acetate
oxtract. lean values cbtained for varicus treatvert are deple

cted in tables 36 and 37 and figure 15,

During the first and second stages of plant growtn the
variocus levels of water, phogphorus and sodiuw do not affext
the exchangeablc sodlum csontent im the soll. In the later
stages of growth lower water conteat cause an increase in gsodium

content 0f soll to 50 = 10'4. Among the phogphorus levels



Table=36 Effect of different levels of P, Na, Water and thelr interactions
on_goll exchangeable scdium

(x10~%4)in centimole(+) kg™l
I stage II stage III stage
20 Pl P2 PO Pl P2 PO Pl P2

Wi 0.3% 0.44 0.37 0.46 0.43 0.39 0.45 0.30 1.0

w2 0.35 O.44 D39 0.43 D.41 0.47 0.39 0.41 0.47

Nao 0.39 0.36 0.43 0.40 0.42 0.43 0.40 0.33 1.0

Nadl 0.44 0.46 0.28 0.46 0.43 0.38 1.00 ®.40 1.0

Na2 0.33 0.50 0.43 0.48 0.42 0.40 0.35 0.32 0.46

Mean for

Phosphorus 0.37 0.44 0.38 0.45 0.42 0.43 0.42 0.36 0.74

CD at 5% level

for Phogphorus - 0.1230 = - 0.0812 =~ -~ 0.1420 -
CD at 5% level

for WxP - 041740 = - 0.,1149 - ~- 0.2002 -

CD at 5% level

for PxNa - 0.2120 = - 0.1407 =~ - 0.2430 -

Table=37 LEfect of dilferent levels of Na, W and thelir interactions
6n solil exchangeable sodium
I stage Il stage iII stage
Nag Nal Na2 Mad Nal Na2 Na0 Nal Na2

w1l 0.38 0.41 0.41 0.44 0.41 0.43 0.46 0.46 0.41
w2 0.40 0.34 0.43 0.38 0.49 0.44 0.40 1.00 0.34
Mean for Sodium 0.2 0.38 D.42 0.41 0.45 0.44 0.43 0.73 0.38
Mean for Wi - 0.40 - - 0.43 - - 0.36 -
Water w2 - 0.39 - - 0.44 - - 0.50 -
CD at 5% level
for Water - 0.1800 - - 0.67 - - 0.1156 -
CD at 5% level
for Ssodium - 0.1230 = - 0.0813 - - 0.142 -
CD at 5% level
for wWxNa - 0.174 - - 0.1149 ~ -~ 0.2002 -

LOT
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phogphorus at the rate of 115 g/plant/anmum gives significant
values of exchangeable sodium .74xi0"% over P, (.42:10"%) and
?, (.36 x 107%), Considering different levels of sodiun, Na,
treatment (.73 x 107%) 1s significent over Na, (.43x10™%) ana

¥a, (.38x10"%).

Interaction effect of water and phosphorus has changed
the values during the third stage of growth anly. Wl?z glives
the maxinun value (1x10™%) and minimun value is given by U
(3 x 1079,

1¥1

Different levels of sodium and water interaction inlu-
ence exchangeable sodium during second and third stagc. In
both stages W,Na, is found to have meximum values (,49412~%)
and (1 x 10~%), These two values are significant over ctaers.

Different cowbinataion of sodium and phosphorus levael
influenced the godium content in trne firgkt and third staqge.
Naz?l is significant im first geason which has got a valuc of
.5 x 1074, During the third stage of growth Ne, I’ ., Na, P,
and da, P, are on par giving a value of 1 x 10™* each. These

are signlficant over all other treatmcats.
&

Wnen water treatments are given there 1s a Hositive
correlation with soll moisturc and scil sedium giving an r-~value
of 0.37. During the {firgt stage of growth also there ia a
poswtive correlation dotained (34%). This result isg in con-

firmity with the work of Devitbt et al. (1984) that the ability
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of a root system to tolerate hisgh levels ol solublce salt and
in particular high levels of sodium is partially due to com-
pensatory uptake of water and ioms in the most {avourable
regiong. At the lowver water level the sodium contenc in the
goll is found to be higner. Cenerally higher dose of JShosphoe
rus has a tendangy to increase exchangeable sodium in gsoll
Smille et gl., (1287) have noted that a high proportion (00%)
of the added phosphoeras could be recovered by wacer oxtraction

when exchangeablce caloiun was replaced by sodium.

4.4.7. Iotal nltrogen, phosphorus and potassium

£ povled samplcel collectzd aw a decth of 15 zm at
the tadri gtage fur dofforeat treatneacs arce analysed for
total alucogan, paosphorus a1 potassliumn by dlgestion mechod,
o0 sbatlstieal analysis 1o Jdone for these valucsg. Dubk mean

values are prescated in taple 38,

wicnin the dufioren: levels of phogohcruge and sodlum
total matrogen ecntent ls found to Gecrease vith the inorease
from L to g and Ray to Ndge fwo water levels do nok —ale
mizn deeferesace.

Consildering total phosphorus in the soll €or €inal
gnalysas Of phospnorus at a level of 99 g/plant and 115 g/plant
glves the higher value of total paosphorus in tho soll. As
the sodlum level increased totsl phosphorus decrease from

+0216 €O 0203, vater at 23 per cent deplecion ifrom 1lcld

capazity give a haigher vaiue of phosphozus (.2214).
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Pable=-38 Effect of different levels of Ha, P, Water and
thelr interaction on goll total nitrogen, total
rhosphorus and total potassium (%)

Total Total Total
Treatments nitrogen phosphorus  potassium
w1 PO Nad 29374 «3356 « 0692
Wi PJ Hal «0719 -2092 23111
Wl 20 Na2 0494 «0103 «2079
Wl 21 Had «1021 .Ql42 « 2046
Wl Pl nal « 0571 «0509 «0017
Wl Pl a2 3431 3188 « 0307
a1l P2 Had *3852 «0271 <0241
Wi P2 Nal « 3492 « 371 « 3029
Wl P2 Na2 .J288 +0196 = 0005
w2 PO NaQ «1137 - 3194 0036
We PO Nal 0780 0161 » 2027
w2 PP da2 « 2557 «J229 »0011
W2 Pi Na0 « 1047 «0183 -2348
W2 21 Nat 0597 « 0192 «0234
W2 Pl Na2 «0357 «0259 »0333
W2 P2 Nad 3775 3148 « 2345
W2 P2 tal « 3406 0243 «0023
W2 P2 ha2 «03346 «3235 « 3313
Mean value for
P3 <957 «0189 « 2187
21 <0666 « 2247 »J332
P2 «0512 <0195 + 2027
had «1152 <0216 »J152
Kal «JI376 «0212 « 3043
ha2 «3407 0733 «2027
Wl «N758 3214 22114
W2 « 2665 02386 «0033
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Totel potassium content in soil decreased with levels
of phosphorus and sodwum, Among the treatments saximim value
is cbtained for W,P Na, (.0692) and minimum value is for
W, P, Na, (.0005). For the higher water level total potassium
genvent (.0114) is higher than at lower watsr content (,9031).
Wherever the total content of soil nitrojewn, phosphorus
and potassium lnorease, the gvallablility of cash of thesc
element found to decrease in the goil. The available nitroqgen
and potassium is high at higher levels of phosphcorus, while
tocal nicvrogen and potassium arc high at lowest level of phosg=-
phorus. An increace in total CLC by the additlon of suger
phosphate has been reported by GillaMan and Fox (1981). They
have reported that the leaching of applied nutrients calcium,
magnesium and potassium was retarded and greater quantities
of these catiocns are pregent in the 0=50 om profile than in che

plot receiving no phoaphorus.

In the case of different levels of sodium also, an incre-
ase in sodium decrease total nitrogen and potassium, but incre-
ase availablc nitrogen and potassium. Thus sodium is also
found to have a role in releasing nitrogen and rotassium.

Being a monovalent potassium in the exchange site of thc com-
plex might have been replaced by samz valent scdium there by
releasing at, Thisg resalt 1s alsc in confairmey wlitn the wor:

of Devitt gb al., (193%) tnat increasing the sallaity ol the
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irrigation water increased the concentration of both sodium

and potassium in the saturation extracsts.

I'rom the duta for uwoval nutricakt content of soil morc
release of nuecrienus are oozured in the louer levels of water
applied. Release of phosphorus also is more Zrowm hagner doses
of sodium anld lcwer levels of water acnten.. Thus sodium at
the rate of 136 ¢/plant/anrun has increased availabillty of
all the nutrlents., Gupta et gl. (1985) from thelr experiment
cbserveld that at 29.3 BS5D, diommonium phospuntto was a better
source of phogphorus than menozalciwr phospaate but at 5.2
EsP monccalclium phost hete ocavyrelded dlamroiur phoschate.

The mgher godlun pereencags would have ilacrcased the aveila-
bility of phospnace Lrom .routcalolom vhosvhate. Rugselle

ge at., {1981) spowed tant mavimu~ fertillser USe officicncy
was cbiained with the low rate of water appllied on a side
dressing and Jich light frequent irrlgacion. This result agrees
wicn the present finding that lower water level inzreased the

total nutrient content in the soll,

4.4.8. FElant analysis

Plant matrients such as altrogen, phosphoras, octassium,
calclun, magnesivm and sodlvm are analysed @& ring thce final
stage of the cxperiment and Jdata are statlstlicall; anclysed and

ean valucs are presented ia Lables 39 wo 42.



Tahle=39 Effect of different levels of P, Ha, HWater and their interactions
in plant N, P and K

Nitrogen (%) Phosphorus (% pPotagsium (%)
3200035 PJ P1 P2 P) Pl P2 PJ Pl P2
Wl 1.6540 1.84873 1.2407 Q.0274 0.03403 3.0348 ,9258 .8769 .8282
W2 1.9569 1.5382 1.7158 0.3320 0.,23303 0.2313 .8368 .9724 .839%1
Nal 1.9417 243712 1.4450 040261 2.3322 3.0316 .7675 L7783 5838
Nail 1.9423 15233 1.4613 92.0335 0.0320 0.0319 .9742 1.0337 .9383
Ha2 1.59223 1.4893 1.5283 3.3266 3.0322 0.9357 .9392 .9627 1.1285

Mean for Phosphorus 1.8255 1.6936 1.4783 0.7207 00321 0.0331 .R3313 .9237 .88386
CD at 5% level

£or Phosphorus - 3.4873 - - 23348 - - «1243 -
CD at 5% level
for WxRB - (346083 - - 043269 - - «1753 -
CD at 5% level
£or Pxia - 3.8437 - - 0..0085 - - .2153 -

Table~40 Effcct of different levels of Ne, Wabter apd their interactions
on plant il, P and X

Plant nitrogen (%) Plant phosgphorus (%) Plant potassium (5)
Nal Ral Naz2 Nad Hali Na2 Naj Nai Na2
Wl 1.8301 1.5335 1.4209 «3322 06332 «0338 «B8756 0.95030 0.9951
H2 1.8384 1.7491 1.6533 20277 0347 <3292 «7396 1.9021 1.9347
Mean for Sodium 1.8193 1.6413 1.5367 «33237 2325 «2315 « 7076 (3.9811 2.9999
Mean for w1l - 1.53946 - - «0321 - - 2.87692 -
Water W2 - 1.73790 - = « 2335 - - J.9154 -
CD at 5% level
for water - Q3377 - = « 33403 - - 3.1315 -
Ch at 5. level
for sodium L 3.4871 - - « 373493 - = 7.1243 -
Co at 54 level
for isia - 3.6883 - - » 13697 - - 3.17583 -

bIT
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Only plant phosphorus and plant potassium hag been alfe~
cced by interaction effect of water and sodium, Total phosprho-
rus range from 3.0277 (”2“39) o 0.0347 (“QNQI)' Lowest wateor
level wicn hignest level of sodium has influencad plant uptake
of potassium 11,0347). Lower values ©f plant uptake of potaw-
ssium 1s obtalned for lower levels of scdium in both the water
levels.

Nitrogen uptake by plant is not much influenced by any
of the treatnents, Avallable nitrogen and plant uptake of
nitrogen 1s related (favle ho. 26 and 27 and Tablo Nu. 33) wacre,
for highest dose of phosphorug, highest uptake ol pposphorus
1s chserved, #Higher water content has also increased uptake
of phosphorus, he results of the worlk by Reddy and Shastry
(1983) showad tnat che crop Uptake oL phosphorus and potassiim
was greately facilitated at irrigation water/cumilative 2an
evaporacion (Lw/CP.) ravio of 1.,05. The total phosphorus plaas
concenc at higaer lovel ox water in the present study agrees
witn this finding,

nigher dose of sodium irrespective Of water level has
increased potassium uptake of plan.. Since godlum helped
relecase of potassium thereby increasing the plant uptake of
potagsium. Uith no sodium and minimised water, plan. pota-
ssium is redused. Lvon at lower levels ol wacer (Jz) sodium
has helpcd in the upsaxke of potassium. PFlant potassium in

the leaves 1ls an indicator of s0il avaiiablce potassium, Dhoe



Tig. 16. LEffect of different levels of Wa, P, Water and their interaction
on nitrogen in plant durlng yrelding stage.

Fig. 17 ©Dffect of Afferenc levels of Na, P, Water and ctheir interaction
on phosphorus in plant during ylelding stage.
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available potassium in the scill is increased at the modium
doge of sodium as the level increased frcn Naj to mal (Iabie
33 and 31). Ihe aveilable potagsium in the goll is reflectel
in the plant potassium at higher levels of scdium treatment.
Doviti gt al., (1981) worked out a rotassiuw/sodium ratio in
the leaves at the harvest time and thir ratic ls found to be
very mch relaced to the prodact of potassium/zodium in soil
sclution ana the rooc length deasity. In the pregest result
also the hagaer roo. density in che lower water levels would
have encouraged tne uptake of potassium by the plant roots.

A positive correlatlc: is observed Zor plant uptake of
phosphorus and mycorrhizal posulation. Plant phosphorus is
posicively correlated wich mycorrhizal population (45:3), soil
soddum (26%), soil phogphorus (35%) and meen welght diamcher
(334) table H0.45 (Correlation metrix). The results glve:l
by Omusu and hald (1980) supports the present correlation.
They Zound thae anoculation of leltuce, onion and clover with
vesleular acbuscalar mycorrhizal fungus (Glomis mosgseae)
increased plant yields aad phosphate uptake in threeo soils
that had bean depleted in phospnate. The lowsr specific acti-
vity in lebtuce and clover has becen attributed to greater
reiease ol glowly exchanging phogphate cauged by the high
uptake of phosphate by the mycorrhigzal plants.

wester.wan et al., (1984) Zounl increased uptake of nit-

rogen, phospaorus and potassium when phosphorus is agplied,
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Mean while cnly the phosphorus and potassium uptake is influ-~
enced by increased levels of phosphorus, in this study.

4.3.8.2. Plant calcium, magnesium and sodium

Using the same extract, calcium, magnesium and sodium in
the plant leaves are analysed using atomic absorption spectro=
meter during last stages of experiment. Mean values are pro-
sented in Iable No. 41 and 42 and igure in 19 and 20.

Indavidual effect of water and sodium are not sagnificant
in the plant uptake of calcium, magnesium and sedium. Differ-
ent levels of phosphorus have signlflcant effezt on all che
three elements, Tor the uptake of caloium and nmagesium maxle
mum dose of pnosphorus guves nighest value of 0.3474 (Ca), and
0,1862 (tig)., Phosphorus at the rate of 91 increased the sodium
content of plant. (.2571).

in the interaction effect also hagher levels of water with
the highest dese of phosphiorus has given maximun uptake of cal-
cium (.4034) and magnesium (.1955). This treacment ig fouad
to be signiiilcant over wlpl in both cases, giving a wminimum
values of ,1517 for calecium and 1250 f£or magnegium. In the
case of sodlum uptake, WJ.PJ. ig found to be superlor and giving
a value of 0,2818.

Higher values Of plant caloium and magnesium are also
chgervaed for a combination of higher dose of scdium and higher

dosge of phosphorus. I\Ia..’.‘r?2 glves a value of D.4748 £or plant



Teble-41

Effect of different levels of Na, P, Waker and thelr interactions
£or Calcium, magnesium and scdium

in Banana lcaves

Calcium (%) Magnesium (%) soddunm (3%)

P) Pl P2 23 Pl P2 P3 p1 B2
Wi «2257 «1517 L4934 <1863 L1255 <1956 2203 2818 L1718
w2 «2769 <2804 ,2913 «1752 L1692 <1767 «202) 42323 .2109
Had <3292 <0857 2898 <1984 ,1220 <1653 «1342 <3652 L1573
Nal «2240 «2957 L4048 «1525 .1611 «1966 «1972 41823 .2105
Na2 « 3307 «26683 3475 «161l4 L1533 «19656 «2B17 2280 L2065
Mean for Pot
Phosphorus «2513 «2181 L3474 L1738 1471 -1862 «2113 2571 41911
CD at 5% level
£or Phogphorus - «1109 - - 0383 - - o577 -
Ch at 5% level
for WzP - 1569 - - « 0541 - - = 0816 -
CD at 5% level
Eor Pxia - «1922 - - « 3653 - - « 23992 -

Iable-42 Eifect of different levels of la, Water and thelr interactions
on plant Ca, Mg and Na

_Calciun {%) Magnesium (%) Souium (%)

Nad Mal a2 Had aal Ra2 Liad dal NaZ2
Wi «1949 43521 2338 1428 «1917 1523 «2753 41742 <2243
w2 02748 L2642 3336 1393 «1434 1819 «1756 2178 .2591
Mean for sodium «2349 3082 .2717 .1619 «17230 17213 «2254 <1259 L2381
Mean £or W1 - «26933 - - el623 - - «2245 -
water w2 - 2829 - - «1737 - - «2153 -
CD at 5. level
for Water - « 3935 - - «1313 - - « 471 -
CD at 5. level
for Sodium - 21132 - - « 2333 - - » 3577 -
CD at 5% lovel
for hxva - L1589 - - 3541 - - P 215 -

8TT



Fig., 18 EBffect of different levels of Ng,P,Water and their interaction
on plant potassium during the yielding stage.

Tig. 19 Effect of differenc levels of Na, P, Water and their interaction
ot plant calcium and plant magnesium during the ylelding stage.
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calcium and 00,1966 for plant magnesium. Scdlum in plant is
found £o be on par for Na,f, (.2817) and NayP, (.3652). Mini-
wmam value of plant sodium Ls cbtained for no sodium, with no
phosphorug treatment.

Treatment comhinaticn of WLNal has given higher valuas
oi plant calclum (.3521) and plant maguesium (.1917). In case
of caleium this value is significant over other but for magne=
gium in plant no significance is dbhserved. [or the combination
of sodium and water, the plant sodium ranged from 0.1742 (wlmal)
€0 0.2753 (wltiao). W,Na, is on par with W, Na, (.2591).

The effects of different tregtments almost similer in case
of plant content of calcium and maganesium both being divalent
catlens. When there ls no phosphorus applicacion, effective
uptake of taese cations are prevented to some extent,

At lower weter lewvel uptake of calelum aad wagnesium can
be increased with an optarmum dose of sodaum in the sowl. This
is evident {rum the tables for avallable calcium (lfable ke, 32
and 33) and avallsble magnesium (Tanle No. 34 and 35) which i3
also increased at an opcimum level of sodium. Patel and Gnildyal
(1383) from their experiment came to the conslusion that the
inflow rate of nutcients was the maxinmuwn undec unsaturated
treatments and was nigher wicth drainage treatments, than under

flooding and undec recyzling treatmencs. at lower water levels



Pig. 20. Lffcot of dAiliferent levels o7 Na, 2, Water and thelr interaction
on plant sodama durain; che yield stage.
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the inflow of calcolum and magnesium might have increasged, to

enhance thelr uptake by plants.

Plant sodium ig posltively correlated wich available
soll phosphorus, mycorrhizal popuiation, plant phosphorus,

and hydraulic conductivity oi tho soil (Table 45 and Dig.20).

Jrom the results cbtained it can be seen that the sodium
at an optimam level can increase avallable caleium, phosphorus
and magnesium to some extent, The york by sladel and Cneyl
{1982) reported that caleluv was selectlvely adsorbed over
sodium and to a lesser extent over magaesium. AL the sodium
level increased from NaO to Nag Nitrogen uptake 14 Cound to
decrease ingigniflcancly. Paliwal and Maliwal (157%) Lave
statistically correlated cthe plant upteke of nitrogen aad

phosphorus with the salinity of soils.



Table=43 Correlation matrix for f£irst stage

Sail available Moisture S0ll Mean welght
Phosphorus porsentage WHE aodium diameter
Mol sture
percentage J.1968
WHD “0.0957 0.3489
Soil sodium 0.0255 32339) 224491
Maan welght -
diameter T2.,1196 0.2092 7.2182 01599
Mycorrhizal
percentage 02378 001116 ~0.012% ~0.1839 DeIT4S
Table-44 Correlation matrix for gezond stage
Soll evailable Moisture Soil Moan weight
Phosphorus percantage WHC sodium diamater
Holsture
percentage 0.3610
WHS ~3.1819 “0.9799
Soll sodium “3.3753 “3.9636 “0.4319
ltean walght -
dlameter 0.7634 2.1325 3.0973 ~2.4235
Mycorchizal - - - -
peccontage 2.2295 2.1158 2.157) 39253 Y.2265

13T



Fable-45 Correlation matrix for the third stage

Soil Avavlable
sodium  phosphorus

3o0il available

“husphorus
moisture
percentage

BhiC

Mo

Isyeorrhi zal
percentage

Plant
phogphorus

flant
sodtun

Hydrauiic
conduetivity

[ R RWaY

22332

3.3781 TD.7684
T342379 947143

3,377 2.1657

~32.35344 7
945, 2810

362506 3.3325

T3e3719  3.0391

T7.9739  3.5286

e o -

ilolshure
percentage  WhiC

tlysore~

] nizal

Plang Plant

pergentage k sodium
3473639
T3.0611 302311
“3.1652 T0.2497 T1.273D
TN.1434 T0.3332  3.3939  D.4435
7343636 0.7834 T0.1534 2.1337  3,1543
2.9721 042451 37353 TN.2213 D.20861 03098

“sana

cdT



SUMMARY AND CONCLUSION



SUMMARY AND CONCLUSIONS

Presenc investigation 1s undertaken to study the
influence of different levels of phosphorous, sodium and
water on the plant characters of banana (var. Nendran) and
on the physico-chemical and biological characteristics of
soll. The experiment is laid cut in randomised block
design in the farm area of College of Agriculture, Vellayani.
Three levels of phosphorous include, control, 90 kg and 115 g
ons/plant/annum. The levels of sodium are control, 68 and
136 g of sodium/plant/snnum. 20 and 40 per cent depletion
from field capacity molsture content (7,.34%) are the two
water levels gliven. Preliminary analysis of soll samples are
conducted for major nutrients and important physical proper-~
ties. Biometric observations such as plant height, number of
leaves, leaf area index and girth of pseudostem are recorded
and analysed. Vesicular arbuscular mycorrhizal counting for

three seasons are recorded.

Soils collected at 15 cm depth at 90 days, 180 days
and 270 days (harvest stage) are analysed for various physical
properties such as moisture content, bulk density, particle
density, water holding capacity, volume of expansion, porogity
and aggregation. The available nitrogen, phosphorcus, pota-
ssium, organic carbon content, exchangeable calcium, magnesium

and sodium are determined for these soll samples.



The plant uptake of nitrogen, phosphorous, potassium,
calcium, magnesium and sodium are done using 3rd leaf colle-
cted from different replications, after the harvest. The
hydraulic conductivity and total nutrient content such as
nitrogen, phosphorcus and potassium for the soll, analysis
are done only for the sanmples collected at the f£inal stage.
The average rainfall relative humidity, atmospheric tempera-
ture during the period of crop growth are recorded and used
for interpretation of mycorrhizal population. The analysis
of variance for all these dbservations are done and the data
are interpreted for various treatment effects. Important
parameters are correlated and correlation matrix is presented.

From the results dbtained the following conclusions are drawn.

1. Plant height, number of leaves and leaf area index
are not affected by the individual effects of water, phospho-
rous and gsodium. Higher levels of sodium decrease girth of
the pseudostem. Maximum level of phosphorous is fcund to be
favourable for all these biometric cdbservations especially
during the f£inal stage of growth. In the presence of sodium
the effect of phosphorous i%‘predOminant. In the case of
gilrth of the pseudostem sodium has an adverse effect, even at
higher levels of phosphorous. When the water level has been
reduced to 40 per cent depletion from f£ield capaciiy in the
presence of sodium and phogphorous high values for leaf area

index are observed.
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2. During the crop growth maximum mycorrhizal percentage
recorded during the third season when the rainfall, relative
humidity and atmospheric temperature are at the optimum.

The drfferent levels of sodium and phogphorous or their inter-
action do not affect the mycorrhizal population. The soil
moisture and soil available phosphorous are negatively corre-
lated with mycorchlzal percentage. But plant phosphorous and
sodium are positively correlated with mycorrhizal population.
Moisture at 40 per cent depletion from f£field capacity is
sufficient for proper VAM growth. Ewven at lower levels of
phosphorous applied its uptake by plant is influenced by

mycorrhizal assoclation,

3, The molsture percentage in the soil to some extent is
increased in the presence of sodium, at the optimum level.

At lower water content molsture retension has been influenced
by sodium content there by the moisture percentage in these
plots are found to be higher than the plots where more water

is supplied.

4, Bulk density and particle density can be brought to an
optimum level in the presence of sodium and phosphorous.
Lower water levels also reduce bulk denslty and particle den-
sity to a favourable value., This has been reflected in the
water holding capacity of soil. Highes levels of phosphorous

and scdium increase water holding capacity.
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5. Higher values for volume of expangion are recorded
for maximum levels of phosphorous and sodium. Sodium in the
exchange complex helps the expansion property. The propor-
tion of macro and micro porosity is maintained, at an optinum
dose of phosphorous and sodium along wicth lower levels of

water.,

Ge Soil aggregation is evaluated using the single value
of mean welght diameter, The percencage of aggregate more
than 0.25 mm in dlameter was correlated with mean weight

dlameter. As the mean weight diameter increases the grada=~
tion in aggregation decreases. The mean welght drameter is
positively correlated witn goil phosphorous and negatively

correlated with solil woigture.

Te An optimum dose of phogphorous and sodium favourably
influence hydraulic conductivity. Highest level ©f sodium
interfere the hydraulic conductivity while no sodium treatment

also reduce water movement by minimising soll aggregation.

Be The effect of treatments on organic carbon content

and available nitrogen are negligible. But a trend in general,
is seen that for an optimum dose of sodium and phosphorous
there is increase in the organic carbon and soll availsble
nitrogen. Lower level of water is found to be sufficient to

increase soil nitrogen as well as wekl organic carbon content.
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9. There is a positive correlation between soil avalla-
ble phosphorous and mycorrhizal percentage. Effect of sodium
is not that prominant on available phosphorous. The masdmam-
avallablephosphorcus. The mexlimum available phosphorous is
found during the second stage of growth. Water reguirement
is less for making the phosphorous available in the presence

of sodium.

10. Avallgble potassium in the soil is enhanced with opti-
mum dose of sodium and maximum level of phosphorous. As the

plant grows the avallable potassium in the soll decreases.

11. Maximum amount of exchangeable calcium magnesium and
sodium cbserved with optimum dogse of sodium and high level of
phosphorous. Availability and uptake of these cations are
favoured by higher levels of water content, There ig a posi-

tive correlation exist between soil moisture and soil sodium.

12. Total mutrient content of nitrogen, phosphorous and
potassium are decreased when the levels of sodium, phogpho-
rous, and water are increased, ﬁhereby favouring the availa-

bility of these elements,

13. Plant nitrogen is not affected by soil phosphorous,
mean while plant phosphorous is very much related with soil
avallable pnosphorous., But an opvimum dose of phosphorous
and lower level of vacer are necessary for optimum uptake of

potagsium. As the sodium level racreased potassium availability
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and uptake increased. Pogitive correlations are cbtained
for plant phosphorous with myccrrhiza, soil sodium, soil

phosphorous and mean welght diameter.

14. Uptake of calcium and magnesium responded almost
similarly to different treatments. Highest levels of phog=-
phorous and water and medium level of sodium favour calcium
and magnesium uptake. While an gptimum level of phosphorous
increases sodium uptake. In the presence of sodium even at
lower water level calcium and magnesium uptake is increased.
Plant sodlum is positively correlated with soil available
phosphorous, mycorrhizal population, plant phosphorous and
hydraulic conductivity.

The presence of an optimum level of sodium in the soil
improve the hydraulic characteristics of soil. The mycorr-
hizal population is found to help the phosphorous uptake indi-
cating chat lower level Of phosphorous will be sufficient to
meet the regquirement of the plant in thelr presence. Sodlum
and phosphorous at a medium dose may improve the soil condi-
tions in relation to plant growth. Different combinations
of sodium phosphorous and water can be further studied to

cbtain more affirmative conclusions.
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ABSTRACT

The availability of nutrients either present in the
soil or applied as fertilizer is governed by various factors
lake the physical, chemical and biological reactionsg in the
soll. The present investigation 1s undertaken to study the
direct and interaction effects of different levelg of phospho-
rous, gedium and vater on the physico-chemical and biologlcal

properties of soil.

An experiment is laid out in the farm area of College
of Agriculture, Vellayani. The lay out 1s in randomised
block design with 18 treatments and three replications.
Banana var. Nendran is used as the test crop., The treatment
conbinations include, three levels of phosphorous (control,
93 and 115 g P205/p1an§énnum), three levels of sodium (control,
68 and 136 g Na/plant/annum) and two levels of water (20 and
40 per cent depletion from fleld capacity moisture condition).
Sorl and plant analysis are done for the elemencs, nitrogen,
phosphorous, potassium, calcium, magnesium and sodium. Initial
soll samples and samples collected at 90, 180 and 270 days
after planting are used for dlfferent physico-chemical analysis.
Physical properties such as molsture parameter, bulk density,
particle density, porosity, water holding capacity, volume of
expansion and aggregation are done for all the soll samples.

Total matrient contents and hydraulic coaductivity for the



soil samples collected at the £inal stage are also done.
Plant samples collected at the harvest are analysed for
total nitrogen, phosphorous, potassium, calcium, magnesium
and sodium., DBiometric parameters such as plant height,
narber of leaves, girth of pgeudostem and leaf area index
are cbserved and recorded during three gstages. Mycorrhizal
counting is carried out, during all the stages, c¢onsidering
as three seasons. All the data are statlistically analysed

and interpreted.

Phogphorous at the highest dose is beneficial for all
the biometric parameters gstudied. In the case of sodium,
it has an adverse effect on the girth of the pseudostem, cven
at the highest level of phosphorous. Leaf area index is very
high in the presence of sodium and phosphorous even at 40 per
cent depletion from field capacity. Soil phosphorous and
80il moisture are negatively correlated with mycorrhizal
percentage during second and third stage. Plant phosphorous
and sodium positively correlated with the mycorrhizal percen-
tage. Even with molsture at 40 per cent depletion from field
capacity and lower amounts of phosphorous applied, the uptake
of phosphorous by the plant is increased by mycorrhizal

association.

Higher levels of phosphorous and sodium increase the

waterholding capacity and voluwe of expansion. Bulk density



and particle density give optimum values with medium levels
of phogphorous and sodium. Moisture percentage increased in
plots with optimum scdium than with plots receiving higher
dose of water with no sodium. Lower water level reduces bulk
density and particle density, The mean weight dlameter which
is a measure of soll aggregation ig positively correlated
with soll phosphorous and negatively correlated with soil
molsture. Optimum dose of phosphocrous and seodium favour

hydraulic conductivity of seoil.

Medium dose of sodium and phosphorous increase organic
carbon and soll availsble nitrogen. Lower level of water is
sufficient for increasing soil available nitrogen, soil avalla-
ble phosphorous and organic carbon, in the presence of sodium.
Positive correlation exists between soil availlable phosphorous
and mycorrhizal percentage in the first stage. Maximum phog-
phorous is available during the second stage with a negative
correlation with mycorrhiza. Optimum dose of sodium and high
level of phosphorcus, increase the availability of available
potassium, exchangeable calcium, and exchangeable magnesium.
There ig a positive correlation exlst between soil moisture
and soil sodium. As the plant grows the soil available pota-
sgium decrease. Higher levels of water, increase, exchangeable
calcium and magnesium also. Total nutrient content of nitro-

gen, phosphorous and potassium are decreased with increasing



phosphorous, sodium and water, which 13, because of thelr
increagsed availablliity. Plant phosphorous is related with
solil available phosphorous. For optinum dose of phosphorous,
lower level of water and higher level of sodium, the avalla-
bility and uptake of potasgium is at the optimum. Positive
correlation dbtained for plant phosphorous with mycorrhiza,
soil sodium, soll available phosphorous, and mean weight
diameter., Plant sodium 1s also positively correlated with
soil available phosphorous, mycorrhizal population, plant
phosphorous and hydraulic conductivity. Highest level of
phosphorous and water and medium level of sodium favour the
uptake of calcium and magnesium. For increasing sodium

availability, only optimum dose of phosphorous is required.

Sodium at the optimum dose improve soil hydraulic pro-
perties. Optimam dose Of phosphorous and sodium improves
many of the physico-chemical properties of che soil. In the
presence of mycorrhiza, even lower levels of phosvhorous is
sufficient to meet the planct requirement, With more levels
of phosphorous, scodium and vacver, the study can extended in
relation to plant growth. Yield factor is not considered

in ihe present study.



