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1. INTRODUCTION

Phosphorus 1s classed along with mtrogen and potassium as a major plant
nutrient element It 1s associated with several vital functions and 1s responsible for
severil characterstics of plant growth such as utiization of sugars and starch

photosynthesis nucleus formation and cell division cell orgamsation and the

transfer of heredity

Phosphorus 1s a constituent of nucleic acids fats and phospholipids
Phosphorus has been reported to stimulate root growth An adequate supply of
phosphorus 1n the early stages of plant growth 1s important for laying down the
primordia for the reproductive parts of plants It helps 1n early matunty of crops
partuularly cereals and poor availlability of this nutrient retards their growth
Phosphorus 1s essential for seed formation and occurs 1n large quantities in plant
seed and frut The role of high energy phesphate bond (ATP ADP AMP) in
respiratory and photosynthetic processes 1s well established Two symptoms of
phos horus deficiency are reduced plant size and unusual deep green colour
Gent rally plants take up their phosphorus as the primary orthophosphate 1on The
secondary orthophosphate 1on 1s also believed to be absorbed by plant roots 1n

small quantities

The rock phosphate deposits concentrated 1n certain pockets 1n the world are
the. ultimate source of fertilizer phsophorus for the plants At present we used to
apply phosphorus to all the crops 1n the name of balanced fertihzation 1rrespective
of whether the crops respond to 1t or not It may also be noted that response to
pho phorus 1s rarely obtained in Kerala may be because of its fixation and other
ch 1gey1a the soll On account of the indisciminate use of phsophate fertilzers the

L
world deposits of the once concentragd form of rock phosphate 1s converted into
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solubte forms and distributed over large areas from where 1t becomes irrecoverable

for further use and response to phosphorus 1s rarely nottced 1n terms of crop yield

I hese facts clearly illustrate the need for streamlimng the various approaches
to utilize the added and native sources of phsphorus to the extent possible so that
the hife of the rock phsophate deposits can be extended and crop response can be
enhan ed If any of the chemical and biological agents are found to be feasible and
economical the same can be recommended to farmers for large scale adoption
With these large objective 1n view the present experiments were conducted to find
out the various chemical and bio agents on the uptake of native and added
phosphorus 1n the redloam soils of Kerala It also aims at finding out the effect of
these agents on the physico chemical properties of the soill momtoning the
available pho§phorus status of the soil during the post treatment period and 1ts

effects on the growth and yield of the test crop grown
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2. REVIEW OF LITERATURE

The review 1s classified under the following five headings viz

1 Importance of phosphorus as an essential plant nutrient element

2 Effect of phosphorus desorbing antons on the phosphorus availability 1n soils
3 Effect of chelating agents on the phosphorus availability 1n soils

4  Effect of microbial agents on the phosphorus availability in soils
5

Crop response to phosphorus application with special reference to legumes

21 Importance of phosphorus as an essential plant nutrient element

Phosphorus like mitrogen potassium, calcum magnesium and sulphur s
classed as a macronutrient It occurs 1n most plants 1n concentrations ranging
between 01 and 04% a range considerably lower than that typically found for
nitrogen and potassium Plants can absorb P as either primary H2PO4 100 or
smaller amounts of the secondary HPO4  orthophosphate ion Since the former is
the most abundant over the range 1n soil pH prevailing for most crops It 1s usually
the prinupal form absorbed Studies with some plants have shown that there are
aboit 10 times as many absorption sites on plant roots for H2PO4 as there are
HPO4  Absorption of the H2PO4 species is the greatest at low pH values where
as uptake of the HPO4 10n 1s greatest at higher values of soil pH (Tisdale et 4l
194%)

Other forms of P including the pyrophosphates and metaphosphates which are
componenets of certain commercial fertilizers are also surtable for crops Since m
aqucous solution both these forms hydrolyse to orthophosphate their absorption
probat ly occurs mainly after converston to orthophosphate Plants may also bsorb

certun $)luble orgamc phosphates Nucleic acid and phytin are taken by plants
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from sterile sand or solution cultures Both compounds may occur as degradation
products of the decomposition of soil organic matter and as such could be utilized
directly by growing plants The nucleic acild DNA and monopotassium phosphate
were tound to be equally effective phosphate sources for barley grown on a P
deficicnt so1ll Of the many essential functions that P has in plant life 1ts role in
energ) storage and transfer 1s singly the most important Phosphate compounds act
as energy currency within plants Energy obtained from photosynthesis and
metabolism of carbohydrates 1s stored m phosphate compounds for subsequent use
in growth and reproductive processes The most common energy currency 1s that
found in ADP and ATP It occurs n the form of high energy pyrophosphate bonds
between phosphate molecules located at a terminal position on ADP and ATP
structares  ATP has two pyrophosphate bonds between 1ts three phosphate
molecules and hence contain the most energy When the terminal phosphate
molecule from either ATP or ADP i1s spht a relative large amount of energy s
lberited ATP 1s the source of energy that powers practically every energy
requuing biological process in plants Almost every motabolic reactions of any

signif cance proceeds via phosphate derivatives (Tisdale et al 1985)

Donation or transfer of the energy rich phosphate molecules from ATP to
energy requring substances in the plant 1s known as phosphorylation In this
reaction ATP 1s converted back to ADP The compounds ADP and ATP are
formed and regenerated 1n the presence of sufficient phosphorus at sites of energy

production such as oxidation reactions of respiration (Tisdale gt al 1985)

In addition to this vital metabolic role P 1s an important structural component
of a wide saniety of bio chemucals including nucleic acids co enzymes nucleotides
phosphopioteins phospholipids and sugar phosphates An adequate supply of P

early n the hfe of a plant 1s unportant in laying down the primordia for ity



reproductive parts Large quantities of P are found i seed and fruit and s
considered essential for seed formation Phytin composed of calctum and
magnestum salts of phytic acids 1s the principal storage form of P 1n seeds A good
supply of P has been associated historically with increased root growth Several
other gross quantitative effects on plant growth are attributed to phsophate
fertilization P has long been associated with early matunity of crops particularly in
grain crops An adequate supply of P 1s associated with greater strength of cereal
straw The quality of certain frnt forage vegetables and gramn crops 1s said to be
mproved and disease resistance increased when these crops have satisfactory
P nutnition P 1s readily mobilized in plants and when a deficiency occurs the
elem¢ nt contained 1n the older tissues 1s transfered to the active meristematic

regions (Tisdale et al 1985)

22 Effect of phosphorus desorbing anions on the phosphorus
availability in soils

The Iiterature on the amion contribution to desorbing P 1n soil are very
v
limit~d The amons tested in this expeniment include hydroxide carbonate and

silicate

Noda and Saio (1952) reported that S102 had greater effect on fixation of P
thin h d S103 Bastisse (1967) reported that silicate anions tended to send P into
soluton Obihara and Russell (1972) reported that silicate adsorption was
maximum at about a pH of 92 Binh gt al (1974) reported that application of
stlicates raised the pH and had markedly increased P availabihity Smyth and
Sanchez (1980) reported that silicates and previous P applications decreased P
fixation and improved cation retention properties Domning and Amberger (1988)

repotted that availability of water soluble soil phosphate was increased by silicate

application
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% nh1 and Mandel (1955) reported that fluoride ind hydroxide were more
effective 1n releasing exchangeable P 1n the soil Baker (1960) reported that the
mechsusm of P retention appeared to involve an exchange reaction between
hydrcxide and phogphate amon Antons such as chlonde mtrate acetate and
sulphate have very hittle power to displace phosphates The high displacing power 1s
posse sed by antons such as hydroxide fluorides oxalate arsenate citrate and
tartir ite which form stable complexes witt 1ron and aluminum and also reduce
seco1 dary sorption of P during extractions with dilute acids (Mathan and Durairaj

1967 Ramamoorthy and Velayudham 1976)

Specific adsorption of silicate and phosphates and its influence 1n exchange
properties and cation protection have been studied 1n detail by Hingsten and
Raupach (1967) Hingsten et a] (1968) Obihara and Russell (1972) and Gillman
and 1 ox (1980) Baez Baez et al (1988) reported some favourable influence of
cirbonates and sihcates on P desorption in soil with marked reduction in
P adsorption capacity thus favouring P avallablhxy Ramos Hernandez and Aguilera
He e a 11)88) reported that with lime and phosphate, pH could be increased and
also both the organic acids and the mnorganic P fractions could be mobilized 1t 1s
evident l1om these that there 15 some marked effect of anions for P desorption and
thus v i ubility and uptake of P by crops (Han et al (1989) and Wang and Yuan
(1989, reported that available P content was increased by addition of hme>
Hart k1 n+n and Mohemmed: (1991) reportc d that the i1sotopically exchangeable P
was Htected by CaCO3 only shghtly)@g et al (1994) also reported the eftect of

v ir1 5 1s anions on P desorption tn so1l mclu?mg silicates
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2.3 1 ftect of chelating agents on the phosphorus availabihity 1n soils

Mack Drake (1965) pomnted out that by the process of chelation many organic

amon from highly stable werner type complex 1on with such cation as ca*t zn?*

Mn’* AP* and Fe** The solution thus behaves as if these cations were not
prese1it For example addition of EDTA to a solution of CaClz prevents the
precipitation of calcium on the addition of oxalate amion And 1n contrast this
chela ing agent EDTA when added to calcium oxalate will dissolve this precipitate
with he formation of oxalic acid and calctum EDTA. By this reaction Fe** and
AP* 1ons are mactivated and thereby prevent phosphate fixation Role of chelates
1n solution of phosphate results 1n solubilization of 1ron and aluminium phosphate
protection of applied soluble phosphate solubilization of rock phosphate by
calclum chelations and chelation of wron and other metals Wheeler (1966)
reported that chelation of iron and alurunmm found m the vicimty of fertilizer
granules was effective 1n reducing P fixation Hashimoto (1967) reported that
EDTA suppressed P fixation 1n reddish soil and a volcanic ash so1l but increased 1t
1n 1 white so1l Reuda ¢t al (1981) reported that EDTA and DTPA inhubited almost
cornpletely the adsoprtion of zinc on to haematite over a pH range from 4 to 10
Borggw (1983) reported that EDTA and Dithiomte EDTA treated to soil remove
iron oxides Jayachandran gt al (1989) reported a favourable effect on the

applicitton of EDDHA 1n P solubilization

Thus 1t 1s revealed that chelates ncreased the phosphate availability to plants
by reacting with P fixing metais like iron alumintum zinc etc which are present in

the P deticient as well as P sufficient soils
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24 Lffect of microbial agents on the phosphorus availability 1n soils

241  Effect of phosphabacterna

The effect of phosphabacteria (Bacillus megatherium var phosphaticum) on P

solubihization was reported by several authors including Sundara Rao (1968)
Kumaraswamy and Rajasekharan (1990) obtained posttive results with
phosphobacterm treatment for sugarcane and concluded that phosphobacterin has

a remarkable role in increasing P fertihization for sugarcane

Dubey and Billore (1992) reported that, 1n India sigmficant increases in the
yteld of berseem have been reported due to inoculation with phosphobacterm
Similairy the increased 1n the yield and phosphate uptake 1n tomato and wheat by
bactensation with phosphobacterm of the Indian strain Bacillus megatherium was
subsequently reported Addition of rock phsophate to soil 1n conjunction with
phosphate solubilizing micro orgamsms was found to make P available to plants in
neuttdl to alkaline soils They also reported that significant yield increases by
addition of rock phosphate and many phosphate solubilizing micro organisms have
been reported mn wheat paddy and soybean In field trials berseem maize wheat
and paddy responded to inoculation with phosphobacterm and showed significant

increases in yield

Dubey and Billore (1992) reported that microbial inoculation and fertilizer P
nd therr interaction sigmficantly influenced grawn and straw yield of chick pea An
appreciable increase m grain yield over control was reported with microbial
inoculnts Among the single inoculant the highest grain yield was obtained with
Asperguillus awamori followed by Pseudomonas stnata Combined 1noculation with
Glomus fasciculatum and phosphate solubilizing bacteria augmented straw and

grain yields but not significantly over their respective control



242 LfTect of vesicular arbuscular Mycor hizae (VAM)

Vesicular Arbuscular Mycorrhizae briefly called the VAM are obligate
symbu >tic fungi which are endogenous to the roots by the hyphae and are externally
spread 1 to the soil The plant roots supply the required food maternals to the fung
and m return the plants get nutrient and water from the soil under deficient

situations There are a number of species of VAM but the important one 1s Glomus

fasgeulatum

A number of studies with VAM led to the conclusion that plants use the same
available phosphate pool whether or not they are mycorrhizal Such a conclusion
was reached 1 expeniments using 1sotope dilution techmque or fertiizer labelling

techniques (Hayman and Mossae 1972)

In spite of the fact that no general correlation has been found between VAM
and »oil pH particular soil pH favour particular VAM species This 1s tmportant
because 1t significantly affects the effectiveness of mycorrhizal fungi (Mossae et al
1961 Hayman 1982 Armnes 1990) These papers also revealed that soill pH by
charging the solubility status of plant nutrients can indirectly influence VAM

formation and/or activity

Krnishna and Dart (1984) reported that there was no effect for mycorrhizal
moculation on P fertihization n unsterile soill Negave and Roneador (1985)
reported that 1n all studies with citrus the mycorrhizal growth response was greatest
at low feruhty Singh and Singh (1986) reported that lentil responded well to
Glornus fasciculatum 1n the P deficient as well as in the soil ammended with 40 mg,
P kg !'soil Schubert and Hayman (1986) reported that mycorrhizal infection was
usu lly decreased by increasing additions of P but the rate of root colomsation and

inf¢ ction plateau varied with different endophytes Singh and Singh (1986) reported
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that mycorrhizae proved effective in enhancing the activity of Rhizobum and 1n
mmproving growth nodulation N fixation P uptake and yield of lentil It was
concluded that P application upto 80 mg P kg ! soil did not inhubit VAM 1nfection
and that Glomus fasciculatym inoculation may increase P utilization of lentil
cultivars grown on a P deficient soil Rao gt al (1986) reported that growth and P
uptake of sorghum on a nonsterile P deficient soil were improved by soil
inoculation with VAM fungi Lin and Fox (1986) reported that mycorrhizal banana
roots were ineffective extractants of P from oxisol A maximum beneficial effect of
mycorrhiza were obtained when Idaho rock was the P source Based on the
P uplake by mycorrhizal banana the effectiveness of various P sources were in the

order of oxisol Idaho rock phosphate Florida rock phosphate North carolina rock

phsophate and super phosphate

A great deal of work recently reviewed (Harley and Smith 1983 Smuth and
Guaninazzi Pearson 1988) show thaEtVAM enhance plant growth as a result of
mmproved muneral nutrition of the host plant and this has been confirmed with the
use of 1sotopic tracers Mycorrhizal plants are not only large but also usually have
an 11creased concentration and/or content of P compared to non mycorrhizal
controls The VAM actually increased the rates of growth of plants and increase the
partitioning of phytomass between shoot and root This 1s related to the enhanced
nuirient uptake by fungal activity Thus 1s followed by the nutrient translocation to
the hoot which increases the utilization of photosynthates in the areal part of the
plant Therefore relatively less of the products of photosynthesis are allocated to

the 100t (Barea 1991)

The effect of VAM fung! in increasing the nutrient availability in soils was
reported by Subba Rao (1982) Simular results were also obtained by Morita and
Kon sln (1989) n the tea plantations and Miranda et al (1989) m sorghum plants
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Hung at al (1990) reported that inoculation of VAM 1ncreased the availability of P

for sweet potato and Napier grass

Syvertsen and Graham (1990) reported that well established VAM
colomisation does not affect net gas exchange of citrus plants that are comparable 1n
size growth rate and nutritional status with non mycorrhizal plants Barea (1991)
reported that the development of an extensive net work of extra metricial hyphae
by the Vesicular Arbuscular Mycorrhizae (VAM) 1n soil surrounding the root
together with the capacity of these hyphae for nutrient absorption and transport to
the rortical root cells which indicated that VAM modified the nutrient uptake
properties of the root system Actually it 15 widely accepted that VAM plays a
recogmised role m nutrient cycling mn the ecosystem Vivekanandan and Fixen
(1991) reported that P uptake in the check plots was highest 1n the ridge plant corn.
soybean system and lowest m the mould board plough corn fallow system
Gererally VAM colomsation rates were significantly higher 1 the nidge plant

syst m than in the mould board plough system

25 Crop response to phosphorus application with special reference to
legumes

251 General crop responses to available soil phosphorus

Chahil and Vfﬁnam (1973) reported that groundnuts are shown to absorb
72% of their P through roots and 28% through fruitinng organs Greatest
cor tribution to rice production 1s made by the P which has been absorbed upto
flowering (Mahapatra and Yaduraja, 1981) In maize P accumulation can be
particularly high dunng silking and 1n sorghum after a slow start P uptake rates

can be high right upto maturity (Tandon 1987)

During early stages of growth P accumulation can proceed faster than dry
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matter production indicating the need for higher P concentration for active
vegetitive growth and root proliferation which 1s to follow P uptake increases as
the ciop grows and 1n several cases has been found to be quite in the period
preceeding matunty (Govil and Prasad 1974 Roy and Wright 1974 Jain 1981
Naga a) and Kumar 1983)

[ypically a soil analysing available P less than 23 kg P2Os ha Lis categonised
as low in available P (deficient) between 23 and 50 55 as medium and over 50 55 as

high in P for field crops (Tandon 1987)

In India the method suggested by Bray and Kurtz (1945) has been suitable for
estimating available P status of acidic soils P application rates based on soil testing
for targeted crop yields proved distinctly superior to general recommendations as
they resulted 1n a saving of not less than 20% The residual effect of P the
differential availability of P during cold and warm seasons the ability of different
crops to use soil and fertihzer P and the different P fractions are some of the
important criteria in the selection of suitable crops and P management in crop
rotatons A basis for calculating P fertihzer schedules for which cropping
sequences have been adopted by predicting post harvest soil test values (ICRISAT

1968)

Soil testing 1s an essential prerequisite for taking measures for increasing
fertilizer use efficiency Soil testing service 1n India started 1n 1956 57 The fertihizer
application for targeted yields approach ensures balanced nutrition Crops differ in
the requirement of P to produce a unit quantity of grain Oilseeds need more
pulses less and cereals still less The average requirements are calcualted as 0 98 kg
P 100 kg ! seed for oil seed crops 070 kg P 100 kg for pulses and 044 kg P 100
kg ! grain for cereals The nutrient requirement 1s a crop characteristic and as such

does not depent on the soil type Crop species and varieties also differ significantly
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in th 1r ability to use both available and applied P Except for long duration crops
the percentage contribution of P from the soil was around 50% the average value
bemnp 48 2% for cereals 50 9% for pulses and 500% for o1l seeds For long
duration crops 1t was 193 5 % for sugarcane 1810 % for banana and 90 0% for
cotton The P contribution from fertilizer was around 25% for cereals pulses and
ollseed crops Fixation of added P 1n soil which may reach a level as high as 81 0%

ts one of the mam criteria limiting more efficient use of fertihizer P (ICRISAT

1988)

Al Mustafa (1988) reported that calcrum bound P (Ca P) appeared to be of
little rmportance as a short term source of P for corn plants although it constituted
upto 86% of the total P in the soil Saad et al (1988) reported that wheat yield
response was highest when so1l content reaches an average value of 13 ppm Russell
et al (1989) reported that 1n bird food trefoil tissue concentration of P and K were
best related to soil solution concentration. Smyth and Cravo (1990) reported that
fertihzer P required to raise the imtial mehlich soil P to critical levels were 41 to 60
kg P ha ! for corn and cowpea respectively Ivarcon (1990) reported that during a
pot trial with the grass there was a large decrease 1n the resin P fractions for 4 long

terra P fertility trial
25.2 Response of legumes to phosphorus application
2521 Cowpea

Ezedinma (1965) found that application of P205 at 40 ka ha ! along with 20kg
Niy! significantly increased plant height number of leaves per plant and shoot dry
matter of cowpea Nair (1966) found that phosphorus applied at 0 to 90 kg P20s
ha ' did not influence the height of cowpea Singh et al (1968) observed that

application of phsophorus as super phosphate increased the yield of tops and roots
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1n (wped Garg et al (1970) found that plant height number of branches per plant
number of leaves per plant and dry weight per plant increased with increasing levels
of phosphorus upto 111 kg P20s ha ! resulting 1 a higher fodder yield of cowpea
Fageria and Bajpar (1971) found that higher and lower levels of phosphorus
appiication retarded plant height of cowepa significantly Rao and Patel (1975)
found that apphcation of 44 § f(g P20s ha ! 10 cowpea thereased the dry matter
production sigmficantly over no P control Tripathi et al (1977) found thit
application of 60 Kg P20s5 ha ! resulted significantly higher yield of dry matter in

cowped

Yield response of cowpea to P application has been reported by many
workers Salam et al (1968) observed that yields of cowpea were significantly
increased by P apphcation Mata and Sanchez (1970) found that cowpea grain yield
increased with incremental rates of P upto 120 Kg P20s ha ! Pande (1972) found in
studics with green gram that gramn yield was increased sigmificantly by the
applhation of 90 Kg P20s ha ! applied but not statistically significant Kurdiker: gt
al (1973) found that 1n rainfed areas application of 44 Kg P20s ha ! along with 11
kg Nha ! resulted in optimum gram yield of cowpea Malik (1974) observed that P
apphcation did not have any sigmificant effect on the gram yield of cowpea Rao and
Patel (1975) observed 1n cowpea experiment 1n a loamy sand that applicat on of
44 8 Kg P205 ha ! significantly increased the seed yreld over no P control Nangju
(1276) reported that seed yield of cowpea increased singificantly by the application
of P Tripathi et al (1977) observed that opttmum economic rate of P application
ranged between 334 to 464 Kg P20s5 ha! for different cultvars of cowpea
V swanathan gt gl (1978) reported that the optimum P requirement for cowpea w 15
47137 Kg P205 ha ! while the optimum economic dose was 23 55 Kg ha 1(dedrdm

ard Ramiah (1980) observed response to P only upto ?7 Kg P205 ha’j
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2522 Chickpea

In chickpea 1n general 20 to 30% increasc 1n grain yield has been observed
with the application of P ranging from 20 to 45 Kg P»Os ha ! depending upon the
soil test values (Prasad et al, 1968 Chaudhury et al 1971 Sinha 1972 Sawhney ¢t
al 1975) Chaudhury et al (1975) reported that in chickpea applied P was found to
have a significunt effect on nodulation and 1t was reflected with increase n dry
weight of plants On the basis of a number of field experiments on cultivators field
in Punjab Rana and Singh (1979) recommended 20 Kg P20s ha ! for optimum
yield Suryawanshi and Chaudhary (1979) and Devarajan et al (1980) reported
opumum response to P application upto 22 to 25 Kg P20s ha ! only In several
studies with chickpea (Kalsi e1 al 1982 Kapur et al 1982) depending upon sotl

significant responses to P with doses varying from 22 to 66 Kg P20s ha ! have been

reported
2523 Lentil

In lentl with the application of 25,50 and 75 Kg P20s ha ! along with basal 25
Kg N ha ! Sharma and Chaudhury (1971) obtaned a grain yield of 34 37 and 40
ha! Panwar gt al (1977) reported an optimum dose of 50 Kg P20s5 ha U above
which they observed a reduction in grain yield Upadhyaya and Sharma (1977)
reported no response to application of of lentil on a soil testing 17 Kg P ha ! which

can be considered as an adequate level of so1l P
2524 Green gram

In a number of studies 1t has been rnPoyﬁzd that application of P varying from
4() to 80 Kg P20s ha "o ¥egw ved (o ncrease significantly the gramn yield of
,t en gram (Deshpande and Bathkal 1965 Panwar and Singh 1975 Ravankar and
Bhade 1975 Singhetal 1975) Rao and Bhardway (1980) reported that greengram



sreatly benefited from P application to the preceeding cereal crop and as such there

may not be any need for fresh application of P
2525 Pigeon pea

Chaudhury and Bhatia (1971) consistently obtained higher yield of pigeon pea
with graded levels of applied P and were able to produce three fold yield with 100
Kg P-Os ha 1 Rathi et al (1974) found that application of 80 Kg P20s ha! was
significantly superior to 40 Kg P20s5 ha ! which 10 turn proved superior to
unfertiized control A good crop of pigeon pea can remove as much as 30 Kg P205
ha ! (Saxena and Yadav 1975) In a field experiment with pigeon pea n rainfed
areas first increment of 33 Kg P20s5 ha! increased yield by 50% and second
increment further resulted in a simular increase However studies from Punjab
(Kaul and Sekhon 1975) and Uttar Pradesh (Rath: and Tripathi 1978) have shown
thit p geon pea responds upto 40 Kg P20s ha 1 Singh and Prasad (1975) reported
highest grain yield with the apphcation of 100 Kg, P2Os ha Yona sandy loam soil
low 1n Olsens extractable P Rao and Bhardwy (1981) studied the direct and
residual effects of P application 1n Pigeon pea wheat rotation They observed that
pigeon pea cffectively utilized P that was residual inthe sotl from the previous crop
when supplemented by a direct application of 18 Kg P2Os ha ! However 1 studies
on Qirect residual and cumulative P application to pigeon pea tn pigeon pea wheat
rotation they observed that pigeon pea effectively utilized P that was residual in the
soil from the previous crop when supplemented bv a direct application of 18 Kg
P2Os ha ' However 1n studies on direct residual and cumulative P application to
pigeon pea 1n pigeon pea wheat rotation Pasricha et a] (1987) have observed that
trere 1s no need of P apphcation when preceeding wheat was given recommended

drse 0f 60 Kg P20s ha !
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2526 Soybean

In a field trial with soybean Kesavan and Morachan (1973) found that
optimum dose of P could vary from 50 to 100 Kg P20s ha ! depending upon the
crop variety Singh and Saxena (1973) proposed optimum dose of 522 kg P ha ! for
cv B agg Aggarwal and Narang (1975) found that soybean cv Bragg responded
to P application upto 80 Kg P205 ha Vand 20 kg N ha ! Roy and Mishra (1975)
found that 1n North Bihar dressing of P required for obtaimng maximum yield of 16
to 17qha ! ranged from 30 to 38 Kg P20s ha ! and the calculated most profitable
dose was 32 Kg P20s ha ! Rana and Chand (1977) obtamed maximum yield with 80
Kg F20s5 ha'l Hampiah and Sinha (1979) reported responses of soybean to P
application upto 60 Kg P20s ha 1 Punjab soybean responded sigmftcantly to P
upto 80 Kg P20s ha ! (Aulakh et al, 1990)

2527 Black gram

In black gram adequate application or P (40 Kg P205 ha 1) not only increased
yield but also helped in increasing root nodulation and consequently nitrogen
content of grams (Sahu 1973 Kadwe and Bhade 1973) Rajendran gt al (1974a)
observed a yield increase with P application of 90 Kg P20Os ha ! Subsequently
Rajendran et al (1974b) observed that with increased application of P the
extractable P 1n the soil increased upto flowering stage after which 1t started
dedining perhaps due to rapid removal by plant and 1ts fixation 1n the soil Namdeo
and Ghatge (1976) repj\{cd that adequate application of P (40 Kg P205 ha l) not
only increased yield but also heiped 1n increasing root nodulation and consequently
nitrogen content of gramns 1n blach gram Panwr gt al (1977) reported a linear
increase 1n the yield upto a level of 60 Kg P20s ha ! above which (90 Kg P20s ha 1)
there was a decline in the response Bahl ot al (1988) reported that as P 1s essential

11 the mecharusm of N fixation and for growth of nodule bacteria 1its application to
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black j ram with or without 1noculation has also been reported to increase N status

of so1ls
2528 Fieldpea

In field pea for some submotaneous soils of Uttar Pradesh 75 Kg P205 ha !
has been found to be an optimum dose (Singh and Tiwar1 1985) Pasricha et al
(1987) reported that field pea responded upto 60 Kg P20s ha ! They also reported
that 1n 1rrigated areas the yields ranged from 20 to 39 q ha Twith a response of 4 4

and37qha !at30 and 60 Kg P20s5 ha 1
2529 Groundnut

‘Shelke and Khuspe (1980) observed that dry matter production and P uptake
by groundnut was higher with 17 5 Kg P20s ha ! Basha and Rao (1980) reported
that n 30 days old groundnut plants P deficiency decreased with root length and
numbe of leaves Patel et al (1981) found that higher levels of P sigmficantly
increased the top and root length of groundnut Singh and Ahuja (1985) reported
that increasing the rate of P from 30 to 90 Kg P20s5 ha ! sigruficantly increased the
growth of groundnut Sabale and Khuspe (1986) observed that in groundnut plant
height number of leaves and branches and dry weight per plant were mncreased with
incredsed rate of P from 0 to 60 Kg P205 ha ! Juan et al (1986) reported that P

application increased the plant height and dry matter yield of groundnut
25.210 Clover

Gourley gt al (1993) reported that there were sigmificant differences 1n shoot
and drymass and P accumulation response curves among cultivars of white clover
Diffurences 1n herbage yield and phosphorus accumulation were associated with
larger roo system but there were no evidence of greater efficiency of P uptike m

plants
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The presently available literature on phosphorus 1s mainly centred around fo¢”
finding out an econonuc dose of fertilizer for various crops and soils However few
attempts ave also been made for making available the so1l phosphorus pool for the
crops be1 ig cultivated Thefe literatures are not adequate for drawing out suitable
recommendations under the existing conditions of crops and environments More
attention s required for finding out practices that are capable of utilizing the native
and fer hizer phosphorus more effectively under the existing agroclimatic

conditions



Materials and Aethods
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3. MATERIALS AND METHODS

W th a view to evaluate the effect of chemical and bio agents on phosphorus
dynarnics 1n the red loam soils of Southern Kerala three sets of field experiments
were carned out simultaneously for two seasons first experiment for evaluating the
chemical desorbing amons second experiment for evaluating the effect of synthetic
chelates and the third experniment for evaluating the effect of mucrobial agents for

testing the availability of native and added phosphorus tn the soil

The titles of the experiments are (1) Effect of phosphorus desorbing anions

(2) Effect of synthetic chelates as soil amendements and (3) Effect of microbial

agents

The details of the expermmental site season weather conditions materials

and methods adopted are presented 1n this chapter
31 Lxperimental site

The experiments were carried out at the instructional farm attached to the
College of Agriculture Vellayani The farm 1s located at 8°N latitude and enjoys a

humd tropical chmate The altitude of the site 1s 29 metres above mean sea level
32 Soil

The soil of the experimental field was sandy clay loam (Red loam) 1n texture
(tamuly oxisol) The physico chemucal properties of the experimental sites of the

thr=e experiments are given in Tables 12 and 3 respectively
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Table1 Physico chemical characteristics in the surface soils of the

expermmental sites for the Expermment No 1

So | characteristics Season 1 Season II
1 Bulk density (g cm %) 117 119
2 Water holding capacity (%) 3116 30 68
3 Mean weight diameter (mm) 106 091
4 CEC (me 100g") 436 435
5 pH 511 509
6 N content (%) 0122 0124
7 P content (ppm) 358 379
8 K content (%) 0103 0102
9 P f xing capac ty (ugPg ! 286 285
10 Organic matter content (%) 234 224
11 Available P content (mg P kg 1) 721 6 88
12 Available K conter t (ppm) 231 268
13 Pomnt of Zero Charge (PZC) 510 510
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Table 2 Phystco chemical characteristics i the surface soils of the

experimmental sites for the Experiment No 2

Soil charactenistics Season I Seson ]I
1 Bulk density (g cm %) 121 123
2 Water holding capacity (%) 28 18 3114
3 Mean weight diameter (mm) 090 079
4 CEC (me 100g1) 439 438
5 pH 512 510
6 N content (%) 0122 0123
7 P coatent (ppm) 371 376
8 K content (%) 0109 0 105
9 P fixing capacity (ug Pg l) 2817 284
10 Organic matter content (%) 219 222
11 Available P conter t (mg P kg 1) 729 716
12 Available K content (ppm) 238 233
13 Point of Zero Charge (PZC) 510 510




23

Table3 Physico chemical characteristics in the surface soils of the

experimental sites for the Experiment NoJ3

So1l character stics Season | Seson II
1 Bulk density (g cm %) 122 124
2 Water hold ng capacity (%) 3108 2814
3 Mean weight diameter (mm) 088 077
4 CEC (me 100g%) 441 440
5 pH 512 511
6 N content (%) 0120 0121
7 P content (ppm) 352 369
8 K content (%) 0089 0088
9 P fixing capac ty (ug Pg D) 286 287
10 Organic matter content (%) 218 216
11 Available P content (mg P kg 1) 816 798
12 Available K content (ppm) 229 237
13 Point of zero charge (PZC) 511 511
14 Native mycorrhiza spore population 12 19
(number per 100 g soil)
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3.3 Nature and cropping history of the fields

T'he experimental fields were cultivated with bulk cowpea immediately prior

to the start of each expennment
34 Season

The first season trial of all the three experiments were conducted during the

period from 1 6 1992 to 31 8 1992 and the second season trials from 3 10 1992 to
23121992

35 Weather conditions

The weather conditions during the period were normal with adequate rainfall
temperature and sunshine The weather ~onditions which prevailed during the

cropping period are given in Fig 1 and Appendix 1 & II
36 Materials

36 Planting material and variety

The test crop was cowpea var C 152 for all the three experiments It i1s one of
th most popular varieties cultivated throughout the country It 1s not season bound

and can be cultivated during any part of the year provided there 1s adequate rainfall
362 Fertilizers

The fertilizers used for the crop are

Urea (46%N)
M 1ssoriephos (20% Total P20s and 7% available P20s )
Muriate of Potash (60% K20)

The recommended fertilizer dose for the crop was 2030 10kg ha of N P20s
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and k20 respectively (Kerala Agricultural University 1989) There were varying
rates of phosphorus 1n all the three trials as per treatments Half the quantity of
nitrogen whole of P205 and K20 were appled at the time of final land preparation

The remaining ntrogen was applied 20 days after sowing
371 Methods

371 Design and layout of the experiments
3711 Experiment No1l Effect of phosphorus desorbing anions

The experiment was laid out 1n factorzal Randormzed Block Design with three

replications

Treatments

T No phosphorus + no anions

T» No phosphorus + Ca(OH)2 @ 400 kg ha 1

T3 No phosphorus + CaCO3 @ 400 kg ha !

Ty No phosphorus + Ca5163\ @400 kg ha !

Ts 50% recommended P + no anions

T 50% recommended P + Ca(OH)2 @ 400 kg ha !
T7  50% recommended P + CaCO3 @ 400 kg ha '
To  50% recommended P + Ca$i03 @ 400 kg ha

T, 100% recommended P + no anions

Tio 100% recommended P + Ca(OH)2 @ 400 kg ha !
Tn 100% recommended P + CaCO3 @ 400 kg ha !
T 100% recommended P + CaS103 @ 400 kg ha !
Design RBD

Replicat on 3
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Plot Size
Gross Smx405m
Net 4mx315m
Spacing 25cmx 1S cm
Seasons two

371.2 Experiment No2 Effect of synthetic chelates as soill amendments

The experiment was laid out 1n factorial Random zed Block Design with three

replications

Treatments

T No phosphorus + no chelating agent

T2 No phosphorus + Ethylene Diamine Tetra Acetic acid (EDTA) at conc of
00001 M

T3 No phosphorus + Diethylene Triamine Penta Acetic actd (DTPA) at conc
of 0 6001M

Ta 50% recommended P + no chelating agent

Ts 50% recommended P + Ethylene Diamine Tetra Acetic acid (EDTA) at
conc of 00001 M

Te 50% recommended P + Diethylene Triammne Penta Acetic acid (DTPA)
at conc of 00001 M

T7 100% recommended P + no chelating agent

Ts 100% recommended P + Ethylene Diamine Tetra Acetic acid (EDTA) at
conc of 0 0001 M

iy 100% recommended P + Diethylene Tr1inune Penta Acetic acid (DTPA)

at conc of 00001 M
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Design
Replication
Plot 1ze
(ross
Net
Spacing

Seasons

371, Cxperiment No.3 Effect of microbiological agents

Jd

RBD

Smx 4 05m
4mx3 15m
25cmx15cm

Two

Treatments

I No phosphorus + no mucrobes

T2 No phosphorus + Vesicular Arbuscular Mycorrhiza (VAM) 1noculation

T3 No phosphorus + Phosphobacterin (PB) moculation

T4 No phosphorus + Vesicular  Arbuscular Mycorrhiza (VAM) +
Phosphobacterm (PB) inoculations

T~ 50% recommended P + no microbes

Te 50% recommended P + Vesicular  Arbuscular Mycorrhiza (VAM)
moculation)

T7 509% recommended P + Phosphobactern (PB) imnoculation

T3 50% recommended P + Vesicular Arbuscular Mycorrhiza (VAM) +
Phosphobacterin (PB) noculations

To 100% recommended P + no microbes

Two 100% recommended P + Vesicular  Arbuscular Mycorrhiza (VAM)
tnoculation

Tn 1009 recommended P + Phosphobactern (PB) inoculation

b Ty 100% recommended P + Vesicular Arbuscular Mycorrhiza (VAM) +

Phosphobacterin (PB) inoculations
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Design RBD
Replication 3
Plot »ze
Gross Smx405m
Net 4mx315m
Spacing 25cmx 15cm
Seasons Two

372 Treatment apphcations
3721 Phosphorus apphcation

Phosphorus was applied basally as Mussorie rock phosphate (20% P5s0Os) at
the time of final land preparation as per the treatment requirements for all three

expeniments
3722 Experiment No 1
Apphication of amons

The hydroxide amon was applied basally at the time of final land preparation
as Calctum Hydroxide @ 400 Kg ha ! The carbonate amon was applied basally at
the nime of final land preparation as Calcium Carbonate @ 400 kg ha ! The silicate

anion was applied basally at the time of final preparation of land as Calcium silicate

@400kgha®
3723 Experiment No2
Chelate application

The experimental chelates (Ethylene Diamine Tetra Acetic acid dand

Diethylene Triamine Penta Acetic acid) solutions at concentration of 00001 M
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were applied to so1l @ SO ml per plant 10 days after germination and repeated at 1{}

days interval for a total of five applications as per the method followed by

Jayachandran et al (1989)
3724 Expermment No.J3
Application of microbiological agents

v esicular  Arbusular Mycorrhiza (VAM) species Glomus fasciculatum field
culture prepared with guinea grass were applied nsitu to the seed hole at the
planting time @ 10 15 g per hole Phosphobacterin culture was treated with seeds

@ 500 g ha ! of seeds used and planted

3 8 Plant Protection

Plant protection measures were taken as per the package of practices

recommendations of Kerala Agncultural University as and when required
39 Observations

391  Leaf Weight Ratio (LWR)

Leaf Weight Ratio was determined as per the method followed by Kevt gt a]
(1971) and Evans (1972)

392 LeafArea Ratio (LAR)

Leat Area Ratio was determined as per the method followed by Radford
(1967) and Evans (1972)

393  LeafArea Index (LAD

Leaf Area Index (LAI) was determuned by the formula



399 Gran yield

Grain yield obtained from the net plots were sundried and weighed converted

to hectare basis and expressed as kg ha !

3910 Haulms yeld

The bhusa yield obtained from the net plots were sundnied and weighed and

converted to hectare basis and expressed as kg ha 1

3911 Nitrogen uptake

Nitrogen content of plant samples seed sample and haulms were determined
by mucrokjeldahl s method as reported by Jackson (1958) and modified by Tandon
(1993)

3912  Phosphorus uptake

The phosphorus content of plant samples seed samples and haulms were
determined by vanadomolydbate yellow colour method as reported by Jackson

(1958) and modified by Tandon (1993)

3913 Harvest Index

Hasvest Index was found out as the ratio of the seed yield to the total dry

matter xpressed as percentage
3914 Protemn content of grains

Nitrogen content of grains as previously determined was multiplied by 6 25 to

get the protein percentage of grains
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391, Physical properties of the soil
39151 Bulkdensity

Soil samples were collected by core samples dried tn an oven at 106°C and

weighed and the bulk density is calculated
39152 Water holding capacity

Water holding capacity of soil was determined by Keen Razchkovski box

method
39153 Aggregation of soll samples

Aggregation of soil sample was determined by wet sieve analysis as reported

by Gupta and Dakshinamurti (1980) and expressed as mean weight diameter
3916 Chemucal properties of the soil
39161 Cation Exchange Capacity (CE C)

Cation Exchange Capacity of the soil was determined as per the method

sugeested by Hesse (1971)
39162 Soi reaction (pH)
The pH of the so1l was determined as per method followed by Hesse (1971)

39163 Total nitrogen

Total Nitrogen of the soil was determuned by macrokjeldal s method das

rep rrted by Jackson (1958)
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39164 Total phosphorus

Total phosphorus content of the soil was determined by Vanadomolybdate

yellow colour method 1n utric acid system (Jackson 1958)
39165 Phosphorus fixing capacity

Phosphorus fixing capacity of the soil was determined as per method followed

by Hesse (1971)
39166 Organic matter content of the so1l

Organuc matter content of the soil was determined by the method reported by

Tandon (1993)
39167 Available phosphorus content of the soil

Available phosphorous content of the soil was determined by the procedure

suggested by Jackson (1958)
39168 Fractionation of soil phosphorus

P fractions of the soil were determined by the method of Petersen and Corey
(1966) The orgamc P was calculated from the difference between total P and total

mineral P as suggested by Mehta gt al (1954)
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4. RESULTS

The results obtained from the three field experiments were statistically

analysed and presented 1n this chapter

41 Expermment No 1 (Effect of phosphorus desorbing anions)

411  Physical properties of the soil
The physical properties of the soil are given in Table 4
4111 Bulkdensity of the so1l

During season 1 the bulk density of the soll was 117 g cm 3 before sowing
and the treatment differences were not significant after harvest Therefore there

wAs no response for either phosphate or anions

In the season II the bulk density of the soil was 1 19 before sowing and that

there was no response between treatments after harvest
4112 Water holding capaicty

During the season I the water holding capacity before sowing was 31 16%

and at harvest there was no responses between treatments or factors

During season II the water holding capacity before sowing was 26 16% and
after harvest there was statistical differences between treatments The lowest value
of 28 54% was recorded by Ts whereas the highest value of 31 51% was recorded
by T11 On factonal analysis when 50% pbosphorus recorded the lowest value of
2942% the highest value of 3057% was recorded by 100% recommended
phsophorus which was statistically sigruficant But there was no response between

the anions



Table4 Physical properties of the soil m experrment No 1

Physical Mean weight diameter of
properties Bulk density (g cm °) Water holding capacity (%) aggregates from wet
sieving analysts (mm)
Experiment season Season I Season II Season I Season II Season I Season II
a Before sowing 117 119 3116 26 16 106 091
b After harvest
Treatment No
T1 132 129 3293 2977 108 099
T2 132 132 3358 29 86 113 098
Ts 130 129 3306 2939 101 099
Ta 130 133 3219 2933 100 112
Ts 133 133 3223 3067 100 106
Ts 133 130 3219 2872 096 108
T7 133 131 3316 2975 094 111
Ts 131 132 3409 2854 093 113
Ty 131 130 3275 2882 092 098
Tio 134 132 3228 3074 099 106
T 133 131 3261 3151 104 108
T12 131 131 3269 3122 099 103
SEm+ 0017 0018 0739 0517 0036 0033
CD (005) - 1515 0106 0097
FACTORS
A Fert P
1 No.P 131 131 3294 2959 106 102
2 50%P 132 131 3292 2942 096 110
3 100%P 132 131 3258 3057 099 104
CD (005) - - 0758 0053 0049
B Anions
1 No anions 132 131 3264 2975 100 101
2 OH 133 131 3268 2977 102 104
3 CO3 132 130 3294 3022 100 106
4 8103 131 132 3299 2970 098 109
CD (005 - — - - 0056

fe

Note In those places where CD s not given the F test 1s not sigmficant at 5% level
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4113 Mean wieght diameter of aggregates from wet sieving analysis

The mean weight diameter of aggregates before sowing was 1 06mm and
that the treatment differences were sigmificant after harvest The lowest value of
092 mm was recorded by To while the highest value of 113 mm was recorded 1n
T2 On factonal analysis when the phosphorus levels were sigmficant there was no
response between the anions Among the phosphorus levels 50% phosphorus
recorded the lowest value of 096 mm and no phosphorus recorded the highest

value of 1 06 mm

During Season II mean weight diameter before sowing was ¢ 91mm and
the treatment differences were significant after harvest The lowest value of 098
mm was recorded 1n both T2 and To the highest value of 1 13 mm was recorded by
Ts On factorial analysis no phosphorus recorded the lowest value of
102mmwhere as 50% phosphorus recorded the highest sigmficant value of
110mm No anions recorded the lowest value of 101 mm where as silicate anion

recorded the highest value of 1 09 mm which was significant
412  Chemical properties of the soil

The data on chemical properties of the soil are given 1n Table 5
4121 Cation Exchange Capacity (CE C) of the so1l

During season I a CE C value of 421 me 100 g ! was recorded before
sowing After harvest the treatment differences were not sigmificant and as such
there was no significant response between levels of phosphorus and the various

anions



Table5 Chemical properties of the soill mm experiment No 1

CEC (me/100 g) pH Total Nitrogen (%)
Chemcal
Characteristics Season 1 Season I | Pooled mean| Season I Season Il | Pooled mean| Secason I Season II |Pooled mean
(1) (2) (3) (4) (5) (6) ] (8) ©®)

a Before sowmng 421 427 424 511 509 510 0122 0124 0123

b After harvest

Treatment No
T1 432 432 432 512 511 512 0124 0126 0125
T2 445 428 437 517 515 516 0129 0132 0131
T3 428 429 428 518 515 517 0132 0129 0131
Ts 432 450 441 515 516 516 0132 0136 0134
Ts 437 448 442 514 512 513 0126 0126 0126
Ts 447 445 446 518 515 517 0133 0133 0133
T7 438 444 441 518 515 517 0131 0134 0133
Ts 436 440 438 518 515 517 0132 0131 0132
To 432 439 435 514 513 513 0124 0126 0125
T1o 445 439 442 517 516 516 0132 0130 0131
T 437 438 438 518 515 517 0133 0133 0133
T2 438 439 439 518 515 517 0131 0133 0132

SEm+- 0107 0090 0070 0003 0004 0003 00024 00018 00015
CD (005) 0010 0013 0008 00071 00052 00043

FACTORS

A.Fert P

1 NoP 434 435 435 516 514 515 0129 0131 0130

2 509%P 440 444 442 517 514 516 0131 0131 0131

3 100%P 438 439 439 517 515 516 0130 0131 0130

CD {005) 0005 0004

B Anions

1 No amons 434 440 437 513 512 513 0125 0126 0125

2 OH 4 46 437 442 517 515 516 0131 0132 0132

3 COs 434 437 436 518 515 517 0132 0132 0132

4 S103 435 443 439 517 516 516 0132 0133 0133

CD (005) 0006 0006 0005 00041 00052 00025

(Contd )
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Table 5 (Contd )

Total phosphorus (P} ppm

P Fixng capacity (ug Pg I)

Orgauc matter content (%)

Chemucal
Charactenstics Season [ Season II | Pooled mean Season 1 Season II | Pooled mean Season | Season II | Pooled mean
(10) (¢30)] (12) (13) 14 (15) (16) 17 (18)
a Before sowing 358 379 369 286 285 286 2.34 224 229
b After harvest
Treatment No
T, 352 372 362 284 288 286 236 225 231
T, 348 369 359 286 286 286 235 224 2.30
T; 347 365 356 289 286 287 234 223 2.29
T, 349 368 358 284 287 286 235 225 230
Ts 351 370 361 286 286 286 236 226 231
Tg 349 369 359 287 285 286 2.35 225 230
T, 345 363 354 289 285 287 234 224 229
Tg 346 365 356 287 286 286 235 225 230
Ty 347 368 358 285 286 285 2.36 229 2.33
Tio 349 369 359 288 288 288 236 228 232
T 344 366 355 285 286 286 234 227 231
TIZ 347 366 356 287 288 288 235 229 232
SEm+ 56 38 34 013 014 010 0042 0040 0029
CD (005) — — — — — — — — —
FACTORS
A.Fert P
1 NoP 349 368 359 286 287 286 2.35 225 230
2 50%P 348 367 357 287 286 286 235 225 230
3 100%P 347 367 357 286 287 287 235 228 232
CD (005) — — — — — — — — —
B Anions
1 No amons 350 370 360 285 287 286 2.36 227 231
2 OH" 349 369 359 287 286 287 235 226 231
3 CO; 345 365 355 288 285 287 234 225 230
4 S10; 347 366 357 286 287 287 235 226 231
CD (005 —_ — — — — — — — —

Note In those places where CD

1s not given the F test 1s not signmificant at 5% level

[t
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During season I CEC of the soil before sowing was 4 27 me 100 g Dand
that after harvest there was no sigmificant response between treatments and the

levels of various factors

On the pooled analysis of the two seasons data CE C of the soil before
sowing was 4 24 me 100 g1 The treatment responses were not significant after

harvest and hence there was no response between levels of phosphorus and the

Various anions
4122 pH of the so1l

During season I pH of the soil before sowing was found to be 5 11 and that
after harvest the treatment effects were ssgnificant While the lowest value of 5 12
was recorded by T1 the hlbhesl value of § 18 was recorded by six treatments viz T3
Te T7 Ts T11 and T12 On factorial analysis the lowest value of 5 16 was recorded
by no phosphorus treatment while the highest value of 5 17 was recorded both by
50% and 100% phosphorus treatments which was statistically significant also No
antons recorded the lowest value of 513 while carbonate amion recorded the

highest value of 5 18 which was also significant

During season II pH value of the soil before sowing was 5 09 and that after
harvest the treatment effects were sigmficant The lowest value of 511 was
rerorded 1n T1 whereas the highest value of 5 16 was recorded both 1n T4 and T1o
Factonal analysis revealed that the different levels of phosphorus could not make
any significant effect on pH of the soll Among anrons no amions recorded the

lowest pH of 5 12 whereas silicate amon recorded the sigmificantly highest pH of

516

On pooled analysis pH of the soil before sowing was found to be 5 10 The

tr=atment difterences were significant after harvest The lowest pH of 5 12 was



4%

recorded 1n T1 where:as the highest pH of 5 17 was recorded 1n six treatments viz
T3 Te¢ T7 Ts Ti1 and Ti2 On factonal analysis 1t was revealed that the lowest pH
of 5 [5 was recorded n no phosphorus plot where as the sigmficantly highest pH of
516 was recorded both 1n 50% and 100% phosphorus plots No antons plots
recorded the lowest pH of 5 13 while carbonate anion recorded the highest pH of

5 17 which was also sigmficant
4123 Total Nitrogen content of the so1l

The total mtrogen content of the soil before sowing was 0122% during
season I and that after harvest the treatment effects were significant The lowest
value of 0124% was recorded both in T1 and T whereas the highest value of
0 133% was recorded 1n both Tg and T11 On factonal analysis 1t was revealed that
different phosphorus levels were not significant on their effects Among anions no
anion plots recorded the lowest value of 0125% where as the highest value of
013%9% was recorded both mn carbonate and silicate treated plots which was

sigmificant

During season II the total mitrogen content of the soil before sowing was
fourd to be 0124% The treatment differences were statistically significant after
harvest While the lowest value of 0126% was recorded mn T1 Ts and To the
highest value of 0 136% was recorded only in T4 On factonal analysis all the
fertilizer phosphorus treatments recorded the same value of 0 131% which was not
significant over no phosphorus controls Among the anions no antons recorded the
lowest value of 0 126% where as the highest value of 0 133% was recorded by

stlicate amon and the differences were significant also

On pooled analysis mitrogen content o} the soil before sowing was found to be

0 123% The lowest value of 0 125% was recorded m both T1 and T9 whereas the
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highest value of 0 134% was recorded in T4 after harvest and found sigmificant On
factonal analysis the phosphorus levels showed no response while among the
amors no amons recorded the lowest value of 0 125% silicate amon recorded the

highest value of 0 133% and the difference was sigmificant also
4124 Total phosphorus content of the soil

The total phosphorus content of the sotl which was 358 ppm before sowing did

not chffer significantly after harvest during season I between the various treatments

During seaon I the toal phosphurs content of the soil before sowing was
found to be 379 ppm and that after harvest the treatment differneces were not
significant Both 50% phosphorus and 100% phosphorus recorded the lowest value
of 367 ppm whereas no phosphorus plots recorded the highest value of 368 ppm
Carbonate anion recorded the lowest value of 365 ppm while the highest value of

370 ppm was recorded by no amons plots

On pooled analysis also the treatment differences were not found to be

significant after harvest There was no response between factors
4125 Phosphorus fixing capacity of tne soil

During season I the P fixing capacity before sowmng was 28 6 ug P g !and that
after harvest the lowest value of 284 ug P g ! was recorded 1n both T1 and T4 while
the highest value of 289 ug P g ! was recorded in T3 and T7 However these

difterences were not statistically significant with respect to treatments and factors

During season II also phosphorus fixing capacity of the soil after harvest did

not exhibit significant response



49
On pooled analysis of the two season s data also the treatment differences

were not found to be statistically significant after harvest and hence there was no

response between phosphorus levels and anion factors
4126 Organic matter content of the so1l

During season I the organic matter content of the soil before sowing was
found to be 2 34% It was also revelaed that, the treatment differences showed no

response after harvest

During season II also the treatment differences were found to be not
sigrificant after harvest with resepct to treatment combination as well as the various

factois

On pooled analysis the orgamc matter content before sowing was found to be
229% and that after harvest the treatment differences were not sigmificant with

respect to combinations as well as the various factors
413  Available phosphorus content of the soil

I'he data on available phosporus conent of the soil at various stages of the

experiment are given 1n Table 6

During season I the available phsophorus content of the soil before sowing
wa found to be 721 mg P kg1 and at 30 DAS the treatment differences were
siguficant Ti recorded the mimmum value of 1162 mg P kg1 wheré s T3
recorded the maximum value of 1793 mg P Kgl On factorial analysts 1t was
recorded that no phosphorus treatment gave the mimmum value of 1548 mg P
Kg ! wher€ as 100% phosphorus recorded the maximum value of 16 48 mg P Kg !

but was 1ot statistically sigmificant Among the anions no amons recoirded the



Table 6 Available P content of the soil (mg Pkgl) in Experiment No 1

Before sowing 30 DAS After harvest
Treatment No
Season | Season I | Pooled mean Season [ Season Il | Pooled mean Season I Season II | Pooled mean
T, 721 688 705 1162 998 10 80 809 753 781
T, 721 688 705 16 19 1401 1510 840 774 807
T, 721 688 705 1793 1452 1622 872 784 828
T, 721 688 705 1618 1450 1534 893 779 836
Ts 721 688 705 13.57 13 60 13.59 8.52 758 805
Ty 721 6 88 705 @4 »| 1513 16.30 &TA| 768 831
T, 721 688 705 1718 1655 16 87 929 782 8355
Ty 721 688 705 1709~ 1651 16 80 947 780 863
Ty | 721 688 705 1414 |—12.97 13.55 925 762 843
Tio 721 688 705 1748 1538 16 43 979 781 880
Ty 721 688 705 1724 1634 1679 1000 793 896
Ty, 721 688 705 1704 1641 1673 989 789 889
SEm+ 000 000 000 0993 0.561 0570 0318 0.359 0240
CD (005) — — — 2913 1644 1629 0933 — 0685
FACTORS
Fert P
1 No P 721 688 705 1548 1325 1436 8.53 772 813
2 50%FP 721 688 705 16.33 1545 1589 905 772 839
3 100%P 721 688 705 1648 1527 15 87 973 781 877
CD (005) — — — — 0822 0815 0467 — 0342
Anions
1 No anons 721 688 705 1311 1218 1265 862 757 810
2 OH 721 688 705 1705 14 84 1594 904 774 839
3 COq 721 688 705 1745 1580 16 63 9.33 786 860
4 S104 721 688 705 16 77 1580 1629 943 783 863
CD (005) — — — 1682 0949 0941 0539 —_ 0.395
Note In those places where CD s not given the F test 1s not sigmficant at 5% level

L%
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mintrur value of 1311 mg P Kgl where:as carbonate anion recorded the

maximum value of 1745 mg P Kg !and was statistically sigmificant also

4°ter harvest the available phosphorus content of the soil under different
treatments were found to be statistically significant the minmum value of 8 09 mg
P Kg ! wa» recorded 1n T1 whereas the maximum value of 10 00 mg P Kg ! was
recotded m [11 On factorial analysts no phosphorus treatment recorded the
mmuaum value of 853 mg P Kg' whert :as 100% phosphorus recorded the
maximum value of 973 mg P Kg ! which was statistically sigmficant Among the
aniors no amons recorded the lowest value of 862 mg P Kg 1 whereas silicate

amor recorded the highest value of 943 mg P Kg ! which was statistically significant

alsc

During season II the available phosphorus content of the soil before sowing
was found to be 688 mg P Kg1 and at 30 DAS the treatment differences were
stati tically significant Ti recorded the mimmum value of 9 98 mg P Kg ' while T7
recorded the maximum of 16 55 mg P Kg ! On factoral analysis no phosphorus
treatment recorded the lowest value of 13 25mg P Kg ! whereas 50% phosphaorus
recorded the highest value of 1545 mg P Kg ! which was significant also Among
the amon treatments no amon recorded the lowest value of 1218 mg P
Kg ! whereas carbonate and silicate anions recorded the highest value of 15 80 mg
P Kg  which was statistically significant However after harvest the treatment
differences were found to be not significant On factonal analysis no phosphorus
and 50% phosphorus recorded the lowest value of 772 mg P Kg1 while the
mavimum value of 781 mg P kg Ywas recorded 1n 100% phosphorus Among the
amons no anions recorded the lowest vaiue of 757 mg P Kg ! while carbonate

amon recorded the highest value of 786 mg P Kg !
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On pooled analysis the available phosphorus content of the soil before sowing
was found to be 705 mg P Kg Land at 30 DAS the treatment differences were
sigmficant as 1n the case of season I The mummum value of 10 80 mg P Kg ! was
recorded 1n T1 whereas the maximum value of 16 87 mg P Kg ! was recored 1n T7
On factorial analysis the mimmum value of 1436 mg P Kg ! was recorded 1n no
phosphorus treatments while the maximum value of 15 87 mg P Kg ! was recorded

n 50% phosphorus treatments and this difference was statistically significant
Among the anions no anions treatment recorded the lowest value of 1265 mg P
Kg ! whergas carbonate amon recorded the highest value of 16 63 mg P Kg ! which
was agdin statistically sigmficant After harvest also the treatment differences were
significant The lowest value of 781 mg P Kg1 was recorded in T1 while the
highest value of 896 mg P l(gl was recorded 1n T11 On factorial analysis no
phosphorus treatment recorded the lowest value of 8 13 mg P Kg ! whereas 100%
phosphorus recorded the highest value of 877 mg P Kg ! which was again
statistically significant Among the amons no anion treatment recorded the lowest
value of 8 10 mg P Kg ! wher€ as silicate anion recorded the highest vilue of 8 63

mg P Kg ! which was also significant
414  Soil phosphorus fractions

The data on soil phosphorus fractions at different stages of the experiment are

give1r nTables 7 8and 9
1141 salod P (Sal P)

During season I Saloid P before sowing was 15 1 ppm while at flowening the
lowest value of 18 0 ppm was recored 1n Ti wher¢“as highest value of 31 0 ppm was
re orded in T3 and the treatment difference was sigmficant On factonal analysis 1t

was revealed that the different phosphorus levels could not exert any sigmficant



Table7 Soud phosphorus (P) fractions (ppm) for Season I m Expermment No 1

Treatment / Period Saloid P Al P Fe P Red P Occl P CaP Org P Total P
a Before sowmg 151 383 262 191 140 170 2290 3587
b At flowenng
Treatment No
T, 180 380 257 187 143 167 2240 3553
T, 217 360 250 180 137 163 2210 3517
Ts 310 317 250 183 137 173 2130 3503
T, 240 343 247 183 133 167 2203 3517
Ts 143 380 250 187 143 173 2257 3533
T 253 360 250 183 147 163 2150 3507
T, 303 337 250 173 143 160 2100 3467
Tg 303 337 250 170 133 167 2133 3493
Ty 210 350 260 183 143 160 2190 3497
Tio 217 327 257 183 143 16.3 2217 3507
Ty 287 320 250 173 140 173 2140 3483
12 253 347 247 177 137 170 2163 3493
SEm + 136 062 061 040 0.33 041 1.58 229
CD(005) 399 183 — —_ — — 463 —
FACTORS
A Tert P
1 No P 237 350 251 183 138 16 8 2197 3523
2 50%FP 251 353 250 178 142 166 2160 3500
3 100%P 242 336 253 179 141 167 2178 3495
CD (005) — 091 —_ — —_ —_ 232 —
B Anions
1 No anmions 178 370 256 186 143 167 2229 3528
2 OH 229 349 252 182 142 16.3 2192 3510
3 CO; 300 324 250 177 140 169 2124 3484
4 S104 266 342 248 177 134 16 8 2167 3501
CD (005) 230 105 — -— — — 268 —

Contd



Table 7 Contd

Treatment / Period Saloid P AlP Fe P Red P Occ! P CaP Org P Total P

¢ After harvest

Treatment No
T, 190 373 260 187 143 170 2200 3523
Ty 227 353 250 183 143 173 2153 3483
T3 303 330 250 187 147 173 2077 3467
Ty 283 343 253 183 143 183 2097 3487
Ts 173 357 253 183 143 173 2227 3510
T 273 357 250 187 140 173 2113 3493
T, 303 337 243 183 137 17.3 2077 3453
Ty 300 347 247 180 140 170 2073 3457
Ty 197 343 250 183 140 170 2183 3467
Tio 200 340 253 187 137 170 2207 3493
Ti, 233 333 247 177 137 170 2147 3443
T2 227 340 250 183 137 173 2157 3467

SEm+ 076 060 038 033 030 036 339 5.59
CD (005) 224 175 — — — —_ 993 —

TACTORS

A Fert P

1 No P 251 350 253 185 144 175 2132 3490

2 50%P 263 349 248 183 144 173 2123 3478

3 100%P 214 339 250 183 138 171 2173 346 8

CD (00s) 112 088 — — — — — —

B Anions

1 No amons 187 358 254 184 142 171 2203 3500

2 OH 233 350 251 186 140 172 2158 3490

3 COy 280 333 247 182 140 172 2100 3454

4 510, 270 343 250 182 140 17 6 2109 3470

CD (005) 129 101 — — — —_ 573 —

Note In those places where CD

1s not given the F test 1s not s guficant at 5% level

[<02]



Table 8 Soil phosphorus (P) fractions (ppm) in Expernment No 1 for Season I

Treatment / Penod Saloid P AlP Fe P Red P Occl P CaP Org P Total P

a Before sowing 162 41 272 201 153 181 2391 3801

b At flowerng

Treatment No
T; 140 467 273 200 147 173 2353 3753
T, 153 463 270 203 150 170 2317 3727
Ty 247 387 260 200 140 177 2287 3693
Ty 217 407 263 203 147 177 2310 3723
Ts 143 470 260 207 143 173 2330 3727
T, 163 460 263 203 147 177 2320 3733
T, 277 367 257 190 137 177 2283 3687
Ty 217 410 263 193 143 180 2290 3697
Ty 150 460 270 197 150 173 2323 3723
Ty 310 387 263 203 133 183 2233 3713
Ty 307 380 257 196 147 187 2230 3703
Ty 290 400 263 199 140 177 2223 3693

SEm+ 109 052 043 047 036 036 1.57 255
CD (005) 318 152 — — — — 461 —

FACTORS

A Fert.P

1 NoP 189 431 267 202 146 174 2317 3724

2 50%P 200 217 261 198 143 177 2306 3711

3 100%P 264 467 26.3 199 143 180 2253 3708

CD (005) 159 076 — — — — 230 —

B Amons

1 No amons 144 466 268 201 147 173 2336 3734

2 OH” 209 437 266 203 143 177 2299 3724

3 CO,4 277 378 258 196 141 180 2267 3694

4 S10,4 241 406 263 199 143 178 2274 3704

CD (005) 184 087 — — — — 266 —

Contd
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Table 8 Contd

Treatment / Penod Salod P AlP Fe P Red P Occl P CaP Org P Total P

¢ After harvest

Treatment No
Ty 177 450 267 197 143 173 2310 3717
T, 190 M43 263 200 143 180 2267 3687
T3 250 397 260 200 140 170 2237 3653
T, 240 400 260 200 143 180 2253 3677
Ts 180 443 267 200 140 17.3 2300 3703
Ty 203 437 267 200 140 177 2270 3693
T, 250 390 260 203 137 177 2213 3627
Tg 243 397 263 203 137 177 2233 3653
Ty 220 433 263 200 140 173 2253 3683
Tio 300 383 267 200 140 187 2210 3687
T 300 377 26.3 197 143 190 2193 3663
Tia 290 383 260 193 147 183 2200 3657

SEm + 049 044 033 028 023 030 232 379
CD (005) 143 128 — — — — 680 —

TACTORS

A Fert P

1 NoP 214 423 26.3 199 143 176 2267 3683

2 50%P 21¢% 47 264 202 138 176 2254 3669

3 100%P 278 394 263 198 143 183 2214 3673

CD (005) 072 064 — — — — 340 —

B Anions

1 No amons 192 442 266 199 141 173 2288 3701

2 OH 231 41 266 200 141 181 2249 3689

3 CO4 267 388 261 200 140 179 2214 3648

4 S10; 258 393 261 199 142 180 2229 3662

CD (005) 083 074 — — — — 393 —

Note In those places where CD 15 not given the F test 1s not s gmficant at 5% level

r



Table9 Soil phosphorus (P} fractions (ppm) m Experiment No 1 (Pooled mean)

Treatment / Peniod Saloid P AlP Fe P Red P Occl P CaP Org P Total P

a Before sowing 157 412 267 196 147 176 2341 3694

b At flowermg

Treatment No
T, 160 423 265 193 145 170 2297 3653
T, 185 412 260 192 143 167 2263 3622
T 278 352 255 192 138 175 2210 3598
T4 228 375 255 19.3 140 172 2257 3620
Ts 143 425 25.5 197 143 173 2293 3630
Te 208 410 257 193 147 170 2235 3620
Ty 290 352 253 182 140 168 2192 3577
Tg 260 373 257 182 138 173 2212 3595
Ty 180 405 265 190 147 167 2257 3610
Tio 263 357 260 193 138 17.3 2225 3610
Ty 297 350 253 185 143 180 2185 3593
T2 272 373 255 188 138 173 2193 3593

SEm £ 087 041 037 0.31 024 027 111 171
CD (005) 249 116 — 088 070 — 318 489

TACTORS

A Fert P

1 NoP 213 390 259 193 142 171 2257 362.3

2 50%P 225 390 255 183 142 171 2233 3605

3 100%P 253 371 258 189 142 173 2215 3602

CD (005) 124 058 — — — — 1.59 —

B Anions

1 No amons 161 418 262 19.3 145 170 2282 3631

2 OH 219 39.3 259 193 143 170 2241 3617

3 CO, 288 351 254 186 141 174 2196 3589

4 8104 253 374 256 188 139 173 2221 360.3

CD (005 144 067 — 051 040 — 184 283

Contd
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Table 9 Contd ..

Treatment / Period Saloid P AlP Fe P Red P Occl P CaP Og P Total P

¢ After harvest

Treatment No
Ty 183 412 263 192 143 172 2255 3620
T, 208 398 257 192 143 177 2210 3585
T3 277 363 255 193 143 172 2157 3560
T, 262 372 257 192 143 182 2175 3582
Ts 177 400 260 192 142 173 2263 3607
T 238 397 258 193 140 175 2192 3593
T, 277 363 252 193 137 175 2145 3540
Ty 272 372 255 192 138 173 2153 3555
T 208 388 257 192 140 172 2218 3575
Tio 250 362 260 19.3 138 178 2208 3590
Ty 267 355 255 187 140 180 2170 3553
T2 258 362 255 188 142 178 2178 3562

SEm + 04s 037 025 022 019 023 205 338
CD (005) 1.30 106 072 —_ 054 065 586 —

TACTORS

A Fert P

1 No P 233 386 258 192 143 175 2199 3587

2 50%P 241 383 256 193 139 174 2188 3574

3 100%P 246 367 257 190 140 177 2194 3570

CD (005) 065 053 — — 027 — — —

B Anions

1 No antons 189 400 260 192 142 172 2246 3601

2 OH 232 386 258 193 141 177 2203 3589

3 CO,4 273 361 254 191 140 176 2157 3551

4 S10; 264 368 256 191 141 178 2169 3566

CD (005) 075 061 042 — — 037 338 —

Note In those places where CD 1s not given the F test 1s not sigmficant at 5% level

o
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influence on the saloid P content of the so1l Among the anions no amons recorded
the lowest value of 178 ppm while carbonate amon recorded the significantly
highest value of 300 ppm After harvest also the treatment differences were
siguficant and that the lowest value of 173 ppm was recorded in T5 while the
highest value of 30 3 ppm was recorded in both T3 and T7 On factorial analysis
while 100% phosphorus recorded the lowest value of 214 ppm 50% phosphorus
recorded the highest value of 26 3 ppm which was significant Among the anions no
anions recorded the lowest value of 18 7 ppm,while carbonate amon recorded the

highest value of 28 0 ppm

During season II saloid P before sowing was found to be 16 2 ppm while at
flowering the treatment differences were significant The lowest value of 14 0 ppm
was recorded 1n T1 where:;as the tughest value of 31 0 ppm was recorded 1n T1p On
factorial analysis no phosphorus treatment recorded the lowest value of 18 9 ppm
wheréas 100% phosphoius recorded the highest value of 264 ppm which was
statistically significant Among the anions no amon recorded the lowest value of
14 4 ppm while carbonate amon recorded the highest value of 27 7 ppm which was
also significant After harvest also the treatment differences were significant and
that the lowest value of 17 7 ppm was recorded 1n T1 while the highest value of 30 0
ppm was recorded 1n both Tio and T11 On factorial analysis no phosphorus
tre itment recorded the lowest value of 214 ppmwhereas 100% phosphorus
recorded the highest value of 27 8 ppm which was sigmificant Among the anions no
amon treatment recorded the lowest value of 192 ppm while carbonate anion

recorded the highest value of 26 7 ppm which was also sign:ficnat

On pooled analysis also the treatment differences were significant at
flowering The lowest value of 14 3 ppm was recorded 1n Ts where€ as the highest

value of 297 ppm was recorded mn T1i1  On factonal analysts no phosphorus
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treatme nt recorded the lowest value of 21 3 ppm while 100% phosphorus treatment
record d the highest value of 253 ppm which was statistically sigmficant Among
the anions when no anion treatment recorded the lowest value of 16 1 ppm
carbonate amon recorded the significantly highest value of 28 8 ppm After harvest
also the treatment differences were sigmificant with the lowest value of 177 ppm
being recorded 1n Ts and the maxtmum value of 27 7 ppm being recorded on both
T3 and T7 On factonal analysis no phosphorus treatment recorded the lowest
value of 23 3 ppm where as 100% phosphorus treatment recorded the highest value
of 24 6 ppm which was sigmificant Among the antons no antons treatment recorded
the lowest value of 18 9 ppm while carbonate anion recorded the highest value of

27 3 ppm which was again statistically sigmificant
4142 Alummum P (!?/ P)

During season I alumimum P before sowing was found to be>38 3 ppm and
that at flowening and at harvest)the treatment differences were statistically
significant At flowering the lowest value of 31 7 ppm was recorded in T3 where_as
the highest value of 38 0 ppm was recorded 1n both T1 and T5 On factorial annlysis
100% phosphorus recorded the lowest value of 33 6 ppm whereas 50% phosphorus
reccrded the highest value of 353 ppm which was statistically significant Among
the antons carbonate amon recorded the lowest value of 32 4 ppm while no anions
trcatment recorded the highest value of 370 ppm and this difference was also
sigmificant After harvest the lowest value of 33 0 ppm was recorded 1n T3 and the
hignest value of 373 ppm was recorded in T1 On factonal analysis 100%
phosphorus recorded the lowest value of 33 9 ppm while no phosphorus treatment
recorded the highest value of 35 0 ppm and this difference was sigmificant Among
the anions carbonate amon recorded the lowest value of 332 ppm whereas no

i1 ons recorded the highest value of 35 8 ppm which was sigmificant
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During season II Aluminium P before sowing was found to be 44 1 ppm and
that at flowering the treatment differences were significant The lowest value of
36 7 ppm was recorded in T7 while the highest value of 47 0 ppm was recorded mn
Ts On factorial analysis 100% phosphorus recorded the lowest value of 40 7 ppm
while no phosphorus treatment recroded the highest value of 43 1 ppm which was
statistically sigmuficant Among the amons carbonate amon recorded the lowest
value of 37 8 ppm while no anion recorded the highest value of 46 6 ppm which was
also statistically significant After harvest again the treatment differences were
significant and that the lowest value of 37 7 ppm was recorded 1n T11 while the
hghest value of 450 ppm was recorded n T1 On factorial analysis 100%
phosphorus recorded the lowest value of 394 ppm while no phosphorus recorded
the highest value of 423 ppm which was also sigmficant Among the anions
carbonate amon recorded the lowest value of 38 8 ppm while no amons treatment

recorded the highest value of 44 2 ppm which was again statistically significant

On pooled analysis 1t is seen that Al P before sowing was 41 2 ppm while at
flowermyg the treatment differences were sigmficant The lowest value of 35 0 ppm
was recorded 1n Ti1 while the highest value of 42 S ppm was recorded 1n Ts On
facrorial analysis 100% phosphorus recorded the lowest value of 37 1 ppm where
as no phosphorus and 50% phosphorus recorded the highest value of 39 0 ppm
which was significant Among the amons carbonate amon recorded the lowest
vilue of 351 ppm while no anions recorded the highest value of 41 8 ppm which
was statistically significant After harvest the treatment differences were sigmificant
and that the lowest value of 35 5 ppm wa. recorded i1 T11 while the highest value
of 412 ppm was recorded 1n T1 On factonal analysis 100% phosphorus recorded
the lowest value of 36 7 ppm whereas no phosphorus recorded the highest value of

38 6 ppm which was significant Among the anions the lowest value of 36 1 ppm
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was r corded by the carbonate anion while the higehst value of 400 ppm was

recorded by no anions treatment which was again sigrficant

4143 IronP (FQ —P)

During season I the Fe P content of the soil which was 26 2 ppm before
sowing did not exhibit any significant difference either at flowering or after harvest
with respect to treatments and factors After harvest there was no response with

respect to Fe P of the soil under various treatments and factors

During season II also the treatment differences were not significant either at

flowering or after harvest with respect to treatment combinations or factors

On pooled analysis also 1t was revealed that the treatment responses were not
sign ficant with respect to Fe P of the soil at the treatment combination level or
factors at the flowering stage After harvest the treatment differences were
significant The lowest value of 252 ppm was recorded in T7 while the highest
valLe of 263 ppm was recorded in T1 On factortal analysis 50% phosphorus
recorded the lowest value of 256 ppm where as no phosphorus recorded the
highest value of 25 8§ ppm However the difference was not significant Among the
anons carhonate amon recorded the lowest value of 254 ppm while no anions

recorded the highest value of 26 0 ppm which was found to be significant
4144 Reductant soluble P [@-@Of— P)

During season I Red P before sowing was 19 1 ppm and at ﬂowermg/ the
trentments showed no significant response at the combination level or factorial

levels

After harvest also the treatment differences were not significant at the

combination level or factorial level
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During season II also the treatment differences were not sigmficant at

flowering at the combination level and factonal level during flowering

After harvest also there was no response between treatments with respect to

Red P of the soil at the combination level or factorial level

On pooled analysis 1t was found that Red P before sowing was 19 6 ppm and
that at flowering the treatment difference were significant The lowest value of
18 2 ppm was recorded 1n both T7 and Tg while the highest value of 19 7 ppm was
recorded 1n T5s On factonal analysis 50% phosphorus recorded the lowest value of
18 3 ppm whereas no phosphorus recorded the highest value of 193 ppm which
was not sigmficant Among the anions while carbonate amon recorded the lowest
value of 18 6 ppm while both no anion and hydroxyl anion recorded the highest

value of 19 3 ppm and this difference was sigruficant

After harvest of the crop on pooled analysis there was no significant response

between treatments with respect to Red P of the soil at the combination level or

factonal level

4145 Occluded P (Occ! P)

Durning season I occluded P which was 14 0 ppm before sowing did not differ
significantly both at flowering and after harvest of the crop both at combination

les el and factonal level

During season II also there was no response between treatments both at

flowering and after harvest with respect to occluded P of the soil

On pooled analysis there was significant difference between treatments

There was no response between levels of phosphorus Among amons,s licate anion
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recorded the lowest value of 139 ppm while no anton recorded the significantly

highest value of 14 5 ppm
4146 Calctum P (/CC_, 'P>

Ca P which was 170 ppm before sowing during season I did not differ

significantly both at flowering and at harvest of the crop

During season 11 also the treatment differences were not significant both at

flowerng and after harvest

Durning pooled analysis also Ca P which was 17 6 ppm before sowing did not

differ signuficantly at flowering

After harvest the treatment differences were found to be significant and that
the lowest value of 17 2 ppm was recorded in T1 T3 and To while the highest value
of 182 ppm was recorded in T4 On factonal analysis there was no response
between the levels of phosphorus with respect to Ca P of the soil Among the
amons no amons recorded the lowest value of 172 ppm while stlicate anion

recorded the highest value of 17 8 ppm which was significant

4147 OrgamcP (07? @

During season I orgamc P which was 229 ppm before sowing recorded
significant responses at flowering as well as after harvest At flowering the lowest
value ot 210 0 ppm was recorded 1in T7 while the highest value of 2257 ppm was
recorded in Ts On fictorial analysis 50% phosphorus recorded the lowest value of
716 0 ppm whereas no phosphorus recorded the highest value of 219 7 ppm which
was significant Among the anions carbonate anion recorded the lowest value of
21" 4 ppm while no amon recorded the highest value of 222 9 ppm which was also

s gmficant After harvest the lowest v ilue of 207 3 ppm was recorded in Tg while
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the maximum value of 220 0 ppm was recorded in Tt On factorial analysis 50%
phosphorus recorded the lowest value of 2123 ppm wheréZas 100% phosphorus
recorded the highest value of 217 3 ppm which was however not significant Among
the anions carbonate amon recorded the lowest value of 210 0 ppm where as no

anton rccorded the highest value of 220 3 ppm which was significant

Duning the season II organic P recorded 239 1 ppm before sowing and that
the treatment differences were significant at flowering The lowest value of 2223
ppm was recorded i T12 while the maximum value of 235 3 ppm was recorded 1n
T: On factonal analysis 100% phosphorus recorded the lowest value of 225 3 ppm
whereas no phosphorus recorded the highest value of 2317 ppm which was
statistically sigmficant Among the anions carbonate anion recorded the lowest
value of 226 7 ppm, while no amons recorded the hughest value of 233 6 ppm which
was also sigmficant After harvest also the treatement differences were significant
and that the lowest value of 219 3 ppm was recorded 1n T11 whereZas the highest
231 0 ppm was recorded 1n Tt On factorial analysis 100% phosphorus recorded the
lowest value of 221 4 ppm while the highest value of 226 7 ppm was recorded in no
phosphorus treatment which was however statistically significant Among anions
carbonate anion recorded the lowest value of 2214 ppm while no amons recorded

the highest value of 228 8 ppm which was also statistically significant

On pooled analysis organic P was 234 1 ppm before sowing and at flowering
as well as after harvest the treatment differences were significant At flowering the
minimum value of 218 § ppm was recorded 1 T11 while the maximum value of
2797 ppm was recorded by T1 On factorial analysis 100% phosphorus recorded
the lowest value of 221 5 ppm and no phosphorus recorded the highest value of
2257 ppm which was significant Among the 1nions carbonate anion recorded the

lowest value of 219 6 ppm whereas no anions recorded the highest value of 228 2
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pptn which was also significant After harvest the lowest value of 214 5 ppm was
recorded by T7 while the highest value of 226 3 ppm was given by T5 On factonal
analvsis 50% phosphorus recorded the lowest value of 2188 ppm whereas no
phosphorus recorded the highest value of 2199 ppm but was not statistically
significant Among the anions carbonate amon recorded the lowest value of 2157

ppm while no amions recorded the highest value of 224 6 ppm which was also

statistically sigmficant
4148 Total phosphorus C’/‘d ‘/T/I - }9

During season I the total phosphorus conent of the so1l was found to be 358 7
ppm before sowmng and that at flowering the treatment responses were not

significant

After harvest also the treatment responses were not sigmficant at the

combination level and factonal level

During season II also total phosphorus content of soil did not show any

siy mficant difference either at flowering or after harvest

On pooled analysis however,the total phosphorus content which was 369 4
ppm before sowing exhibited sigruficant vanation at flowering The lowest value of
357 7 ppm was recorded 1n T7 while the highest value of 365 3 ppm was recorded in
T1 On factonal analysis 1t was revealed that 100% phosphorus recorded the lowest
vaue of 3602 ppm while the highest value of 3623 ppm was recorded by no
phosphorus treatments although the difference was not sigmficant Among anions
carbonate anion recorded the lowest value of 358 9 ppm while the highest value of

+63 1 ppm was recorded by no anion treatment which was significant
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After harvest again as in the case of season I and season II the treatment

differences were not sigmificant
415  Leaf Area Index (LAI)

The data on leaf area index at different stages of the experiment are given in

Table 10

During season I the data on leaf area index at 30 DAS revealed that the

treatment responses were not significant

During season II also the data on leaf area index at 30 DAS showed no

signficant response

LAI at flowering revealed that the treatment differences were sigmficant
during season I The lowest value of 2 40 was recorded in T1 whereas the hghest
value of 4 53 was recorded by T7 On factorial analysis no phosphorus recorded the
lowest value of 3 47 and 50% phosphorus as well as 100% phosphorus recorded the
highest value of 3 86 which was signuficant Among the anions no anions recorded
the lowest value of 2 89 while carbonate amon recorded the higest value of 4 19

which was also significant

During season II also LAI at flowering revealed that the treatment
differences were significant and that the lowest value of 2 01 was recorded by Ti
while the highest value of 348 was recorded by T7 On factorial analysis no
phosphorus recorded the lowest value of 270 and 1009 phosphorus recorded the
highest value of 3 14 and were significant Among the anions no amons recorded
the lowest value of 238 while carbonate anion recorded the highest value of 3 29

and were significant
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Table 10 Leaf Area Index (LAI) at different stages m Lxperiment No 1

Season [ Season II
Treatment No
30DAS at flowenng 30 DAS at flowering
T 120 240 109 201
T2 119 377 125 297
T3 122 398 125 297
Ta 123 372 118 285
Ts 110 288 113 238
Ts 124 420 122 320
T 130 453 115 348
Ts 124 381 120 292
To 119 340 125 274
Tio 126 404 120 308
T 124 406 118 341
T2 136 395 128 333
SEm + 0053 0044 0059 0038
CD (005) — 0130 — 0111
FACTORS
A Fert P
1 No P 121 347 119 270
2 50%P 122 386 118 299
3 100%P 126 386 123 314
CD (005) — 0 065 — 0055
B Amons
1 No anions 116 2 89 116 238
2 OH 123 400 122 308
3 COs 125 419 119 329
4 S103 128 383 122 303
CD (005) — 0075 — 0064

Note Inthose places where CD 1s not given the F test s not sigmf cant at 5% level



416 LeafArea Ratio of plants (LAR)
The data on leaf area ratio of plants are given in Table 11

During season I LAR at 30 DAS revealed that the treatment differences
were stgnificant and the lowest value of 15 56 cm? g ! was recorded by T7 while the
highest value of 25 56 cm? g1 was recorded in T1 Among the factors while 50%
phosprorus recorded the lowest value of 17 52 cm’ g " no phosphorus recorded the
highest value of 19 44 cm? g ! which was signtficant Among the anions carbonate
amion recorded the lowest value of 16 19 cm” g ! whereas no anton recorded the

highest value of 22 22 cm® g 1

Dunng the season Il also LAR at 30 DAS revealed that the treatment
ditf rences were significant While the lowest value of 13 16 cm? g 1 was recorded
by I7 , the highest value of 2147 cm? g ! was recorded by T1 On factorial
analysis 1009 phosphorus recorded the lowest value of 15 55 cm’ gl the highest
vilue of 1789 cm? g1 was recorded by no phosphorus treatment which was
significant Among the anions carbonate amon recorded the lowest value of 14 54

cm’ g ! while no anions recorded the hughest value of 19 40 cm? g !

During season I 1t was revealed that LAR values at flowering were not

significant

In the case of season 1l however LAR at flowering recorded that the
tre itnent differences were sigmficant When the lowest value of 12 04 em? e ! was
recorded by T3 the highest value of 14 18 cm® g ! was recorded in T11 On factorial
analysis no phosphorus recorded the lowest value of 12 30 cm? g U while 100%
phosphorus recorded the highest value of 12 78 cm? g : Among anions both silicite
amor and hydroxyl amon recorded the lowest value of 1232 cm? g while

carponate anion recorded the highest value of 12 85 cm? g land sigrficant



b7

Table 11 Leaf Area Ratio (LAR) of the plants (c:m2 z Hm Expermment No 1

Season I Season II
Treatment No
30 DAS at flowenng 30 DAS at flowenng
T 26 56 1378 21 47 12 44
T2 16 84 13 85 16 95 12 39
T3 16 57 1377 16 74 1204
T4 1779 13 81 16 39 1231
Ts 2094 13 93 1870 1234
Ts 16 08 13 81 1476 1230
Tz 15 56 13 80 1316 12 32
Ts 17 49 1385 1778 1228
To * 1916 13 80 18 03 1230
Tio 16 97 13 80 1525 12 28
Tu 16 42 1382 1372 14 18
T2 1851 1378 1518 1235
SEm + 0776 0104 0903 0109
CD (005) 2275 — 2650 0320
FACTORS
A Fert P
1 No P 19 44 13 80 17 89 12 30
2 50%p 1752 13 85 16 10 1231
3 100%P 1777 13 80 1555 1278
CD (005) 1138 —_ 1325 0160
B Amons
1 No anions 2222 1384 1940 12 36
2 OH 16 63 13 82 15 65 1232
3 COs 1619 13 80 14 54 12 85
4 $103 1793 13 81 16 45 1232
CD (005) 1314 — 1530 0185

Note In those places where CD 15 not given the F test 1s not sigmf cant at 5% level



b3

417 Leaf Weight Ratio of plants (LWR)
The data on leat weight ratio of plants are given 1n Table 12

During season 1 leaf weight ratio (LWR) of plants at 30 DAS recorded that

there was no response between treatments
At flowering also LWR of plants recorded no response between treatments

In season II also LWR of plants at 30 DAS revealed that there was no

response between treatments

At flowering n season II there was sigmficant response between treatments
and that the lowest value of (429 was recorded in T7 Ts T and Tio while the
fughest value of 0492 was recordea 1n T11 On factorial analysis no phosphorus
recorded the lowest value of 0 428 whereas 100% phosphorus recorded the highest
¢ lue of 0445 and signuficant Among the amons no amons hydroxyl amon and
s licate amon recorded the lowest value of 0430 while carbonate anion recorded

thie highest value of 0 477 and significant
418 Number of effective nodules per plant
The data on the number of effective nodules per plant are given in Table 13

During season I the number of effective nodule per plant at 30 DAS

recorded that there was no response between treatments

During season Il the treatments showed significant response at 30 DAS and
that the mimimum value of 15 66 was recorded by T4 while the maximum value of

17 77 was recorded by T10 Among the factors no phosphorus recorded the lowest
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Table 12 Leaf Weight Ratio (LWR) of plants in Expermment No 1

Secason [ Season I
Treatment No
30DAS at flower ng 30 DAS at flowening
T1 0525 0399 0 385 0431
T2 0 546 0393 0402 0431
Ts 0353 0390 0397 0421
T4 0541 0401 0391 0431
Ts 0569 0397 0396 0432
Ts 0541 0 400 01378 0430
T7 0527 0400 0388 0429
Ts 0538 0399 0437 0429
To 0 557 0400 0391 0429
Tio 0533 0397 0390 0429
T 0543 0398 0390 0492
Ti2 0531 0401 0388 0431
SEm + 0 0509 00031 00136 0 0041
CD (00s) — — —_ 00121
FACTORS
A Fert P
1 No P 0491 0396 0394 0428
2 50%P 0544 0399 0400 0430
3 100%P 0541 0399 0390 0 445
CD (005) — —_ — 0 0061
B Anmons
1 No anions 0550 0399 0391 0430
2 OH 0 540 0397 0390 0430
3 COs 0475 0396 0392 0447
4 S103 0537 0 400 0405 0430
CD (005) —_ —_ — 00070

Note Inthose places where CD 1s not given the F test is not sign ficant at 5% level



Table 13 Number of effective nodules per plant n Experiment No 1

Season | Season I Pooled mean
Treatment No
30 DAS at flowernng 30DAS at flowenng 30DAS at flownng
T 1884 9.34 16.35 12 60 1760 1097
T, 1949 949 1653 10 47 1800 998
Ty 2029 974 1584 1081 1807 1027
Ty 2091 8 66 15 66 1024 1828 945
Ts 2097 1014 1748 779 1923 897
Ts 2097 923 1813 1081 1955 1002
T, 2062 985 16 64 1046 18 63 1016
Ty 2298 1015 17 58 10 84 2028 10 49
Ty 2258 890 16 78 1272 1968 10 81
Tio 2122 946 1777 1011 1950 978
Ty 2035 10 54 17 58 947 1897 1001
Ty, 2342 1016 17 54 11.39 2048 1077
SEm+ 1188 0444 0626 0724 0671 0425
CD (05 — — 1835 2124 1918 1082
FACTORS
A Fert. P
1 No P 19 88 931 16 09 1103 1799 1017
2 50%P 2139 984 17 46 998 1942 991
3 100%P 2189 976 17 42 1092 19 66 1034
CD (005) —_ — 0918 1032 0959 —
B Anions
1 No amons 2080 946 16 87 1104 1884 1025
2 OH 20 56 9.39 17 48 1046 1902 993
3 CO, 2042 1004 16 69 1075 1855 1014
4 810, 2243 965 16 93 10 82 19 68 1024
CD (005) — — — — — —

Note In thosc places where CD

1s not given, the F test 1s not s gficant at 5% level

CL



/1

wher as hydroxyl amon recorded the highest value of 1748 which was not
significant On pooled analysis the number of effective nodules per plant at 30
DAS recorded that the treatment differences were significant and that the lowest
valuc of 17 60 was recorded m T1 while the maximum value of 20 48 was recorded
by T12 On factorial analysis no phosphorus recorded the lowest value of 179)
while 100% phosphorus recorded the highest value of 19 66 and was significant
Among tne amons carbonate anion recorded the lowest value of 18 55 while

silic ite amon recorded the highest value of 19 68 which was not significant

During season I the number of effective nodules at flowering revealed that

there was no response between treatments

Duiing season II the number of effective nodules at flowering revealed that
the treatment responses were significant and that the lowest value of 779 was

recorded by T5 while the highest value of 12 72 was recorded by To

On factorial analysis 50% phosphorus recorded the lowest value of 9 9%
whereas no phosphorus recorded the highest value of 1103 and was significant
Among the anions carbonate anion recorded the lowest value of 1025 and no

amons recorded the highest value of 11 04 which was not sigmificant

On pooled analysis the number of effective nodules per plant recorded that
the tieatment had significant responses and that the minimum 1alue of 8 97 was
recorJed by T5 whereas highest value of 10 97 was recorded by T1 On factonal
an ysis 50% phosphorus recorded the lowest value of 991 and 100% phosphorus
recorded the highest value of 10 34 per plant but was not sigmificant Among the
aniors also the differences were not sigmficant However the phosphorus x anion

mteraction revealed statistical significance
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419 Dry weight of nodules per plant
The data on dry weight of nodules per plant are given 1in Table 14

During season 1 the dry weight of nodule per plant at 30 DAS revealed that
the treatment responses were sigmficant and that the mummum vaiue of 73 0 mg
was recorded by T12,while the maximum value of 116 3 mg was recorded by T7 On
factorial analysis the phosphorus levels showed no significant response Among the
amons silicate amon recorded the lowest value of 821 mg and carbonate anion

recorded the highest value of 100 1 mg and was statistically significant

During season Il also the dry weight of nodules at 30 DAS recorded that the
treatment responses were significant and that the lowest value of 573 mg was
recorded by T1 while the highest value of 82 7 mg was recorded by Tio On factonal
analysis 50% phosphorus recorded the lowest value of 66 3 mg while the highest
value of 76 1 mg was recorded by 1009 phosphorus and was significant The various

anmon levels were not significant

On pooled analysis the dry weight of plants at 30 DAS revealed that the

treatment responses were not sxgmfxcant

During season I the dry weight of nodules at flowering recorded that the
tr 1atment differences were significant and that the lowest value of 779 mg was
recorded by T1 while the highest value of 89 S mg was recorded by T11 On factorial
analy 1s no phosphorus recorded the lowest value of 812 mg while the highest
value of 88 1 mg was recorded by 100% phosphorus which was significant Among

the anions the differences showed no signficant response

Durning the season II the dry weight of nodules at flowering revealed that the

treatment differences were significant and that the lowest value of 632 mg was



Table 14 Dry weight of nodules per plant (mg) mn Experument No 1

Season | Season 11 Pooled mean
Treatment No
30 DAS at flowenng 30 DAS at flowerning 30 DAS at flownng
Ty 1100 779 573 670 837 725
T, 903 828 627 762 765 795
T, 9200 80.5 790 729 845 767
T, 877 835 693 767 785 801
Ts 880 870 677 900 778 885
T 990 864 630 711 810 787
T, 1163 858 670 732 917 795
Tg 857 804 673 753 765 779
T, 867 881 773 718 820 800
Tyo 1000 868 827 632 913 750
Ty, 940 895 713 695 827 795
Ty, 730 881 730 692 730 786
SEm+ 770 285 439 382 443 239
CD (005) 2258 837 12 88 1121 — —_
TACTORS
A Fert. P
1 No P 945 812 671 732 808 772
2 50%P 973 849 663 774 818 811
3 100%P 884 881 761 68 4 823 783
CD (005) — 42 644 561 — —
B Anons
1 No amons 949 843 674 763 812 803
2 OH™ 96 4 853 694 701 829 7717
3 CO,4 1001 853 724 719 863 786
4 810 821 840 699 737 760 789
CD (005) 1303 — —_ — —_ —

Note In those places where CD 1s not given the Ftest 1s not sigmfcant at 5% level

£l
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recotded by T1g while the highest value of 90 0 mg was recorded by Ts Among the
factors 1009 phosphorus recorded the lowest value of 684 mg and 50%
phosphorus recorded the highest value of 77 4 mg and was significant Among the

anion dagun the differences were not significant

On pooled analysis the dry weight of nodules at flowering revealed that the

treatment responses were not significant
4110 Yield components of cowpea

The data on y1eld components of cowpea are given 1n Table 15 and results are

shown under
41101 Number of pods per plant

During season I the number of pods per plant recorded that the treatment
diffc rences showed significant response and that lowest value of 135 was recorded
by 71 while the maximum value of 2 53 was recorded by T7 On factonal analysis
no phosphorus recorded the lowest value of 195 while the highest value of 2 16 was
recrdea by 100% phosphorus which was significant Among the anions no anions
recarded the lowest value of 162 while carbonate anion recorded the highest value

ot 7 3> and was again sigmficant

During season II the treatment differences were significant and the lowest
value of 1 68 was recorded 1n T1 while the highest value of 2 92 was recorded by T7
C1 factonal analysis no phosphorus recorded the lowest value of 226 while 100%
phosphorus recorded the highest value of 2 64 and were sigmficant Among the
4n ons no amons recorded the lowest value of 2 00 while the highest value of 2 76

was recorded by carbonate anion which was again sigmficant



Table 15 Yield components of cowpea m Expermment No 1

No of pods/plant No of seeds/pod 100 seed weight (g) Pod length (cm)
Treatment No
Season 1 Season II Season 1 Season II Season [ Season 11 Season 1 Season II
Ty 1.35 168 154 149 921 869 157 149
T, 212 249 155 149 921 870 156 149
Ty 223 250 154 149 921 869 157 149
T, 209 2.39 154 149 921 867 157 148
Ts 159 200 154 149 921 868 157 149
Tg 236 269 154 150 921 869 157 149
Ty 253 292 155 149 921 871 157 149
Tg 213 246 154 149 921 871 157 148
Ty 190 231 154 148 922 870 157 148
To 225 260 154 149 921 870 157 148
Tyt 228 286 154 149 921 869 158 148
Ty 222 281 154 150 921 869 157 148
SEm + 0021 0026 005 005 0005 0010 005 005
CD (005) 0061 0077 — — — — — —
FACTORS
A Fert. P
1 NoP 195 226 154 149 921 869 157 149
2 50%P 215 251 154 149 921 870 157 149
3 100%P 216 264 154 149 921 870 157 148
CD (005) 0031 0039 — — —_ — — —
B Anions
1 No anons 162 200 154 149 921 869 157 149
2 OH™ 224 251 154 149 921 870 157 149
3 CO, 235 276 154 149 921 870 157 149
4 8§10, 215 255 154 149 921 869 157 148
CD (005) 0035 0045 — — — — —_ —_

Note In those places where CD 1s not given the F test 1s not sigmficant at 5% level

¢l



41102 Number of seeds per pod

Druring season I the number of seeds per pod revealed that the treatment

showed no significant response

During season II also the number of seeds per pod recorded that the

treatment differences were not significant
41103 Hundred seed weight

During season I hundred seed weight recorded that the treatment differences

were not significant

During season II also hundred seed weight showed no significant response

with respect to various treatment combinations and factors

41104 Pod length

During season I pod length recorded that the treatmenk differences were

not significant

During season II also pod length recorded that the treatment differences

showed no significant response

411% Gram yeld of cowpea

I'he data on grain yield of cowpea under different treatments are given in

Table 16 and Fig 5

During season I the grain yield data recorded that the treatment differences
were significant and that the lowest yield of 511 kg ha ! was recorded by T1 while
the highest yield of 958 kg ha ! was recorded by T7 On factorial analysis no

pho phorus recorded the lowest yield of 736 kg ha! and 100% phosphorus
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treatment recorded the highest yield of 817 kg ha ! and were sigmificant Amony, the
amons no anions treatment recorded the lowest yield of 611 kg ha' while

carbonate anion recorded the highest yield of 887 kg ha and the responses were

significant

During season II also the gramn yield data recorded that the treatment
differences were sigmificant and that the lowest yield of 580 kg ha 1 was recorded by
T1 while the highest yield of 1008 kg ha ! was recorded by T7 On factorial analysis
no phosphorus treatment recorded the lowest yield of 782 kg hal while 100%
pho 1 horus recorded highest yield of 912 kg ha land were significant Among the
anlors no amons treatment recorded the lowest yield of 689 kg hal while
carbonate amon treatment recorded the highest yield of 952 kg ha! and were

significant

On pooled analysis also the grain yield data recorded that the treatment
differences were significant and that the lowest yield of 545 kg ha ! was recorded by
T1 while highest yield of 983 kg ha ! was recorded by T7 On factorial analysis no
phosphorus recorded the lowest yield of 759 kg ha! while 100% phosphorus
recorded the highest yield of 865 kg ha ! and were significant Among the anions
no nons recorded the lowest yield of 650 kg ha ! whereas carbonate anion

recolded the highest yield of 920 kg ha ! and were significant
4112 Haulms yield of cowpea
The data on haulms yield of cowpea are given 1n Table 16

During season I haulms yield data recorded that the treatment differences
were significant and that the lowest yield of 2038 kg ha! was recorded by T:
wheteas the highest yield of 3791 kg ha lwas recorded by T7 On factorial analysis

nc phosphorus treatment recorded the lowest yield of 2955 kg ha ! while 100%
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phosphorus recorded the highest yield of 3244 kg ha !and were sigmficant Among
the amons no amons recorded the lowest yield of 2470 kg ha !and carbonate anion

recorded the hghest yield of 3499 kg ha Laniwere significant

During season I haulms yield data revealed that the treatment differences
were significant and that the lowest yield of 1850 kg ha ! was recorded by T1 and the
highest yield of 3214 kg ha 1 was recorded by T7 On factoral analysis no
phosphorus recorded the lowest yield of 2441 kg ha ! and 100% phosphorus
reco ded the highest yield of 2980 kg ha 1 which was significant Among the anions
no an ons recorded the lowest yield of 2220 kg ha ! and carbonate anion recorded

the highest yield of 3010 kg ha 1 and were significant

On pooled analysis haulms yield data recorded that the treatment differences
were significant The lowest yield of 1944 kg ha ! was recorded by T1 while the
high st yield of of 3502 kg ha ! was recorded by T7 On factonal analysis while no
phosphorus treatment recorded the lowest yield of 2698 kg ha ! and the highest
yield of 3112 kg ha ! was recorded by 100% phosphorus and were sigmficant
Among the anions no anions recorded the lowest yield of 2345 kg ha 1 while
cirbonate amon recorded the highest yield of 3255 kg ha® which was again

significant
4113 Harvestindex of cowpea
The data on the harvest index of cowpea are given in Table 17

During season I the data on the harvest index of cowpea revealed that the

treatinent responses were not significant

Unlike season I durning season II harvest index recorded that the treatment

d fferences were s{lgniﬂémt The lowest value of 22 7% was recorded by To while
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Table 17 Harvest Index (%) in Experiment No 1

Treatment No Season [ Season II
T 201 239
Tz 199 249
T3 203 248
T4 196 234
Ts 199 243
Ts 208 242
Tz7 202 239
Ts 199 234
To 196 2217
Ti0 204 236
T 202 236
T2 203 235
SEm+ 0 003 0 003
CD (005) — ¢ 010
FACTORS
A Fert P
1 No P 200 242
2 50%FP 202 239
3 100%P 201 234
CD (005) — 0005
B Anions
1 No anions 199 236
2 OH 203 242
3 COs 202 241
4 S103 199 234
CD (005) — 0 006

Note In those places where CD 1s not given the F test is not significant at 5%
level
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the mighest value of 24 9% was recorded by T» On factonal analysis 100%
phosphorus recorded the lowest value of 23 4% whereas no phosphorus recorded
the highest value of 24 2% which was sigmificant Among the amons stlicate amon
recorded the lowest value of of 23 4% and hydroxyl amon recorded the highest

value of 24 2% which was significant
4114 Protein content of grains
The data on protein content of gramns are given in Table 18

During season 1 protemn content of gramns recorded that the treatment
responses were significant and that the lowest value of 21 97% was recorded i T1
while the highest value of 23 64% was recorded 1n T2 On factonal analysis no
phosphorus recorded the lowest value of 22 53% while the highest value of 23 41%
was recorded by 100% phosphorus and was sigmficant Among the anions where
no amons recorded the lowest value of 22 62% silicate anion recorded the highest

value of 23 24% which was significant

During season II also the treatment responses were significant and that the
lowest value of 22 02% was recorded by T1 whereas the ighest value of 23 68%
was recorded by T12 On factonal analysis no phosphorus recorded the lowest value
of 22 60% and 100% phosphorus recorded the highest value of 23 51% which was
significant Among the amions no amons recorded the lowest value of 22 70%
while silicate amon recorded the highest value of 2333% which was again

significant
4115 Nitrogen uptake of cowpea

The data on nitrogen uptake of plants at various stages are given 1n Table 19

and Mg 6
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Table 18 Protemn content of grains (%) m Expermment No 1

Treatment No Season [ Season 11
T 2197 2202
T2 22 65 2272
T3 2272 2279
Ty 2279 22 88
Ts 22 64 2273
Ts 2353 2359
T 2311 23 37
Ts 2329 2343
To 2324 23 36
Tio 2318 2343
Ti1 23 58 2358
T2 23 64 23 68
SEm + 0 068 0102
CD (005) 0199 G300
FACTORS
A Fert P
1 No P 2253 22 60
2 50%P 23 14 2328
3 100%P 2341 2351
CD (005) 0099 0150
B Anions
1 No anions 22 62 2270
2 OH” 2312 2325
3 COs 2313 2324
4 Si103 2324 2333
CD (005) 0155 0173




Table 19 N uptake of plants (kg ha Y Expernment No 1

Season [ Season 1[I Pooled mean
Treatment
No 30 DAS at at 30 DAS at at 30 DAS at at
flowring harvest fowering harvest flowermg harvest
T, 1047 4159 5424 1230 4109 54 88 1139 41.34 54 56
T, 16 67 6752 8774 1829 6276 79 46 17 48 6514 83 60
Ty 1745 7126 9037 18 62 64 90 79 26 1803 68 08 84 81
Ty 1635 66 00 8772 1757 60 89 7920 16 96 63 45 83 46
Ts 1230 5340 6594 1478 49 86 64 37 1354 5163 6516
T 1914 8139 9742 2119 7228 8825 2016 76 83 92 83
T, 2021 8573 104 44 2244 77 48 96 14 2133 81 60 100 29
Ty 1705 7110 8890 1719 64 43 8294 17 12 6776 8592
T, 1490 6313 8024 1725 60 09 7851 16 08 6161 79 38
Tio 1770 7307 9227 1898 66 66 86 91 1834 69 86 89 59
Ty 1795 7436 9378 2115 6333 9501 1955 68 84 94 39
Ty, 1978 7426 9112 2119 72 61 94 69 2049 7344 9291
SEm ¢ 0.392 0982 1366 (485 0356 1561 0312 0607 1037
CD (005) 1151 2879 4007 1423 1045 4.578 0 891 1733 2963
FACTORS
A Fert.P
1 NoP 1524 61 60 8002 16 70 5741 7320 1597 39 50 7661
2 50%P 1718 72 90 8917 18 90 66 01 8293 1804 69 46 86 05
3 100% P 17 58 7120 89.35 19 64 65 67 8878 18 61 68 44 8907
CD (005) 0575 1 440 2003 0711 1045 2289 0 446 0 866 1481
B Anions
1 No amons 1256 5271 66 81 1478 5035 6592 13 67 5153 66.37
2 OH 17 84 7399 92 48 1949 6723 84 87 18 66 70 61 88 67
3 CO4 18 54 7712 96 19 2074 68 57 90 14 19 64 7284 9317
4 510, 1773 7045 8925 18 65 6598 8561 1819 6821 8743
CD (005) 0664 1662 2313 0821 1207 2643 0514 1000 1710

£8
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During season I and season II N uptake of plants at 30 DAS recorded that
the treatment differences were sigificant During Season I the lowest value of
1047 kg ha ! was recorded by T1 while the highest value of of 2021 kg ha ! was
recorded by T7 On factonial analysis no phosphorus recorded the lowest value of
1524 kg ha 1 whereas 100% phosphorus recorded the highest value of 17 58 kg
ha 'which was sigmficant Among the amons no amons recorded the lowest value
of 1256 kg ha ! and carbonate anion recorded the highest value of 18 54 kg ha Vand

was staustically sigmificant

During season II the lowest value of 1230 kg ha ! was recorded m Ti
wheieas the highest value of 22 44 kg ha ! was recorded 1n T7 On factorial dnalysis
no phosphorus recorded the lowest value of 16 70 kg ha ! while the maximum value
of 1964 kg ha 1 was recorded by 100% phosphorus which was statistically
significant Among the antons no anion recorded the lowest value of 14 78 kg ha !
while carbonate anion recorded the highest value of 2074 kg ha ! which was again

sigmificant

On pooled analysis mitrogen uptake of plants at 30 DAS showed that the
treatment differences were significant and that the lowest value of 11 39 kg ha U was
recorded by T1 whereas the highest value of 21 33 kg ha ! was recorded by T7 On
factorial analysis no phosphorus recorded the lowest value of 15 97 kg ha T while
the highest value of 1861 kg ha ! was recorded by 100% phosphorus which was
siguficant Among the anions while no amons recorded the lowest value of 13 67
kg ha ! carbonate anion recorded the highest value of 19 64 kg ha ! which was

significant

During season I nitrogen uptake at flowering revealed that treatment
dilferences were significant wherein the lowest value of 41 59 kg ha ! was recorded

by T1 while the highest value of 8573 kg ha ! was recorded by T7 which was
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significant On factorial analysis 50% phosphorus recorded the highest significant
value of 7290 kg ha ! Among the amons no antons recorded the lowest value of
5271 kgha ! and carbonate amon recorded the highest value of 77 12 kg ha ! which
was also sigmificant During season II also the treatment differences were
staitistically sigmificant at flowering and that the lowest value of 41 09 kg ha ! was
recorded by T1 while the highest value of 77 48 kg ha ! was recorded by T7 On
factorial analysis no phosphorus treatment recorded the lowest value of 5741 kg
ha ! and 50% phosphorus recorded the highest value of 66 01 kg ha ! which was
sigmticant Among the anions carbonate anion recorded significantly highest value

of 68 57 kg ha

On pooled analysis also nitrogen uptake of plants at flowering showed that
the treatment differences were sigmficant and that the lowest value of 41 34 kg ha !
was recorded by T1 while the maximum value of 81 60 kg ha ! was recorded by T7
On factorial analysis no phosphorus recorded the lowest value of 59 50 kg ha and
the highest value of 6946 kg ha ! was recorded by 50% phosphorus treatment
which was significant Among the antons no amons recorded the lowest value of
5153 kg ha * and carbonate amion recorded the highest value of 72 84 kg ha ! which

was also sigmficant

During season I and season II nitrogen uptake of plants at harvest revealed
that the treatment differences were sigmficant The lowest value of 52 24 kg ha !
was recorded by T; while the highest value of 104 44 kg ha ! was recorded by T7
during season I On factorial analysts no phosphorus recorded the lowest value of
8002 kg ha ! and 100% phosphorus recorded the highest value of 8935 kg ha !
which was also sigmficant Among the anions while no anions recorded the lowest
valte of 66 81 kg ha ! carbonate amon recorded significantly highest value of 96 19

kg ! and was significant During season II the lowest value of 54 88 kg ha ! was



recorded 1n T1 while the highest value of 96 14 kg ha ! was recorded by T7 On
factorial analysts no phosphorus recorded the lowest value of 73 20 kg ha ! while
100% phosphorus recorded the highest value of 88 78 kg ha ! which was significant
Among the amons no anions recorded the lowest value of 6592 kg ha® while
carbonate amon recorded the highest value of 90 14 kg ha ! which was again

statistically sigmificant

On pooled analysts mtrogen uptake of plants at harvest showed that the
treatment differences were sigmificant and that the lowest value of 54 56 kg ha ! was
recorded by T1 while the highest value of 10029 kg ha ! was recorded by T7 On
factorial analysis no phosphorus recorded the lowest value of 76 61 kg ha ! and
100% phosphorus recorded the highest value of 89 07 kg ha 1 Among the anions
no anions recorded the lowest value of 6637 kg ha! while carbonate amon

recorded the sigmficantly highest value of 93 17 kg ha 1and were sigmificant
4116 Phosphorus uptake of cowpea
The data on phosphorus uptake of cowpea are given in Table 20 and Fig 7

It 1s seen that in respect of phosphorus uptake of plant at 30 DAS the
treatment differences were significant both during season I and season II During
season I the lowest value of 175 kg ha ! was recorded by T1 while the highest value
of 330 kg ha ! was recorded by T7 On factonal analysis no phosphorus recorded
the lowest value of 2 50 kg ha Vand the highest value of 2 79 kg ha ! was recorded
by bo h 50% phosphorus and 100% phosphorus which was significant Among the
dnions no anions recorded the lowest value of 2 07 kg ha ! and carbonate anton

ecorded the highest value of 3 03 kg ha Yand this was also significant



Table 20 P uptake of plants (kg ha ') m Expermment No 1

Season 1 Season I Pooled mean
Treatment
No 30DAS at at 30DAS at at 30 DAS at at
flownng harvest fowering, harvest flowenng harvest
T, 175 780 1090 209 137 1070 192 758 10 80
T, 269 12.30 17 30 304 1112 1537 287 1171 1634
Ty 285 1309 17 99 306 1149 1567 296 1229 1683
Ty 270 1224 1720 299 1074 1589 284 11 49 16 54
Ts 202 943 1328 250 894 12 88 226 918 1308
Tg 302 14 09 1923 346 1216 1753 324 1313 1838
T, 330 1530 2114 367 1335 19 49 349 14.33 2032
Ty 280 1278 1791 284 1117 16 62 282 1198 1726
Ty 244 1145 16 24 289 1045 1583 266 1095 1604
Ty 290 1353 1861 326 1182 17 54 308 1268 1808
T 293 1358 1898 3.59 1137 1926 326 1247 1912
T2 289 1331 1853 352 12 69 1895 320 1300 1874
SEm + 0018 0127 0311 0079 0118 0300 0043 0087 02106
CD (005) 0104 0371 0914 0230 0347 0879 0123 0247 0618
FACTORS
A Fert. P
1 No P 250 1136 1585 280 1018 1441 265 1077 1513
2 50%P 279 1290 17 89 312 1141 16 63 295 1215 1726
3 100% P 279 12 97 1809 332 1158 1790 305 1227 1799
CD (005) 0052 0186 0457 0115 0173 0440 0062 0124 0.309
B Anions
1 No anions 207 956 1347 249 892 1314 228 924 1331
2 OH 287 1331 1838 325 1170 16 82 306 1251 17 60
3 CO4 303 1399 1937 344 12 07 1814 324 1303 1876
450, 279 1278 17 88 312 11.53 1715 295 1216 1752
CD (005) 0060 0214 0527 0133 0200 0508 0071 0143 0357

L8
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highest value of 12 07 kg ha ! was recorded by carbonate anion and here again the

treatment differences were significant

On pooled analysis phosphorus uptake of plants at the time of flowering
showed that the treatments were statistically sigmficant and the lowest value of 7 58
kg ha ! was recorded T1 while the highest value of 14 33 kg ha ! was recorded 1n T7
Among the fertilizer phosphorus factors no phosphorus recorded the lowest value
of 1077 kg ha 1 while the highest value of 1227 kg ha ! was recorded by 100%
phosphorus and again statistically sigmficant Among the anion factors no amions
gave the lowest value of 924 kg ha ! while carbonate amon showed the highest

value of 13 03 kg ha !which was also significant

The data on phosphorus uptake at harvest showed that the treatments were
statistically sigmficant both during season I and season II During season I Ti
recorded the lowest value of 10 90 kg ha ! whereas T7 showed the highest value of
21 14 kg ha 1 Among the fertilizer phosphorus factors no phosphorus recorded the
lowest value of 15 85 kg ha ! while the highest value of 18 09 kg ha ! was recorded
by 100% phosphorus and was sigmificant Among the anion treatments the lowest
value of 1347 kg ha ! was recorded by no anion treatment while the highest value
of 1937 kg ha ! was recorded by carbonate anion and were significant During
season I the lowest value of 1070 kg ha ! was recorded by T1 while the highest
valie of 19 49 kg ha ! was registered by T7 Among the ferttlizer phosphorus factors
no phosphorus recorded the lowest value of 14 41 kg ha ! while the highest value of
1790 kg ha ' was recorded by 100% phosphorus and that the differences were
signiticant Among the anion factors the lowest value of 13 14 kg ha ! was recorded
by no anion whereas the highest value of 18 14 kg ha ! was recorded by carbonate

anion and was also significant
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On pooled analysts phosphorus uptake at harvest showed that the treatment
dlffercncesl:s?gﬁﬁcam and that T1 recorded the lowest value of 10 80 kg ha U where
as T7 registered the highest value of 20 32 kg ha ! Among the fertilizer phosphorus
factors the lowest value of 15 13 kg ha ! was recorded by no phosphorus treatment
whereas 100% phosphorus recorded the highest value of 17 99 kg ha ! and were
also sigmificant Among the anion treatments no anions recorded the lowest value
of 1331 kg ha 1 whereas carbonate anion recorded the highest value of 18 76 kg

ha ! and that differences were statistically significant

42 Experiement No 2 (effect of synthetic chelates as soll amendments)

42 1 Physical properites of soil

Soil physical properties under this experiment are given in Table 21

4211 Bulkdenstty of the soil

During season I and season II the bulk density of the so1l did not show any

significant difference after harvest
42 1 2 Water holding capacity of the soil

Water holding capactty of the soil showed significance after harvest during
season I as well as season II During season I the value was 28 18% before sowing
and after harvest Ts recorded the lowest value of 28 46% and T3 recorded the
highest value of 3151% Among the phosphorus levels no phosphorus recorded
the highest value of 31 16% while 50% recorded the lowest value of 29 00% which

was significant Chelates showed no response

During season II the water holding capacity before sowing was 29 23% After

harvest Ts registered the lowest value of 31 68% while T7 registered the highest



Table 21 Physical properties of the soll in expertment No 2

Physical Mean weight diameter of
properties Bulk dens ty (gcm 3) Water holding capacity (%) aggregates from wet
sieving analysis {mm)
Experiment season Season I Season II Season 1 Season II Season I Season I
a Before sowng 121 123 2818 2923 090 079
b After harvest
Treatment No
Tz 131 130 3122 3282 097 110
T2 133 131 3074 3283 101 104
Ts 131 130 3151 3239 099 106
T4 131 133 2881 3253 103 101
Ts 133 129 28 46 3168 101 108
Te 133 132 2973 3276 103 111
Tz 130 132 2918 3374 105 108
Ts 130 132 3065 3191 100 105
Ty 132 131 2973 3170 103 107
SEm+ 0015 0018 0481 0402 0031 0026
CD (005) - 1441 1219 -
FACTORS
A.Fert. P
1 NoP 131 130 3116 3268 099 107
2 50%P 132 131 2900 3232 103 107
3 100%P 131 132 2985 3245 103 107
CD (005) - - 0832 - -
B Chelates
1 No chelates 131 132 2974 3303 102 106
2 EDTA 132 131 2995 3214 101 106
3 DTPA 132 131 3032 3228 102 108
CD (005) 0703

Note In those places where CD 1s not given the Ftest 1s not significant at 5% level

16
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value of 33 74% Phosphorus showed no significant response But among the
chelates EDTA recorded the lowest value of 32 14% while no chelates recorded

the h ghest value of 33 03% and was sigmficant
4213 Meanweight diameter of aggregates

During season I the mean weight diameter of aggregates before sowing was

090 mm wtﬂch did not vary sigmificantly after harvest

During season II also mean westght diameter which was 079 mm before

sowing did not vary sigmificantly after harvest
422 Chemcal properties of the soil

Chemucal properties 1n this experiment are gien in Table 22
4.2 21 Cation Exchange Capacity of the sail (CE C)

During season I CE C before sowing was 4 21 me 100 g Vso1l After harvest

there was no response between treatments

During season II CE C before sowing was 4 28 me 100 g sol After harvest

agam the treatments didnot show any response

On pooled analysis CE C of the soil before sowing was 4 25 me 100 g !sol

Here again the treatments were not statistically significant after harvest
42.22 pH of the soil

Durng season I pH of the soil before sowing was 5 12 and after harvest the
tre atments were statistically significant while both T1 and T4 recorded the lowest
value of 512 and T5 Tg and Ty recorded the highest value of 514 Among the

phosphorus levels no phosphorus and 50% phosphorus registered the lowest value



Table 22 Chemical properties of the soil 1o experiment No 2

!

Chemical

Charactersst cs CEC (me/100 g) pH Total Nitrogen (%)

Experiment season | Seasonl | SeasonIl [Pooledmean | Seasonl | SeasonIl  Hooled mean | Seasonl | Season II | Pooled mean

1 2 3 4 5 6 7 8 9

a Before sowng 421 428 425 512 510 511 0122 0123 0123

b After harvest

Treatment No
T1 425 431 428 512 510 511 0122 0124 0123
T2 441 442 442 513 512 513 0124 0123 0124
Ta 439 443 441 513 512 513 0122 0123 0123
T4 446 438 442 512 511 512 0124 0123 0124
Ts 442 444 443 514 512 513 0123 0123 0123
T 437 442 440 513 512 513 0124 0123 0124
T7 427 443 435 513 511 512 0121 0123 0122
Ts 453 440 447 514 513 514 0124 0124 0124
To 454 444 449 514 513 514 0122 0124 0123

SEm +, 0116 0079 0070 0003 0002 0002 00012 00010 00008
CD (005) - - ¢ 008 0006 0005 -

FACTORS

A.Fert. P

1 NoP 435 439 437 513 512 512 0123 0123 0123

2 50%P 442 441 442 513 512 S12 0124 0123 0123

3 100%P 445 442 443 514 513 513 0123 0124 0123

CD (005) - 0004 0003 0003 -

B Chelates

1 No chelates 432 437 435 512 511 512 0122 0123 0123

2 EDTA 446 442 444 514 513 513 0124 0123 0124

3 DTPA 444 443 443 513 512 513 0123 0124 0123

CD (005) - 0004 0003 0003 - -

Contd

£6



Table 22 (Contd

)

Chemical Total phosphorus [P] (ppm) P Fixang capacity (ugP g D) Organic matter content (%)
Charactenst cs
Expenment season | Season I Season II | Pooled mean Season [ Season II | Pooled mean Season [ Season II | Pooled mean
10 11 12 13 14 15 16 17 18
a Before sowing 37 376 374 287 284 286 219 222 221
b After harvest
Treatment No
T, 364 368 366 286 284 285 218 221 220
T, 361 366 364 288 285 287 217 220 219
Ts 360 362 361 288 288 288 218 220 219
T, 362 365 363 287 287 287 217 220 219
Ts 359 363 361 288 287 288 216 219 218
Tg 358 364 361 287 287 287 216 219 218
T, 360 366 363 287 286 287 216 219 217
T 361 365 363 288 285 286 215 217 216
Ty 362 364 363 287 285 286 215 218 216
SEm¢t 29 30 21 010 014 008 0033 0044 0027
CD (005) — — — — — — — — —
FACTORS
A Fert. P
1 NoP 362 366 364 287 286 287 218 221 219
2 50%P 360 364 362 287 287 287 217 219 218
3 100%P 361 365 363 287 285 286 215 218 216
CD (005) —_ —_ — — — — — — —_—
B Chelates
1 No chelates 362 366 364 287 286 286 217 220 218
2 EDTA 360 365 363 288 286 287 216 219 218
3 DTPA 360 363 362 287 287 287 216 219 218
CD (005) —_ _ — — — — — — —
Note In those places where CD 1s notgiven the F test 1s not significant at 5% level



99

of 513 wheremas 100% phosphorus recorded the highest value of 5 14 which was
sigmficant Among the chelates no chelates recorded the lowest value of 512

whereas EDTA recorded the highest value of 5 14 which was also sigruficant

During season II pH of the soil before sowing was 510 Here again the
treatments were statistically significant after harvest While T1 recorded the lowest
value of 510 both Tg and T9 recorded the highest value of S13 Among the
fertilizer levels both no phosphorus and 50% phosphorus recorded the lowest value
of 512 whereas 100% phosphorus recorded the highest value of 5 13 which was
statistically significant Among the chelates while no chelates recorded the lowest
valte of 511 EDTA recorded the highest value of 513 and difference was

statistically significant

On pooled analysis pH of the soil before sowing was 5 11 and after harvest
the treatments were statistically significant Here T1 recorded the lowest value of
511 while both Tg and T9 recorded the highest value of 514 Among the
phosphorus levels no phosphorus and 50% phosphorus recorded the lowest value
of 5 12 100% phosphorus recorded the highest value of 5 13 and the difference was
significant Among chelates no chelates gave the value of 512 while EDTA as
DTPA registered the highest value of 513 and hereagan the difference was

statistically sigmificant
47 2.3 Total nitrogen content of the sail

During season I nitrogen content soil which was 0 122% before sowing did

not differ significantly after harvest

During season II also the mtrogen content soil which was 0 123% before

sowing did not differ significantly after h irvest



On pooled analysts mitrogen content of the soil before sowing recorded a

value of 0 123% which did not differ sigmficantly after harvest
4.2 24 Total phosphorus content of the soil

During season I 1t is observed that total phosphorus content of the soil before
sowing was 371 ppm However after harvest the treatment differences were not

statistically significant

of
During season II also the total phosphorus contentAsoﬂ which was 376 ppm

before sowing did not differ sigmificantly after harvest

On pooled analysis total phosphorus was found to be 374 ppm before sowing

However after harvest the treatment differences were not statistically significant
4.2.2 5 Phosphorus fixing capacity of the soil

The phosphorus fixing capacity of the soll 287 ug P g ! during season I which

did not differ significantly after harvest

During season II the phosphorus fixing capacity of the soil before sowing was

284ugPg ! and after harvest the treatment differences were not significant

On pooled analysis the phosphorus fixing capact y of the so1l before sowing
was found to be 286 4g P g L and after harvest the treatments were not statistically

sigruficant
4226 Organic matter content of the soil

During season 1 orgamc matter content of the soil before sowing was 2 19%

The treatment differences were not statistically significant after harvest
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During season Il organic matter content of the soil before sowing was 2 22%

Hereagam after harvest the treatment differences were not statistically significant

On pooled analysis organic matter content of the soil before sowing was

221% where:as after harvest there was no response between treatments
423 Available phosphorus content of the so1l

The data on the available phosphorus content of the soil 1n this experiemnt

are given 1n Table 23

During season I the available phosphorus content of the soil before sowing
was 729 mg P kg ! which showed sigruficance 30 days after sowing with respect to
different treatments Here the lowest value of 9 97 mg P kg ! recorded by T1 where

as Tg registered the highest value of 14 18 mg P kg !

During season II the available phosphorus content of the soil exhibited the

same trend as 1n the case of season [

In the season I the available phosphorus content of the soil after harvest
recorded that the treatments differed sigmficantly with T1 registering the lowest
value of 744 mg P kg ! whereas To recording the highest value of 1145 mg P kg !
Among the phosphorus levels no phosphorus recorded the lowest value of 8 81 mg
P kgl where:as the highest value of 1088 mg P kg1 was recorded by 100%
phosphorus This difference was statistically significant also In the case of chelates
the lowest value of 8 96 mg P kg ® was recorded by no chelates where as EDTA

regis ered the sigruficantly highest value of 10 35 mg P kg !and was significant

In season II also the available phosphorus content of the soil after harvest
recorded statistical significance among treatments Here Ti recorded the lowest

valte o 821 mgP kg ! whereas Ts registered the highest value of 11 18 mg P kg !



Table 23 Available P content of the soil (mnggl) in Experiment No 2

Before sowing 30 DAS Afier harvest
Treatment No B I ™"
Season ] Season [T | Pooled mean Season | Season II | Pooled mean Season I Season II | Pooled mean
T, 729 716 723 997 868 9.33 744 821 783
T, 729 716 723 1227 1154 1191 9.51 911 931
T, 729 716 723 1209 1149 1179 948 904 926
Ty 729 716 723 1011 978 995 965 899 932
Ts 729 716 723 1318 1307 1313 1014 928 971
T 729 716 723 1315 12 92 1304 10 08 924 9 66
Ty 729 716 723 1020 1014 1017 979 924 952
Tg 729 716 723 1418 1358 13 88 1139 1118 1129
Ty 729 716 723 1409 13 49 1379 1145 1112 1129
SEm+ 0 0 0 0634 0409 0.377 0396 0297 0247
CD (005) —_ — —_ 1901 1225 1088 1186 0890 0713
FACTORS
A Fert. P
1 No P 729 716 723 1144 10 57 1101 881 879 880
2 50%P 729 716 723 1215 1192 1204 996 917 957
3 100%P 729 716 723 12 82 12 40 1261 10 88 1052 1070
CD (005 — — — — 0707 0628 0685 0514 0412
B Chelates
1 No chelates 729 716 723 1009 9.54 982 896 882 889
2 EDTA 729 716 723 1321 1273 12 97 1035 9 86 1010
3 DTPA 729 716 723 1311 1263 12 87 1034 980 1007
CD (005) — — — 1097 0707 0628 0685 0514 0412

Note In those places where CD 1s not given, the F test 1s not significant at 5% level

£6
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Among the fertihzer phosphorus levels no phosphorus gave the mimmum value of
879 mg P kg ! while 100% phosphorus registered the highest value of 10 52 mg P
kg 1 on analysis these differences were found to be statistically sigmficant Among
the chelates DTPA recorded the lowest value of 980 mg P kg1 while EDTA

recorded the highest value of 9 86 mg P kg ! which was also statistically significant

On pooled analysis also the available phosphorus soil after harvest gave the

same results as given i the two seasons
424 Soil phosphorus fractions

The data on soil phosphorus fractions are given in Table 24 25 and 26
4241 Salod Pofthesal (Sod-P)

In season I saloid P which was 16 1 ppm before sowing varied significantly at
flowering Ti1 registered the lowest value of 24 0 ppm whereas Tg registered the
hughest value of 337 ppm Among the fertilizer phosphorus levels while no
phosphorus registered the lowest value of 28 3 ppm 100% phosphorus registered
the highest value of 29 9 ppm which was significant Among the chelates when no
chelates recorded the lowest value of 24 6 ppm EDTA registered the highest value
of 328 ppm Here agan the difference was significant After harvest also
treatments showed statistical siguficance Here both Ti and Ts gave the lowest
value of 23 0 ppm whereas Ts showed the highest value of 30 7 ppm When the
rhosphorus levels did not vary significantly chelates showed significant variations
on analysis When no chelates recorded the least value of 23 1 ppm EDTA gave the

highest value of 30 1 ppm

During season II saloid P of the soil before sowing was only 14 0 ppm and at

flowening the treatments recorded statistical sigmficance While T1 gave the lowest



Table 24 Sorl phosphorus (P) fractions (ppm) m Expennment No 2 for season 1

Treatment/ Salowd P Al P Fe P Red P Occl P Ca P Org P Total P

period

a Before sowing 161 450 282 185 151 181 2300 3710

b At flowenng

Treatment No
T, 240 410 260 210 170 180 2197 3667
T, 320 35.3 243 220 170 177 2170 3653
T 290 357 247 217 170 177 2183 3640
Ty 243 407 263 207 167 180 2190 3657
Ts 327 350 243 21.3 173 177 2177 3647
Ts 300 367 240 207 170 177 2173 3633
T, 253 400 260 203 167 173 2170 3627
Ty 337 347 237 21.3 173 177 2170 3653
Ty 307 367 247 213 170 180 2190 3667

SEmgt 058 041 025 029 024 027 189 344
CD (005) 174 122 076 0388 — — — —

FACTORS

A Fert. P

1 NoP 283 373 250 216 170 178 2183 365.3

2 50%P 290 374 249 209 170 178 2180 3646

3 100%P 299 371 248 210 170 177 2177 3649

CD (005) 100 — — 051 — — — —

B Chelates

1 No chelates 246 406 261 207 168 178 2186 3650

2 EDTA 328 350 241 216 172 177 2172 3651

3 DTPA 299 363 244 212 170 178 2182 3647

CD (005) 100 070 044 051 — — — —

Contd

607%




Table 24 (contd )

Note In those places where CD 1s not given the F test 1s not significant at 5% level

Treatment/ Saloid P Al P Fe P Red P Occl P Ca P Org P Total P

pertod

c After harvest

Treatment No
Ty 230 403 257 207 170 180 2193 3640
T, 300 347 237 217 163 177 2173 3613
T3 283 353 240 210 170 177 2170 3603
Ty 230 393 257 210 170 180 2180 3617
T, 297 353 237 200 170 173 2163 3593
T 267 357 240 207 170 177 2167 3583
T, 233 393 253 203 163 173 2177 3597
T 307 343 230 207 173 170 2177 3607
Ty 267 363 240 210 170 180 2193 3623

SEm 4 045 029 026 033 019 025 178 292
CD (005 1.36 086 079 — — — — —_

FACTORS

A Fert. P

1 No P 271 368 244 211 16 8 178 2179 3619

2 50%P 264 368 244 206 170 178 2170 3598

3 100%pP 269 367 241 207 169 174 2182 3609

CD (005) — — — — — —_ —_ —_

B Chelates

1 No chelates 231 397 256 207 16 8 178 2183 3618

2 EDTA 301 348 234 208 169 173 2171 3604

3 DTPA 272 358 240 209 170 178 2177 3603

%D (005) 079 050 046 — —_ — —
’d

101

97604/



Table 25 Soil phosphorus (P) fractions (ppm) mm Experiment No 2 for season I

Treatment/ Saloid P Al P Fe P Red P Occ] P Ca P Org P Total P
penod
a Before sowmg 140 421 283 182 151 192 2391 3760
b At flowermg
Treatment No
T, 250 410 267 193 147 180 22717 3723
T, 320 360 250 220 170 180 2197 3697
Ty 290 357 250 220 170 180 2207 3673
T, 257 3717 263 193 143 183 22717 3693
Ts 327 357 247 217 170 177 2183 3677
Tg 273 360 253 213 170 177 2237 368.3
T, 253 383 270 197 147 187 2267 370.3
Tg 327 353 250 220 170 180 2183 3683
Ty 320 360 253 213 173 177 2197 3693
SEmzt 087 047 032 029 023 025 2353 396
CD (005) 2 60 142 095 086 068 076 757 —
FACTORS
A Fert. P
1 No P 287 376 256 211 162 180 2227 3707
2 50%P 286 364 254 208 161 179 2232 3686
3 100%P 300 366 258 210 163 181 2216 368.3
CD (0095) — 082 — — — — — —
B Chelates
1 No chelates 253 376 267 194 146 183 2273 3707
2 EDTA 324 364 249 219 170 179 2188 3686
3 DTPA 294 366 252 216 171 178 2213 3683
CD (005) 150 082 0.5 050 039 044 437 —

Contd

c01




Table 25 (Contd )
Treatment/ Saloid P Al P Fe P Red P Occl P Ca P Org P Total P
penod
c After harvest
Treatment No
T, 250 400 260 190 147 180 2257 3683
T, 267 357 237 217 170 173 2243 3663
Ty 233 350 247 220 170 177 2227 3623
Ty 237 373 260 190 147 187 2257 3650
Ts 247 353 240 213 170 173 2237 363.3
T 243 353 250 210 170 173 2237 3637
T, 243 373 267 200 150 187 22417 3657
Ty 257 350 250 210 170 173 2237 3647
Ty 247 357 247 210 170 177 2237 364.3
SEm# 043 034 023 017 015 0.33 184 304
CD (005) 128 101 070 050 044 098 — —
FACTORS
A Fert. P
1 NoP 250 369 248 209 162 177 2242 3657
2 50%P 242 360 250 204 162 178 2243 3640
3 100%P 249 360 254 207 163 179 2240 3649
CD (005) — 0.58 040 029 — — — —
B Chelates
1 No chelates 243 382 262 19.3 148 184 2253 3663
2-EDTA 257 353 242 213 170 173 2239 3648
3 DTPA 241 353 248 213 170 176 2233 363 4
CD (005) 074 058 040 029 025 0.6 — —

Note In those places where CD 15 notgiven the F test 1s not sigmficant at 5% level

£0T



Table 26 Soil phosphorus (P) fractions (ppm) in Experiment No 2 (pooled mean)

Treatment/ Saloid P Al P Fe P Red P Occl P Ca P Org P Total P
pened
a Before sowing 151 436 283 184 151 187 2346 3738
b At flowering
Treatment No
T, 245 410 263 202 158 180 2237 3695
T, 320 357 247 220 170 178 2183 3675
T 290 357 248 218 170 178 2195 3657
Ty 250 392 263 200 155 182 2233 367.5
Ts 327 353 245 215 172 177 2180 3662
Ty 287 363 247 210 170 177 2205 3658
T, 253 392 265 200 157 180 2218 3665
Tg 332 350 243 217 172 178 2177 3668
Ty 313 363 250 213 172 178 2193 3680
SEm+ 052 031 020 021 016 019 1.58 262
CD (005) 151 090 059 059 047 — 455 —
FACTORS
A Fert. P
1 No P 285 374 253 213 16 6 179 2205 3676
2 50%P 288 369 252 208 166 178 2206 3665
3 100%P 299 368 253 210 167 179 2196 3671
CD (005) 087 — — 034 — — — —
B Chelates
1 No chelates 249 398 264 201 157 181 2229 3678
2 EDTA 326 353 245 217 171 178 2180 3668
3 DTPA 297 361 248 214 171 178 2198 3665
CD (005s) 087 052 034 034 027 — 263 —

Contd

70T



Table 26 (Contd )
Treatment/ Saloid P Al P Fe P Red P Occl P Ca P Og P Total P
penod
c. After harvest
Treatment No
T 240 402 258 198 158 180 2225 3662
T, 283 352 237 217 167 175 2208 3638
T3 258 352 243 215 170 177 2198 361.3
Ty 233 383 258 200 158 183 2218 3633
Ts 272 353 238 207 170 173 2200 3613
T 255 355 245 208 170 175 2202 3610
T, 238 383 260 202 157 180 2212 3627
Ty 282 347 240 208 172 172 2207 3627
Ty 257 360 243 210 170 178 2215 3633
SEmt 031 022 018 018 012 021 128 211
CD (005) 090 064 0.51 053 035 059 — —
FACTORS
A Fert. P
1 No P 261 368 246 210 165 177 2211 3638
2 50%P 253 364 247 205 166 177 2207 3619
3 100%P 259 363 248 207 166 177 2211 3629
CD (005 0.52 037 — 031 — — — —
B Chelates
1 No chelates 237 389 259 200 158 181 2218 3641
2 EDTA 279 351 238 211 169 173 2205 3626
3 DTPA 2517 356 244 211 170 177 2205 3619
CD (005) 052 037 029 031 020 034 — —

Note In those places where CD 1s not gmven the F test 1s not sigmficant at 5% level

cor
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value of 25 0 ppm both Ts and Ts gave the ighest value of 32 7 ppm There was no
response for fertiizer phosphorus levels whereas chelates gave statistical
significance Here no chelates gave the lowest value of 25 3 ppm while EDTA gave
the highest value of 324 ppm After harvest of the experiment saloid P was found
to vary sigmficantly with T3 recording the lowest value of 233 ppm while T2
recording the highest value of 267 ppm When phosphorus levels were not
sigmificant chelates gave statistical sigmficance With the case of chelates DTPA

gave the lowest value of 24 1 ppm whereas EDTA gave the highest value of 257
ppm

Pooled analysts revealed a saloid P of 15 1 ppm before sowing At flowering
treauments showed statistical sigmficance The lowest value of 245 ppm was
recorded mm T1 whereas Tg gave the lghest value of 332 ppm Fertihizer
phosphorus levels also showed statistical sigmficance Here no phosphorus
recorded the lowest value of 28 S ppm whereas the highest value of 29 9 ppm was
recorded by 100% phosphorus treatment Chelates also showed sigmficant
diit~rences on statistical analysis with the lowest value of 24 9 ppm recording 1n no
chelates treatment whereas EDTA recording the highest value of 326 ppm After
harvest also treatment vaned sigmficantly Here T4 recorded the lowest value of
233 ppm whereas T2 recorded the highest value of 283 ppm Here again
phosphorus levels showed statistical sigmficance 50% phosphorus showed the least
vilue of 253 ppm whereas no phosphorus gave the highest value of 26 1 ppm In
respect of chelate treatments no chelates gave the lowest value of 237 ppm

whereas EDTA gave the highest value of 27 9 ppm which was also sigmificant
4242 Alummmum P of the soil [ﬁl— @

Alumimum P content of the so1l which was 45 0 ppm before sowing recorded

sy mficant vanations at flowering While I8 recorded the lowest value of 34 7 ppm
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T1 recorded the highest value of 410 ppm However phosphorus levels did not

differ sigmficantly In the case of chelates when EDTA recorded the lowest value

of 35 0 ppm no chelates registered the highest significant value of 40 6 ppm

After harvest treatments differed significantly Here Tg recorded the lowest
value of 34 3 ppm whereas T1 recorded the highest value of 40 3 ppm Here again
the phosphorus levels did not vary sigmificantly However chelate treatments
recorded sigmficant variation on statistical analysis EDTA gave the lowest value of

34 8 ppm whereas no chelates gave the mghest value of 39 7 ppm

During season II Alurminium P recorded a value of 42 1 ppm before sowing
At flowering treatments differed statistically with Tg recording the lowest value of
353 ppm and Ti recording the highest value of 41 0 ppm Fertilizer phosphorus
levels also varied significantly at flowering 50% phosphorus recorded the lowest
value of 36 4 ppm whereas no phosphorus recorded the highest value of 37 6 ppm
Chelate treatments also varied significanly Here EDTA recorded the lowest value

of 36 4 ppm whereas no chelates recorded the highest value of 37 6 ppm

After harvest also the treatment combination varied significantly Both T3
and Tg registered the lowest value of 350 ppm whereas T1 recorded the highest
value of 400 ppm Phosphorus also sigmficantly varied after harvest Both 50%
phosphorus and 100% phosphorus recorded the lowest value of 36 0 ppm whereac
no phosphorus recorded the highest value of 36 9 ppm In the case of chelates both
EDTA and DTPA gave the lowest value of 353 ppm whereas no chelates the
highest signuficant value of 38 2 ppm

Pooled analysis recorded an alununium P of 43 6 ppm before sowing On

pooled analysis also, the treatments gave sigmficance at flowering Here Tg

recorded the lowest value of 350 ppm whereas T1 recorded the highest value of
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410 ppm Phosphorus levels did not show any response on pooled analysis
However chelates recorded significant vanation EDTA recorded the lowest value
of 353 ppm whereas no chelates recorded the highest value of 39 8 ppm After
harvest also the treatments varied significantly Here Tg registered the lowest value
of 34 7 ppm whereas T1 recorded the highest value of 40 2 ppm Phosphorus levels
also varted significantly after harvest with 100% phosphorus recording the lowest
value of 36 3 ppm and no phosphorus recording the highest value of 36 8 ppm In
respect of chelate treatments CDTA recorded the lowest value of 351 ppm

whereas no chelates recorded the highest sigmficant value of 38 9 ppm

4243 Iron P of the soil CF& P)

In season I Fe P before sowing was 28 2 ppm It 1s revealed that at flowering
treatments recorded statistical sigmificance At this stage Ts recorded the lowest
value of 237 ppm whereas T4 recorded the highest value of 26 3 ppm However
phosphorus levels did not vary significantly whereas chelate treatments varied
significantly While EDTA showed the least value of 24 1 ppm no chelates
recorded the highest value of 26 1 ppm After harvest also the treatments showed
statistical significance Here T3 recorded the lowest value of 23 0 ppm whereas
both T1 and T4 recorded the highest value of 257 ppm Here again phosphorus
levels did not vary significantly whereas chelates showed statistical significance At
this stage EDTA recorded the lowest value of 23 4 ppm while no chelates recorded

the highest value of 25 6 ppm

During season I Fe P before sowing was found to be 28 3 ppm which varied
significantly at flowering due to different treatment combinations At this stage Ts
recorded the lowest value of 24 7 ppm whereas T7 recorded the highest value of

270 ppm However phosphorus levels did not vary sigmificantly whereas chelate
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application showed statistical significance When EDTA recorded the lowest value

of 24 9 ppm no chelates recorded the highest value of 26 7 ppm

After harvest also the treatments varied significantly Here T2 registered the
lowes value of 23 7 ppm whereas T7 recorded the highest value of 26 7 ppm Here
again phosphorus levels varied sigmficantly with no phosphorus recording the
lowest value of 24 8 ppm and 100% phosphorus recording the highest value of 25 4
ppm Chelates also recorded statistical significance with EDTA recording the

lowest value of 24 2 ppm whereas no chelates recorded the highest value of 26 2
ppm

On pooled analysis Fe P before sowing was found to g tve same value a.5that
in season II (283 ppm) At flowering treatments varied significantly Here Tg
recorded the lowest value of 24 3 ppm whereas T7 recorded the highest value of
265 ppm In pooled analysis also phosphorus levels did not vary significantly
whereas chelates recorded statistical sigmficance When the lowest value of 24 5
ppm was recorded by EDTA treatment no chelates registered the highest value of
26 4 ppm After harvest also the treatments were found to be significantly different
Here T2 recorded the lowest value of 23 7 ppm whereas T7 recorded the highest
value of 260 ppm Hereagain the phosphorus levels did not vary
significantly whereas chelates showed statistical sigmificance The lowest value of
238 ppm was recorded by EDTA whereas the highest value of 259 ppm was

recorded by no chelates
4244 Reductant soluble P of the soil (ﬂéd - P)

During the first season as well as second season Red P at flowering recorded
statistical sigruficance In the first season Ti recorded the lowest value of 21 0 ppm

where 15 T2 recorded the highest value of 22 0 ppm However with second season
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both T1 and T4 registered the lowest value of 19 3 ppm whereas the highest value of
22 0 ppm was recorded by T2, T3 and Tg Phosphorus levels also varied sigmficantly
1n the first season 50% phosphorus recorded the lowest value of 20 9 ppm whereas
no phosphorus recorded the highest value of 216 ppm Chelate application also
showed sigruficant variation in Red P on statistical analysis in the first season while
no chelates gave the lowest value of 20 7 ppm EDTA recorded the highest value of
216 ppm In second season there was no response with phosphorus levels where as
chelates showed significant variation while no chelates gave the lowest value of 19 4

ppm EDTA recorded the nghest value of 219 ppm

After harvest when the treatments did not show any statistical significance n
season I they showed significance 1n season II In season II Tt and T4 recorded the
lowest value of 190 ppm T3 recorded the highest value of 22 0 ppm Phosphorus
levels did not vary significantly 1n season I whereas 1t was sigmuficant n season II
Thus 1n season II 50% phosphorus recorded the lowest value of 20 4 ppm whereas
no phosphorus recorded the highest value of 209 ppm When chelates could not
show statistical significance in season I 1t was sigmificant 1n season II No chelates
showed the lowest value of 193 ppm whereas both EDTA and DTPA showed the
highest value of 21 3 ppm

On pooled analysis Red P before sowing was found to be 184 ppm At
flowering both T7 and T4 recorded the lowest value of 200 ppm whereas T2
recorded the highest significant value of 22 0 ppm Regarding phosphorus levels
50% phosphorus registered the lowest value of 20 8 ppm whereas no phosphorus
recorded the highest significant value of 213 ppm Chelates also showed statistical
sigmficance Among chelates no chelates recorded the lowest value of 20 1 ppm
whereas EDTA recorded the highest value of 217 ppm After harvest also the

treatments varied significantly T recording the lowest value of 198 ppm and T2
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recording the highest value of 217 ppm Phosphorus also varied sigmficantly
wherein 509 phosphorus recorded the lowest value of 205 ppm whereas no
phosphorus recorded the highest value of 210 ppm Among the chelates no
chelates recorded the lowest value of 200 ppm whereas both EDTA and DTPA
and recorded the highest sigruficant value of 21 1 ppm

4245 Occluded P of the soil (Occ /- D

In season I treatments did not record any significant difference at flowering
from 15 1 ppm recording before sowing Phosphorus as well as chelates also did not

vary significantly not only at flowering but after harvest also

During the second season occluded P which was 151 ppm before sowing
recorded significant variation at flowering When T4 recorded the lowest value of
143 ppm and T9 recorded the highest value of 173 ppm However phosphorus
leve's did not vary significantly whereas chelates application showed statistical
significance Among the chelates no chelates recorded the lowest value of 146
ppm whereas DTPA recorded the highest value of 17 1 ppm After harvest also
treatments recorded statistical significance Both T1 and T4 recorded the lowest
value of 14 7 ppm whereas T2, T3 T5 Ts Ts and Tg recorded the highest value of
17 0 ppm While phosphorus levels could not vary significantly chelates recorded
statistical sigmficance Among chelates no chelates recorded the lowest value of

14 8 ppm whereas both EDTA and DTPA recorded the highest value of 17 0 ppm

On pooled analysis occluded P was found to be 15 1 ppm before sowing At
flowering whereas T4 recorded the lowe.st value of 155 ppm Ts Tg and T)
recorded the highest value of 172 ppm While phosphorus levels did not vary
significantly chelates recorded statistical significance Among chelates no chelates

recorded the lowest value of 15 7 ppm whereas both EDTA and DTPA registered
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the highest value of 17 1 ppm After harvest also the treatments varied sigmficantly
Here T7 recorded the lowest value of 157 ppm whereas Ts recorded the highest
value of 172 ppm While phosphorus levels did not vary sigmficantly chelates

recorded statistical significance No chelates recorded the lowest value of 15 8 ppm

and DTPA recorded the highest value of 17 0 ppm
4246 Calcium P of the soil <€L P)

During season I the treatments did not record any sigruficant variation at
flowering Phosphorus levels and chelates also did not make any sigmficant

variation After harvest also Ca P of the soil did not vary significantly

During season I Ca P of the so1l before sowing was 19 2 ppm as compared to
18 1 ppm during the first season The treatment recorded sigmficant variation at
flowering Ts Te and T9 recorded the lowest value of 177 ppm whereas T7
recorded the highest value of 18 7 ppm Phosphorus levels however did not show
any statistical significance But chelates recorded statistical sigmficance wherein
DTPA recorded the lowest value of 178 ppm whereas no chelates recorded the
highes value of 18 3 ppm With respect to Ca P of the soil after harvest also the
treaiments recorded significant vanation T2 Ts5 Te and Tg recorded the lowest
value of 17 3 ppm whereas both T4 andT7 recorded the highest value of 18 7 ppm
But at this stage phosphorus levels did not vary significantly whereas chelates
showed statistical significance Among chelates EDTA recorded the lowest value

of 173 ppm whereas no chelates recorded the highest value of 18 4 ppm

On pooled analysis of the data 1t was found that Ca P was 18 7 ppm before
sowing and that at flowering the treatments did not vary significantly However
Ca P after harvest recorded sigmificant variation While T3 recorded the lowest

value of 172 ppm T4 recorded the highest value of 18 3 ppm While phosphorus
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levels could not make any sigmuficant variation chelates showed statistical
significance Among chelates EDTA recorded the lowest value of 173 ppm

whercas no chelates recorded the highest value of 18 1 ppm

4247 Organic P of the soil (O 7 /D)

It was revealed that the treatments did not show any statistical sigmificance 1n
this character at flowering Phosphorus levels and chelates also did not show any
statistical sigmificance After harvest also the orgamic P of the soil did not vary
significantly In the season I Orgamc P of the soil before sowing was 239 1 ppm
which recorded significant varation at flowering While both T1 and T4 recorded the
lowest value of 2277 ppm Ts and Tg recorded the highest value of 218 3 ppm
While phosphorus levels did not vary signuficantly chelates recorded statistical
significance Among chelates EDTA recorded the lowest value of 218 8 ppm
whereas no chelates recorded the highest value of 2273 ppm After harvest the

trearments did not show any statistical sigmficance

On pooled analysis organic P of the soil was found to be 234 6 ppm before
sowing and that at flowering the treatments showed statistical significance While
Tg recorded the lowest value of 217 7 ppm Ti recorded the highest value of 223 7
ppm When phosphorus levels did not vary significantly chelates recorded
statistical sigmficance Among chelates EDTA recorded the lowest value of 218 0

ppm whereas no chelates recorded the highest value of 222 9 ppm

After harvest the various treatmentscould not record any significant variation

42 48 Total phosphorus content of the so1l (7(/9-;,4 P)

Total phosphorus content of the so1l before sowing was found to be 371 0 ppm
during seasonl At flowering the treatments did not record any statistical

significance
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After harvest also the treatments did not show any significant difference

During season I the total phosphorus content of the soil was 376 0 ppm

before sowing At flowering there was no response between treatments
After harvest also there was no response between treatments

On pooled analysis the total phosphorus content of the soil before sowing was

found to be 373 8 ppm At flowering the treatments did not record any response
After harvest also there was no response between treatments
425 Leaf Area Index (LAI) of cowpea

During season I leaf area index (LAI) at 30 DAS revealed that the treatment

responses were not sngmflcant

LAI at flowering showed that the treatments were statistically significant
during season I While T1 recorded the lowest value of 449 Ts recorded the
highest value of 709 Phosphorus levels as well as chelates also were statistically
sigmificant Among phosphorus levels no phosphorus recorded the lowest value of
4 65 whereas 50% phosphorus recorded the highest value of 6 28 Among chelates
no chelates recorded the lowest value of 5 1S whereas EDTA recorded the highest

vaiue of 5 96

In the case of season Il also the treatments were statistically significant
When Ti recorded the lowest value of 4 55 Ts recorded the highest value of 6 31
Levels of phosphorus and chelates also were statistically sigmificant When no
phosphorus recorded the lowest value of 467 50% phosphorus recorded the
highest value of 579 Among chelates no chelates recorded the lowest value of

4 93 whereas EDTA recorded the highest value of 5 50
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Table 27 Leaf Area Index (LAI) m Experiment No 2

Season [ Season II
Treatment No
30 DAS at flowermg 30 DAS at flowenng
T1 137 4 49 134 455
T2 115 481 130 4 80
Ts 112 464 131 465
Ts 133 521 132 499
Ts 128 709 127 631
Ts 136 6355 123 607
T7 130 576 130 526
Ts 133 598 143 538
To 134 580 144 518
SEm¢t. 0071 0107 0104 0088
CD (005) — 0322 — 0264
FACTORS
A Fert P
1 No P 122 465 132 467
2 50% P 132 628 127 579
3 100% P 133 585 139 527
CD (005) — 0186 — 0152
B Chelates
1 No chelates 134 515 132 493
2 EDTA 126 596 133 550
3 DTPA 127 566 133 530
CD (005) — 0186 — 0152

Note In those places where C D 1s not g ven the F test 1s not s gmif cant at 5% level
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426 Leaf Area Ratio (LAR) of plants

The data on leaf area ratio (LAR) of the plants at different stages of the

expcriment are given in Table 28

During season I LAR of plants at 30 DAS showed that the treatments were
statistrcally significant Ts recorded the lowest value of 992 em? g 1 whereas Ti
recorded the highest value of 1699 cm? g1 Among phosphorus levels 50%
phosphorus recorded the lowest value of 1185 cm® g 1 whereas no phosphorus
recorded the highest sigmficant value of 14 58 cm? g1 Among chelates EDTA
recorded the lowest value of 1185 ¢m” g1 whereas no chelates recorded the

highest stgnificant value of 14 59 cm? g !

During season II also LAR of plants at 30 DAS showed that the treatment
differences were statistically sigmficant While Ts recorded the lowest value of
1122 cm? g 1 T recorded the highest value of 16 32 cm? g 1 While phosphorus
levels showed statistical signmificance chelates did not record sigmficance Among
phosphorus levels 50% phosphorus recorded the lowest value of 1245 cm?® g !

whereas no phosphorus recorded the highest value of 15 64 cm? g !
In season I LAR at flowering recorded no statistical significance

Dunng season II also LAR of plants at flowering showed that the treatments

were not statistically significant
427 Leaf Weight Ratio (LWR) of th~ plants

The data on leaf weight ratto (LWR) of the plants 1n the present experiment

are given 1n Table 29
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Table 28 Leaf Area Ratio (LAR) of the plants in Experiment No 2 @-m 2 )

Season 1 Season 1I
Treatment No
30DAS at flowering 30 DAS at flower ng
T 16 99 1475 16 32 16 01
T2 1334 1473 14 95 15 88
Ts 13 41 1476 15 64 16 07
T4 1412 1457 1474 1595
Ts 992 1475 1122 16 10
Ts 1150 14 81 1139 16 02
T7 12 66 14 83 14 33 16 06
Ts 1229 14 69 1478 15 87
To 12 62 14 49 1548 1598
SEmt 0856 0117 1198 0 106
CD (005) 2566 — 3593 —
FACTORS
A Fert P
1 No P 14 58 1475 15 64 1599
2 50%P 1185 1471 1245 16 03
3 100% P 1252 14 67 14 86 1597
CD (005) 1481 — 2074 —
B Chelates
1 No chelates 14 59 1472 1513 1601
2 EDTA 1185 1472 13 65 1595
3 DTPA 1251 14 69 14 17 16 02
CD (005) 1481 — — _

Note In those places where CD 1s not g ven the F test 1s 1 ot significant at 5% level
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Table 29 Leaf Weight Ratio (LWR) of the plants 1o Experiment No 2

Season [ Season II
Treatment No
30 DAS at flowenng 30 DAS at flower
T1 0465 0318 0331 0338
T2 0470 0318 0303 0338
Ts 0465 0318 0332 0341
Ts 0469 0317 0335 0337
Ts 0469 0321 0335 0337
Ts 0479 0319 0331 0336
T 0475 0318 0345 0336
Ts 0472 0319 0333 0336
To 0465 0318 0334 0336
SEmt 00055 00027 00114 00022
CD (005S) — — — —
FACTORS
A Fert P
1 NoP 0 467 0318 0322 0339
2 50%P 0472 0319 0334 0337
3 100% P 0470 0318 0338 0336
CD (005) — — — —
B Chelates
1 No chelates 0 469 0318 0337 0337
2 EDTA 0470 0319 0324 0337
3 DTPA 0 469 0318 0332 0338
CD (005) — — —_ —

Note Inthose places where CD s not given the F test 1s not signif ca it at 5% level
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In season I LWR of plants at 30 DAS showed that the treatments were not

statistic ally signuficant

The LWR of plants at 30 DAS showed that the treatments were not

statistically significant during season II also

In season I LWR of plants at flowering showed that the treatments were not
statistically sigmficant The result of season II are in accordance with that of

season I at flowering
428 Number of effective nodules per plant
The data on the number of effect nodules per plant are given tn Table 30

In season ] number of effective nodules at 30 DAS showed that the

treatments were not statistically sigmificant

In season II the number of effective nodules at 30 DAS revealed that the
treatments were statistically siguficant While T3 recorded the lowest value of
1428 T7 recorded the highest value of 16 53 When phosphorus levels varied
sigmficantly chelates could not record any sigmificance Among phosphorus levels
no phosphorus recorded the lowest value of 14 70 whereZns 100% phosphorus
recorded the highest value of 16 17

On pooled analysis the number of effective nodules per plant at 30 DAS

show=d that the treatments were not statistically significant

At flowerning 1t was revealed that the treatments were not statistically

sigruficant during season I

During season II also the treatments were not statistically sigmficant at

flowering



Table 30 Number of effective nodules per plant in Expermment No 2

Season [ Season II Pooled mean
Treatment No
30 DAS at flowerng 30 DAS at flowenng 30 DAS at flowenng
T, 1835 1148 1452 1202 1643 1175
T, 1998 1126 1532 11 90 17 65 11.58
T, 1964 1187 1428 13 49 16 96 12 68
T, 1802 1078 1429 1209 16 16 1144
Ts 1829 1110 16 09 970 1719 1040
T, 2060 1093 1585 11 95 1823 1144
T, 18 66 1007 16 53 11 81 17 60 1094
Ty 1772 1102 1628 1226 1700 1164
Ty 1875 1101 15 69 1302 1722 1202
SEmg4 0878 0761 0607 0746 0534 0533
CD (005) — — 1819 — — —_
TACTORS
A Fert. P
1 No P 1932 11 54 1470 1247 1701 12 00
2 50%P 1897 1094 1541 1125 17 19 11 09
3 100%P 1838 1070 16 17 1237 1727 11 53
CD (005) — — 1050 — — —
B Chelates
1 No chelates 1834 1077 1511 1197 1673 1137
2 EDTA 18 66 1113 1590 1129 1728 1121
3 DTPA 19 67 1127 1527 1282 1747 1205
CD (005) — — — —_ — —

Note In those places where C D 1s not grven the F test 1s not sigmficant at 5% level

eeT
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On pooled analysis the number of eftective nodules per plant at flowering

showed that the treatment differences were not statistically significant
429 Dry weight nodules per plant
The data on dry weight of nodules per plant are given in Table 31

During season I 1t 1s revealed that neither treatment combinations nor

individual factors were sigmficant at 30 DAS
In the season II also the same trend of results were obtained

On pooled analysis also 1t 1s but natural that the resul of season 1 and

season II were observed at 30 DAS

In the season ] and season II again the dry weight of nodules revealed that the
trea ments were not statistically significant at flowering On pooled analysis also
the treatments as well as levels of phosphorus and chelates could no register any

response on this character at flowering
4210 Yield components of cowpea

The data on yield components of cowpea are given in Table 32
42101 Number of pods per plant

The data revealed that the treatments were statistically sigmificant during
season I T1 recorded the lowest value of 149 pods per plant and Ts recorded the
highest value of 238 pods per plant On factorial analysis phosphorus levels and
chelates also recorded significant response No chelates recorded the lowest value
of 171 pods per plant while EDTA recorded the hghest value of 199 pods per

plant



Table31 Dry weight of nodules per plant (mg) in Experiment No 2

Season [ Season II Pooled mean
Treatment No
30 DAS at flowernng 30 DAS at flowenng 30 DAS at flowenng
T, 1460 384 1150 715 1305 800
T 1423 952 1260 789 1342 870
T3 1550 939 1123 873 1337 906
Ty 1393 1010 1130 846 1262 928
Ts 1450 973 1130 785 1290 879
Ts 1343 1003 1117 826 1230 915
T; 1493 94 5 1120 777 1307 B61
T 1397 983 1193 786 1295 885
Ty 1363 966 1190 790 1277 878
SEm4 1011 496 519 382 568 313
CD (005) — —_ — — — —
FACTORS
A Fert. P
1 NoP 1478 9251 1178 792 1328 89
2 50%P 1396 99 54 1126 819 1261 907
3 100%P 1418 96 47 1168 784 129.3 875
CD (005) — — — — — —
B Chelates
1 No chelates 1449 94 63 1133 779 1291 863
2 EDTA 1423 96 96 1194 7817 1309 878
3 DTPA 1419 96 93 1143 830 1281 %00
CD (005) — — — —_ —_ —_

Note In those places where C D 1s not given the F test 1s not signtficant at 5% level

¢l l



Table 32 Yield components of cowpea i Expermment No 2

Treatment No

No of pods/plant

No of seeds/pod

100 seed we ght (g)

Pod length (cm)

Season [ Season Season 1 Season I Season I Season II Season [ Season I
T, 149 195 154 149 921 869 157 149
T, 160 206 154 149 922 869 157 149
T3 155 199 154 149 921 869 157 149
Ty 174 214 154 149 921 869 157 148
Ts 238 269 154 149 920 870 156 149
Ty 217 260 155 148 922 870 157 149
T; 191 224 154 150 921 869 157 149
Ty 201 232 154 149 921 869 157 149
Ty 195 222 154 149 921 869 157 148
SEm+ 0033 0043 005 005 0006 0011 005 004
CD (005) 0099 0128 _ —_ — — — —
FACTORS
A Fert. P
1 No P 1.55 200 154 149 921 869 157 149
2 50%P 210 247 154 149 921 870 157 148
3 100%P 196 226 154 149 921 869 157 148
CD (005) 0057 0074 — — — — — —
B Chelates
1 No chelates 171 211 154 149 921 869 157 148
2 EDTA 199 235 154 149 921 869 157 149
3 DTPA 189 227 154 149 921 869 157 148
CD (005) 0057 0074 — — — — —_ —

Note In those places where C.D 1s not given the F test 1s not sigmficant at 5% level

FPT
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During season II the number of pods per plant revealed that the treatments
were statistically sigmficant When T recorded the lowest value of 195 pods per
plant Ts recorded the highest value of 2 69 pods per plant The phosphorus levels
and chelates also varied significantly While no phosphorus recorded the lowest
value of 2 00 pods per plant 50% phosphorus recorded the highest value of 247
pods per plant With respect to chelates no chelates recorded the lowest value of

2 11 pods per plant while EDTA recorded the highest value of 2 35 pods per plant
42102  Number of seeds per pod

During season I the number of seeds per pod did not reveal any statistical

sigmficance

Dunng season II also the number of seeds per pod showed that the

treatments were not statistically significant
4.2 10.3 Hundred seed weight

Durning season I hundred seed weight revealed that the treatments were not

statistically significant
During season Il also 1t was revealed that the treatments were not significant
102104 Pod length of cowpea

There was response for pod length of cowpea during season I as well as during

season II with respect to various treatments
4 4211 Gram yield of cowpea

The data on grain yield of cowpea are given in Table 33 and Fig 8



Table33 Yields of grans and haulms (kgha ) m Experiment No 2

Season I Season II Pooled mean
Treatment No
grams haulms grams haulms gra ns baulms
Ty 565 3886 673 2821 619 3354
T, 604 4033 712 2987 658 3510
Ty 585 3915 688 2833 637 3374
T, 658 4142 738 3042 698 3592
Ts 900 4970 928 3675 914 4322
T 821 4709 897 3592 859 4150
T; 721 4430 774 3165 747 3798
T 758 4501 799 3240 779 3870
Ty 738 4414 769 3148 754 3781
SEm+ 124 408 148 503 97 324
CD (005) 371 1224 444 1507 289 934
FACTORS
A.Fert. P
1 No P 585 3945 691 2880 638 3413
2 50%P 793 4607 854 3436 824 4021
3 100% P 739 4448 781 3184 760 3816
CD (005) 214 707 256 870 161 539
B Chelates
1 No chelates 648 4153 728 3009 688 3581
2 EDTA 754 4501 813 3301 783 3901
3 DTPA 715 4346 785 3191 750 3768
CD (005) 214 707 256 870 161 539

g1
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During season I 1t was revealed that the treatments were sigmificant While Ty
recorded the lowest yield of 565 kg ha! Ts recorded the highest yield of 900 kg
ha! Phosphorus levels and chelates recorded sigmficant differences in yield of
cowpea With respect to phosphorus no phosphorus recorded the lowest yield of
585 kg ha 1 whereas 50% phosphorus recorded the highest yield of 793 kg ha !
Among chelates no chelates recorded the lowest yield of 648 kg ha! whereas

EDTA recorded the highest yreld of 754 kg ha 1

During season II also the treatments were sigmficant in their effects with T1
recording the lowest yield of 673 kg ha ! and Ts recording the highest yield of 928
kg ha ! Phosphorus levels recorded sigmficant response with no phosphorus
recording the lowest yield of 691 kg ha !and 509% phosphorus recording the highest
yield of 854 kg ha ! Chelates also recorded significant response with no chelates
recording the lowest yield of 728 kg ha ! and EDTA recording the highest yield of
813 ky, ha !

On pooled analysts of grain yield data, 1t was revealed that the treatments
varied significantly on their effects Ti recorded the lowest yield of 619 kg ha !
whereas Ts recorded the highest yield of 914 kg ha ! Phosphorus leves and chelates
also 1ecorded significant infiuence while no phosphorus recorded the lowest yield
of 638 kg ha 1 0% phosphorus recorded the highest yield of 824 kg ha ! Among
chelctes no chelates recorded the lowest yield of 688 kg ha ! whereas EDTA
recorde d the highest yield of 783 kg ha 1

4.2 12 Haulm yrelds of cowpea
The data on haulms yields of cowpea are given 1n Table 33

It was revealed that the treatments were statistically sigmificant during

season I T1 recorded the lowest yield of 3866 kg ha ! whereas Ts the highest yield
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of 4970 kg ha ! Not only phosphorus levels but chelates also recorded significant
influences on this character No phosphorus recorded the lowest haulm yield of
3945 kg ha ! whereas 50% phosphorus recorded the highest yield of 4607 kg ha !
Among chelates no chelates recorded the lowest yield of 4153 kg ha ! whereas

EDTA recorded the highest yield of 4501 kg ha !

In season II also haulm yield data recorded statistical sigmficance Here
again Ti recorded the lowest yield of 2821 kg ha ! whereas Ts recorded the highest
yield of 3675 kg ha! Phosphorus levels as well as chelates recorded sigmificant
nfluence The lowest yield of 2880 kg ha® was recorded by no phosphorus
treatment whereas 50% phosphorus recorded the highest yield of 3436 kg ha’
Among chelates no chelates recorded the lowest yield of 3009 kg ha 1 whereas

ED I'A recorded the highest yield of 3301 kg ha 1

The pooled analysis of haulm yield data revealed that the treatments were
statistically significant While the lowest yield of 3354 kg ha ! was recorded by T1
the highest yield of 4322 kg ha ! was recorded by T5 Phosphorus levels also vaned
sigrificantly While no phosphorus recorded the lowest yield of 3413 kg ha ' 50%
phosphorus recorded the highest yield of 4021 kg ha! Chelates also recorded
sigmficant vaniation with no chelates recording the lowest haulm yield of 3581 kg

na 'and EDTA giving the highest haulm yield of 3901 kg ha !
4.213 Harvest index of cowpea
The data on harvest index of cowpea are given 1n Table 34

During season ] the data on harvest index of cowpea revealed that the
treatments were significant The lowest value of 12 7% was recorded 1n T1 whereas
the highest value of 153% was recorded in Ts Phosphorus levels also varied

sigmficantly While no phosphorus recorded the lowest value of 129% 50%
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Table 34 Harvest mdex (%) m Expermment No 2

Treatment No Season 1 Season I
T1 127 193
T2 130 192
Ts 130 195
Ta 137 195
Ts 153 202
Te 148 200
T 140 196
Ts 144 198
To 143 196
SEm+ 013 153
CD (005) 040 458
Factors
A Fert P
1 No P 129 193
2 50%P 146 199
3 100% P 143 197
CD (005) 023 026
B Chelates
1 No chelates 135 195
2 EDTA 143 197
3 DTPA 141 197
CD (005) 023 —

Note In those places where CD 1s not g ve1 the F test 1s not s gmificant at 5% level



123

phosphorus recorded the highest value of 14 6% No chelates recorded the lowest

value of 13 5% whereas EDTA recorded the lighest sigmficant value of 14 3%

During season II agamn the treatments were signuficant Here ,when T2
recoraed the lowest value of 192% Ts recorded the highest value of 202%
Phosphorus levels also recorded statistical significance Phosphorus also recorded
statistical significance When no phosphorus recorded the lowest value of 19 3%
50% phosphorus recorded the highest value of 19 9% Chelates however did not

record any statistical significance 1n respect of this character
4211 Protein content of cowpea grains
The data on protein content of cowpea grains are given in Table 35

During season I 1t was revealed that the treatments were significant While T1
recorded the lowest value of 2220% T3 recorded the highest value of 23 25%
Phosphorus levels as well as chelates also recorded sigmificance Among the
pho phorus levels the lowest value of 22 65% was recorded by no phosphorus
treatment whereas the highest value of 23 16% was recorded by 100% phosphorus
While no chelates recorded the lowest value of 2275% DTPA registered the
highest value of 23 08%

During season II again the treatments were found to be significant When T
recorded the lowest value of 22 19% To recorded the highest value of 23 95%
Phsphorus levels also were found to be significant When no phosphorus recorded
the lowest value of 2267% 100% phosphorus recorded the highest value of
23 76% Among chelates no chelates recorded the lowest value of 22 93% whereas

DTPA recorded the highest value of 23 47%
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Table 35 Protemr content of grams (%) mm Experiment No 2

Treatment No Season [ Season II
Ti 2220 2219
Tz 2284 22 88
T 2290 2295
T4 2292 2307
Ts 2305 23 59
Ts 2322 2351
T7 2312 23 54
Ts 2325 23 80
To 2311 2395
SEm# 0091 0158
CD (005) 0274 0475
FACTORS
A Fert P
1 No P 2265 22 67
2 50%P 2306 2339
3 100% P 2316 2376
CD (005) 0158 0274
B Chelates
1 No chelates 2275 2293
2 EDTA 2305 2342
3 DTPA 2308 23 47
CD (005) 0158 0274
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4.2 15 Nitrogen uptake of plants at various stages

The data on mtrogen uptake of plants at various stages of the experiment are

given Table 36 and Fig 9

Durning season I the nitrogen uptake of plants at 30 DAS revealed that the
treatments were sigmficant and that the lowest value of 18 78 kg ha 1 was recorded
by 11 whereas the highest value of 3066 kg ha ! was recorded Ts Phosphorus
levels also revealed sigmficance 1n their effects No phosphorus recorded the lowest
value of 19 51 kg ha 1 whereas 50% phosphorus recorded the highest value of 26 78
kg ha ! Among chelates no chelates recorded the lowest value of 21 62 kg ha !
whereas EDTA recorded the highest value of 25 27 kg ha 1

During season II also the treatments were sigmficant at 30 DAS Here Ty
recorded the lowest value of 19 95 kg ha ! whereas Ts recorded the highest value of
2751 kg ha ! Phosphorus levels and chelates also recorded sigmficance While no
phosphorus recorded the lowest value of 20 59 kg ha ! 50% phosphorus recoraed
the highest value of 25 24 kg ha ! Here again no chelates recorded the lowest value

or?133 kgha ! whereas EDTA recorded the highest value of 24 12 kg ha !

On pooled analysis also the treatment combination phosphorus levels as well
as chelates recorded signuficant variation 1n mtrogen uptake of plants at 30 DAS

which quite agrees with the results of the season I and season II

Agamn at flowening also the treatments were statistically significant during
season I and season II The results of pooled analysis at flowering quite agrees with
that of season I and season II Here Tj recorded the lowest value of 73 88 kg ha !
whereas Ts5 recorded the highest value of 109 52 kg ha ! Among phosphorus levels

no phosphorus recorded the lowest value of 75 94 kg ha ! whereas 50% phosphorus



Table 36 N uptake of plants (kgha’) m Experiment No 2

Season I Season 11 Pooled mean
Treatment No [ I
30 DAS |at ﬂowenng] at harvest 30 DAS | at flowering| at harvest 30 DAS | at flowenng | at harvest

Ty 1878 7474 87 57 1995 7302 7652 1937 7388 8204
T, 2014 8021 93 47 2113 76 96 8244 20 63 78 59 8796
T, 19 62 7725 90 08 20 68 7345 7875 2015 75.35 8442
Ty 2201 8809 9714 2162 7977 8383 2182 8393 90 49
Ts 3066 11923 12126 2751 9980 103 19 2909 109.52 11222
Ts 2767 109 15 11238 2658 9715 100 12 2713 103 15 106 25
T, 2407 96 36 104 65 2241 8221 8794 2324 8928 9629
Ty 2502 100 95 107 86 2372 8542 91.30 2437 9318 99 58
Ty 2521 98 87 106 01 2269 8217 8827 2395 9025 9714
SEm+ 0475 1626 1208 0425 1991 1304 0319 1285 03889
CD (005) 1423 4875 3622 1275 5968 3909 0919 3706 2563

FACTORS

A Fert. P

1 No P 1951 7740 90.37 20.59 7448 7924 2005 7594 84 80

2 50%P 2678 105 49 11026 2524 9224 9571 2601 98 87 102 99

3 100%P 2477 9873 106 18 2294 8326 8917 2385 90 00 97 67

CD (005) 0822 2814 2091 0736 3446 2257 0068 2140 1480

B Chelates

1 No chelates 2162 86 40 96 45 2133 7833 8276 2147 82.36 89 61

2 EDTA 2527 10013 107 53 2412 8739 9231 2470 9376 9992

3 DTPA 2417 9509 102 82 23.32 8426 8905 2374 89 67 9594

CD (005) 0822 2814 2091 0736 3446 2257 0068 2 140 1480

¢l
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recorded the highest value of 98 87 kg ha ! When no chelates recorded the lowest

value of 82 36 kg ha 1 EDTA recorded the highest value of 93 76 kg ha !

The nitrogen uptake of plants at harvest revealed that the treatments were
statistically significant during season I and season II During this stage also the
levels of phosphorus and chelates were sigmficant The pooled analysts also
reflected the results of season 1 and season II The lowest value of 82 04 kg ha ! was
recorded by T1 whereas the highest value of 11222 kg ha 1 was recorded by Ts
Amorg phosphorus levels no phosphorus recorded the lowest value of 84 80 kg
ha! whereas 50% phosphorus recorded the highest value of 102 99 kg ha ! Among
chela es also no chelates recorded the lowest value of 8961 kg ha! whereas

EDTA recorded the highest value of 99 92 kg ha !
4216 Phosphorus uptake of plants at various stages

The data on phosphorus uptake of plants at various stages are given in

Table 37 and Fig 10

During season I as well as season II phosphorus uptake of plants at 30 DAS
revealed that the treatments were significant In season I Ti recorded the lowest
valu= of 3 15 kg ha ! whereas Ts recorded the highest value of 5 12 kg ha ! During
season II also T recorded the lowest value whereas Ts recorded the highest value
During, both seasons phosphorus levels and chelates recorded significant influence
in the uptake of phosphorus Among the levels of phosphorus no phosphorus
recorded the lowest value where as 50% phosphorus recorded the highest value
during both seasons Similarly during both seasons no chelates recorded the lowest

value whereas EDTA recorded the highest value among chelates

On pooled analysis again 1t was revealed that treatments were st itistically

significant Here again T1 recorded the lowest value of 3 19 kg ha ! whereas Ts



Table 37 P uptake of plants (kgha 1) in Experiment No 2

Season [ Season Il Pooled mean
Treatment No T
30 DAS |at flowening] at harvest 30 DAS | at flowening| at harvest 30 DAS | at flowenng | at harvest
Ty 315 13 66 18 86 323 12 88 1522 319 1327 17 04
T, 338 1471 1974 344 13 94 1625 341 1432 1800
Ty 331 1420 1927 331 13.34 15 57 331 1377 17 42
Ty 373 1610 2048 333 1431 16 60 353 1520 1854
Ts 512 2177 2557 448 18.34 2050 480 2005 2303
Tg 466 1992 2409 434 17 69 20 07 450 1881 2208
T, 409 1755 2219 360 1519 17 49 384 1637 19 84
Tg 434 18 64 2290 386 1586 1809 410 1725 20.50
Ty 424 1821 2247 369 1517 17 63 397 16 69 2005
SEm+ 0081 0297 0200 0119 0318 0298 0005 0217 0180
CD (005) 0242 0891 0 600 0357 0952 0895 0208 0627 0518
FACTORS
A Fert. P
1 No P 328 1419 1929 332 13.39 1568 330 1379 1749
2 50%P 450 1926 23.38 405 16 78 19 06 428 1802 2122
3 100%P 422 1813 2252 372 1541 1774 397 1677 2013
CD (005) 0140 0.514 0346 0206 0550 0517 0120 0362 0299
B Chelates
1 No chelates 366 1577 2051 339 1413 16 44 352 14 95 1848
2 EDTA 428 1837 2274 393 1605 1828 411 1721 2051
3 DTPA 407 1744 2194 378 1540 1776 393 16 42 1985
CD (005) 0140 0514 0346 0206 0550 0517 0120 0362 0299

7C1
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recorded the highest value of 4 80 kg ha! Phosphorus levels and chelates also
recorded sigmificant influence Among phosphorus levels no phosphorus recorded
the lowest value of 3 30 kg ha !and 50% phosphorus recorded the highest value of
428 kg ha ! which 1s again 1n agreement with the result of season I and season II
Among chelates again no chelates recorded the lowest value of 352 kg hal

whereas EDTA recorded the highest value of 4 11 kg ha !

As 1n the case of 30 DAS at flowering also the treatments were significant
Here again T treatment the Jowest value of 13 66 kg ha ! whereas Ts recorded the
highest value of 21 77 kg ha ! Phosphorus levels and chelates were also significant
While no phosphorus recorded the lowest value of 14 19 kg ha 1 509% phosphorus
recorded the highest value of 19 26 kg ha 1 Among chelates no chelates recorded
the lowest value of 1577 kg ha! whereas EDTA recorded the highest value of
1837 kgha!

During season II also the same results of seasonI were repeated at

flowering

On pooled analysis also the observation reflected as in the case of season I
and season II were repeated Here again Ti recorded the lowest value ot 13 27 kg
ha ! whereas Ts recorded the highest vatue of 20 05 kg ha ! Among phosphorus
levels no phosphorus recorded the lowest value of 13 79 kg ha ' 50% phosphorus
recorded the highest value of 18 02 kg ha 1 While no chelates recorded the lowest

value of 14 95 kg ha 1 EDTA recorded the highest significant value of 17 21 kg ha !

During season I and season II again the same results obtamned at flowering

were repeated at harvest stage also

On pooled analysis also 1t was realized that the treatments were significant

Here igain T recorded the lowest value of 17 04 kg ha ! whereas Ts recorded the
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highe st value of 23 03 kg ha ! Among phosphorus levels no phosphorus recorded
the lowest value of 1749 kg ha ! whereas 50% phosphorus recorded the highest
value of 2122 kg hal Among chelates no chelates recorded the lowest value of

18 48 kg ha ! whereas EDTA recorded the tughest value of 20 51 kg ha !
4.3 Lxpermment no.3 (Effect of microbial agents)

The results obtained from this experiment are presented in this part
431 Physical properties of the soil

The data on the physical properties of the soil under this experiment are given

in Table 38
4311 Bulk density of the soil

In the season I the bulk density of the soil before sowing was 122 g cm 3 and
that after harvest the treatments were not sigmficant

In the season II the bulk density of the soil before sowing was 124 g cm 3

Unlike season I the treatments were significant after harvest When T1 T¢ and T12
recarded the lowest value of 128 g cm 3 both T3 and T4 recorded the highest value
of 15 g cm> While phosphorus levels recorded significance microbial
applications were not sigmficant Among phosphorus levels 50% phosphorus
rerorded the lowest value of 130 g cm? whereas no phosphorus recorded the

highest value of 133 g cm 3

4312 Water holding capacity of the soil

In season I the water holding capacity of the soil before sowing was 25 14%
The treatments were significant after harvest Here Ts recorded the lowest value of

28 8% whereas T2 recorded the highest value of 31 55% Phosphorus levels were



Table 38 Physical properties of the soil in experrment No 3

Physical Mean weight diameter of
propert es Bulk densty (gcm 3) Water holding capacity (%) aggregates from wet
sieving analysis (mm)

Experniment season Season I Season II Season I Season II Season 1 Season II

a Before sowng 122 124 2514 26 68 088 077

b After harvest

Treatment No
T1 132 128 3152 2877 084 092
T2 133 133 3155 2813 116 126
T3 130 135 3054 29 80 080 086
Ts 132 135 2891 2865 125 123
Ts 130 130 2818 3065 083 084
Ts 133 128 2959 2940 118 123
T7 135 129 2904 29138 078 088
Ts 132 132 3051 3108 117 126
To 131 133 2937 2939 087 095
Tio 133 133 2977 2974 123 127
T 133 131 2931 2991 088 103
T12 134 128 3076 29 85 122 130

SEm+ 0017 0013 0476 0482 0029 0050
CD (005) 0038 1396 1414 0085 0147

FACTORS

A, Fert P

1 NoP 132 133 3063 28 84 101 107

2 50%P 133 130 2933 3013 099 105

3 100%P 133 131 29 80 2972 105 114

CD (005) - 0019 0698 0707 0042 -

B Microbes

1 No M crobes 131 131 29 69 29 60 085 090

2 VAM 133 131 3030 2909 119 125

3 PB 133 131 2963 2970 082 092

4 YAM+PB 133 132 3006 29 86 121 127

CD (005) - 0049 0085

LET

Note In those places where CD 1s not given the F test 15 not sigmficant at 5% level
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also statstically sigmificant When 50% phosphorus recorded the lowest value of

29 33% no phosphorus recorded the highest value of 30 63% However microbial

applications were not significant

In the season II the water holding capacity of the soil before sowing was
26 68% It was observed that the treatments recorded statistical sigmficance after
harvest At his stage T2 recorded the lowest value of 28 13% whereas Tg recorded
the highest value of 31 08% While phosphorus levels recorded significant vanation
microbial treatments were not sigmficant Among phosphorus levels no
phosphorus recorded the lowest value of 28 84% whereas 50% phosphorus
recorded the highest value of 30 13%

4.3 13 Mean weight diameter of aggregates

The mean weight diameter of aggregates which was 0 88 mm before sowing
recorded sigmficant variation after harvest While T7 recorded the lowest value of
078 mm T4 recorded the highest value of 125 mm Phosphorus levels as well as
microbial treatments also recorded significant variation while 50% phosphorus
recorded the lowest value of 099 mm 100% phosphorus recorded the lughest value
of 105 mm Among microbial treatments phosphobacterin (PB) recorded the
lowest value of 082 mm whereas VAM + phosphobacterin (PB) application

recorded the highest value of 121 mm

In season II treatments recorded sigmficance after harvest At this stage Ts
recorded the lowest value of 0 84 mm whereas T12 recorded the highest value of
150 mm While phosphorus levels were not significant microbial applications
recorded statistical significance Among mucrobial applications no microbes
recerded the lowest value of 090 mm whereas VAM + PB recorded the highest

value of 1 27 mm
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432 Chemical properties of the soil

The data on chemucal properties of the soil are given 1n Table 39

4321 Cation Exchange Capacity (CE C) of the soil

In the season I CE C of the soil before sowing was found to be 4 15 me 100

g !soil The treatments could not make any significant variation after harvest

In the season II CEC of the soil before sowing was 4 16 me 100 gl In

season Il also the treatments didnot reveal any significance

On pooled analysis also CE C of the soil recorded that the treatments had

no simficant response
4322 pH of thesoll

During season I pH of the soil before sowing was 5 12 and that after harvest
the treatments recorded statistical sigmficance While T4, T7 Tg Ti1 and Ti2
recorded the lowest value of 508 To recorded the highest value of 513
Phosphorus levels were not significant whereas microbial applications recorded
significance  When phosphobacterin and phosphobacterin along with VAM

recorded the lowest value of 5 08 no mucrobes recorded the ughest value of 5 12

In season II also the treatments recorded statistical sigruficance When T2
T4, Ts T7 Tg Tio and Ti2 recorded the lowest value of 508 To recorded the
highest value of 512 Here agamn phosphorus levels were not statistically
signmificant whereas microbial applications 1ecorded significance Among microbes
VAM and VAM + PB recorded the lowest value of 508 where as no microbes

recorded the highest value of 5 11



Table39 Chemtcal properttes of the soil in experrment No 3

Chermucal CEC (me/100g) pH Total Nitrogen (%)

Characteristics

Experiment season | SeasonI | Season II| Pooled mean Season I | Season Il | Pooledmean | SeasonI | SeasonII | Pooled mean

1 2 3 4 5 6 7 8 9

a Before sowing 415 416 416 512 511 512 0120 0121 0121

b After harvest

Treatment No
Th 417 422 420 512 510 511 0120 0119 0120
T 464 455 460 509 508 508 0127 0122 0125
T3 464 445 454 509 509 509 0130 0125 0127
T4 434 442 438 508 508 508 0128 0124 0126
Ts 454 440 447 512 511 511 0129 0143 0136
Ts 431 443 437 509 508 508 0131 0124 0128
T7 443 444 444 508 508 508 0133 0125 0129
Ts 439 436 438 508 508 508 0132 0124 0128
To 436 449 442 513 512 513 0126 0124 0125
T1o 470 450 460 509 508 509 0130 0128 0129
T11 441 444 443 508 509 508 0128 0129 0129
T12 439 440 440 508 508 508 0132 0131 0132

SEm.+. 0157 0127 0101 0003 0002 0002 0003 0006 00036
CD (005) - 0007 0007 0005 -

FACTORS

A.Fert P

1 NoP 445 441 443 500 509 509 0126 0123 0125

2 50%P 442 441 441 509 509 509 0131 0129 0130

3 100%P 447 446 446 509 509 509 0129 0128 0129

CD (005) - - —

B Micrabes

1 No mucrobes 436 437 436 512 511 512 0125 0129 0127

2 VAM 455 449 452 509 508 508 0130 0125 0127

3 PB 449 444 447 508 509 508 0130 0126 0128

4 VAM + PB 437 440 439 508 508 508 0131 0127 0129

CD (003 - 0004 0004 0003

Cond

AR



Table 39 (Contd )

Chemucal Total phosphorus [P] (ppm) P Fixing capaaity (ug P g ) Organic matter content (%)
Charactenst ¢s
Expenment season | Season I Season II | Pooled mean Season I Season II | Pooled mean Season 1 Season Il | Pooled mean
10 11 12 13 14 15 16 17 18
a Before sowmg 352 369 361 286 287 287 218 216 217
b After harvest
Treatment No
Ty 341 362 352 287 285 286 217 215 216
T, 338 360 349 284 286 285 217 215 216
T3 339 361 350 296 287 287 217 214 216
T, 336 358 347 286 288 287 215 213 214
Ts 338 361 350 288 288 288 218 215 216
Ts 337 360 349 285 288 287 217 214 216
T 337 357 347 287 288 288 217 214 215
Tg 338 359 348 285 286 286 215 214 214
Ty 339 360 350 286 286 286 217 214 215
Tio 338 358 348 288 288 288 216 213 215
T 337 357 347 28 4 286 285 216 213 214
T2 338 356 347 287 288 287 215 212 214
SEm+ 22 34 21 012 014 009 0045 0061 0038
CD (005) — — — — — — — — —
FACTORS
A Fert. P
1 No P 339 360 349 286 286 286 217 214 216
2 50%pP 338 359 349 286 288 287 217 214 215
3 100%P 338 358 343 286 287 287 216 213 215
cDp (o0s) — — — — — — — — — —
B Microbes
1 No m crobes 340 361 350 287 286 287 217 215 216
2 VvAM 338 359 349 286 287 286 217 214 216
3 PB 338 359 348 286 287 287 217 214 215
4 VAM + PB 337 357 347 286 287 287 215 213 214
CD (005) — — — — — — — — —

Note In those places where CD 1s not given, the F test 1s not sigmficant at 5% level

%1
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On pooled analysis also the treatments recorded statistical sigmificance T2
T4, Tc T7 T8 T11 and T12 recorded the low st value of 5 08 whereas To recorded
the highest value of 5 13 Here also phosphorus levels were not significant whereas
microbial applications were significant All the microbial levels recorded a value of

508 whereas no microbes recorded the highest value of 5 12
4373 Total nitrogen content of the so1l

In season I the total nitrogen content of the soil before sowing was 0 120% [t
was observed that neither the treatment combinations nor phosphorus levels and

microbial applications were statistically sigruficant
In the season Il also treatments were not significant

On pooled analysis the result of seasonl and season II were clearly
confirmed wherein neither the treatment combinations nor levels of phosphorus

and microbial applications were significant 1n their effects
4.324 Total phosphorus content of the soil

In season 1 the total phosphorus content of the soil before sowing was 352

ppm It was observed that the treatments were not significant after harvest

In season II the total phosphorus content of soil before sowing was 369 ppm

After harvest the same results of season [ were repeated

The pooled analysis was only a confirmation to the results of season I and

season II
4325 P fixing capaty of the soil

The phosphorus fixing capacity of soil before sowing found to be 28 6 «g P g !

The treatments were not found to be significant after harvest
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During season Il also the results of season [ were repeated

On pooled analysis the P fixing capacity of the soil before sowing was found

tobe287ugPg 1 As expected the treatments were not significant
43.2 6 Organic matter content of the soil

In season I the organic matter content of the soil before sowing was found to
be 2 18% As 1n the case of P fixing capacity of the soil none of the treatment
combination as well as individual treatments were significant In the season II also

the results of season I were repeated

It 1s quate natural that during pooled analysis also the organic matter content
of the soil which was 217% before sowing was not affected by treatment

combinations as well as individual treatments
433 Available phosphorus content of the so1l

The data on available phosphorus content of the soil during various stages of

the experiment are given in Table-40

During season I 1t was observed that the available phosphorus content of the
soll which was 8 16 mg P kg1 after sowing was affected by various treatment
combinations at 30 DAS T1 recorded the lowest value of 9 89 mg P kg ! whereas
T12 recorded the highest value of 13 63 mg P kg ! Phosphorus levels as well as
microbial applications were statistically significant Among phosphorus levels no
phosphorus recorded the lowest value of 1086 mg P kg ! whereas 100%
phosphorus recorded the highest value of 1322 mg P kg ! When no microbes
recorded the lowest value of 11 09 mg P kg1 VAM + PB recorded the highest
value of 1304 mg P kg 1" After harvest also the treatments were sigmficant T

recorded the the lowest value of 8 98 mg P kg ! whereas Ti2 recorded the highest



Table 40 Avarlable P content of the soil (mnggl) in Experiment No 3

Before sowing 30 DAS After harvest
Treatment No
Season I Season II | Pooled mean Season | Season II | Pooled mean Season | Season II | Pooled mean
T, 816 798 807 9 89 1126 1057 898 907 903
T, 816 798 807 10.50 12 08 1129 1012 1027 1020
T3 816 798 807 10 68 1236 1152 1029 1048 1039
Ty 816 798 807 1236 1299 12 68 1062 1071 10 67
Ts 816 798 807 1042 1259 1151 958 936 947
Tg 816 798 807 10 89 12 88 11 89 1025 1032 1029
T; 816 798 807 10 96 1276 11 86 10.38 10 88 10 63
Tg 816 798 807 1314 1334 1324 10 69 1091 10 80
T 816 798 807 1296 1312 1304 1015 979 997
Tyo 816 7908 807 12 99 1318 1309 1031 1047 1039
Ty 816 798 807 1328 1327 1328 10 46 10 96 1071
12 816 798 807 13 63 1339 1351 1076 1102 10 89
SEmt 000 000 000 0540 0788 0477 0322 0452 0277
CD (005) — — — 1.583 — 1364 0946 1325 0792
FACTORS
A Fert P
1 No P 816 798 807 10 86 1217 1152 1001 1013 1007
2 50%P 816 798 807 1136 12 89 1212 1023 1037 1030
3 100%P 816 7 98 807 1322 1324 1323 1042 10 56 1049
CD (005) — — — 0791 — 0 682 — — -—
B Microbes
1 No microbes 816 798 807 1109 1232 1171 957 941 949
2 VAM 816 798 807 1146 1272 1209 1023 1036 1029
3 PB 816 798 807 11 64 12 80 1222 1038 1078 1058
4 VAM +FPB 816 798 807 1304 1324 1314 10 69 10 88 1079
CD (005) —_ —_ —_ 0914 — 0787 0546 0765 0458

Note In those places where CD 1s not given the F test 1s not sigmficant at 5% level

771
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value of 1076 mg P kg ! When phosphorus levels were not sigmficant microbial
applications were sigmficant and no microbes recorded the lowest value of 9 57 mg

P kg ! whereas VAM + PB recorded the highest value of 10 69 mg P kg !

Unlike season I during season II the available phosphorus content of the soil
which was 798 mg P kg 1 pefore sowing was not affected by various treatment
combinations at 30 DAS However after harvest the treatment combinations were
statisticnlly sigmificant Here Ti recorded the lowest value of 907 mg P kg1
whereas T12 recorded the highest value of 11 02 mg P kg ! When phosphorus levels
were not significant mucrobial applications were sigmficant No microbes recorded
the lowest value of 941 mg P kg1 and VAM + PB applications recorded the
highest value of 10 88 mg P kg 1

On pooled analysis 1t was observed that the phosphorus content of the soil
before sowing was 807 mg P kg1 and that at 30 DAS the treatments were
significant When T recorded the lowest value of 10 57 mg P kg ! T15 recorded the
highest value of 13 51 mg P kg ! Phosphorus levels were also signuficant Here no
phosphorus recorded the lowest value of 1152 mg P kg 1 whereas 100%
phosphorus recorded the highest value of 1323 mg P kg ! Microbral applications
also vere sigmficant When no microbes re.orded the lowest value of 1171 mg P
kg ! VAM + PB recorded the highest value of 13 14 mg P kg 1 After harvest also
the treatments were sigmficant Here again Ti recorded the lowest value of 9 03
mg P kg‘ whereas T12 recorded the highest value of 1089 mg P kg ! However
phosphorus levels were not significant mucrobial applications were found to be
sigmficant with no mucrobes recording the lowest value of 9 49 mg P kg ! whereas

VAM + PB recording the highest value of 10 79 mg P kg !



434 Soil phosphorus fractions

The data on the soil phosphorus fractions at various stages of the expertment

are given in Table-41 42 and 43

4341 Saloid P of the soil CS @! f?

During season I the saloid P before sowing was found to be 14 1 ppm and
that at flowering the treatments were significant At this stage T9 recorded the
lowest value of 193 ppm whereas T2 recorded the highest value of 24 0 ppm
Phosphorus levels were also significant No phosphorus recorded the lowest value
of 199 ppm, whereas 100% phosphorus recorded the highest value of 22 1 ppm
Microbial application also were significant When no microbes recorded the lowest
value of 200 ppm, VAM + PB recorded the highest value of 223 ppm After
harvest, again the treatments were sigmficant When both T1 and T3 recorded the
lowest value of 20 3 ppm, T¢ recorded the highest value of 23 3 ppm Phosphorus
levles and mucrobial applications were also sigmificant Among phosphorus levels
no phosphorus recorded the lowest value of 209 ppm whereas 50% phosphorus
recorded the highest value of 22 4 ppm Among microbial applications no microbes
recorded the lowest value of 212 ppm whereas beth VAM and VAM + PB
recorded the highest value of 22 0 ppm

During season II also the saloid P was significantly affected by various
treatment combinations before sowing Here T recorded the lowest value of 20 0
ppm whereas T12 recorded the highest value of 28 0 ppm Not only phosphorus
levels but mucrobial applications also were significant Among phosphorus levels
50% phosphorus recorded the lowest value of 22 3 ppm whereas 100% phosphorus
recorded the highest value of 26 2 ppm Among microbial applications no microbes

recorded the lowest value of 22 3 ppm whereas VAM + PB recorded the highest



Table 41 Soil phosphorus (P) fractions (ppm)

m Expernment No 3 for season I

Treatmeny Salod P Al P Fe P Red P Ocel P Ca P Og P Total P

perniod

a Before sowing 141 382 260 191 142 170 2240 3526

b At flowering

Treatment No
T, 197 373 250 187 137 167 2143 3453
T, 197 370 250 190 133 163 2120 3423
Ts 197 373 250 190 133 160 2120 3423
T, 207 363 247 190 133 160 2097 3397
Ts 210 370 247 187 130 167 2103 3413
T 217 373 250 190 133 160 2100 3423
T 203 373 250 150 133 160 2113 3423
Tg 223 373 250 190 130 160 2100 3427
Tg 193 373 250 190 133 167 2120 3427
Tio 223 373 250 190 133 160 2103 3433
Ty 227 370 247 187 133 160 2093 3417
Tio 240 367 250 190 133 160 2097 3433

SEm+ 0.50 0.51 030 023 031 019 258 408
CD (005) 147 — — — — 056 — —

FACTORS

A Fert. P

1 NoP 199 370 249 189 134 163 2120 3424

2 50%p 213 373 249 189 132 162 2104 3422

3 100%P 221 371 249 189 133 162 2103 3428

CD (005) 074 — — — — — — —

B Microbes

1 No mucrobes 200 372 249 188 133 167 2122 3431

2 VAM 212 372 250 190 133 161 2108 3427

3PB 209 372 249 189 133 160 2109 3421

4 VAM + PB 223 368 249 190 132 160 2098 3419

CD (005) 085 —_ — — _— 033 — —_

Contd

L%1



Table 41 (contd )

Treatment/ Saloid P Al P Fe P Red P Ocel P Ca P Og P Total P

penod

¢ After harvest

Treatment No
T, 203 370 247 190 130 167 2103 3410
T, 217 370 247 190 130 157 2073 3383
T5 203 367 247 190 130 157 2093 3387
Ty 213 367 250 190 130 150 2063 3363
Ts 220 370 250 190 130 160 2080 338.3
Ts 233 363 243 190 130 153 2060 3373
T, 220 367 243 187 130 157 2070 3373
Ty 223 367 247 190 137 153 2063 3380
T, 213 373 247 190 130 160 2080 3393
Tio 210 370 243 190 130 157 2077 3377
Ty 217 367 243 150 137 153 2063 3367
Ty 223 373 243 190 130 150 2067 3377

SEm+ 035 026 031 009 013 028 134 224
CD (005) 104 — — — — 083 — —

FACTORS

A Fert. P

1 NoP 209 368 248 190 130 158 2083 3386

2 50%P 224 367 246 189 132 156 2068 3378

3 100%P 216 371 244 190 131 155 2072 3378

CD (005) 052 — — —_ — — — —

B Microbes

1 No microbes 212 371 248 190 130 162 208 8 3396

2 VAM 220 368 244 190 130 156 2070 3378

3 PB 213 367 244 189 131 156 2076 3376

4 VAM+PB 220 369 247 190 132 151 2064 3373

CD (005) 060 — — — — 048 — —

Note In those places where CD 15 not given the F test 1s not sigmficant at 5% level

€71



Table 42 Soil phosphorus (P) fractions (ppm)

m Experiment No 3 for season II

g:fﬂ;"ew Salod P | Al P Fe P Red P Ocel P Ca P Org P Total P

a Before sowing 150 412 271 190 152 171 2351 3697

b At flowenng

Treatment No
T, 200 403 263 183 143 170 2283 3647
T, 203 403 267 187 147 167 2270 3643
Ts 260 397 263 187 143 16.3 2220 3633
T, 247 397 267 187 140 160 2207 3603
Ts 210 397 267 187 147 167 2260 3633
Ts 223 403 263 183 143 163 2257 3637
T, 207 400 263 183 143 163 2243 3603
Tg 253 387 267 187 143 160 2217 3613
Ty 260 400 263 187 140 163 2230 3643
Ty 263 393 263 18.3 143 160 2207 3613
Ty 243 397 267 187 140 160 2210 3603
Ty, 280 360 260 187 143 157 2207 3593

SEm+ 044 041 035 034 029 025 24 391
CD (005) 128 121 — — — 075 — —

FACTORS

A Fert.D

1 NoP 228 400 265 186 143 165 2245 3632

2 50%P 223 397 265 185 144 163 2244 3622

3 100%Pp 262 388 263 186 142 160 2213 3613

CD (005) 0 64 061 — — — 037 — —

B Microbes

1 No mucrobes 223 400 264 186 143 167 2258 3641

2 VAM 230 400 264 184 14 4 163 2244 3631

3PB 237 398 264 186 142 162 2224 3613

4 VAM +PB 260 381 264 187 142 159 2210 360.3

CD (005) 074 070 — — — 043 — —

Contd

E%1



Table 42 (contd )

:;f;‘“’m’ Salodd P Al P Fe P Red P Occl P Ca P Org P Total P
¢ After harvest
Treatment No
T, 220 407 277 187 147 167 2217 3620
T, 243 403 263 180 140 157 2210 3597
Ts 233 403 263 183 140 160 2230 3613
Ty 233 397 263 180 140 150 2213 3577
Ts 200 407 270 187 143 160 2247 361.3
Tg 223 403 263 18.3 143 153 2233 360.3
T, 220 397 270 180 143 150 2213 3573
Ty 213 403 267 180 147 150 2227 3587
Ty 183 407 273 183 147 163 2247 3603
Ty 193 40.3 270 183 147 157 2230 3583
Ty, 217 400 267 180 143 150 2217 3573
12 213 403 263 180 140 150 2207 3557
SEms 048 048 034 024 028 022 217 344
CD (005) 141 —_ — — —_ 064 — —
FACTORS
A Fert. P
1 NoP 233 403 267 183 142 158 2218 3602
2 50%P 214 403 268 183 144 153 2230 3594
3 100%P 202 403 268 182 144 155 2225 3579
CD (003) 071 -_ — —_ —_ 032 — —
B Microbes
1 No microbes 201 407 273 186 146 163 2237 3612
2 VaM 220 403 266 182 143 156 2224 3594
3 PB 223 400 267 181 142 153 2220 3587
4 VAM + PB 220 401 264 180 142 150 2216 3573
CD (005) 081 — —_ —_ — 037 — —

Note In thosc places where CD 1s not gven, the F test 1s not significant at 5% level

<



Table 43 Soil phosphorus (P) fractions (ppm)

in Experiment No 3 (Pooled mean)

Tm‘:“’“‘/ Salod P Al P Fe P Red P Occl P Ca P Og P Total P

perio

a Before sowmg 146 397 266 191 147 171 2296 3612

b At flowenng

Treatment No
Ty 198 388 257 185 140 168 2213 3550
T, 200 387 258 188 140 163 2195 3533
Ty 228 385 2517 188 138 162 2170 3528
T,y 227 380 257 188 137 160 2152 3500
Ts 210 383 257 187 138 167 2182 3523
Ty 220 388 257 187 138 162 2178 3530
T, 205 387 257 187 138 162 2178 3513
Tg 238 380 258 18 8 137 160 2155 3520
Ty 227 387 257 188 137 165 2175 33535
T 243 383 257 187 138 160 2155 3523
Tyt 235 383 257 187 137 160 2152 3510
Ty, 260 363 255 188 138 158 2152 3513

SEm+ 033 033 023 021 021 D16 176 282
CD (005) 095 093 — — —_ 046 —_ —_

FACTORS

A Fert. P

1 No P 213 385 257 188 139 164 2183 3528

2 50%P 218 385 257 187 138 163 2174 3522

3 100%P 241 379 256 188 138 161 2158 3520

CD (005) 047 047 — — — 023 — -

B Microbes

1 No microbes 212 386 257 187 138 167 2190 3536

2 VAM 221 386 257 187 139 162 2176 3529

3 PB 223 385 257 187 138 161 2167 3517

4 VAM+PB 242 374 257 188 137 159 2154 3511

CD (005 055 054 - — — 026 — —_—

Contd

161



Table 43 (contd )

Ireatrmen/ Saloid P Al P Fe P Red P Occl P Ca P Org P Total P

penod

c After harvest

Treatment No
T, 212 388 262 188 138 167 2160 3515
T, 230 387 255 185 135 157 2142 3490
T; 218 385 255 187 135 158 2162 3500
Ty 223 382 257 185 135 150 2138 3470
Ts 210 388 260 188 137 160 2163 349 8
T6 228 383 253 187 137 153 2147 348 8
T, 220 382 257 183 137 153 2142 3473
Ty 218 385 257 185 142 152 2145 3483
Ty 198 390 260 187 138 162 2163 3498
Tyo 202 387 257 187 138 157 2153 3480
T 217 383 255 185 138 152 2140 3470
T 218 388 253 185 135 150 2137 3467

SEm#t 030 027 023 013 016 018 128 205
CD (005) 085 — 067 038 — 051 — —

FACTORS

A Fert. P

1 NoP 221 385 257 186 136 158 2150 3494

2 50%P 219 385 257 186 138 155 2149 3486

3 100%P 2009 387 256 186 13 8 155 2148 3479

CD (003) 043 — — —_ — 025 — —

B Microbes

1 No mucrobes 207 389 261 188 138 163 2162 3504

2 VvaM 220 386 255 186 137 156 2147 3486

3 PB 218 383 256 185 137 154 2148 3481

4 VAM +PB 220 385 256 185 137 151 2140 3473

CD (005) 049 —_ 0.38 022 — 029 — —

Note In those places where CD 1s not given, the F test 1s not sigruficant at 5% level

o
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value of 26 0 ppm After harvest also the treatments recorded significance with T2
recording the highest value of 24 3 ppm and To recording the lowest value of 183
ppm Phosphorus levles and microbial application were also significant At this
stage 100% phosphorus recorded the lowest value of 202 ppm whereas no
phosphorus recorded the highest value of 23 3 ppm Among microbial applications

no microbes recorded the lowest value of 201 ppm whereas PB recorded the

highest value of 22 3 ppm

The pooled analysis revealed a clear picture on the influence of various
treatment combinations at mndwidual treatments on the saloid P of the soil
averaged by two seasons It was observed that the treatments were sigmficant at
flowering When T1 recorded the lowest value of 198 ppm Ti2 recorded the
highest value of 260 ppm Phosphorus levels were also sigmficant Here no
phosphorus recorded the lowest value of 213 ppm whereas 100% phosphorus
recorded the highest value of 241 ppm Microbial applications also were
statistically sigmficant Among microbes no microbes recorded the lowest value of
212 ppm whereas VAM + PB recorded the highest value of 24 2 ppm After
harvest again the treatments were sigmficant When T9 recorded the lowest value of
198 ppm T2 recorded the highest value of 230 ppm Phosphorus levles and
microbial applications also were sigmficant When 100% phosphorus recorded the
lowest value of 209 ppm no phosphorus recorded the highest value of 22 1 ppm
When no mucrobes recorded the lowest value of 20 7 ppm VAM as well as VAM +
PB recorded the highest value of 22 0 ppm

4342 Alumimum P of the soil (f)ﬁ— P)

During season I Al P before sowing was observed to be 382 ppm At
flowering the treatments were found to be not significant After harvest also the

tre itments were not statistically significant
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In season IT aluminium P which was 41 2 ppm before sowing was affected by
the treatment at flowering Ti2 recorded the lowest value of 36 0 ppm whereas Ti
T2 and Te recorded the highest value of 403 ppm Phosphorus levels were also
found to be sigmficant 100% phosphorus recorded the lowest value of 38 8 ppm
wheieas no phosphorus recorded the highest value of 400 ppm Microbal
applhications also were sigmficant While VAM + PB recorded the lowest value of
381 ppm both no microbes and VAM recorded the highest value of 400 ppm

After harvest however the treatments were not sigruficant

On pooled analysis 1t was observed that Al P was 39 7 ppm before sowing and
at flowering the treatments recorded significant response Ti2 recorded the lowest
value of 36 3 ppm whereas T2, T7 and T9 recorded the highest value of 38 7 ppm
Phosphorus levels and mucrobial applications were also sigmficant Among
phosphorus levels 100% phosphorus recorded the lowest value of 379 ppm
whereas both no phosphorus and 50% phosphorus recorded the highest value of
38 S ppm Among mucrobial apphations VAM + PB recorded the lowest value of
38 5 ppm whereas both no mucrobes and VAM recorded the highest value of 37 4

ppm After the harvest however there was no response between treatments
4343 Iron P of the soil (F e P

Fe P of the soil before sowing found to be 26 0 ppm dunng season [ At
flowering there was no response between treatments After harvest also there was

no significant response between treatments

During season II Fe P of the soil which was 27 1 ppm before sowing was not
influenced by the treatment combinations at flowering After the harvest also the

treatments were not 51gmf1cant
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On pooled analysis Fe P of the soil before sowing was found to be 26 6 ppmn
At flowering the treatments were not significant After harvest the treatments
recorded signuficance when both Ts and T2 recorded the lowest value of 25 3 ppm
Ti recorded the highest value of 262 ppm While phosphorus levels were not
sigmficant microbial applications recorded significance VAM recorded the lowest

value of 25 5 ppm, whereas no mcrobes recorded the highest value of 26 1 ppm
4344 Reductant soluble P of the soil ( Racl PD

During season I Red P of the soil before sowing was 19 1 ppm At flowering
the treatments were not found to be significant After harvest also the treatments

were not sigmficant
In season I also the results of season I were repeated

In pooled analysis Red P of the soil before sowing was observed to be 19 1
ppm At flowening the treatments were not significant After harvest however the
treatments were significant Both T1 and Ts recorded the highest value of 18 8 ppm
whereas T7 recorded the lowest value of 18 3 ppm Here again phosphorus levels
were not significant whereas microbial apphcations were significant Both PB as
well as VAM + PB recorded the lowest value of 18 S ppm whereas no microbes

recorded the highest value of 18 8 ppm
4345 Occluded Pof thesorl (COccl P)

Occluded P of the soil before sowing was found to be 14 2 ppm At flowering
the treatments were not found to be significant After harvest also the treatments

were again not stigmficant

|
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During season II occluded P before sowing was found to be 152 ppm At
flowering again the treatments were not sigruficant After harvest also there was

no response for treatments

During the pooled analysis occluded P before sowing was found to be 147
ppm At flowering and at harvest also the treatment combrnation as well as the

individual factors followed the same pattern as that of season I and season 11
4346 Calcium P of the so1l C@G- - @

During season I Ca P of the soil before sowing was 17 0 ppm At flowering
the treatments were found to be significant T3 T4, Ts T7 T8 T10 T11 and Ti2
recorded the lowest value of 16 0 ppm and T1 Ts and To recorded the highes value
of 167 ppm However the phosphorus levels were not sigmficant whereas
mcrobial apphications were found to be significant While PB as well as VAM +
PB recorded the lowest value of 16 0 ppm no mucrobes recorded the highest value
of 16 7 ppm After harvest the treatments were statistically sigmficant While both
Ta and T12 recorded the lowest value of 15 0 ppm T1 recorded the highest value of
16 7 ppm Phosphorus levels were not sigmficant whereas microbial applications
recorded significance VAM + PB recorded the lowest value of 15 1 ppm whereas

no microbes recorded the highest value of 16 2 ppm

Durning season II Ca P of the soil before sowing was found to be 17 1 ppm At
flowering again the treatments were significant When Ti2 recorded the lowest
value of 157 ppm Ti1 recorded the highest value of 17 0 ppm Phosphorus levels
were also found to be sigmficant 100% phosphorus recorded the lowest value of
16 0 ppm whereas no phosphorus recorded the highest value of 16 S ppm Among
microbial applications VAM + PB recorded the lowest value of 159 ppm whereas

no microbes recorded the highest sigmficant value of 16 7 ppm After harvest also
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the treatments recorded sigmficance Ts, T7 I's Ti1 and T12 recorded the lowest
value of 15 0 ppm and T1 recorded the highest value of 16 7 ppm Phosphorus levels
as well as mucrobial applications were significant In this effects 50% phosphorus
recorded the lowest value of 153 ppm whereas no phosphorus recorded the
highest value of 15 8 ppm Among mucrobial applications VAM + PB recorded the

lowest value of 15 0 ppm whereas no microbes recorded the highest value of 16 3
ppm

Pooled analysis of the data revealed that Ca P of the so1l before sowing was
17 1 ppin At flowering the treatments were found to be statistically significant Ta2
recorded the lowest value of 158 ppm whereas T1 recorded the highest value of
16 8 ppm Phosphorus levels and microbial applications where also sigmficant
100% phosphorus recorded the lowest value of 16 1 ppm whereas no phosphorus
recorded the nghest value of 16 4 ppm Among mucrobial applications VAM + PB
recorded the lowest value of 159 ppm whereas no microbes recorded the highest

value of 16 7 ppm

After harvest again the treatments were significant Both T4 and T12 recorded
the lowest value of 150 ppm whereas T1 recorded the highest value of 16 7 ppm
Among phosphorus levels 50% phosphorus as well as 100% phosphorus recorded
the lowest value of 155 ppm whereas no phosphorus recorded the highest
significant value of 158 ppm Microbial applications also recorded statistical
sigmficance VAM + PB recorded the lowest value of 151 ppm whereas no

microbes recorded the highest value of 16 3 ppm
4347 Orgamc P of the so1l (OT? - P)

In season I organic P of the soil before sowing was 224 0 ppm At flowering
the tieatments were not significant After harvest also the treatments were not

significant
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During season 1I the organic P of the soil which was 235 1 ppm before sowing

did not differ significantly at flowering
After harvest also the treatments were not significant

Pooled analysis of the data revealed that organic P was 229 6 ppm before
sowing It was also revealed that the results obtained at flowering and after harvest

are 1n agreement with the results of season I and season II
-
4348 Total phosphorus content of the soil O O /2:/—/9)

During season I the total phosphorus content of the soil before sowing was
352 6 ppm At flowening and at harvest neither the treatment combinations nor the

individual factors recorded sigmficant influence on this character

During season Il also 1t was revealed that neither the treatment combinations
nor the individual factors recorded signficant influence on the total phosphorus

content of the sotl

The pooled analysis of the data was only a confirmation of the results of the

season I and season 11
435 ] eafarea index of plants (LAI)
The data on the leaf area index (LLAI) of the plants are given in Table 44

In season I LAI at 30 DAS revealed that the treatments were not significant
Phosphorus levels as well as microbial applications were also significant However
at the time of flowering the treatments recorded significance At this stage Ti
recorded the lowest value of 3 68 whereds Tg recorded the highest value of 5 54
Phosphorus levels as well as mucrobial applications were also sigmficant When no

phosphorus recorded the lowest value of 425 100% phosphorus recorded the
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Table 44 Leaf Area Index (LAI) m Experiment No 3

Season I Season Il
Treatment No
30 DAS at flowenng 30 DAS at flowering
T: 126 368 112 309
T2 123 407 133 318
Ta 120 406 152 341
Ts 119 521 133 428
Ts 126 389 138 328
Ts 114 444 115 369
T7 123 4 60 119 392
Ts 131 554 120 460
Ty 144 490 141 407
T1o 125 518 129 441
Ti1 128 527 113 451
Ti2 125 548 149 453
SEn + 0081 0077 0166 0061
CD (005) — 0227 — 0179
FACTORS
A Fert P
1 No P 122 425 133 349
2 50%P 123 462 123 387
3 100% P 131 521 133 438
CD (005) — 0113 — 0089
B Microbes
1 No mucrobes 132 416 130 348
2 VAM 120 456 126 376
3 PB 124 464 128 395
4 VAM +PB 125 541 134 447
CD (005) — 0131 — 0103

Note In those places where CD 15 not given the F test s nots gn f cant at 5% level
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highest value of 521 When no microbes recorded the lowest value of 4 16 VAM

+ PB recorded the highest value of 5 41

During season I LAI at 30 DAS revealed that the treatments were not

significant

At the time of flowering however the treatments were significant and the
lowest value of 3 09 was recorded by T1 and the highest value of 4 60 was recorded
by Ts Phosphorus levels were also significant While no phosphorus recorded the
lowest value of 349 100% phosphorus recorded the ighest value of 4 38 Among
microbial applications no microbes recorded the lowest value of 348 whereas

VAM + PB recorded the the highest sigmficant value of 4 47
436 Leafarea ratio of plants (LAR)
The data on leaf area ratto of plants are given tn Table 45

In season I the leaf area ratio (J.LAR) of plants at 30 DAS revealed that the
treatments were significant When T12 recorded the lowest value of 10 68 cm? g 1
T1 recorded the highest value of 1580 em? g ! Phosphorus levels as well as
microbial applications were also sigmficant 100% phosphorus recorded the lowest
value of 11 64 cm? g ! whereas no phosphorus recorded the highest value of 13 59
cm? g ! Among mucrobial applications VAM + PB recorded the lowest value of
1081 cm? g ! whereas no microbes recorded the highest value of 14 75 em? gl At
flowering neither the treatment combinations nor individual treatments could exert

significant influence on this character

In season II LAR of plants at 30 DAS recorded that the treatments were
significant T11 recorded the lowest value of 9 89 cm? g ! whereas T3 recorded the

highest value of 1758 cm? g1 Among phosphorus levels 100% phosphorus
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Table 45 Leaf Area Ratio (LAR) of the plants (cng 1) m Expermment No 3

Season [ Season II
Treatment No
30 DAS at flowenng 30 DAS at flowering
T 15 80 1105 1429 1052
T2 14 00 1097 16 59 10 42
T3 13 67 10 99 17 58 1042
T4 1091 1102 12 14 1035
Ts 14 95 1101 1679 10 40
Ts 1178 1097 12 14 1018
Tz 12 16 1103 11 84 1033
Ts 10 83 1090 1020 1035
Ty 13 50 1097 13 60 10 39
Tio 1109 1112 1121 1020
T 11 30 1102 9 89 10 42
T2 10 68 10 92 12 82 10 35
SEmt 0 857 0067 1 609 0 086
CD (005) 2513 — 4720 —_
FACTORS
A Fert P
1 No P 1359 1101 1515 1043
2 50%P 1243 1098 1274 1032
3 100% P 1164 1101 1188 10 34
CD (005) 1256 — 2360 —_
B Microbes
1 No n crobes 1475 1101 14 89 10 44
2 VAM 1229 1102 1331 1027
3 PB 1238 1101 13 10 1039
4 VAM + PB 10 81 1095 1172 1035
CD (005) 1450 —_ — —_

Note In those places where CD 1s not g ven the F test 1s not signif cant at 5% level
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recorded the lowest value of 1188 cm® g1 whereas no phosphorus recorded the

highest significant value of 15 15 cm? g ! However microbial applications did not

record any significance

At the time of flowering the treatments did not record sigmficance
437 Leafweight ratio of plants (LWR)

The leaf weight ratio of plants (LWR) are given 1n Table 46

In the season I LWR of plants at 30 DAS recorded that the treatments were

not significant At flowering also the treatments were not significant

In the season II also LWR of plants at 30 DAS revealed that the treatments
were not sigmficant At the time flowering also LWR of plants revealed that the

treatments were not sigmficant
438 Number of effective nodules per plant
The data on the number of effective nodule per plant are given in Table 47

In the season I the number of effective nodules per plant at 30 DAS revealed
that the treatments were significant When T2 recorded the lowest value of 193 Tio
recorded the highest value of 224 Phosphorus levels were sigmficant When no
phosphorus recorded the lowest value of 201 100% phosphorus recorded the
highest value of 21 7 Microbial applications however were not significant 1n their

effects

At the tume of flowering 1t was revealed that the treatments were not

l significant 1n their effects

\ During season II the number of effective nodules at 30 DAS revealed that

| the treatments were not sigmificant

|
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Table 46 Leaf Weight Ratio (LWR) of the plants m Ixpermment No 3

Season [ Season II
Treatment No
30 DAS at flowenng 30 DAS at flowenng
T 0452 0353 0321 0360
T2 0 449 0355 0318 0357
Ta 0449 0352 0318 0357
T4 0462 0356 0319 0361
Ts 0 440 0353 0323 0 360
Ts 0440 0353 0327 0357
T7 0442 0354 0320 0357
Ts 0449 0354 0323 0357
Ty 0445 0356 0321 0360
Tio 0441 0357 0320 0361
Tu 0445 0358 0324 0 360
T2 0 447 0352 0320 0 358
SEmt+ 00049 00024 0 0024 00017
CD (005) — — — —
FACTORS
A Fert P
1 No P 0453 0354 0319 0359
2 50%P 0443 0354 0323 0358
3 100% P 0444 0356 0321 0360
CD (005) — — —_ —
B Microbes
1 No microbes 0 446 0354 0322 0360
2 VAM 0 443 0355 0322 0358
3 PB 0445 0355 0321 0358
4 VAM + FB 0453 0354 0321 0359
CD (005) — — —_ —_

Note In those places where CD 1s not given the F test 1s not s gnificant at 5% level




Table 47 Number of effective nodules per plant n Experiment No 3

Season [ Season I Pooled mean
Treatment No
30 DAS at flowenng 30 DAS at flowering 30 DAS at flowenng
T, 201 124 177 132 189 128
T2 193 141 173 129 183 13.5
T3 209 1138 16 6 127 188 122
Ty 202 115 172 136 187 125
Ts 205 127 160 125 183 126
Ts 220 128 170 12 8 195 128
T, 222 119 16.5 143 194 131
Ty 212 112 182 156 197 134
Ty 214 126 16 9 119 191 122
Tyo 224 109 167 139 196 124
Ti 216 111 168 146 192 128
Ty 217 116 16 8 131 192 124
SEmt 062 095 094 078 056 061
CD (005) 183 — —_ —_ — —
FACTORS
A Fert P
1 No P 201 125 172 131 187 128
2 50%P 215 121 169 138 192 130
3 100% P 217 115 168 134 193 125
C.D (005) 092 — — — — —
B Microbes
1 No mucrobes 207 126 169 125 188 125
2 VAM 212 126 170 132 191 129
3 PB 216 116 166 139 191 127
4 VAM+PB 210 114 174 141 192 127
CD (005) — — — — —_ —

791

Note In those places where CD 1s not given, the F test 1s not sigmfcant at 5% level



165
At the time of flowering also the treatments did not reveal any sigmificance

On pooled analysis 1t was revealed that the number effective nodules at 30

DAS did not vary significantly due to the treatment effects

At the time of flowering also the treatments did not show any sigruficance

439 Dryweight of nodules per plants
The data on the dry weight of nodules oer plant are given 1n Table 48

The dry weight of nodules at 30 DAS revealed that the treatments were not

stigmficant during season I At flowering also the treatments werg not sigmficant

During season Il also the dry weight of nodules at 30 DAS did not record any

sigmficant difference At flowering again the treatment were not significant

On pooled analysts of the data dry weight of nodules at 30 DAS revealed that
the *reatments were not significant At flowering again the treatments were not

signiticant
4310 Yield components of cowpea

The data on the yield components of cowpea are given 1n Table 49
4310 1 Number of pods per plant

In season I the number of pods per plant revealed that treatments were
significant  T1 recorded the lowest value of 155 pods per plant whereas 1g
recorded the highest value of 2 35 pods per palnt Phosphorus levels and microbial
applications were also sigmficant While no phosphorus recorded the lowest value

of 179 pods per plant 100% phosphorus recorded the highest value of 2 19 pods



Table 48 Dry weight of nodules per plant (mg) in Experiment No 3

Season [ Season [I Pooled mean
Treatment No
30 DAS at flowenng 30 DAS at flowenng 30 DAS at flowenng
T, 1710 1253 1140 973 142.5 1113
T, 1793 1217 1283 967 1538 1092
Tz 1680 1207 1193 1042 1437 1125
T, 1770 1270 1610 1051 1690 1161
Ts 1733 1287 1220 925 1477 1106
Ts 1690 130 8 1280 935 1485 1122
T4 1710 1316 146 3 1058 1587 1187
Tg 1783 1273 1450 947 1617 1110
Te 1890 1259 1430 961 166 0 1110
Tio 1853 1241 1123 926 148 8 1084
T 1857 1282 1177 924 1517 1103
Ty 1843 1276 1317 93 8 1580 1107
SEm+ 787 558 2066 365 1105 333
CD (005) — — —_ — —_ —_
FACTORS
A Fert P
1 No P 173 8 1237 1307 100 8 1523 1123
2 50%P 1729 1296 1353 966 1541 1131
3 100% P 1861 126 4 1262 937 156 1 1101
CD (005) — —_ — — — —_
B Microbes
1 No nucrobes 1778 126 6 1263 953 1521 1110
2 VvaM 1779 1255 1229 943 1504 1099
3 PB 1749 126 8 1278 1008 1513 1138
4 VAM + PB 1799 1273 1459 979 1629 1126
CD (005) — — — — — —

991

Note In those places where CD 1s not given, the F test 1s not sigmficant at 5% level



Table 49 Yield components of cowpea 1n Experiment No 3

No of pods/plant No of seeds/pod 100 seed weight (g) Pod length (cm)
Treatment No
Season I Season Il Season I Season II Season [ Season I Season Season II
T, 155 178 154 149 921 8 68 157 149
T, 171 185 154 149 921 869 156 149
Ty 170 197 154 149 921 869 157 148
T, 219 248 154 149 922 869 157 148
Ts 163 189 155 149 921 870 157 148
Te 186 217 154 14 8 920 870 157 149
T, 193 227 154 150 921 870 156 149
Tg 235 267 154 152 921 869 157 149
To 206 236 154 149 921 868 157 149
Tio 217 261 154 149 921 870 158 149
T 222 261 154 149 922 870 157 149
Ty 230 263 154 150 921 869 157 148
SEm+ 0028 0029 005 011 0004 0010 005 005
CD (005) 0082 0085 — — —_ — — —
FACTORS
A Fert. P
1 No P 179 202 154 149 921 869 157 148
2 50%P 194 225 154 150 921 870 157 149
3 100% P 219 2.55 154 149 921 869 157 149
CD (005) 0041 0042 — — — — — —
B Microbes
1 No m crobes 174 201 154 149 921 869 157 149
2 VAM 192 221 154 149 921 870 157 149
3 PB 195 228 154 149 921 869 157 149
4 VAM +FB 228 259 154 150 921 869 157 148
CD (005) 0047 0049 — —_ — —_ — —_

Note In those places where CD 1s not given, the F test 1s not sigmfcant at 5% level

LY1
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per plant In the case of microbes when no nucrobes reco ded the lowest value {

1 74 pods per plant VAM + PB recorded the highest value of 2 28 pods per plant

In the season Il also the number ot pods per plant revealed that the
treatments were sigmificant Ti recorded the lowest value of 178 pods per plant
wherras Tg recorded the highest value of £ 67 pods per plant Phosphorus levels
were also significant Here again no phosphorus recorded the lowest value of 2 02
pods per plant whereas 100% phosphorus recorded the highest value of 2 55 pods
per plant Microbial applications also revealed significance Among microbal
applications no microbes recorded the lowest value of 2 01 pods per plant whereas

VAM 4 PBrecorded the lighest value of 2 59 pods pe plant

4.3 10 2 Number of seeds per pod

In the season I the number of seeds per pod did not differ significantly due to
various treatment combinations In the season II also the various treatment
combination and individual factors did not influence the number of pods per plat

sigmircantly
4 3 10.3 Hundred seed weight of cowpea

The hundred seed weight revealed that the treatments were not significant in

sea on |

In season II also the treatment combinations as well as indinvidual reatments

were not significant
4.3 10 4 Pod length of cowpea

I
' In both seasons the pod length of cowpea revealed that the treatments were

not significant
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4311 Gram yield of cowpea
The grain yield of cowpea are given in Fable 50 and Fig 11

In seasonI grain yields of cowpea revealed that the treatments were
sigmificant Ty recorded the lowest yield of 585 kg ha ! Wwhereas Tg recorded the
highest yield of 888 kg ha ! Both phosphorus levels and microbial applications were
significant While no phosphorus recorded the lowest yield of 676 kg ha 1 100%
phosphorus recorded the highest yield of 827 kg ha ! Among microbial applications
no microbes recorded the lowest yield of 660 kg ha! whereas VAM + PB
recorded the highest yield of 863 kg ha *

In the season II also the treatments were significant in their effects Ti
recorded the lowest yield of 615 kg ha ! whereas Ts recorded the highest yield of
921 kg ha ! Here again phosphorus levels and microbial applications registered
sigmficant effects No phosphorus recorded the lowest yield of 698 kg ha ! whercas
100 % phosphorus recorded the highest yield of 881 kg ha ! Among microbial
|application no microbes recorded the lowest yield of 694 kg ha ! whereas VAM +

PB recorded the highest yield of 896 kg ha *

On pooled analysis of the data 1t was revealed that the treatments were
significant Here agam Ti recorded the lowest yield of 600 kg ha ! whereas Ts
recorded the highest yield of 905 kg ha ! Phosphorus levels as well as microbial
application were significant When no phosphorus recorded the lowest yield of 687
kg ha ' 100% phosphorus recorded the highest yield of 854 kg ha ! Among
mucrobial applications no mucrobes recorded the lowest yield of 677 kg ha!

whereas VAM + PB recorded the highest yield of 879 kg ha !
\

\



Table 50  Yields of gramns and haulms (kgha ') m Expernment No 3

Season [ Season 11 Pooled mean
Treatment No
grains haulms gra ns haulms grains haulms
T, 585 4001 615 2770 600 3386
T, 648 4362 638 2894 643 3628
T 642 4354 679 3021 661 3688
Ty 829 5097 858 3571 844 4334
Ts 615 4241 653 2952 634 3597
T 705 4574 749 3263 727 3918
T, 728 4711 783 3383 756 4047
Ty 888 5334 921 3843 05 4589
Tg 779 4931 814 3476 797 4204
Typ 820 5082 900 3794 860 4438
Ty 839 5137 900 3722 869 4430
T, 871 5311 908 3793 890 4552
SEm#+ 104 469 100 338 72 289
CD (005) 306 1375 293 992 206 826
FACTORS
A Fert. P
1 NoP 676 4454 698 3064 687 3759
2 50%P 734 4715 777 3360 755 4038
3 100% P 827 5115 881 3696 854 4406
CD (005) 153 687 146 496 103 413
B Microbes
1 No microbes 660 4391 694 3066 677 3729
2 VAM 724 4673 762 3317 743 3995
3 PB 736 4734 787 3375 762 4055
4 VAM + PB 863 5248 896 3736 879 4492
CD (005) 177 794 169 573 119 477

LT

Note In those places where CD 1s not given, the F test 1s not sigmficant at 5% level
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4312 Haulms yield of cowpea
The data on haulms yield of cowpea are given in Table 50

During both seasons the treatments registered sigmificant variation n the
haulms yield At both seasons Ti recorded the lowest yield whereas Tg recorded
the highest yield Phosphorus levels and microbial applications were also sigmficant
during both seasons No phosphorus recorded the lowest yield whereas 100%
phosphorus recorded the highest yield Among microbial applications no microbes

recorded the lowest yield whereas VAM + PB recorded the highest yield

On pooled analysis of the data revealed that the treatments were stgmficant
When T1 recorded the lowest yield of 3386 kg ha ! Tg recorded the highest yield of
4589 kg ha 1 Phosphorus levels and microbial applications were also significant In
the pooled analysis also no phosphorus recorded the lowest yield of 3759 kg ha !
whereas 100% phosphorus recorded the highest yield of 4406 kg ha ! Among
microbial applications no microbes recorded the lowest yield of 3729 kg ha !

whercas VAM + PB recorded the highest yield of 4492 kg ha !
43 13 Harvest index of cowpea
The data on the harvest index of cowpea are given 1n Table 51

In season I harvest index of cowpea recorded that the treatments were not
significant whereas 1n season II the treatments were significant In season II both
T2 and T5 recorded the lowest value of 18 1% whereas Tj1 recorded the the highest
value of 19 5% Uniike season I phosphorus levels and microbial applications were
sxg\mflcam in season I When no phosphorus recorded the lowest value of 18 5%

100% phosphorus recorded the highest value of 192% Among mucrobes no
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Table 51 Harvest mdex (%) mm Experiment No 3

Treatment No Season | Season II
Tt 128 182
Tz 129 181
Ts 128 184
T4 140 194
Ts 127 181
Te 134 187
T7 134 18 8
Ts 143 193
To 137 190
Tio 139 192
T 140 195
T12 141 193
SEmt 058 014
CD (©05) — 042
FACTORS
A Fert P
1 No P 131 185
2 50%P 134 187
3 100% P 139 192
CD (00s) - 021
B Microbes
1 No microbes 130 184
2 VAM 134 186
3 PB 134 189
4 VAM + PB 141 194
CD (005) — 024

Note In thosc places where CD 1s not gven the F test 1s not sigmficant at 5% level
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microbes recorded the lowest value of 1§/4% whereas VAM + PB recorded the

highest value of 19 4% 1n season II
4.3 14 Protein content of grains
The data on protein content of cowpea grains are given 1 Table 52

The data on protem content of gramns recorded that treatments were
significant While Tt recorded the lowest value of 22 07% Ti2 recorded the highest
value of 2335% Both phosphorus levels and mucrobial applications were
significant No phosphorus recorded the lowest value of 2232% whereas 100%
phosphorus recorded the highest value of 2321% Among microbial applications
no microbes recorded the lowest value of 22 58% whereas VAM + PB recorded

the highest value of 23 08%
In season II the same trend of results of season I were repeated
43 15 Nitrogen uptake of plants
Nitrogen uptake of plants 1n this experiment 1s given in Table 53 and Fig 12

In seasonl and season II mitrogen uptake of plants at 30 DAS were
significant When the lowest value was recorded by T1 the highest value was
recorded by Tg Phosphorus levels as well as microbial applications were significant
Among phosphorus levels no phosphorus recorded the lowest value whereas 100%
phosphorus recorded the highest value In the case of mucrobes no microbes

recorded the lowest value whereas VAM + PB recorded the highest value

In season I and season II N uptake of plants at flowering were significant T1
recoided the lowest value whereas T12 recorded the highest value Phosphorus

levels and mucrobral applications also were sigmficant In the case of phosphorus
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Table 52 Protein content of grains (%) in Experiment No 3

Treat nent No Season I Season 1l
T1 2207 22 14
T2 2235 2242
T 22 16 2241
Ta 22 69 23 32
Ts 22 56 22 80
Ts 2259 22 81
T7 2272 2291
Ts 2319 23 16
To 2313 23 16
Tio 2314 2319
T 2319 2322
Ti2 2335 2342
SEmgy. 0046 0034
CD (005) 0133 ¢ 100
FACTORS
A Fert P
1 No P 2232 22 57
2 50%P 2276 2297
3 100% P 2321 2325
CD (005) 0 067 0 050
B Microbes
1 No m crobes 22 58 2270
2 VAM 2270 2281
3 PB 22 69 2285
4 VAM + PB 2308 2330
CD (005) 0077 0058

Note In those places where CD 1s not g ven the F test 1s not sign f cant at 5% level



Table 53 N uptake of plants (kgha 1) m Experiment No 3

Season I Season II Pooled mean
Treatment No |
30 DAS |at flowerning] at harvest 30 DAS | at flowennng| at barvest 30 DAS | at flowenng | at barvest
T, 16 90 8076 9204 1742 7343 7139 1716 7709 8171
T, 1954 9147 102 46 1881 7706 7613 1917 8427 8929
T, 1942 9097 10193 2007 8277 79 99 1975 86 87 90 96
Ty 2559 11911 12271 26 61 10701 98 17 26 10 113 06 11044
Ts 1910 8810 9971 1990 8122 78 02 1950 84 66 88 87
Ts 2315 100 17 109 47 2313 9246 87 56 2314 96 31 98 52
T, 2472 103 11 112 61 2507 9564 9114 2490 9938 101 88
Ty 29 11 126 68 13076 2945 11427 105 53 2928 12048 11815
Tg 2556 11138 11909 2563 101 63 94.39 2560 106 51 106 74
Tig 2662 116 46 122 88 2831 11098 103 46 2745 11372 113 17
Ty 2770 11979 12417 2927 11207 10202 2849 11593 113 09
Tz 2955 126 17 128 72 2992 11335 103 85 2973 11976 11629
SEmt 0405 1688 1183 0.337 1381 0915 0264 1091 0748
CD (005) 1189 4952 3469 0990 4051 2685 0753 3115 2136

FACTORS

A Fert. P

1 No P 2036 95.58 10478 2073 8507 8142 2054 9032 9310

2 50%P 2402 104 52 113 14 2439 9590 90 56 2420 10021 101 85

3 100% P 27 36 11845 123 71 2829 109 51 100 93 27 82 113 98 11232

CD (005) 0595 2478 1734 0495 2025 1343 0377 1558 1068

B Microbes

1 No mucrobes 2052 9341 103 61 2098 8543 8127 2075 8942 9244

2 VAM 2310 10270 111 60 2342 93 50 89 05 2326 9810 100.33

3 PB 2395 104 63 112 90 24 81 96 83 9105 2438 10072 101 98

4 VAM + PB 28 08 123 99 127 40 28 66 111 54 102 52 2837 11777 114 96

CD (005) 0687 2859 2003 0571 2339 1550 0435 1799 1233

T
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no phosphorus gave the lowest value where as 100% phosphorus recorded the
highest value Among mucrobes no microbes gave the lowest value whereas VAM

+ PB recorded the highest significant value

During both seasons at harvest treatments were significant and the lowest
value was registered by Tt whereas Ts registered the highest value Phosphorus
levels and mucrobial applications also were significant Among phosphorus no
phosphorus gave the lowest value whereas 100% phosphorus gave the highest
value Among nucrobes no microbes gave the lowest value whereas VAM + PB

recorded the mghest value

Pooled analysis of the two seasons at various stages of the experiment were

only a mere confirmation of the two seasons results
43 16 Phosphorus uptake of plants

Phosphorus uptake of plants in this experiment 1s given 1n Table 54 and Fig

13

In season I and season II phosphorus uptake of plants at 30 DAS revealed
that the treatment responses were significant Among the treatments Ti1 recorded
the lowest value whereas T12 recorded the highest value The phosphorus and
microbial applications also recorded sigmificant response With respect to
phosphorus no phosphorus recorded the lowest value whereas 100% phosphorus
recorded the highest sigmficant value In the case of microbes no microbes
recorded the lowest value whereas VAM + PB recorded the highest significant

value

During both seasons phosphorus uptake of plants at flowering also gave

sigiuficant response Among the treatments Ti recorded the lowest value whereas



Table 54 P uptake of plants (kghal) m Experment No 3

Season I Season ]I Pooled mean
Treatment No T R T
30 DAS | at flowenng | at harvest 30 DAS | at flowenng| at harvest 30 DAS | at flowenng | at harvest
T, 310 1511 1917 305 1329 1455 307 1420 16 86
T, 349 1699 2116 314 13 84 1541 331 1542 1828
T3 3.50 17 06 2132 339 14 87 1632 345 1596 18 82
Ty 433 2196 2547 433 1903 19 68 433 2049 2257
Ts 332 1622 2073 324 14 40 1597 328 1531 1835
T 386 1871 2267 376 1650 17 80 381 1761 2024
T, 400 1921 2338 400 1731 18 66 400 1826 2102
Tg 481 2362 2705 466 2040 2148 474 2201 2427
Ty 429 2096 2483 411 1806 1937 420 1951 2210
Tio 450 2178 2565 454 1999 2129 452 2089 2347
Ty 457 2243 2603 457 2015 2108 457 2129 2355
Ty 476 23 64 2702 463 2047 2142 469 2205 2422
SEmt 0070 0302 0259 0048 0227 0204 0043 0189 0165
CD (005) 0206 0886 0759 0142 0665 0598 0122 0.540 0471

FACTORS

A Fert. P

1 No P 360 1778 2178 347 1526 16 49 354 16 52 1913

2 50%Pp 400 1944 2346 392 1715 1848 396 1830 2097

3 100%P 453 2220 2588 446 19 67 2079 450 20 94 2334

CD (005) 0103 0443 0.379 0071 0333 0299 0061 0270 0235

B Microbes

1 No m crobes 3.57 1743 2157 347 1525 16 63 352 1634 1910

2 VAM 395 1916 2316 381 1678 1817 388 1797 2066

3PB 402 1957 2358 399 1745 18 69 401 1851 2113

4 VAM + PB 463 2307 2652 454 1997 2086 459 2152 23 69

CD (005) 0119 0512 0438 0082 0384 0345 0070 0312 0272

LT
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Tg recorded the highest significant value Phosphorus levels and microbial factors
were also significant In the case of phosphorus no phosphorus gave the lowest
P uptake whereas 100% phosphorus gave the the highest sigmificant value In the
case of microbes no mucrobes recorded the lowest P uptake whereas VAM + PB

recorded the highest significant value

In both seasons phosphorus uptake at harvest showed that the treatments
recorded significant response When T1 recorded the lowest value Tg recorded the
highest sigmficant value Phosphorus levels and microbial applications also were
statistically sigmficant When no phosphorus gave the lowest value 100%
phosphorus gave the highest significant value Among mucrobes no microbes gave
the lowest value of P uptake VAM + PB recorded the highest significant value of

P uptake

The pooled analysis of the two seasons at various stages of the experiments

were only a mere confirmation of the results of the two seasons
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5. DISCUSSION

51 Experiment No 1 (Effect of phosphorus desorbing anions)

511 Physical properties of the soil
Data on the physical properties of the soil are given in Table 4

It 1s revealed that important physical properties hke bulk density water
holding capacity and mean weight diameter of aggregates increased from sowing to
harvest During the first season when the treatment effects were not sigmficant in
the case of bulk density and water holding capacity the data on mean weight
diameter of aggregates registered sigmficant difference between treatments when
the lowest value of 0 92 mm was recorded 1n 100% P with no anions and the highest

value of 1 13 mm was recorded 1n no phosphorus with hydroxyl anion

In respect of individual factors fertilizer phosphorus only could record
significant difference that too only in the case of mean weight diatmeter of
aggregates Here a striking observation was that the significance was shown in the
reverse order wherein no phosphorus recorded the maximum value of 106 mm
diameter None of the amons could record any significant influence on any one of

the physical properties of the soils

In the case of season II all the physical properties of the soil increased from
sowing to harvest The treatment effects were also significant in the case of mean

weight diameter of aggregates during season I1

Coming to the individual factors levels of phosphorus could exert significant
influence only 1n the case of water holding capacity and mean weight diameter of

aggregates In the case of water holding capacity the lighest level of 100% P
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registered the highest water holding capaaty of 30 57% while the 50% P level

registered the highest value of 110 mm mean weight diameter

It was observed that with respect to antons silicate amon could record the
highest value of 109 mm mean weight diameter of aggregates which was

sigmificantly superor to all the other amons including no anion treatment

In the case of bulk density it was observed that neither the treatment
combinations nor the levels of P or anions could exert significant influence on this
character It 1s quite natural that duning both seasons the bulk density increased
from sowing to harvest because during cultivation of any crop there occurs
compactions of the soil resulting 1n an 1ncrease 1n the bulk density values It 1s a fact
that bulk density of any soil 1s closely related to the soil structure According to
Page and Willard (1946) the bulk density resulted mn loss of pore space and
corresponding 1ncrease 1n weight per umt volume of the soil Prabhakara (1970)

observed a slightly higher bulk density 1n four crop relays

In the case of water holding capacity 1t is observed that the effects of
treatments and levels were significant only during second crop season The data
reveals the fact that the anmons independently could not exert any sigmficant
influence on water holding capacity and 1ts effects are being mamfested only 1n

combination with levels of phosphorus

The mean weight diameter of aggregates varied sigmficantly with different
treatment combinations as well as with different levels of phosphorus and with
different anions except 1n season I during which the effects of different amons were
not significant It 1s evident that there was increase as well as decrease 1n mean
weight diameter of aggregates from sowing to harvest under different treatment

combinations during season I whereas there was increase 1n the mean weight
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diameter of aggregates 1 season II indicating that there was no stability in th s
cnaracter The levels of P could also exert sigmficant influence during both seasons
but the effect was in the reverse order in season I whereas 1t was 1n the positive
order 1n season II indicating again that there was no stabithty in this character The
eftects of anions also recorded both significant as well as non significant influences

indicating there by that no stability could occur 1n this character
512 Chemical properties of the soil
The data on the chemucal properties of the soil are given 1n Table 5

It could be observed from the data that there was no sigmficant differences in
the CE C of the soil either during season I or during season II or in the pooled
analysis The same trend was observed with respect to levels of P as well as amon
factors 1n both seasons as well as in the pooled analysts the results thus indicate the
fact that CE C of the soil 15 not affected by either levels of P or by different anions
or by their combinations This may be because of the fact that the CEC 1s an
inherent character of the soil which 1s very much related to the nature of clay
complex and 1ts structure which remain unaltered by several external factors This
finding 1s 1n agreement with the results reported by Bhatnagar et al (1977) It 1s
obscrved from the data that the pH of the so1l was increased from sowing to harvest
in both season as well as 1n the pooled analysis The various treatment combinations
as well as levels of P and different anions could also exert sigmificant influence on
pH of the soil except by the levels of P duning the second season While the
treatments no P with carbonate 50% P with hydroxide 50% P with carbonate 50%
F with silicate 100% P with carbonate and 100% P with silicate recorded the
maxmum level of 517 mn the pooled analysis also The lowest value of 512 was
recorded by no P with no amons during first season and in the pooled analysis

whereas during season II no P with no amons recorded the lowest pH value of 5 11
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With respect to fertilizer P levels there was significant mcrease m pH values
from no P to the highest P levels except during second season In respect of antons
the lughest value of 5 18 was recorded by carbonate amon during season 1 whereas
silicate anion recorded the highest pH value of 5 16 during second season In the
pooled analysis agamn the carbonate amon recorded the highest pH value of 517
The results that the different amons could raise the soil pH significantly over no
amon treatment reveals the fact that the addition of any luming material could raise
the soil pH substantially In the present study also the different anions were apphed
on a calcium base which could exert the liming effect on the pH of the soil (Kerala

Agnicultural Umversity 1989 Tisdale et al 1985)

It was brought out from the data that the total nitrogen percentage of the soil
was increased by different treatment combinations as well as by amons over the
pre sowing data during season I season II as well as in the pooled analysis
However there was no significant difference between the levels of phosphorus
during both seasons as well as in the pooled analysis During first season the
highest value of 0133% of nitrogen was recorded by 50% P with hydroxide and
100% P with carbonate whereas no P with silicate recorded the highest value of
0 136% mitrogen 1n season II However 1 pooled analysmjno P with silicate could
record the highest value of 0 134% mitrogen It 1s revealed that the lowest value of
0 124% nitrogen was recorded by no P with no anzons and 100% P with no amons
during first season whereas the above two treatments could record the lowest value
of 0 126% during second season In the pooled analysis also no P with no anion and
100% P with no anions were responsible for recording the lowest value but with a

different value of 0 125%

There was progressive increase 1n the total mtrogen percentage from no anion

treatment to different anion treatments Among the different amons silicate anion
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recorded the highest value which was significantly superior to no amons treatment
It was observed from the data that the levels of phosphorus by 1tself could not exert
any significant tnfluence on the total mtrogen percentage of the soil whereas n
combination with various amons 1t could sigmificantly influence the total nitrogen
percentage of the soul The data further revealed that all the amons were superior in
therr effect over no amon treatment Thus 1t could be observed that the combined
effect of different amions and levels of P could have promoted growth and
development of cowpea which in turn would have exerted legume effect resulting in
increased total nitrogen percentage of the soil The legume effect in promoting

mtrogen content of the soil has been brought about by workers like Tisdale et al

(1985)

In respect of total phosphorus content of the soil 1t was observed that nerther
the treatment combinations nor the levels of fertihzer P and the different amons
could exert significant influence on this nutrient m both seasons as well as on
pooled analysis It was also observed that the total phosphorus content of the soil
decreased from what was present before sowwng in both seasons as well as on
pooled analysis The decrease 1n total phosphorus from sowing to harvest could be
attributed to the depletion of soil phosphorus on account of the uptake of the test

crop of cowpea

As regards to P fiung capacity of the soil also the different treatment
combinations as well as the different levels of P and different anion could not exert
any significant influence on this character The observation that the different
treatments as well as their combinations were almost alike in therr abihty on the
P fixing capcity closely brings out the fact that the P fixing capacity of the soil 1s
mostly an inherent charactenstic of the soi1l which 1s not very much influenced by

external factors like phosphorus and amons
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In respect of organic matter content of the soil the data clearly indicated the
fact that neither the levels of phosphorus and the different amons nor thetr
combinations had any influence on the organic matter contcntlof the soil during
both seasons as well as on pooled analysis This may be because of the fact that
there was no significant increase 1n the organic matter content of the soil by way of

addition of crop residues
51.3 Available phosphorus content of the so1l
The data on the available phosphorus content of the soil are given n Table 6

The data revealed that the available P content of the so1l mncreased upto 30
DAS and then decreased at the time of harvest in both seasons as well as in the
pooled analysis In season I there was significant difference between the treatment
combinations At 30 DAS no P with carbonate anion has given the highest value of
1793 mg P kg ! whereas no P with no anions has given the lowest value of 11 62 mg
Plig ! In the case of season Il also the treatment combinations were significantly
different with 50% P along with carbonate recorded the mghest value of 16 55 mg P
kg ! whereas no P with no anions recorded the lowest value of 9 98 mg P kg ! The
data after harvest of the crop revealed that the treatment combinations were
sigmficantly different in season I whereas such differences could not be observed in
season II With respect to pooled analysis there was sigmificant difference between

treatment combinations both at 30 DAS as well as after harvest

When individual factors are considered 1t was observed that the available P
content of the soil was significantly increased from no P to 50% P at 30 DAS
whereas at harvest 1t has increased from no P to 100% P during both seasons In the
case of pooled analysis also the same trend of result was obtained and that the

1esults were significant both at 30 DAS and at harvest
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11 the case of anions the available F increased from no amons to different
anjons and the differences were sigmficant i season I season II and pooled
analysis at 30 DAS while after harvest such sigmficant differences were observed

only in season I and pooled analysis

An overall picture of the results mdicate the fact that various treatments
individually and in combination exerted significant influence on the available P
content of the soil throughout the growth period of the crop This could be
attributed to the relatively higher pH values of the treated plots (Table 5) as
reported by Murrmann and Peech (1969) The present results corroborate with the
findings of Marnakulandai (1954) Hosoda and Takata (1957) Dommng and
Amberger (1988) and Subramoman and Gopalaswamy (1991)

514 Soil phosphorus fractions

The soil phosphorus fractions at different stages of the experiment are given

m Table 7 8and 9

It was revealed from the data that in season I when saloid P was significantly
increased from sowing to flowering Al P and organic P were significantly reduced
dunng the above period However other phosphorus fractions ike Fe P Red P
Occl P Ca P as well as total P remarned almost unaltered with a tendency of
reduction i most cases During season II also the same trend was repeatedly
observed from sowing to flowering whereas n the case of pooled analysis although
saloid P Al P and organic P behaved as in season I and season II Red P and

Occluded P recorded significant reduction from sowing to flowering

|
In the case of season ] the increasing trend observed from sowing to

flow ering continued beyond flowering thus reflecting 1n the data after harvest in the

ca e of saloid P whereas significant reduction was observed 1n the case of Al P and
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o1ganic P The same trend was repeatedly observed 1n season II also from flowering
to harvest In the case of pooled analysis however the different soil P fractions

buhaved similar to that in season I and season 1I from sowing to flowering

As regards mdividual factors 1n season I at flowering significant differences
were observed only 1n the case of Al P and organic P on account of levels of
phosphorus applied In the case of Al P there was significant reductton from no P

to 50% P and that the same trend was observed 1n the case of organic P also

While there was significant ncrease in saloid P fraction from no anion to
different categories of anions at flowering in season I there observed significant
reiuction m Al P and orgamic P The same trend was repeatedly observed in
season II also With regards to pooled analysis in addition to Al P and organic P
I'«d P and occluded P also exerted a trend of reduction in the case of amons from
no anions to different amons Saloid P exhibited the same increasing trend from no

amons to different anitons as 1n the case ot season I

A closer examinations of the data after harvest brings out clearly the fact that
the same trend of results obtamed at flowering during season I and season II were
repeated at harvest stage also On pooled analysis 1t was observed that 1n addition
to saloid P Al P and orgamc P Fe P Occluded P and Ca P also exhibited

sigmficant response the value being more or less 1n a decreasing trend

An overall picture of the data on the P fractions of the soils revealed that
saloid P was increased m various treatment combinations as well as factors like P
and anions @ and organic P recorded a signficant reduction while Fe P
Occluded P and Ca P recorded shght reduction in their values Saloid P being the
water soluble P denotes the available P fractions of the soil The consequent

| reduction in Al P organic P Fe P Occluded P and Ca P clearely indicates the fact
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that the available P portion (Saloid P) finds 1its source mainly from Al P and
organic P and shightly from Fe P occluded P and Ca P This corroborate with the
findings of Smghama and Goswami (1978) Talashilkar and Patel (1979) Sharma et
al (1980) Madhusoodanan Nair and Padmaya (1982) Kothandaraman (1975) Uzo
et al (1975) Sudhir et al (1987) Agarwal et al (1987) Dikshit and Padihar (1988)
and Al Mustafa (1988)

515 Leafareaindex (LAI)
The data on LAl are presented 1n Table 10

It was observed that the treatment combinations could exert sigmficant
influence only at flowering 1n both seasons The LAI values increased progressively
from 30 DAS to flowering during both seasons Although not sigmuficant the highest
LAI value was shown by 100% P with silicate anions during both seasons Simularly
50% P with carbonate recorded the highest LAI values at flowering i both seasons
(4 53 1n season I and 3 48 1n season II) It was also observed that the LAI values
recorded both at 30 DAS and at flowening were comparatively lower 1n season II as

compared to season 1

The 1ndividual factors like fertilizer P and anions were also found to exert
significant influence only at flowering during both seasons In the case of
fertilizer P the LAI values increased from no P to 100% P at 30 DAS and at
flowering during both seasons although 100% P could exert significant influence

only at flowering during both seasons

Coming to amons all the anions recorded higher values of LAI over no amons
treatment during both seasons at flowering However only carbonate amon could
record sigmificantly higher LAI values durning both seasons Here agamn the lowest

LAI values were recorded by no anion treatments
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The increasing trend 1n LAI values from 30 DAS to flowering 1s 1n line with
the growth pattern of cowpea which records higher LAI values towards flowering
The pos{mve mnfluence of available P on the LAI values 1s 1n agreement with the
findings of Patel et _al (1983) Geethakumar (1981) Jam et al (1986) Vasimalai
and Subramoman (1980) Anme Philip (1993) and Tanila et al (1977)

The fact that 50% P with carbonate anion could record highest LAI values at
flowering during both seasons indicate the fact that this treatment could enhance
the number of leaves per umt area i combination with carbonate amon This
complimentary mfluence of carbonate amon has been found to be sigmficant When
we look individual factors independently only 100% P could exert highest values of
LA1 whereas even 50% P could record sigmficantly higher LAI values when 1t 1s
applied 1n combination with carbonate anion This positive influence 1s again
reflected 1n the individual effect of carbonate amon which recorded significantly
higher LAI values at flowering duning both seasons The favourable effect of
phosphorus 1n increasing the number of leaves per umt area 1n legumes has been

reported by several scientists like Geethakumari (1981) and Jain et al (1986)

The favourable influence of carbonate anion on the LAI values may be due to
the possitive effect of increased available P 1n the soil brought about by carbonate
anion The data on the available P content of the soil clearly indicated the fact that
the carbonate amon could record high available P content during both seasons as
well as on pooled analysis at 30 DAS (Table 6) The favourable influence of
available P on the increased production of leaves thereby recording increased LAI

values has been discussed earlier

The observation that all the LAI values during season II were comparatively
lower than that of season [ 1s quite convincing because of the fact that the ramnfali

conditions were not much favourable during season II which 1s evident from the
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data on weather parameters (Appendix I and Appendix II) The data revealed the

fact that the total rainfall during second season was comparatively lower than that

of the first season
516 LeafArea Ratio (LAR)
The data on leaf area ratio are given 1n Table 11

The data 1ndicated significant differences only at 30 DAS during season I
whereas 1n season II the different treatment could exert sigruficant influence both
at 30 DAS and at flowening It was observed that no P with no anions recorded
sigruficantly higher LAI values at 30 DAS during both seasons In seasonI no P
witn no anions recorded a value of 26 56 ¢’ g1 where as 1n season II 1t has
recorded a highest value of 2147 cm? g ! In the case of LAR the values were

comparatively lower mn season II than m season I

W hen the individual factors are considered 1t was observed that the lighest
LAR values were recorded by no P treatment at 30 DAS during both seasons In the
case of anion treatments also no anion has recorded significantly higher LAR values
at 30 DAS during both seasons Between vanous anions stlicate anion could record

higher values than carbonate and hydroxide anions

In the earlier chatper it was observed that phosphorus could enhance the
production of leaves and thereby enhance leaf area per urut of land area The data
on LAR now indicate that phosphorus 1s capable of enhancing the thickness of
leaves also This 1s how the treatment combination of no P and no amions could
record highest LAR values at 30 DAS during both seasons A higher LAR values 1s
irdicative of the fact that the relative thickness of the leaves per umt leaf area wili
b. comparatively less thereby recording lesser weight resulting in increased leaf

aiea ratio In the present study also the higher values of LAR are indicative of
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comparatively lesser thickness of leaves on account of lesser P supply in the no P
treatments This 1s being further 1llustrated 1n the same data whereby the LAR

values progressively decreased with increasing levels of P

As 1n the case of LAI the LAR values also were lower 1n season II ndicating
the influence of ramnfall which was lesser in season II as compared to season I The
role of amons on the relative increase in available P would have resulted 1n

decteased LAR values under different amons
517 Leaf Weight Ratio (LWR)
The data on leaf weight ratio of plants are given in Table 12

It was observed that sigruficant influence of the treatments was recorded only
in season II and that too at flowering LWR values were comparatively lower 1n no

P with no amon plots which progressively increased under different levels of P and

different anions

Among levels of fertilizer P no P recorded lowest values duning both seasons
at both critical stages although sigmificance was observed only at flowering during
season II The different anions also could not exert any tnfluence on the leaf weight

ratio values of the plants except at flowering n season 11

Leaf weight ratio 1s the expression of combined 1nfluence of LAI over the
relative thickness of leaves In the earlier sections we found that the available P has
got positive 1nfluence 1n measurable terms on the LAI as well as the relative
thickne s of the leaves In the data on the leaf weight ratio it was observed that
whenever there 1s an increase 1n supply of phosphorus the leaf weight ratio values

also increased Among the anmons carbonate amon was found to be more striking in
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its effect on the leaf weight ratio as seen n the data presented in the Table 12

which 1s attributed to high available P flux in the soil due to carbonate anion

518 Number of effective nodules

The data on the number of effective nodules per plant 1n the experiment

are given in Table 13

It was observed from the data that the number of effective nodules per plant
did not vary sigmficantly at 30 DAS durnng season I whereas during season II and
pooled analysis the data recorded significant variation On pooled analysis the
number of effective nodules recorded maximum significant variation at 100% P
with silicate Among the phosphorus levels during season II the data showed
maximum response at 50% P level although this response was on par 100% P level
But this trend was reversed at pooled analysis wherein 100% P gave maximum
response which was again on par with 50% P Even when phosphorus levels could

exert sigruficant response none of the amons gave significant response at 30 DAS

At the flowering stage the number of nodules were not sigmficant during
season I whereas at season II and pooled analysts the data recorded significant
response Although the effect was sigmficant at flowening during season II and
pooled analysis the results indicated that 50% P with no amons gave the lowest

value whereas 100% P with no amons gave the highest value during season II

On verification of the effect of the levels of P on the nodule count at
flowering 1t was revealed that the trend showed significance only during season II
and as such could not be reflected 1n the pooled analysis On venfication of the
effect of anion on the nodule count 1t was observed that none of the anions could

exert any significant response
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An overall picture of the data revealed that nodule count was significant at 30
DAS only and that too with applied P both at 50% P and 100% P levels The
positive effect of applied P on the nodule count was reported by several workers
like George (1980) Ahlawat and Saraf (1982) Patel et al (1983) and Kumar and
Verma (1988)

It could be observed from the data that the effective nodule count has
decreased from 30 DAS to flowering This mught possibly be due to the
malfunctiomng and Shrinkage of the nodule This 1s 1n agreement with the findings

of Kumar and Verma (1988)
519 Dryweight of nodules
The data on the dry weight of nodules per plant are given in Table 14

The data revealed that the dry weight of nodules was sigmificant at flowering
and at 30 DAS during season I and season II In the pooled analysis of the data

none of the results revealed significant response

At 30 DAS during season I 50% P with carbonate anion gave the maximum
significant response whereas during season II 100% P with hydroxyl anion gave the

maximuin response

Among the levels of phosphorus none of the treatment could exert significant
response durmng season I but during season II 100% P recorded maximum
sigmficant response Among the amons carbonate anion exerted maximum
response during season I whereas during season II none of the amons could exert

|

sxgmﬁcam response

i
l
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On venfication of the data at flowering 1t was revealed that 100% P with
carbonate gave the highest significant response during season I whereas during

season II 50% P with no anions gave the highest response

Among the phosphorus levels 100% P gave the maximum sigmficant response
in season I whereas 50% P gave the maxumum response during season I Among

the 1mions none of the amons could exert significant response 1n both seasons

An overall picture of the data indicated that the dry weight of nodules
exhibited lughly erratic behaviour during both seasons This might probably be due
to the fact that the size of nodules increased with decrease 1n the number so that
the overall weight of nodules (on pooled) remained unchanged However the role
of phosphorus on the dry wieght of nodules was evident in the present study
Ahlawat and Saraf (1982) while studying the rooting and nodulation pattern 1p
pigeon pea under different planting densities and phosphatic fertilization reported
that application of phosphorus at 34 kg P ha ! ncreased the weight of nodules than
17 kg P ha! Simularly Mali and Mal (1991) obtaned increased dry weight of
nodules by P fertilization in cowpea while studying on the response of promising

cowpea genotypes to row spacing and phosphate levels
5110 Yield components of cowpea
The data on the yield components of cowpea are given 1n Table 15

It was evident from the data that the numbe of pods per plant recorded
significant variation during both seasons and 50% P with carbonate gave the
maxmum number of pods per plant With respect to fertiizer P levels 100% P
gave the maximum pods per plant which was on par with 50% P This clearly brings
out the fact that phosphorus has significant positive nfluence on the number of

pods per plant This 1s 1n agreement with the findings of Jayaram and Ranuah
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\‘1980) Shrivastava gt al (1980) Puste and Jana (1988) Kalita and Kalita (1992)
Sarkar (1992) Budhar et al (1991) and Durai Singh and Gopalaswamy (1991)

With regard to anions carbonate anion gave  significantly highest pods per
plant during both seasons Here again no anions treatment recorded the lowest
values This shows that the different amons exerted pos tive influence on the
available phosphorus content of the soil as evidenced 1n the data presented 1n
Table 6 The pcSitive influence of phosphorus mn increasing the pods per plant
were corroborated with the findings of several workers 1n the previous para The
fact that combmation of 50% phosphorus with carbonate amon gave the highest
number of pods per plant indicate that the combination of carbonate anion can

increase m the efficiency of P levels mn this respect

The number of seeds per pod in this experiment did not record significant
vanation during both seasons Individual treatments like fertihzer phosphorus and
amons also did not show any sigmficant response This clearly indicates that the

number of seeds per pod 1s make of a varietal character which cannot be modified

by external influences

The data on hundred seed weight and pod length also were not significant
with respect to treatments during both seasons The influence of phosphorus and
amons were also not signuficant This shows that neither phosphorus nor anions or

their combinations could influence these characters
5111 Gratnyield of cowpea

It was observed from the data that gram yield recorded sigmficant response
during both seasons and 1n pooled analysis While no P with no anions gave the
mimimum yield 50% P with carbonate gave the maximum yield The result of

factorial analysis of phosphorus levels recorded that 100% P was sigmficantly

\
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superior to 50% P during both seasons and pooled analysis brings out the fact that
the influence of phosphorus 1s marked 1n respect to grain yield as revealed n this
study This result perfectly corroborates with findings of Jayaram and Rarmiah
(1980) Srivastava and Verma (1982) Sharma and Arora (1982) Kalita and Kalita
(1992) Sarkar (1992) Budhar et al (1991) Dura: Singh and Gopalaswamy (1991)
Dharam singh and Singh (1992) and Singh gt al (1992)

With respect to anions while no anions recorded the lowest yield carbonate
amon gave the highest significant yield In the earlier paragraph it was revealed that
even 50% P 1n combination with carbonate could behave on par with 100% P which
clearly reveals the superionty of carbonate amon in enhancing effect of phosphorus
on yield of cowpea Influence of available phosphorus on yield of cowpea was
discussed 1n the previous para which s further supported by the findings of Mathew

ani Koshy (1982)
5112 Haulms yield of cowpea

The haulms yield of cowpea revealed that the treatments were sigmficant n
beth seasons and 1n pooled analysis Here again 50% P with carbonate recorded

the maximum significant response

As 1n the case of grain yield the influence of P 1n enhancing the haulms yield
of cowpea was also proved beyond doubt in this experiment which 1s 1n agreement

with the findings of Srivastava and Verma (1982) and Mathew and Koshy (1982)

With respect to anions haulms yield varied sigmficantly from no anions to
different anions w th carbonate anion g1 mg the highest value during both seasons
and 1n pooled analysis These results were better related to the higher levels of

available phosphorus as discussed earlier



197

5113 Harvest Index

With respect to harvest index of cowpea 1t was observed that the data of two
seasons were irregular When the harvest index was not sigmficant 1n season 1 1t
varied significantly 1n season II While going through the data of the second season/
no P with hydroxyl anion gave the highest significant response When the individual
factors were considered harvest index decreased with increasing levels of
phosphorus significantly In the earlier discussion 1t 1s revealed that phosphorus
could exert sigmficant response 1n the yield of grain and bhusa However the
relative influence was much higher 1n the case of haulms resulting in lower harvest

index In the present study there was no stability in this character
5114 Protem content of grains

During both seasons protein content of gramns sigmficantly differed with
different treatments While 100% P with silicate gave the highest significant value
no P with no anions gave the lowest value The role of phosphorus 1n enhancing
protein content has been further fortified by the result that the protein content was
increased with increasing phosphorus levels with 100% P giving the highest values

during both seasons

Srivastava and Verma (1982) while studying on the effect of bactenal and
inorganic fertihzation on growth nodulation and quahty of green:gram reported
that protein content increased with increasing levles of P Prasad and Sanoria
(1981) while studymng on the response of black gram to seed bacterisation and
phosphorus reported highest seed protemn content in blackgram with 150 kgP20s5
ha ! with and lowest with S0 kgP20s ha ! Dwived: and Singh (1982) reported while
|stadying on the effect of phosphorus and sulphur application on the nutritional

quahty of different vaneties of bengag gram that protein content was in the
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incre 1sing order and significant from 0 to 60 kgP20s ha ! Negt and Thakur (1985)
whitle studying on the effect of nitrogen phosphorus and rhizobium noculation on
the mash yield and N and P uptake reported that protein content in seeds of Yigna
mungo was increased with increasing phosphorus rates Roshan Lal and
Gangasar in (1988) while studying the 1nfluence of nitrogen and phosphorus on
yield and quality of groundnut under irnigated conditions reported that the percent
of protein content n groundnut was increased by the application of phosphorus at

the rate of 40 kgP205 ha 1

With respect to anions the protein content was sigmficantly increased from
no anions to various amons during both seasons which could also be attributed to

high phosphorus availability due to the effect of anions as discussed earlier
5115 Nitrogen uptake of plants

It was revealed that 50% P with carbonate recorded the highest value in
respect of mtrogen uptake of plants during both seasons and 1n pooled analysis The
results 1n respect of N uptake of plants are indicative of the overall influence of
phosphorus on mtrogen uptake Singh et al (1981) while studying the effect of plant
type plant population density and application of phosphatic fertilizer on the growth
and yreld of pxgeon:pea reported that phosphorus application increased the uptake
of mitrogen Subbian and Ramuah (1981) while studying the influence of
phosphorus molybdenum and rhizobium inoculation on the growth and grain yield
of redgram reported that phosphorus application increased mitrogen uptake in
redgram Hegde and Saraf (1982) while studying the effect of mtcr: cropping and
P fertilization on mtrogen phosphorus and potassium concentration and uptake
and productvity of plgcon:pea reported that phosphatic fertilizer significantly
increased nitrogen and phosphorus concentration and uptake of all nutrients Singh

et al (1983) while studymng the effect of planting pattern 1ntercropping and



197

POOLED MEAN

SEASON - I

SEASON - |

120

T
(o4
o
—

o (@] o
1} 0 <

(eyby) ayvidn N

T
(@]
N

100

50

100

50
Percentage of recommended phosphorus

100

50

8103

A\

(dcos

W

-
ZZ 0

I No anions

Fig 6 Nitrogen uptake of plants at
harvest affected by rates of fertilizer

P and P desorbing anions



.09

application of phosphate on the yield of pigeon pea and the succeeding crop of
wheat reported that 1n pigeon pea application of 17 kg P ha ! increased nitrogen
uptake Simularly Negi and Thakur (1985) while studying on the effect of nitrogen
and phosphorus and rhizobwm 1noculation on mash yield and N and P uptake
found that uptake of mtrogen was increased significantly with increased application
of P205 rates from 0 60 kg ha ! Jana et al (1990) while studying on the response of
summer groundnut to phosphorus and potassium reported that application of
phosphorus increased the uptake of mitrogen phosphorus and potassium tn kernal
of groundnut Thus the finding 1n the present study that application of phosphorus
increased the N uptake of plants 1s 1n line with earlier findings In the earlier
chapter we have seen that levels of phosphorus had sigmficant influence on the
protein content of grains As mtrogen 1s an integral part of protein 1t 1s quite

natural that phosphorus could increase the uptake of mtrogen also

Among the aruons N uptake was increased sigmficantly from no amons to
various amons at different stages of the experiment during both seasons and 1n
pooled analysis The reason for this high N uptake could be attributed to higher

yield and biomass production as evidenced in earlier sections
%116 Phosphorus uptake of plants

It was observed that the phosphorus uptake pattern has been found to be
stmmlar to that of N uptake and as such the same discussion 1s applicable 1n this case

>

also

With respect to fertilizer P levels P uptake increased from no P to 100% P at
the different stages during both seasons and 1n pooled analysis This 1s 1n agreement
with the findings of Othman ¢t al (1991) Hegde and Saraf (1982) Singh et al
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(1983) Hoque et al (1984) Neg and Thakur (1985) Mishra and Anand (1989)
Srivastava and Verma (1990) Jana et al (1990) and Kaushik and Jain (1991)

The result that carbonate anion could substantially enhance the uptake of
phosphorus by plants are n agreement with the earlier findings that carbonate
amons could enhance the available phosphorus content of the soil which 1n turn

resulted 1n 1ts uptake by plants

52 Expermment No 2 (Effect of chelating agents)

The results obtained on the effect of chelating agents are discussed 1 this

section
52 { Physical properties of the soil

Among the various physical properties tried bulk density did not vary
significantly during both seasons due to various treatments and thetr combinations
However 1t was revealed that the bulk density increased from sowing to harvest Itis
but natural that during the cultivation of any crop there occures compaction of soil
resulting 1n increase 1n bulk denstty which 1s reflected 1n this case also This aspect
has already been well discussed in the case of expertment no1 The individual

factors like levels of P and different chelates also could not influence the bulk

density of the soil

In the respect of water holding capacity there occured sigmificant difference
between treatment combination during both seasons However different levels of
phosphorus could influence this character only during first season with no P
recording the highest values whereas chelates could exert significant influence only

during second season
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It was observed that water holding capacity increased from sowing to harvest
which 1s against the normal result expected on the basis of the influence of various
treatments and their combinations on the bulk density of the so1l Because when the
bulk density values increased during the progress of the crop the water holding
capacity naturally should decrease However 1n the present case the water holding
capacity mcreased during the progress of the crop This mught probably be due to
the fact that there was not that much degree of compaction tn the soil It 1s
interesting to note that the treatment combination no P with DTPA could produce
the highest value of 3151% which 1s again supported by the finding that no P
treatment has resulted 1n the highest percentage of water holding capacity against
higher levels of P during the first crop season Sumularly among chelates DTPA
could produce the highest percentage of water holding capacity duning the first crop
season 1ndicating that a combmation of no P with chelates could effectively

increase the percemntage of water holding capacity

It was observed that the mean weight diamter of aggregates increased from
sowing to harvest However the different treatments either individually or in
combination could not exert any influence on this character This increasing trend 1s
1n agreement with the observation on water holding capacity as there exists a
positive relationship between the mean weight diameter of aggregates and water

holding capacity
522 Chemical properties of the soil

The data on the CEC pH and total mtrogen revealed that the values
1n 1eased from sowing to harvest n the case of CEC and pH whereas the total
nc trogen remained almost constant However significant increase among different

combinations was observed only 1n the case of pH Here again the lowest value was
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recorded by the absolute control plot where as the highest value was recorded by

100% P 1n combination with either EDTA or DTPA

A review of the results on chemical properties of the so1] by the influence of
individual treatment also revealed that the different factors like levels of P and
different chelates could sigmficantly influence only in the case of pH of the soil
Here again the 100% P and DTPA could sigmificantly increase the soil pH It 1s

therefore but natural that a combination of these two factors could enhance the pH

values sigmficantly

In the case of other chermucal properties hike total P P fixing capacity and
organic matter conent 1t was observed that there was no significant difference
braught about by various treatments and their combinations However the values
in total P and percentage of organic matter content decreased from sowing to
harvest whereas the P fuxing capacity remained almost constant The reduction in
total P at harvest may probably due to the absorption of phosphorus from the soil It
1s evident that P fuang capacity 1s an inherent property of the soil which 1s
dependent on the clay complex and 1ts structure which remain unaltered by several
exiernal factors The reduction 1n organic matter content of the sou mught be due to
the acid secretions of the plant which may decompose part of the orgamic matter
and 1n the process of cropping there 1s no addition of organic matter since the crop

residues are removed from the plot
5.23 Available P content of the soil

The result of the present experiment indicated that the available P content 1s
mcreased from sowing to 30 DAS and there after decreased from 30 DAS to
hirvest AT 30 DAS the highest available P content was recorded by the treatment

combination involving 100% P with EDTA, whereas the absolute control recorded



200

the mimmum value A detailed analysis about the role of individual factors also
revealed that among the different levels of P 100% P was superior and among
chelates EDTA was superior in this respect Therefore 1t ts but natural that a

combination of those factors could influence the available P content of the soil

significantly

There 1s no wonder that addition of 100% P to the crop increased available P
content of the so1l over 50% P or no P Simularly in the case of chelates EDTA

could enhance the P availability by the chelating action as reported by Mack Drake
(1965)

The result on the available P content of the so1l indicated that there occured
subrtantial reduction 1n the available P content of the soil after 30 DAS which may
be on account of higher uptake of phosphorus by the crop from 30 DAS to harvest
(Table 37)

When we consider the influence of various treatment combinations it was
observed that the influence pattern was 1n line with that at 30 DAS The pattern of
wnfluence n respect of individual factors like levels of P and different chelate was
also simular to that at 30 DAS Thus here again, the treatment combination of 100%
P along with exther EDTA or DTPA recorded higher values of available P content
ot the so1l Simularly 100% P and EDTA recorded higher values as compared to

oth=r levels of P and other chelates respectively
52t Soil Phosphorus fractions

The different P fractions recorded different pattern of change from sowing to
flowering as revealed 1n the pooled analysis When saloild P reductant soluble P
1nd occluded P increased from sowing to flowering the other P fractions like Al P

Fu P Ca P Org P and Total P reduced from sowing to flowering The increase in
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salord P 1s to be expected natrually on account of the fact that there occured
reduction in Al P Fe P Ca P Organic P ind Total P Thus a reduction in all the
above fractions could bring about a proportionate increase n saloid P which 1s the
soluble P fraction of the phosphorus in the soil There are several evidences in the
literature to prove this phenomenon Talashilkar and Patel (1979) while studying
the effect of organic matter on the availability of P from single super phosphate and
rock phosphate reported that Fe P fractions formed the major portion of native
morganic P fractions Al P Fe P and Ca P fractions increased at both flowering
and harvesting stages of rice growth while there was no appreciable increase 1n
reductant soluble P fractions Islam (1970) while studying the transformation of
mnorganic P 1n flooded soils under rice cropping reported that increase 1n soluble P
i aad soils was due to a decrease n Ca P Fe P and reductant soluble P
concentration than in neutral sois Kothandaraman (1975) studied the sotl
phosphorus 1 major soil groups of Tamul Nadu and reported that Al P and Fe P
contributed to the pool of available P 1n acid soils Uzo et al (1975) while studying
on the forms of phosphorus m some important agricultural soils of Nigena reported
that Al P was the most avalable form of P to plants under upland conditions
whereas Fe P was the major available P source under flooded conditions The

result obtained n the present investigation 1s thus confirmed

When we come to verify the influence of various factors individually and 1n
combination we find that the treatment combmation of 100% P with EDTA could
record highest values in respect of saloid P and occluded P whereas it could record
only lowest values 1n respect of Al P Fe P and Organic P which clearly indicated
the fact that this combinations could increase the saloid P content by exerting a

reduction 1n fractions Itke Al P Fe P and Organic P
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A review of the result on the nfluence of levels of phosphorus ndicated that
individually the different levels of P could not exert any influence on the various
fractions of P except on saloid P and on reductant soluble P This again clearly
brings out the fact that the reduction brought about by higher levels of P in the
reductant soluble P fraction resulted in a proportionate increase in the salod P
fraction Since saloid P 1s the fraction of soluble P in the soil any addition of P

fertilizers could increase the saloid P 1n so1l

In respect of chelates it was again observed that as in the case of
combinations dividually also EDTA exerted sigmficant positive effect on saloid P
resulting 1n a proportionate reduction 1n Al P Fe P and organic P The influence of
different chelates including EDTA on soluble P fractions has been reported by
several workers ke Mack Drake (1965) Jayachandran gt al (1989) and Wolf
(1988) It was observed from the data that there was not much reduction 1n various
fractions of phosphorus from flowering to harvest indicating that maximum rate of
uptake of P occures till flowering time in case of cowpea crop which 1s 1n hne with

findings of Geethakumari (1981)

It was also observed that the pattern of influence from flowering to harvest
was almost simular to that from sowing to flowering as reflected 1n the data on
saiod P fractions recorded after harvest Although the highest value of 28 3 ppm
was brought about by no P with hydroxide the value of 28 2 ppm was recorded by
50% P with silicate which was on par with no P with hydroxide clearly indicating the
fact that here again a combination of 100% P with EDTA was responsible for
recording the higher content of saloid P fraction in the soil More over the same
trend could exert a significant reduction 1n Al P also which was 1n ltne with the

earlier findings
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In the case of majority of P fractions the influence of different levels of P was
not significant However among the chelates EDTA could not only sigmficantly
increase the saloid P content of the soil but also could make a sigmficant reduction
in Al P Fe P and Ca P which 1n turn made a proportionate increase in the saloid P
content of the soil In the previous discussion we have seen that the various
chelates including EDTA worked against retention of nutrients like P in the soil
Several workers like Jayachandran gt al (1989) and Mack Drake (1965) recorded

this phenomenon 1n their reports which 1s 1n line with the above observation

525 Leaf Area Index (LAI)

The fact that significant variation could be observed only at flowering during
both season indicates that the effects of various combinations were mamfested only
during flowering time Here again the maximum LAI value was recorded by 50% P
with EDTA duning both seasons Thus 1s quite natural on account of the fact that the
individual effect of fertibzer P was highest at 50% P and that of chelates for EDTA
during both seasons As such 1t was fully justified that a combination of the above
two treatments could exert significant influence on the LAI of the plants The
favourable influence of phosphorus n increasing the number of leaves 1n legumes
has been reported by several worke s like Geethakuman (1981) and Jam et al
(1986) The tncrease 1n LAI wath higher levels of phosphorus has been reported by
several workers like Patil et al (1983) Vasimalar and Subramaman (1980) Annie
Philip (1993) and Tarila et al (1977) The role of EDTA 1n increasing the LAI may
be through its indirect influence in making available more of the soluble

phosphorus which mught have enhanced the LAI of plants
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526 LeafArea Ratio (LAR)

The trend 1n leaf area ratio as recorded in Table 28 revealed that phosphorus
was capable of enhancing the thickness of leaves along with 1ts positive influence 1n
increasing the number of leaves The same trend has been observed in respect of
leaf area ratio values 1n experiment no 1 also In the present experiment no P
treatment along with no chelates recorded the highest leaf area ratio values at 30
DAS indicating that 1n the absence of phosphorus and chelates leaves became very
thin recording leaf area ratio values This 1s more evident when we look into the
individual effect of P and chelates In the case of P as well as chelates no P and no
chelates treatment recorded the higher leaf area ratio values which was indicative

of their combined role on this regard
527 Leaf Weight Ratio (LWR)

A brief analysis of the Leaf Weight Ratio of plants in the present experiment
revealed that there was no sigmificant difference between treatments and the
various factors both at 30 DAS and at flowering Both seasons gave the same

results

Leaf weight ratio 1s the expression of combined influence of LAl over the
relative thickness of leaves In the earlier sections we found that available P has got
positive 1nfluence 1n measurable terms on the LAI as well as in the relative
thickness of leaves The non significance 1n the present study revealed that there is

no stability on the response of P availability to leaf weight ratio 1n cowpea
578 Number of nodules per plant

The observation that neither the treatment combinations nor the individual

treatments could exert any influence on this character except a stray significance at
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30 DAS during season II indicated that the different levels of P as well as different
forms of chelates could not make any 1mpact on this character This 1s quite evident
when we look 1nto the pooled mean value Another interesting observation 1s that
1n all treatments and treatment combinations the number of effective nodules per
plant got substantially reduced from 30 DAS to flowering which may be due to
disintegration of nodules followed by subsequent uptake by the plant which was
agan reflected in the uptake pattern of mitrogen as presented in Table 36 The
reduction 1n the number of effective nodules at flowering has been reported by

workers like Kumar and Verma (1988)

529 Dryweight of nodules

As 1n the case of number of effective nodules per plant the various treatments
and tneir combinations could not exert any significant influence on the dry weight
nodules per plant either in the individual season or 1n the pooled data Here again
the finding that dry weight of nodules got reduced substantially from 30 DAS to
flowering runs parallel to the observation on the number of effective nodules per
plant Thus 1t could be agreed that the reduction 1 dry weight of nodules per plant
mAy be due to reduction in number of nodules per piant as a result of degradation

followed by higher uptake
5210 Yield components of cowpea

Among the various treatments in experiment no 2 only 1n the case of number
of pods per plant the various treatment and their combinations could make
significant influence as revealed mn Table 32 Thus 1t could be inferred that the
number of seeds per pod hundred seed weight and pod length are all varietal
characters which could not be altered by the external application of different

treatments tried In this connection 1t may be pointed out that the same trend of
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result was recorded 1n experiment no 1 also and that the discusston there upon 1s

applicable 1n this case also
5211 Grain and Haulms yield of cowpea

A perusal of the data presented 1n Table 33 indicated that phosphorus at 50%
level 1n combination with EDTA could significantly increase the grain yield as
revealed from the pooled data This combination could excel not only the control
treatment but 100% P in combination with different chelates also Thus 1t 1s seen
that the P levels could be reduced to 50% to achieve the higher yteld if 1t could be
applied 1n conjunction with EDTA The data subsequently brings out the fact that
the individual effects of P as well as chelates are in line with what has been
observed 1n the case of combinations Thus 50% P individually could record higher
grain yield of 824 kg ha Las against 638 kg ha ! for no P and 760 kg ha ! for 100% P
Similarly EDTA chelate could record sigmficantly higher value of 783 kg ha 1as
against 638 kg ha ! for no chelates and 750 kg ha ! for DTPA

Jayachandran et al (1989) while studying the effect of synthetic chelates on P
availability reported that synthetic chelates could enhance the available P content
in the soil In the present study the increased available P brought about by the
chelating effect of EDTA would have enhanced the grain production tn cowpea

resulting in higher grain yield

The pooled analysss data on the haulm yeld clearly brings out the fact that the
pattern of vaniation brought about by various treatments and their combinations 1s
exactly in line with that of the grain yield The discussion made n respect of gramn

yield 1s applicable to haulm yield also
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5212 Harvest index of cowpea

It 1s very interesting to note that in respect of all the treatment combinations
and individual treatments the harvest indices were higher 1n season Il as compared
to season 1 The gramn yield and haulms yield presented 1n Table 33 indicated that
during the second season the haulm yield were comparatively lesser in season II
The lesser yield of haulms which 1s a reflection of the lesser vegetative growth

would have been responsible for igher harvest indices in season II

The over all response of various treatment combinations 1n both season [ and
season II reflect the performance of the crop in terms of gramn and straw yield
presented tn Table 33 Thus while the lowest harvest index was no P recorded with
no chelates / no P with EDTA where;'as the highest harvest index was reported by
50% P wath EDTA during both seasons When we consider the individual factors
50% P under fertihzer P and EDTA under chelates were giving the highest harvest
indices during both seasons Therefore there 1s no wonder that a combination of the
above two factors represented by 50% P with EDTA could give highest harvest
indices during both seasons Here again, the role of EDTA along with 50% P could
have promoted more of gram yield as compared to straw yield resulting 1n highest
harvest index 1n this particular treatment combination The explanation given by

Jayachandran gt al (1989) holds good 1n the case of harvest index also
5.213 Protein content of grains

The protein content of grains which 1s more or less a reflection of mitrogen
content of grain has been found to be highest in 100% P with EDTA 1n season [
whereas 1t was highest 1n 100% P with DTPA 1n season II We have already seen in
the case of grain and haulms yield and harvest index that chelates could enhance P

availlability n the soil This increased available P combined with additional
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applications of 1009% P by way of treatment could have enhanced the uptake of
nitrogen by the plant which would have further transmutted to the gran resulting 1n
higher protein content Workers like Prasad and Sanoria (1981) Dwived: and Singh
(1982) Negi and Thakur (1985) Roshan Lal and Gangasaran (1988) Rajput et al
(1991) Sasidhar (1978) and Geethakumari (1981) reported that higher levels of
phosphorus enhanced mtrogen content 1n leguminous crops including cowpea As
protein 1s a combination of major nutrients hke N and P this increased P
availability by application of 100% P and chelate could have enhanced P content by
the plant which 1s 1n combmnation with mtrogen would have enhanced the protein

content of the grain
5214 Nitrogen uptake of cowpea

The uptake of any nutrient by the plant 1s the result of combined nfluence of
percentage content of nutrient 1n gramn and haulm and 1ts yields Therefore 1t 15
quite convincing that the pooled data of both seasons at 30 DAS at flowering and
harvest indicated that no P with no chelate recorded the lowest N uptake while
509 P with EDTA combinations recorded the highest N uptake In the case of
yield data also the same trend has been observed (Table 33) There again the
highest grain and haulms yield were recorded by 50% P with EDTA combination

whereas the lowest yields were recorded by no P with no chelate combination

The effect of individual factors like fertilizer P and chelates indicated that
50% P and EDTA were responsible to give the highest N uptake values at all the
three stages Therefore i1t 1s no wonder that a combination of the above two factors
could give a higher N uptake Any variation observed in the percentage content of
nitrogen 1n the plant could have been levelled of by the higher yields of grains and
haulms recorded by 50% P with EDTA combination Hegde and Saraf (1982)

reported that phosphorus increases mtrogen concentration 1n plants The reason
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car be attributed to high P availability as evidenced tn Table 23 Thus the effect of
phosphorus 1n increasing the uptake of mtrogen has been reported by Singh et al
(1981) Subbian and Ramiah (1981) Singh et al (1983) and Negi and Thakur
(1985)

5.2 |5 Phosphorus uptake of plants

It has been observed that the phosphorus uptake pattern followed the same
tre1 d as 1n the case of nitrogen uptake Thus the lowest P uptake has been recorded
by no P with no chelate combination while the highest uptake has been recorded by
509 P with EDTA combination The response exhibited by mdividual factors alse
rev aled the fact that 50% P among the fertilizer P treatment und EDTA among
chelates have rendered the highest P uptake at all the three critical stages thus
enabling the combination of 50% P with EDTA to facilitate the highest uptake of P

The discussion made in respect of N uptake 1s also applicable to P uptake also

53 Dxpermment Ne¢ 3 (Effect of miciobial agents)

531 Physical properties of the so1l

It was observed that the bulk density of the soil increased from sowing to
harvest during both seasons This 1s quite relevent and true on account of the fact
that the cultivation of any crop will tend to increase the bulk density of the soil
Dietenioration of soil structure takes place as a result of cultivation as observed by
Sa karanarayana and Mejﬂ%(l%ﬂ When there 1s deterioration of soil structure
na urally the bulk density will also tend to increase Page and Willard (1946)
reported that the continuous cultivation resulted in loss of pore space and a
corresponding increase i weight per unit volume of soil The adverse effect of

cropping system on porespace and bulk density has been reported by Khan (1966)



213

Prabhakara (1970) observed a shightly higher bulk density in four crop relays in

potatoes

A close examination of the result revealed the fact that the different
treatments and their combinations could not exert any significant influence on bulk

denstty of the so1l although some erratic responses were observed during season II

In the case of water holding capacity and mean weight diameter of aggregates
there were erratic responses In both seasons for various treatments and their
combinations However a common observation was that the water holding capacity

remained relatively stable from sowing to harvest
532 Chemical properties of the so1l

In the case of CE C 1t was observed that there was no significant difference
between the various treatments and their combinations durtng both seasons as well
as on pooled analysis This may be because of the fact that the CE C 1s an inherent
character of the so1l which 1s very much related to the nature of clay complex which
remain unaltered by the external factors Thus finding 1s m agreement with the
report of Bhatnagar et al (1977) Similar observations recorded 1n the earlier two
experiments strongly reinforces the deduction that CE C 1s a soil characteristic

which remains relatively unaltered by external factors

The pooled mean data on pH revealed the fact that where ever combination

of VAM phosphobacterin or their combined applications occured there happend a
reduction 1n pH value However the level of phosphorus remained relatively
dormant 1n 1ts effect on soil pH This may be one of the facts which contributed to a

“ non responsive nature for the different levels of phosphorus on pH of the soil

However the data on the effect of different microbes indicated positive response of



213

various microbes and their combined application on pH of the soil The role of

microbes like VAM 1n producing organic acids has been reviewed by Barea (1991)

The total nitrogen percentage of the soil increased marginally from sowing to
harvest although the relative increases brought about by the various treatments and

their combnations were not statistically sigmficant

As 1 the case of mitrogen other chemical properties of the soil like
phosphorus P fixing capacity and orgamic matter content of the soil were also
observed to be not influenced by various treatments and their combinations These

observations were recorded not only during both seasons but 1n the pooled analysis

also
53.4 Available phosphorus content of the soil

The general trend of the available phosphorus content of the soil was that 1t
increased from sowing time to 30 DAS and came down after harvest to a level little
higher than what was before sowing This trend was reflected 1n all the treatment
combinations as well as individual treatments Among the different treatment
combinations 100% P applied along with VAM and phosphobacterm recorded the
highest available phosphorus both at 30 DAS as well as after harvest Simularly the
lowest value has been recorded by no P with no mucrobes The fact that the
treatment combination 100% P with VAM and phosphobacterin could record the
highest content of available P 1s an indication that even under the highest
application of phosphatic fertilizer, the activity of mucrobes under VAM and
phosphobacterin were favourably enhanced resulting 1n higher levels of available P
in the soil The data on the yield of gram (Table 33) clearly 1llustrated the fact that
the crop of cowpea could respond to a level higher than 100% P as 1t was observed

that the response was linear even at 1009 phosphorus application It was further
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observed that the combination of 100% P along with VAM and phosphobacterin
could record an yield which was significantly superior to 100% P alone which is a
clear mndication that the P available 1n the so1l at 100% P fertilizer application may

not be sufficiant for realizing the higher levels of gramn yields

When we look into the mdividual effects of treatments 1t 1s observed that
100% P alone could not register higher levels of available phosphorus in the soil
through out the growing period during both seasons which 1s agam an indication
that the combined application of VAM and phosphobacterin 1s required for the
maximum expression of 100% P application on the available P content of the soil
The positive nfluence of microorgamsms like VAM 1 increasing the available
phosphorus content of so1l has been reviewed by Barea (1991) Santh: gt al (1988)
while studymg the efficency of VAM 1oculation with different sources of
phosphorus on the availability and uptake of nutrients reported that VAM
moculation sigmficantly increased the available P content of the soil over control
The effect of phosphobacterm 1in increasing the available phosphorus content of the
soll has been reported by Tisdale et al (1985) Therefore 1t 1s quite natural that a
combined effect of these two organisms could enbance the available phosphorus

content of the soil sigmficantly
53 1 Soil phosphorus fractions

The pooled data presented on the soil phosphorus fractions indicated that
only the saloid P fractions increased from sowing to flowering whereas all the other
fractions either decreased or remamned without any appreciable change However
this trend has not been maintained from flowermg to harvest as it was observed that
no difimte trend could be mantained from flowering to harvest Saloid P which
almost represent the soluble P content of fhe soil recorded the highest value 1n the

tre itment combination of 100% P along with VAM and phosphobacterin which 1s
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an indication that 1t follows the trend of the available P content of the soil Ca P
organic P Fe P and Al P formed the major sources of available P to contribute
towards the saloid P of the soil Islam (1970) while studying the transformation of
mnorganic P 1n flooded soils under rice cropping reported that increase i the
soluble P 1n acid soils was due to a decrease in Ca P Fe P and reductant soluble P
concentrations Uzo et al (1975) while studying the forms of phosphorus in some
important agricultural soils of Nigena reported that Al P was the most avatlable

form of P to plants under upland conditions while Fe P was the major available P

source under flooded conditions
535 Leaf Area Index of plants (LAI)

The influence of various treatment combinations on LAI could be seen only at
flowering time during both seasons Here again the finding that the treatment
combination 50% P with VAM and phosphobacterin which could record the
highest LAI over 100% P alone 1s an mdication that the role of VAM and
phosphobacterin was sigruficant which could record higher LAI values even at 50%
P well over 100% P This 1s further illustrated by the fact that individually also
VAM + phosphabacterin could record highest LAI values at flowering time during
both seasons This 1s an indication that the 1nfluence of microbes could increase the
available P content of the soil which in turn could enhance the LAI values This 1s 111
agreement with the findings of Vasimala: and Subramonain (1980) Geethakumari

(1981) and Patil gt al (1983)
536 Leaf Area Ratio of plants (LAR)

The general trend of the observation revealed the fact that there existed a
decrease trend of leaf area ratio with icreased availability of phosphorus markedly

at 30 DAS and shghtly at flowering This 1s clearly evident in the individual
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treatments and seperate effects of phosphorus and microbe. __ . again the peak
values of the observation varied during various stages and seasons The higher leaf
area ratio 1s an mndication of lesser thickness of leaves and as such lower values
show a higher thickness of leaves Therefore it 1s evident that the low value of leaf
area ratio coupled with higher thickness 1s associated with higher availability of
phosphorus and 1ts uptake given 1n the previous and subsequent tables The effect

of various treatments 1n increasing the available P has already been discussed in the

earlier sections
537 Leaf Weight Ratio of plants (LWR)

The data on leaf weight ratio of plants revealed that the treatment effect was
not significant during both seasons and at various stages Thus the non significant
response of various treatments revealed the fact that there occured almost equal
addition of leaf weight and plant weight 1n all the treatments However the data on
this experiment 1s not 1n agreement with the result of the experiment no 1 which

shows that there 1s no stability in this character with respect to phosphorus
5383 Number of effective nodules

The overall picture of the data revealed that the number of effective nodules
was not significantly different at 30 DAS and at flowering It may be noted that the
number of effective nodules decreased from 30 DAS to flowering during both
seasons and pooled analysis The fact that the number of nodules decreased at
flowering revealed that some of the nodules.would have disintegrated at the tume of

flowering This agrees with the report of Kumar and Verma (1988)
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539 Yield components of cowpea

Among the vanious yield components number of pods per plant alone
recorded statistical sigmficance Here agam absolute control treatment recorded
the lowest value and the treatment combination of 50% P along with VAM and
phosphobacterm recorded the highest value It was observed that the treatment
values were more or less related to the available phosphorus content of the sotl
There was a distinct relationship between the number of pods per plant and
available phosphorus content of soil as revealed by absorption of phosphorus as
evidenced 1n Table-40 This finding agrees with the report of Kalita and Kalita
(1992) Sarkar (1992) and Budhar gt al (1991)

5310 Gram and haulms yields of cowpea

The pooled analysis of the data revealed that absolute control gave the
mimmum yeld while 50% P with VAM and phosphobacterin gave the highest
yield Here also 50% P with VAM and phosphobacterin was sigruficantly greater
than that obtained 1n 100% P Thus the observation that the influence of VAM +
phosphobacterm 1n association with 50% P 1s much supernor to 100% P alone
clearly brings out the fact that 50% P could be easily saved by applying VAM +
phosphobacterin along with 50% P

With respect to fertilizer P 100% P gave significantly higher yield than the
other levels Thus there 1s marked response of phosphorus in mncreasing the yield of

cowpea These results were exhaustively discussed 1n the earlier experiments

With respect to the various mucro orgamisms all the micro organic treatments
were significantly superior to control with VAM + phosphobacterin  giving the
highest value Bethlenfalway (1985) while studying the plant response to
mycorrhizal fungi host endophyte and soil effect reported that phosphorus
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concentration increased sigmficantly i all soyabean and some sorghum plants
relative to non VAM controls as a result of VAM fungal colorsation This
increased P concentration in plants mught have helped 1n boosting the yield of
cowpea In the present experiment Pacovsky et al (1986) reported that plants
colomzed with VAM fungi grew 3 6 times larger than P free control but attained
ouly 35 to 65% of maximum growth possible with high fertihzer P input Bhatnagar
et al (1979) studied the associative effect of toculums of Rhizobium and Bacillus
megaterium var phosphaticum on the yield of mungbean and soybean They have
reported that the incorporation of a stramn Bacillus megaterium m the case of
mungbean and soybean gave a sigmficantly hugher yield than that obtained by the
use of Rhuzobjum as moculant Further they have reported that muxtures of
Rhizobtum and Bacillus megaterium with super phosphate and rock phosphate
gave significantly higher yield from these crops The discussions made 1n respect of

grain yield 1s applicable to haulms yield also
5311 Harvest index of cowpea

It was revealed that the results on harvest index of cowpea 1n the two seasons
varied very much There was no sigrficant response during season 1 whereas there
was significant response in season II In season II the treatment combination no P
with VAM and 50% P alone gave the lowest value while 100% P with
phosphobacterm gave the highest response With respect to fertilizer phosphorus
100%> P gave sigruficantly ligher value which might probably be due to greater
P availability 1n the treated plots This 1s in agreement with report of Snivastava and

Verma (1982)

\ With respect to microbes VAM + phosphobacterin gave the highest value

which was significantly superior to all other treatments Here agam the higher
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availability of phosphorus mught have contributed to the greater harvest index

which 15 1n agreement with the report of Sriastava and Verma (1982)

5312 Protein content of grains

It was observed from the data of two seasons that absolute control gave the
lowest protein content while 100% P with VAM and phosphobacterin gave the
highest protein content which was highly sigmificant Fertilizer levels also gave
sigmuficant response with 100% P giving the highest value Since 100% P recorded
the maximum availability of phosphorus m the soil 1t 1s but natural that 1t could
record maximum protein content also Among the mucrobes VAM +
phosphobacterin gave the maximum protein content of grams Here again the
availability of phosphorus due to the inoculation of m.crobes gave the sigmficantly
higher protein content The increase m protemn content by phosphorus has been
reported by various workers hike Prasad and Sanoria (1981) Dwived: and Singh
(1982) Negi and Thakur (1985) Roshan Lal and Gangasaran (1988) and Rajput et

al (1991)
5313 Nitrogen uptake of plants

The pooled analysis data on N uptake of plants revealed that absolute control
gave the lowest value at all stages of the experiment while the treatment
combination 100% P with VAM + phosphobacterm recorded the highest value
only at 30 DAS While the treatment combination 50% P with VAM +
phec sphobacterin gave the the highest value both at flowering and harvest stages It
may be noted that 50% P applied along with VAM and phosphobacterin recorded
sigmficantly higher uptake of mitrogen over 100% P applied alone Thus 1t 1s
observed that the effect of microbes when applied together 1s very sigmificant 1n

increasing the uptake of mtrogen
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When we look 1nto the effect of individual factors we could see that 100% P
gave significantly higher N uptake than the lower levels Here again the effect of
phosphorus in increasing N uptake 1s marked Among the mucrobial species
tried VAM + phosphobacterm gave the sigmficantly higher N uptake Subbian and
Raruah (1981) reported that phosphorus recorded N uptake in redgram Hegde
and Saraf (1982) while studying the effect of inter cropping and P fertilization
reported that in pigeon pea phosphorus sigmficantly increased N concentration and
uptake 1n plants The report of Neg1 and Thakur (1985) recorded that the uptake of
mtrogen 1 increased by the application of phosphorus Srivastava and Verma
(1990) also reported that N uptake was increased with phosphorus application In
our tnals also we have found that the treatments n questton had given higher
phosphorus availability than the control plots (Table-40) Here there 1s no wonder
that the combined effects of phosphorus and microbes shall certainly increase the
nitrogen uptake of the present crop The significant increase in the uptake of
utrogen with increasing levels of phosphorus mught be due to positive influence on
root development mitrogen fixation and high meristematic activity of plant which o
turn resulted 1n greater accumulation of total dry matter and ultimately resulted 1n
an increase 1n the uptake of mtrogen This finding 1s 1n agreement with the report of

Subbian and Ramuah (1981) and Negi and Thakur (1985)
5314 Phosphorus uptake of plants

The pooled analysis data on P uptake revealed that the absolute control gave
the lowest value at all the stages while the treatment combination 50% P with
VAM and phosphobacterin gave the highest value at 30 DAS and at harvest
whereas the treatment 1009% P with VAM and phosphobacterin gave the highest
value at flowering Here 1n addition to the effect of phosphorus the effect of

combined application of VAM and phosphobacterin 1s most marked
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When we come to the individual factors 100% P gave significantly higher
values at all stages Here again, the effect of phosphorus 1n increasing the P uptake
1s very much marked Among the mucrobes VAM + phosphobacterin gave the
ughest sigmficant value The effect of these treatments 1n increasing the availability
of phosphorus has been discussed previously Hegde and Saraf (1982) reported that
application of phosphorus increased P uptake in pigeon pea Several other authors
like Singh et al (1983) Hoque et al (1984) Srivastava and Verma (1990) Jana et al
(1990) and Kaushik and Jain (1991) also reported the same The effect of microbes
like VAM 1n increasing the P uptake has been reported by Rao gt al (1986) Habte
and Manjunath (1987) Miranda et al (1984) Santh: et al (1988) and Azcon ¢t al
(1982) In our study also we have comfirmed the fact that microbes and phosphorus
could influence the phosphorus uptake of the cowpea crop In this study also the
results showed that combined application of fertilizer phosphorus along with
various microbes had pronounced effect on the availability and uptake of

phosphorus by the test crop of cowpea



Summary



W, < =® .a ahu DIO agents on phosphorus
dynamucs 1n the red loam soils of southern Kerala, three field experiments were
conducted during two seasons mn 1992 The first experiment was on the effect of
chemical desorbing antons the second on the effect of chelating agents and third on
the e fect of microbial agents The summary of the firidings of these experiments

are presented 1n this chapter
61 Experiment No 1 (Effect of desorbing anions)

The treatments for this experiments were factorial combinations of three
levels of phosphorus (No phosphorus 50% phosphorus and 100% phosphorus) and
four anions (No amon hydroxide carbonate and stlicate) The summary of the

findings of this experiment 1s presented n this section

611 Physical properties of the soil

Physical properties like bulk density water holding capacity and mean weight
diameter of the experiments were studied before planting and at harvest of the
experiment None of these charecters showed significant response showing thereby

that he treatments had no significant response on this character

61> Chemical properties of the soil

Chemucal properties like CE C pH total nitrogen content total phosphorus
content P fixing capacity and organic matter content were studied before planting
and immediately after harvest of the experiment The characters ike CE C total
phosphorus content P fixing capacity and organic matter content did not show any
sigmficant response showing thereby that these characters were unaffected by the

different treatment applications Other properties hke pH and Nitrogen content
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were significantly influenced by the treatments showing thereby that the treatments
had sigmficant bearing on this character When both phosphorus levels and amgns
had significant affect on pH of the 5011) N contents were affected only by the anion

treatments
613 Available phosphorus content of the soil

Available phosphorus contentsof the soil were studied before planting 30
DAS and at harvest of the experiment Available phosphorus contents were
sigmficantly mfluenced by the treatments as well as the various factors at 30 DAS
and at harvest of the experiment There was an increasing trend in this character
from sowing to 30 DAS and decreased highly at the time of harvest Thus 1t was
revealed that the treatments had significant influence on the available phosphorus

content of the soil

614 Soil phosphorus fractions

Soil phosphorus fractionfwere studied during three stages of the experiment
like before sowing at flowering and at harvest of the crop There were sigmificant
increase 1n the saloid P at flowering and till harvest There was corresponding
decrease 1n the Al P Fe P and orgamc P contentsof the soil The increase in the

saloid P content was from the correspondmg decrease 1n the above soil P fractions
615 Leaf and leaf characters

Leaf and leaf characters likke LAI LAR and LWR were studied at 30 DAS
and during flowering stages There was sigmficant increase i LAI at the time of
flowering only LAR showed decrease 1n the character during both stages showing
there by that the leaf thickness was increased by the treatment applications There
was no significant response 1 the LWR except at flowering during season II

showing that there was more or Iess the same ratio between leaf and plant weight
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616 Number and weight of root nodules

There was significant increase 1n the number of nofubs by the treatment
application But the dry weight of nodules had no sigmficant response showing that

was
the size of nodules werg increased when the nodule counts were decreased
617 Yield and yreld components of cowpea

Yield components like number of pods per plant 4 number of seeds per pod
100 seed weight and pod length were studied Among them number of pods per
plant alone showed significant response None of the other characters Were
mfluenced by the treatments There was corresponding increase 1n the yield by the
apphcation of phosphorus and anion treatments Yields of haulm were also

influenced by the amons and phosphorus applications

Among the treatruents 50% P with carbonate amon gave the significantly
ighest yield showing that 509 of the recommended P can be saved by the
application of carbonate anion in the form of calclum carbonate Harvest index
also showed corresponding increase m their values which was sigmificant during
seasion II only Protein content was also increased by the phosphorus applications

as well as by the anions
618 Nitrogen and phosphorus uptake

Nitrogen and phosphorus uptake were mceased sigmficantly by the
phosphorus and amon treatments during the three stages studied viz 30 DAS at
flowering and at harvest 50% P with carbonate gave the highest response 1n all the
stages studied This shows that 50% P with carbonate anion as calcium carbonate

give the best results and hence can be recommended for adoption



23:

6 2 Experiment No 2 (Effect of chelating agents)

The treatments for this experiment were factorial combinations of three levels
of phosphorus (No phosphorus 50% phosphorus and 100% phosphorus) and three
chelating agents (No chelates EDTA and DTPA) Summary of the results of this

experiment 1s presented 1n this section

621 Physical properties of the soil

Physical properties like bulk density water holding capacity and mean weight
diameter were studied before souring and at harvest of the experiment Bulk
density 1ncreased from souring to harvest But there was no sigmficant response
between various treatments Water holding capacity and mean weight diameter also
showed increasing trend from sowing to harvest But there was no significant
response between various treatments Water holding capacity was reduced by the
phosphorus as well as chelate applications But the response was not 1n the same
manner during both seasons Mean weight diameter though increased from sowing
to harvest there was no sigmficant response with respect to various treatments at

the ttme of harvest of the experiment
622 Chemical properties of the soil

Chemucal properties of the soil hkke CEC pH Total N content total
phosphorus content P fixing capacity and organic matter content were studied
before and at harvest of the experiment CE C eventhough increased from souting
to harvest there was no significant difference between treaments, Showmg thereby
that this character 1s unaffected by the chelates as well as phosphates pH increased
from sowing to harvest and showed sigmuficant response at the time of harvest Both
phosphorus as well as chelates 1ncreased the pH of the soil significantly This
showed that 50% P with EDTA gave the significantlly ighest pH of the soil The

other characters such as total N content total P content P fixing capacity and
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organic matter content were unaltered by the treatment application This shows

that the basic characteristics of the soil were not affected by the treatments

623 Available phosphorus content of the so1l

Available phosphorus contents were studied before sowing at 30 DAS and at
harvest of the experiment This value increased from sowing to 30 DAS and
decreased shightly at the time of harvest The response were significant with respect
to treatment combinations as well as various factors 100% P with EDTA gave the
maximum values of pH and hence gave the maximum response with respect to pH

of the soil Thus 1t 1s shown that the treatments had effect on the pH of the so1l

62 | Soil phosphorus fractions

Study of the soil phosphorus fractions was carried out duning three stages of
the experiment viz before sowing at flowering and at harvest Saloid P was
significantly 1ncreased from sowing to flowering and till harvest There was no
consequent reduction 1n Al P Fe P and organic P fractions There was no
appreciable change 1n Ca P fraction of the soil Reductant soluble P also increased
with respect to chelates and the whole treatments Oceluded P increased from
sowing to flowening and the statistical difference between treatments was also

significant on pooled analys:s of the data

625 Leafand leaf charcaters

Leaf characters hike LAI LAR and LWR were studied at two stages te 30 DAS
and at flowening Sigmficant incerase in LAI was obtained only at flowering with
resnect to fertilizer P and chelates Simularly LAR showed statistical significance
on y at 30 DAS showing that the leaf thickness was increased with the application
and availability of phosphorus In the case of LWR the data showed no statistical
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significance and hence showed that there was approximately the same proportion of

leaf and plant dry weight 1n all the stages
626 Nodule and nodule characters

Nodule and nodule charactes were studied at two stages 1e at 30 DAS and at
flowering There was no statistical difference between treamtnes with respect to
these characters This showed that there was no harmful or beneficial effect for

chelates and phosphorus application on this character
627 Yield and yield components of cowpea

Yield components Iike number of pods per plant number of seeds per pod
hundred seed weight and pod length were studied during the experiment Among
thegse number of pods per plant only showed statistical significance None of the
other characters showed response revealing thereby that only the pod number 1s
affected by the various treatments 50% P with EDTA gave the maximum value

showing the superionty of these treatment over others

Gram and haulm yield also showed sigmificant response with 50% P with
EDTA giving the maximum yield The superiority of this treatment over others was
thus confirmed From the study of the harvest index of the data also there showed
sigmificant response with respect to fetihiser P and chelates and among the
treatments tried 50% P with EDTA gave the highest sigmficant value Thus the
superionty of EDTA 1n enhancing the phosphorus availability 1s confirmed

In the case of protein content of grams there was significant response on this
character The two season s data showed that 100% P with either EDTA or DTPA
gave the maximum protein content On individual analysis 100% P and DTPA gave

the maxumum value for the crop These values were statistically superior over the
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other treatments Thus there were a marked effect of chelates mn increasing the

protein content of the cowpea grains
628 Nitrogen and phosphorus uptake of cowpea crop

N and P uptake of the cowpea crop were studied at 3 stages of the
experiment 1e 30 DAS at flowering and at the time of harvest There was
statistical difference 1n all the three stages of the study Phosphorus levels and
chelates also recorded statistical responses In all the stages 50% P with EDTA
gave the maximum responses On factorial analysis also 5% P and EDTA gave the
maximum response values This shows the superiority of EDTA m enhancing the

P uptake and avartlability
6.3 Expermmnent No 3 (Effect of microbial agents)

The treatments for this experiment were factorial combinations of three levels
of phosphorus (No phosphorus 50% phosphorus and 100% phosphorus) and four
mucrobial agents (No microbes VAM PB and VAM + PB) the summary of the

findings 1n this experiment 1s presented in this section
631 Physical porperties of the soil

The soil physical properties like bulk density water holding capactty and
mean weight diameter of the experimental sites were carried out before sowing and
mmedately after harvest of the experimental crop There was increase 1n the bulk
density of the sod but significant increases could be observed only during the
second season There were sigmficant mceases 1n the water holding capaicty of the
soil as well as mean weight diameter from sowing to harvest But the treatment
effect was in the reverse order 1n the case of water holding capacity and 1o positive
order in the case of mean weight diameter of aggregate This showed that there was

no deleterious effect on the soil physical properties due to the apphcation of
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phosphorus and mucro orgamisms The soil physical properties were only shightly

improved by the treatments
632 Chemical properties of the soil

Cherucal properties such a CEC pH total Nitrogen t;al phosphorus
P fixing capacity and organic matter content were studied before and immediately
after harvest of the crop The CEC of the soil was increased from sowing to
harvest But the treatment differences were not significant The pH of the soi1l was
decreased significantly by the treament applicattons Total mtrogen content of the
soil was ncreased form sowing to harvest but the treatment difference was not
statistically sigmficant Total phosphorus content decreased from sowing to harvest
But the treatment difference was not sigmficant P fixing capacity remained almost
the same without any sigmficant difference between treatments Orgamc matter
content has remarned almost the same from sowing to harvest with the treatment
difference showing no significant difference Thus 1t was revealed that soil chemical
properties were unffected by the treatments like phosphorus levels and

MICrO Organisms
633 Available phesphorus content of the soil

The 1nvestigations on the available phosphorus content of the soil was done
during three stages viz before sowing 30 DAS and at harvest of the crop The
available P content increased from sowing to 30 DAS and decreased slightly at the
time of harvest The treatment differneces were significant at 30 DAS and at the
time of harvest the treatment with 100% P along with VAM and PB recording the
highest value of available phosphorus content This shows that micro organisms
have a beneficial role in the avatlability of phosphorus and theirr combined

applications were the best for the crop under the study
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634 Soil phosphorus fractions

Soil phosphorus fractions of the soil were studied at 3 stages of the study viz
before sowing at flowering and at the time of harvest There was increase m the
soloid P which 1s the soluble P fraction of the soil There were corresponding
decreases 1n the Al P Ca P and organic P fractions which might have contributed to
the increase m the saloid P content of the so1il Other fractions did not show much
vanation The sako:d/i’ P had signuficant increase Al P Ca P had significant decrease
Orgamc P had reduction from sowing to flowering and till harvest But the

treatment difference was not significant in the case of organic P
635 Leaf and leaf characters

Leaf and leaf characters like LAI LAR and LWR were studied 1n the present
study LAI showed sigmficant variation only at the time of flowering The
treatment combmation of 100% P with VAM and PB showed significantly highest
value of LAI during the experiment The result was 1n the same manner 1n the case
of individual factors also The LAR showed sigmuficant variation only at 30 DAS
The treatment effect was 1n the reverse order showing thereby that the thickuess of
leaves were 1ncreased by the phosphorus availability Leaf Area Ratio was highest
i the control plots showed that phosphorus 1s essential for the proper thickness of
the leaves In the case of leaf weight ratios there was no sigmficant influence with
respect to vartous treatment which shows that the ratio of the leaf weight and plant

weight has remamed the same even under various treatments
636 Number and weight of nodules

There was no sigmficant difference m the nodule number under various
treatments But there was decline 1n the nodule count from 30 DAS to flowering
which can be due to nodule disintegration at the time of flowering The dry weight

of nodules also recorded the same trend as in the case of nodule number This
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well as by the muicrobial applications

637 Yield and yield components

Yield components such as number of pods per plant number of seeds per
pod 100 seed weight and pod length were studied during the period of study
Among these none were significant except the number of pods per plant The
number of pods per plant was maximum 1n 50% P with VAM and PB applied
together On windividual factor analysis 100% P and VAM + PB recorded highest
values This showed that the interaction effect was also sigmificant The grain and
haulm yield also showed the same trend as observed 1n the case of number of pods
per plant This shows that number of pods per plant alone influenced the yield of
cowpea and that 50% P with VAM and PB was the 1deal treatment for getting
maximum yteld of cowpea and that 50% P with VAM and PB was the 1deal

treatment for getting maximum yield

Harvest mndex showed sigmificant response only 1n the case of season II
whereas 1n the case of season I no such sigmficant responses were observed The
highest harvest mndex was observed m the case of 100% P with PB m the seaon IT
which 15 close to 100% P with VAM and PB On 1ndividual factors 100% P and
VAM + PB recorded the highest harvest index showing the superiornty of this
character The protein context was also 1n the positive order oifthe treatments with
significant response 100% P with VAM + PB recorded the highest sigmficant
value This showed that phosphorus has a positive role i increasing the protein

content of grains
638 Nitrogen and phosphorus uptake of cowpea

Nitrogen and phosphorus uptake of cowpea were studied during 3 stages of

the expenment viz 30 DAS at flowening and at harvest In all the cases 100% P
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with VAM and PB recorded the highest significant value at 30 DAS During the
other stages 50% P with VAM and PB recorded the highest sigmficant value
mdicating that 50% P with VAM and PB 1s the optimum treatment With respect
to individual factors 100% P and VAM + PB treatments showed the maximum
uptake of N and P This shows that the interaction effect of factors were also

significant and 1s under constderation

It 15 recommended that only 50% dose of the recommended P 1s required
when carbonate amion m the form of calcium carbonate @ 400 Kg ha 1y apphied
basally and incorporated in the soil Alternately EDTA solution at 10 ‘M
concentration @ 50 ml per pe rplant 10 days after germunation and repeated at 10
days mnterval for a total of five applications for cowpea or treating with
phosphobacterin and VAM 1nnoculation will save 50% of the recommended

phosphorus for cowpea crops grown 1n red loam soils of southern Kerala
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APPENDIX -1

Weather data (weeklv mean) for the experimental periods (Season )

Weeks  Temperature (°C) Relative humdity (%) Total rainfall Numberof  Sunshire  Evaporation

Maximum Minimum FN AN (mm) rainy days hours (mm day 1)
day !
1 311 236 923 717 199 5 34 217
2 292 232 927 781 428 7 16 25
3 301 248 911 781 65 4 40 217
4 300 251 890 750 0 0 58 43
5 303 242 867 76 6 29 S 53 31
6 293 231 904 801 83 3 47 30
7 291 229 910 771 78 4 41 24
8 301 229 904 723 17 2 53 36
9 2817 224 893 8717 42 4 30 30 ——
10 289 231 920 827 10 1 39 34
11 290 238 921 791 15 2 58 29
12 296 237 904 759 3 1 71 42
1 295 234 911 773 27 2 51 40

(AX X




APPENDIX I

R aal e ~ n for the experimental verods (deasor
Weeks  Temperature (oC) Relative hun dity (%) Total rainfall Number of  Sunshire  Evaporation
Maximum Mimum FN AN (mm) rainy days hours (mm day 1)
day 1

1 302 225 901 760 155 5 26 30

2 293 227 911 777 189 4 30 23

3 296 238 927 743 3 1 62 38

4 298 236 899 736 6 1 80 44

5 285 227 906 831 60 1 73 30

6 290 231 893 700 5 2 50 27

7 291 229 927 797 253 5 71 13

8 306 233 937 746 12 1 47 22

9 308 229 913 660 10 1 55 28-
10 305 220 8o 673 12 1 75 26

11 303 222 894 46 0 0 46 29

—
~2

311 224 9113 730 4 1 68 25
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APPENDIX HI
CALENDER OF OPERATIONS

A. Experiment No I (P desorbing anions)

SEASON I
18592 Layout and applying desorbing anions
1692 Application of chemucal fertilizers and planting
18692 Thinmng and weeding
21692 Top dressing and earthing up
30692 I sampling of plants & so1l
3792 Spaying msecticide and fungicide
18792 11 samplmng of so1l and plants at flowering
11892 Removwing border plants for harvesting
13892 Taking observations and I harvesting of dry pods
22892 Taking observations and harvesting of drypods
31892 Taking observations and final harvest of grain and haulms and

collection of so1l and plant samples

SEASONII
21992 Layout and applying desorbing anmons and digging and incorporating
31092 Application of chemucal fertihzers and planting cowpea

201092 Rectifying channels and bunds thinmng and weeding of plots
231092 top dressing and earthing up

291092 Clearing around experimental plots
31192 Sampling of cowpea plant and soil

91192 Spraying fmgicide and 1nsecticide

18119« Sampling of cowpea and souls at flowering

20119 Spraying fungicide and insecticide



11292
91292

16 1292
231292

XXX

Spraying fingicide and msecticide

Applying mnsecticide taking observations and harvesting dry cowpea
pods

Taking observations and harvesting and transporting cowpea pods
Final harvesting of cowpea pods and haulms and collection of so1l

and plant samples

B. Experiment No 2 (Effect of chelating agents)

18592
1692

10692
18692
20692
21692
30692
3792

10792
18792
20792
11892
13892
22892
31892

21992
3109

SEASON 1

Layout and digging the experimental plots
Applications of chemucal fertilizers and planting
Apphication of chelates

Thinmng and weeding of plots

Application of chelates

Top dressing and earthing up

Application of chelates first sampling of so1l and plants
Spraying insecticide and fingicide

Application of chelates

Second sampling of plants and soil at flowering
Application of chelates

Removing border plants for harvesting

Taking observations and harvesting of dry pods

Taking observations and harvesting of dry pods

Taking observations and final harvesting of cowpea grains and haulms
and collection of so1l and plant samples

SEASON I

Layout and digging of plots
Application of chemical fertilizer and planting of cowpea



131092
201092
231092
291092
31192
91192
131192
181192
201192
231192
11292
91292

16 1292
231292

XAX

Application of chelates

Rectfying channels and bunds thmnmgdnd weeding of plots

Top dressing and earthing up and application of chelates

Cleaning around experimental plots

First sampling of cowpea plant and soil and application of chelates
Spraying fungicide and insecticide

Apphcation of chelates

Sampling of cowpea and soils at flowering

Spraying fungicide and insecticide

Apphication of chelates

Spraying fungicidtand insecticide

Applying insecticide taking observations and harvesting dry
cowpea pods

Taking observations and harvesting dry cowpea pols

Taking observations final harvesting of dry cowpea pods and haulms

and collection of sotl and plant samples

C Experiment No.3 (Effect of microbial agents)

18592
1692

18692
2169
30692
3792

18792
11892
13892

SEASON -1

Layout and digging the experimental plots

Application of chemical fertilizers and planting and applying
inoculants

Thinning and weeding of plots

Top dressing and earthing up

First sampling of soil and plants

Spraying msecticide and fungicide

Second sampling of plants and soil at flowering

Removing border plants for harvesting

Taking observations and harvesting of dry pods



22892
31892

21992
31092

201092
231092
291092
31192
91192
181192
201192
11292
91292

16 1292
231292

XXX

Taking observations and harvesting dry pods
Taking observation and final harvesting of cowpea grain and haulms

and collection of so1l and plant samples
SEASON I

Layout and digging plots

Application of chemucal fertihizer and planting of cowpea moculated
with mucrobes

Rectifying channels and bunds thinning and weeding of plots

Top dressing and earthing up

Cleaming around expenimental plots

First sampling of cowpea plant and so1l

Spraying fungicide and nsecticide

Sampling of cowpea and soils at flowering

Spraying fungicide and insecticide

Spraymng fungicide and insecticide

Applying insecticide taking observations and harvesting of dry
cowpea pods

Taking observations and harvesting dry cowpea pods

Takang observations final harvesting of dry cowpea pods and haulms

and collection of so! and plant samples



APPENDIX IV

Econonucs of P desorbing anions on the yield and net profit of cowpea (area 1 ha)

[Treatment | Cost of Cost of Labour cost Common Total Cost Return from  |{Net Profit
fertiizer P | Chemucal Cultivation Cost Cowpea (Rs) Rs
Rs Rs Rs Rs Rs @ Rs 15 per Kg
T1 5638 5638 8175 2537
T2 600 80 5638 5718 12435 6717
T3 520 80 5638 6238 12780 6542
T4 6000 80 5638 11718 12150 432
TS 81 80 5638 5799 9690 3891
T6 81 600 160 5638 6479 13650 7171
T7 81 520 160 5638 6399 14745 8346
T8 81 6000 160 5638 11879 12390 511
T9 162 80 5638 5880 11370 5490
T10 162 600 160 5638 6560 13125 6565
T11 162 520 160 5638 6480 13860 7380
T12 162 6000 160 5638 11960 13545 1585
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APPENDIX - V

CORRIGENDUM

Th= words after harvest appearing in the text be read as at harvest



ABSTRACT

Three field experiments were conducted at the Instructional Farm College of
Agriculture Vellayam during 1992 93 for two season to study the effect of
chemucal and bio agents on phosphorus dynamics in the red loam soils of Southern

Kerala

In the experimnet No1 four treatments such as no amwons hydroxide
carbonate and silicate were tested under three levels of phosphorus such as no
phosphorus 50% phosphorus and 100% phosphorus From the study 1t was
revealed that carbonates have more desorbing power for phosphorus than the other
anions tested These were reflected 1n the yield and yield attributes available
phosphorus content of the soil soil phosphorus fractions nitrogen and phosphorus
uptake of plants Among the combinations carbonate amon with 50% phosphorus

gave the highest yield

In the experiment No 2 three treatments such as no chelates EDTA and
DTPA were tested with three levels of phosphorus such as no phosphorus 50%
phosphorus and 100% phosphorus From the study it has been revealed that EDTA
gave better response than other chelates tested These were reflected 1n the yield
yield attributes, available phosphorus content of the soil, soil phosphorus fractions
nitrogen and phosphorus uptake of plants Among the combinations EDTA with
50% phosphorus gave the highest yield

In the experiment No 3 four levels of microbial agents such as no microbes
VAM PB and VAM + PB were tested with three levels of phosphorus such as no
phosphorus 50% phosphorus and 100% phosphorus From the study it has been
revealed that VAM + PB gave the highest response This was reflected in the yield
attnbutes available phosphorus content of the soil soil phosphorus fractions
mtrogen and phosphorus uptake of plants Among the combinations VAM + PB
with 50% phosphorus gave the highest yield



