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1. INTRODUCTION

Phosphorus is classed along with nitrogen and potassium as a major plant 

nutrient element It is associated with several vital functions and is responsible for 

several characterstics of plant growth such as utilization of sugars and starch 

photosynthesis nucleus formation and cell division cell organisation and the 

transfer of heredity

Phosphorus is a constituent of nucleic acids fats and phospholipids 

Phosphorus has been reported to stimulate root growth An adequate supply of 

phosphorus in the early stages of plant growth is important for laying down the 

primordia for the reproductive parts of plants It helps in early maturity of crops 

partn ularly cereals and poor availability of this nutrient retards their growth 

Phosphorus is essential for seed formation and occurs in large quantities in plant 

seed and fruit The role of high energy phosphate bond (ATP ADP AMP) in 

respiratory and photosynthetic processes is well established Two symptoms of 

phos horns deficiency are reduced plant size and unusual deep green colour 

Gem rally plants take up their phosphorus as the primary orthophosphate ion The 

secondary orthophosphate ion is also believed to be absorbed by plant roots in 

small quantities

The rock phosphate deposits concentrated in certain pockets in the world are

the ultimate source of fertilizer phsophorus for the plants At present we used to

apply- phosphorus to all the crops in the name of balanced fertilization irrespective

of whether the crops respond to it or not It may also be noted that response to

pho phorus is rarely obtained in Kerala may be because of its fixation and other

ch i ges in the soil On account of the indiscriminate use of phsophate fertilzers the
i

world deposits of the once concentrated form of rock phosphate is converted into



soluble forms and distributed over large areas from where it becomes irrecoverable 

for further use and response to phosphorus is rarely noticed in terms of crop yield

1 hese facts clearly illustrate the need for streamlining the various approaches 

to utilize the added and native sources of phsphorus to the extent possible so that 

the life 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 in view the present experiments were conducted to find 

out the various chemical and bio agents on the uptake of native and added 

phosphorus in the redloam soils of Kerala It also aims at finding out the effect of 

these agents on the physico chemical properties of the soil monitoring the 

available phosphorus status of the soil during the post treatment period and its 

effects on the growth and yield of the test crop grown

2
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2. REVIEW OF LITERATURE

The review is classified under the following five headings viz

1 Importance of phosphorus as an essential plant nutrient element

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

3 Effect of chelating agents on the phosphorus availability in soils

4 ETect of microbial agents on the phosphorus availability in soils

5 Crop response to phosphorus application with special reference to legumes

2 I Importance of phosphorus as an essential plant nutrient element

Phosphorus like nitrogen potassium, calcium magnesium and sulphur is 

classed as a macronutrient It occurs in most plants in concentrations ranging 

between 0 1 and 0 4% a range considerably lower than that typically found for 

nitrogen and potassium Plants can absorb P as either primary H2PO4 ion or 

smaller amounts of the secondary HPO4 orthophosphate ion Since the former is 

the most abundant over the range in soil pH prevailing for most crops It is usually 

the principal form absorbed Studies with some plants have shown that there arc 

abcn t 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 ion is greatest at higher values of soil pH (Tisdale el ui 
19S4)

Other forms of P including the pyrophosphates and metaphosphates which are 

coinponenets of certain commercial fertilizers are also suitable for crops Since in 

aqu< ous solution both these forms hydrolyse to orthophosphate their absorption 

pro ha! ly occurs mainly after conversion to orthophosphate Plants may also ibsorb 

cennn s jluble organic phosphates Nucleic acid and phytin are taken by plants



from sterile sand or solution cultures Both compounds may occur as degradation 

products of the decomposition of soil orgamc matter and as such could be utilized 

directly by growing plants The nucleic acid DNA and monopotassium phosphate 

were tound to be equally effective phosphate sources for barley grown on a P 

deficient soil Of the many essential functions that P has in plant life its role in 

energj storage and transfer is singly the most important Phosphate compounds act 

as energy currency within plants Energy obtained from photosynthesis and 

metabolism of carbohydrates is stored m phosphate compounds for subsequent use 

in growth and reproductive processes The most common energy currency is that 

found in ADP and ATP It occurs m the form of high energy pyrophosphate bonds 

between phosphate molecules located at a terminal position on ADP and ATP 

structures ATP has two pyrophosphate bonds between its three phosphate 

molecules and hence contain the most energy When the terminal phosphate 

molecule from either ATP or ADP is split a relative large amount of energy is 

liberate! ATP is the source of energy that powers practically every energy 

requuing biological process in plants Almost every motabolic reactions of any 

sigmf cance proceeds via phosphate derivatives (Tisdale e l al 1985)

Donation or transfer of the energy rich phosphate molecules from ATP to 

energy requnng substances m the plant is known as phosphorylation In this 

reaction ATP is converted back to ADP The compounds ADP and ATP are 

formed and regenerated in the presence of sufficient phosphorus at sites of energy 

production such as oxidation reactions of respiration (Tisdale e la l 1985)

In addition to this vital metabolic role P is an important structural component 

of a wide /ariety of bio chemicals including nucleic acids co enzymes nucleotides 

phosphopioteins phospholipids and sugar phosphates An adequate supply of P 

early n the life of a plant is important in laying down the pnmordid for its
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reproductive parts Large quantities of P are found m seed and fruit and is 

considered essential for seed formation Phytin composed of calcium and 

magnesium salts of phytic acids is the principal storage form of P in 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 maturity of crops particularly in 

grain crops An adequate supply of P is associated with greater strength of cereal 

straw The quality of certain fruit forage vegetables and gram crops is said to be 

improved and disease resistance increased when these crops have satisfactory 

P nutrition P is readily mobilized in plants and when a deficiency occurs the 

elenu nl contained iq the older tissues is transfered to the active meristematic 

regions (Tisdale e l al 1985)

2 2 Effect of phosphorus desorbing anions on the phosphorus
availability in soils

The literature on the anion contribution to desorbing P in soil are very
i/

limited The amons tested m this experiment include hydroxide carbonate jnd 

silicate

Noda and Saio (1952) reported that S1O2 had greater effect on fixation of P 

th in h d S1O3 "~Bastisse (1967) reported that silicate anions tended to send P into 

solut on Obihara and Russell (1972) reported that silicate adsorption was 

maximum at about a pH of 9 2 Binh el al (1974) reported that application of 

silicates raised the pH and had markedly increased P availability Smyth and 

Sanchez (1980) reported that silicates and previous P applications decreased P 

fixation and improved cation retention properties Domning and Amberger (1988) 

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

application
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S n h i and Mandel (1955) reported that fluoride ind hydroxide were mon. 

effective in releasing exchangeable P in the soil Baker (1960) reported that the 

m edia lism of P retention appeared to involve an exchange reaction between 

hydrt xide and phosphate amon Amons such as chloride nitrate acetate and 

sulphali have very little power to displace phosphates The high displacing power is 

posse sed by anions such as hydroxide fluorides oxalate arsenate citrate and 

t«_rt lr its. which form stable complexes with iron and aluminum and also reduce 

secoi dary sorption of P during extractions with dilute acids (Mathan and Durairaj 

1967 Runamoorthy and Velayudham 1976)

Specific adsorption of silicate and phosphates and its influence in exchange 

propt rties and cation protection have been studied in detail by Hmgsten and 

Raupach (1967) Hingsten £l al (1968) Obihara and Russell (1972) and Gillman 

and 1 ox (1980) Baez Baez el al (1988) reported some favourable influence of 

cirbonaies and silicates on P desorption in soil with marked reduction in 

P adsorption capacity thus favouring P availabihly Ramos Hernandez and Aguilera 

He e a 1 1188) reported that with lime and phosphate^pH could be increased and 

also both the orgamc acids and the inorganic P fractions could be mobilized It is 

esidenl liom these that there is some marked effect of anions for P desorption and 

thus iv u ability and uptake of P by crops (llan e l a l (1989) and Wang and Yuan 

( 1989y reported that available P content was increased by addition of lime^) 

Hart k i n*n and Mohemmedi (1991) report! d that the isotopically exchangeable P 

was lltected by CaC03 only shghtly '^ ig  fil al (1994) also reported the effect of 

v in i is anions on P desorption in soil including silicates



2.3 I fleet o f chelating agents on the phosphorus availability in soils

Mack Drake (1965) pointed out that by the process of chelation many organic
2 + 2 |

amon from highly stable werner type complex ion with such cation as Ca Zn 

Mn’ + Al3+ and Fe3+ The solution thus behaves as if these cations were not 

presert For example addition of EDTA to a solution of CaCh prevents the 

precipitation of calcium on the addition of oxalate amon And in contrast this

chela ing agent EDTA when added to calcium oxalate will dissolve this precipitate
3 4'with he formation of oxalic acid and calcium EDTA By this reaction Fe and 

Al3+ ions are inactivated and thereby prevent phosphate fixation Role of chelates 

in solution of phosphate results in solubilization of iron and aluminium phosphate 

protection of applied soluble phosphate solubilization of rock phosphate by 

calcium chelations and chelation of iron and other metals Wheeler (1966) 

reported that chelation of iron and aluminium found in the vicinity of fertilizer 

granules was effective in reducing P fixation Hashimoto (1967) reported that 

ED I A suppressed P fixation in reddish soil and a volcanic ash soil but increased n 

in n white soil Reuda £t al (1981) reported that EDTA and DTPA inhibited almost 

cornpletelj the adsoprtion of zinc on to haematite over a pH range from 4 to 10 

Borggir (1983) reported that EDTA and Dithiomte EDTA treated to soil remove 

iron oxides Jayachandran £i al (1989) reported a favourable effect on the 

applic ltion of EDDHA in P solubilization

1 hus it is revealed that chelates increased the phosphate availability to plants 

by reacting with P fixing metals like iron aluminium zinc etc which are present in 

the P deficient as well as P sufficient soils

7
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2 4 Lffect of microbial agents on the phosphorus availability in soils 

24  1 Effect of phosphabacteria

The effect of phosphabacteria (Bacillus megatherium var phosphaticiiml on P 

solubilization was reported by several authors including Sundara Rao (1968) 

Kumaraswamy and Rajasekharan (1990) obtained positive results with 

phosphobacterm treatment for sugarcane and concluded that phosphobactenn has 

a remarkable role in increasing P fertilization for sugarcane

Dubey and Billore (1992) reported that, in India significant increases in the 

yield of berseem have been reported due to inoculation with phosphobacterm 

Similalry the increased in the yield and phosphate uptake in tomato and wheat by 

bacterisation with phosphobacterm of the Indian strain Bacillus megatherium was 

subsequently reported Addition of rock phsophate to soil in conjunction with 

phosphate solubilizing micro organisms was found to make P available to plants in 

neutial to alkaline soils They also reported that significant yield increases by 

addition of rock phosphate and many phosphate solubilizing micro organisms have 

been reported m 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 

uul their interaction significantly influenced grain and straw yield of chick pea An 

appreciable increase in grain yield over control was reported with microbial 

■nocul ints Among the single inoculant the highest grain yield was obtained with 

Aspergnilliis awamori followed by Pseudomonas striata Combined inoculation with 

Glomus fasciculatum and phosphate solubilizing bacteria augmented straw and 

grain yields but not significantly over their respective control
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2 4 2 Lflect of vesicular arbuscular Mycori hizae (VAM)

Vesicular Arbuscular Mycorrhizae briefly called the VAM are obligate 

symbi itic fungi which are endogenous to the roots by the hyphae and are externally 

spread in to the soil The plant roots supply the required food materials to the fungi 

and in 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 is Glomus

\ 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 m experiments using isotope dilution technique or fertilizer labelling 

techniques (Hayman and Mossae 1972)

In spite of the fact that no general correlation has been found between VAM 

and soil pH particular soil pH favour particular VAM species This is important 

because it significantly affects the effectiveness of mycorrhizal fungi (Mossae £i al 

1981 Hayman 1982 Arines 1990) These papers also revealed that soil pH by 

charging the solubility status of plant nutrients can indirectly influence VAM 

formation and/or activity

Krishna and Dart (1984) reported that there was no effect for mycorrhizal 

inoculation on P fertilization m unstenle soil Negave and Roneadori (1985) 

reported that in all studies with citrus the mycorrhizal growth response was greatest 

at low fertility Singh and Singh (1986) reported that lentil responded well to 

Glomus fascicnlatnm in the P deficient as well as in the soil ammended with 40 mg 

P kg 1 soil Schubert and Hayman (1986) reported that mycorrhizal infection was 

usu illy decreased by increasing additions of P but the rate of root colonisation and 

in ft ction plateau varied with different endophytes Singh and Singh (1986) reported
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that mycorrhizae proved effective in enhancing the activity of Rhizobium and in 

improving growth nodulation li fixation P uptake and yield of lentil It was 

concluded that P application upto 80 mg P kg 1 soil did not inhibit VAM infection 

and that Glomus fascicnlatum inoculation may increase P utilization of lentil 

cultivars grown on a P deficient soil Rao filal (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 uptake 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 Smith and 

Giamnazzi Pearson 1988) show thaiVAM enhance plant growth as a result of 

improved mineral nutrition of the host plant and this has been confirmed with the 

use of isotopic tracers Mycorrhizal plants are not only large but also usually have 

an ncreased 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 is related to the enhanced 

nutrient uptake by fungal activity This is 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 loot (Barea 1991)

1 he effect of VAM fungi in increasing the nutrient availability in soils was 

reported by Subba Rao (1982) Similar results were also obtained by M onta and 

Kon sin (1989) in the tea plantations and Miranda £ ia l (1989) in sorghum plants
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Hung el al (1990) reported that inoculation of VAM increased the availability of P 

for sv\ eet potato and Napier grass

Syvertsen and Graham (1990) reported that well established VAM 

colonisation does not affect net gas exchange of citrus plants that are comparable in 

size growth rate and nutritional status with non mycorrhizal plants Barea (1991) 

reported that the development of an extensive net work of extra metncial byphae 

by the Vesicular Arbuscular Mycorrhizae (VAM) in soil surrounding the root 

together with the capacity of these hyphae for nutrient absorption and transport to 

the cortical root cells which indicated that VAM modified the nutrient uptake 

properties of the root system Actually it is widely accepted that VAM plays a 

recognised role m nutnent cycling in the ecosystem Vivekanandan and Ftxen 

(1991) reported that P uptake m the check plots was highest in the ridge plant corn-, 

soj bean system and lowest m the mould board plough corn fallow system 

Generally VAM colonisation rates were significantly higher m the ridge plant 

syst m than in the mould board plough system

2 5 Crop response to phosphorus application with special reference to 
legumes

2 5 1 General crop responses to available soil phosphorus

Chahil and Vjrmam (1973) reported that groundnuts are shown to absorb 

72% of their P through roots and 28% through fruitimng organs Greatest 

cortribution to nee production is made by the P which has been absorbed upto 

flowering (Mahapatra and Yaduraja, 1981) In maize P accumulation can be 

paiticularly high during silking and in 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 

veget ltive growth and root proliferation which is to follow P uptake increases as 

the ciop grows and in several cases has been found to be quite m the period 

preceeding maturity (Govil and Prasad 1974 Roy and Wright 1974 Jain 1981 

Naga aj and Kumar 1983)

Typically a soil analysing available P less than 23 kg P2O5 ha 1 is categorised 

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 in 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 fertilizer P and the different P fractions are some of the 

important criteria m the selection of suitable crops and P management in crop 

rotations A basis for calculating P fertilizer schedules for which cropping 

sequences have been adopted by predicting post harvest soil test values (ICRISAT 

1988)

Soil testing is an essential prerequisite for taking measures for increasing 

fertilizer use efficiency Soil testing service in India started in 1956 57 The fertilizer 

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 1 seed for oil seed crops 0 70 kg P 100 kg 1 for pulses and 0 44 kg P 100 

kg 1 grain for cereals The nutrient requirement is a crop characteristic and as such 

doej not depent on the soil type Crop species and varieties also differ significant!)
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in th it 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 

being 48 2% for cereals 50 9% for pulses and 50 0% for oil seeds For long 

duration crops it was 193 5 % for sugarcane 181 0 % for banana and 90 0% for 

cotton The P contribution from fertilizer was around 25% for cereals pulses and 

oilseed crops Fixation of added P in soil which may reach a level as high as 81 0% 

is one of the mam criteria limiting more efficient use of fertilizer P (ICRISAT 

1988)

Al Mustafa (1988) reported that calcium bound P (Ca P) appeared to be of 

little importance as a short term source of P for corn plants although it constituted 

upto 86% of the total P in the soil Saad e l a l (1988) reported that wheat yield 

response was highest when soil content reaches an average value of 13 ppm Russell 

e l a l (1989) reported that in bird food trefoil tissue concentration of P and K were 

best related to soil solution concentration. Smyth and Cravo (1990) reported that 

fertilizer P required to raise the initial mehlich soil P to critical levels weie 41 to 60 

kg P ha 1 for corn and cowpea respectively Ivarson (1990) reported that during a 

pot trial with the grass there was a large decrease in the resin P fractions for a long 

term P fertility trial

2 5.2 Response of legumes to phosphorus application 

2 5 2 1 Cowpea

Ezedinma (1965) found that application of P2O5 at 40 ka ha 1 along with 20kg 

N i l 1 significantly increased plant height number of leaves per plant and shoot diy 

maiter of cowpea Nair (1966) found that phosphorus applied at 0 to 90 kg P2OS 

ha 1 did not influence the height of cowpea Smgh e l al (1968) observed that 

application of phsophorus as super phosphate increased the yield of tops and roots
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in c wpea Garg el 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 P2O5 ha 1 resulting in a higher fodder yield of cowpea 

Fagena and Bajpai (1971) found that higher and lower levels of phosphorus 

application retarded plant height of cowepa significantly Rao and Patel (1975) 

found that application of 44 8 kg P2O5 ha 1 to cowpea increased the dry matter 

production significantly over no P control Tnpathi £l al (1977) found th it 

application of 60 Kg P2O5 ha 1 resulted in significantly higher yield of dry matter in 

cowpea

Yield response of cowpea to P application has been reported by many 

workers Salam si al (1968) observed that yields of cowpea were significantly 

increased by P application Mata and Sanchez (1970) found that cowpea grain yield 

increased with incremental rates of P upto 120 Kg P2O5 ha 1 Pande (1972) found in 

studies with green gram that gram yield was increased significantly by the 

application of 90 Kg P2O5 ha 1 applied but not statistically significant Kurdikeri el 

al (1973) found that in rainfed areas application of 44 Kg P2O5 ha 1 along with 11 

kg N ha 1 resulted in optimum gram yield of cowpea Malik (1974) observed that P 

application did not have any significant effect on the gram yield of cowpea Rao and 

Patel (1975) observed in cowpea experiment in a loamy sand that applicat on of 

44 8 Kg P2O5 ha 1 significantly increased the seed yield over no P control Nangju 

(1176) reported that seed yield of cowpea increased singificantly by the application 

of P Tnpathi e t al (1977) observed that optimum economic rate of P application 

ranged between 33 4 to 46 4 Kg P2O5 ha 1 for different cultivars of cowpea 

V suanathan £ la l (1978) reported that the optimum P requirement for cowpea w is 

■W 37 Kg P2O5 ha 1 while the optimum economic dose was 23 55 Kg ha 1 (Oayaram 

nr J Ramiah (1980) observed response to P only upto Kg P2O5 h a j
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2 5 2 2 Chickpea

In chickpea in general 20 to 30% increase in grain yield has been observed 

with the application of P ranging from 20 to 45 Kg P1 O5 ha 1 depending upon the 

soil test values (Prasad siaL 1968 Chaudhury £i al 1971 Sinha 1972 Sawhney el 

al 1975) Chaudhury el al (1975) reported that in chickpea applied P was found to 

have a significcmt effect on nodulation and it 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 P2O5 ha 1 for optimum 

yield Suryawanshi and Chaudhary (1979) and Devarajan e l al (1980) reported 

optimum response to P application upto 22 to 25 Kg P2O5 ha 1 only In several 

studies with chickpea (Kalsi el al 1982 Kapur el al 1982) depending upon soil 

significant responses to P with doses varying from 22 to 66 Kg P2O5 ha 1 have been 

reported

2 5 2 3 Lentil

In lentil with the application of 25,50 and 75 Kg P2O5 ha 1 along with basal 25 

Kg N ha 1 Sharma and Chaudhury (1971) obtained a grain yield of 34 37 and 40 q 

ha 1 Panwar e l al (1977) reported an optimum dose of 50 Kg P2O5 ha 1 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 1 which 

can be considered as an adequate level of soil P

2 5 2 4 Green gram

In a number of studies it has been reported that application of P varying from 

40 to 80 Kg P2O5 ha 1 r'eyu. red  [0 increase significantly the grain yield of 

gi en gram (Deshpande and Bathkal 1965 Panwar and Singh 1975 Ravankar and 

Bhade 1975 Singh £ la l 1975) Rao and Bhardwaj (1980) reported that greengram
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greatly benefited from P application to the pieceeding cereal crop and as such there 

may not be any need for fresh application of P

2 5 2 5 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 e l a l (1974) found that application of 80 Kg P2O 5 ha 1 was 

significantly superior to 40 Kg P2O5 ha 1 which in turn proved superior to 

unfertilized control A good crop of pigeon pea can remove as much as 30 Kg P2O 5 

ha 1 (Saxena and Yadav 1975) In a field experiment with pigeon pea in rainfed 

areas first increment of 33 Kg P2O5 ha 1 increased yield by 50% and second 

increment further resulted in a similar increase However studies from Punjab 

(Kaal and Sekhon 1975) and Uttar Pradesh (Rathi and Tnpathi 1978) have shown 

th it p geon pea responds upto 40 Kg P2O5 ha 1 Singh and Prasad (1975) reported 

highest grain yield with the application of 100 Kg P2O5 ha 1 on a sandy loam soil 

low in Olsens extractable P Rao and Bhardwy (1981) studied the direct and 

residual effects of P application in Pigeon pea wheat rotation They observed that 

pigeon pea effectively utilized P that was residual inthe soil from the previous crop 

when supplemented by a direct application of 18 Kg P2O5 ha 1 However in studies 

on jirect residual and cumulative P application to pigeon pea in 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 

PsOs ha 1 However in studies on direct residual and cumulative P application to 

pigeon pea in pigeon pea wheat rotation Pasncha el al (1987) have observed that 

there is no need of P application when preceeding wheat was given recommended 

d >se of 60 Kg P2O5 ha 1
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2 5 2 6 Soybean

In a field trial with soybean Kesavan and Morachan (1973) found that 

optimum dose of P could vary from 50 to 100 Kg P2O5 ha 1 depending upon the 

crop variety Singh and Saxena (1973) proposed optimum dose of 52 2 kg P ha 1 for 

cv B agg Aggarwal and Narang (1975) found that soybean cv Bragg responded 

to P application upto 80 Kg P2O5 ha 1 and 20 kg N ha 1 Roy and Mishra (1975) 

found that in North Bihar dressing of P required for obtaimng maximum yield of 16 

to 17 q ha 1 ranged from 30 to 38 Kg P2O5 ha 1 and the calculated most profitable 

dose was 32 Kg P2O5 ha 1 Rana and Chand (1977) obtained maximum yield with 80 

Kg F2O5 ha 1 Hampiah and Smha (1979) reported responses of soybean to P 

application upto 60 Kg P2O5 ha 1 In Punjab soybean responded significantly to P 

upto 80 Kg P2O5 ha 1 (Aulakh £lal, 1990)

2 5 2 7 Black gram

In black gram adequate application or P (40 Kg P2O5 ha :) not only increased 

yield but also helped in increasing root nodulation and consequently nitrogen 

confent of grams (Sahu 1973 Kadwe and Bhade 1973) Rajendran s i al (1974a) 

observed a yield increase with P application of 90 Kg P2O5 ha 1 Subsequently 

Raiendran s i al (1974b) observed that with increased application of P the 

extractable P in the soil increased upto flowering stage after which it started 

declining perhaps due to rapid removal by plant and its fixation in the soil Namdeo 

and Ghatge (1976) rep lied that adequate application of P (40 Kg P2O5 ha *) not
A.

only increased yield but also helped in increasing root nodulation and consequently 

nitrogen content of grams in black gram Panwir el al (1977) reported a linear 

increase in the yield upto a level of 60 Kg P2O5 ha 1 above which (90 Kg P2O5 ha *) 

there was a decline in the response Bahl u a l  (1988) reported that as P is essential 

n  the mechanism of N fixation and for growth of nodule bacteria its application to
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black i ram with or without inoculation has also been reported to increase N status 

of soils

2 5.2 8 Fieldpea

In field pea for some submotaneous soils of Uttar Pradesh 75 Kg P2O5 ha 1 

has been found to be an optimum dose (Singh and Tiwari 1985) Pasricha £1 al 

(1987) reported that field pea responded upto 60 Kg P2O5 ha 1 They also reported 

that in irrigated areas the yields ranged from 20 to 39 q ha 1 with a response of 4 4 

and 3 7 q ha 1 at 30 and 60 Kg P2O5 ha 1

2 53.9 Groundnut

■Shelke and Khuspe (1980) observed that dry matter production and P uptake 

by groundnut was higher with 17 5 Kg P20i ha 1 Basha and Rao (1980) reported 

that n 30 days old groundnut plants P deficiency decreased with root length and 

numbe of leaves Patel £1 al (1981) found that higher levels of P significantly 

inci eased the top and root length of groundnut Singh and Ahuja (1985) reported 

that increasing the rate of P from 30 to 90 Kg P2O5 ha 1 significantly 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 increased with 

increased rate of P from 0 to 60 Kg P2O5 ha 1 Juan £i al (1986) reported that P 

application increased the plant height and dry matter yield of groundnut

2 5.2 10 Clover

Gourley £ ia l (1993) reported that there were significant differences m shoot 

an J diymass and P accumulation response curves among cultivars of white clover 

Differences in herbage yield and phosphorus accumulation were associated with 

larger roo system but there were no evidence of greater efficiency of P upt ike 111 

plants
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The presently available literature on phosphorus is mainly centred around 
finding out an economic dose of fertilizer for various crops and soils However few 
attempts ave also been made for making available the soil phosphorus pool for the 
crops bei ig cultivated The^e 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 hzer phosphorus more effectively under the existing agroclimatic 
condition^
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3. MATERIALS AND METHODS

W th a view to evaluate the effect of chemical and bio agents on phosphorus 

dynamics m the red loam soils of Southern Kerala three sets of field experiments 

were carried 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 experiment for evaluating the effect of microbial agents for 

testing the availability of native and added phosphorus in the soil

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

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

agents

The details of the experimental site season weather conditions materials 

and methods adopted are presented in this chapter

3 1 Experimental site

The experiments were earned out at the instructional farm attached to the 

College of Agriculture Vellayam The farm is located at 8°N latitude and enjoys a 

humid tropical climate The altitude of the site is 29 metres above mean sea level

3 2 Soil

The soil of the experimental field was sandy clay loam (Red loam) in texture 

(family oxisol) The physico chemical properties of the experimental sites of the 

thr°e experiments are given in Tables 1 2 and 3 respectively
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Table 1 Physico chemical characteristics in the surface soils o f  the

experimental sites for the Experiment No 1

So 1 characteristics Season 1 Season 11

1 Bulk density (g cm 3) 1 17 1 19

2 W ater holding capacity (%) 31 1 6 30 68

3 Mean weight diameter (mm) 1  06 0 91

4 C E C  (me 100g 1) 4 36 4 35

5 pH 5 1 1 5 09

6 N content (% ) 0 1 2 2 0 124

7 P content (ppm) 358 379

8 K. content (% ) 0 103 0 10 2

9 P f xing capac ty (pg P g *) 28 6 28 5

10 Organic matter content (%) 2 34 2 24

1 1 Available P content (mg P kg *) 7 21 6 88

1 2 Available K contei t (ppm) 231 268

13 Point of Zero Charge (PZC) 5 10 5 10
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Table 2 Physico chemical characteristics in the surface soils o f  the

experimental sites for the Experiment No 2

Soil characteristics Season 1 Seson II

1 Bulk density (g cm 3) 1  2 1 1 23

2 Water holding capacity (%) 28 18 31 14

3 Mean weight diameter (mm) 0 90 0 79

4 C E C  (me 100  g  *) 4 39 4 38

5 pH 5 12 5 10

6 N content (%) 0 12 2 0 123

7 P content (ppm) 371 376

8 K content (%) 0 109 0 105

9 P fixing capacity (pg Pg 1) 28 7 28 4

10 Organic matter content (%) 2 1 9 2  22

1 1 Available P contei t (mg P kg l ) 7 29 7 1 6

1 2 Available K content (ppm) 238 233

13 Point o f Zero Charge (PZC) 5 10 5 10
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Table 3 Physico chemical characteristics in the surface soils o f  the

experimental sites for the Experiment N o3

Soil character sties Season I Seson II

1 Bulk density (g cm 3) 1  22 1 2 4

2 Water hold ng capacity (% ) 3108 28 14

3 Mean weight diameter (mm) 0 88 0 77

4 C E C (me 100 g *) 4 41 4 40

5 pH 5 12 5 11

6 N content (%) 0 120 0 1 2 1

7 P content (ppm) 352 369

8 K content (%) 0 089 0 088

9 P fixing capac ty (|tg Pg J) 28 6 28 7

10 Organic matter content (%) 2  18 2  16

1 1 Available P content (mg P kg J) 8 16 7 98

1 2 Available K content (ppm) 229 237

13 Point o f zero charge (PZC) 5 11 5 11

14 Native mycorrhiza spore population 
(number per 100  g soil)

1 2 19
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33  Nature and cropping history of the fields

The experimental fields were cultivated with bulk cowpea immediately prior 

to the start of each expenment

3 4 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 

23 12 1992

3 5 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 I & II

3 6 Materials

3 6 1 Planting material and variety

The test crop was cowpea var C 152 for all the three experiments It is one of 

Ih most popular varieties cultivated throughout the country It is not season bound 

and can be cultivated during any part of the year provided there is adequate rainfall

3 6 1 Fertilizers

The fertilizers used for the crop are 

Urea (46%N)

M issoriephos (20% Total P2OS and 1% available P2O5 )

Muriate of Potash (60% K2O)

The recommended fertilizer dose for the crop was 20 30 10 kg ha of N P2OS
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and K.2O respectively (Kerala Agricultural University 1989) There were varying 

rates of phosphorus in all the three trials as per treatments Half the quantity of 

nitrogen whole of P2O5 and K2O were applied at the time of final land preparation 

The remaining mtrogen was applied 20 days after sowing

3 7 1 Methods

3 7 1 Design and layout of the experiments

3 7 11 Experiment No 1 Effect of phosphorus desorbing anions

The experiment was laid out in factorial Randomized Block Design with three 

replications

Treatments

Ti No phosphorus + no anions

T> N o phosphorus + Ca(OH)2 @  400 kg ha 1

T3 No phosphorus + CaCC>3 @ 400 kg ha 1

Ta No phosphorus + CaSiC>3 @ 400 kg ha 1

Ts 50% recommended P + no anions

Tr 50% recommended P + Ca(OH)2 @ 400 kg ha 1

T7 50% recommended P + CaC03  @ 400 kg ha 1

Ts 50% recommended P + CaSiC>3 @ 400 kg ha 1

T ) 100% recommended P + no anions

T 10 100% recommended P + Ca(OH)2 @ 400 kg ha 1

T 11 100% recommended P + CaC0 3  @ 400 kg ha 1

Ti 100% recommended P + CaSi0 3  @ 400 kg ha 1

Desig i  R B D

Replicat on 3



SEASON I SEASON II

T 6 T 3 t 7 t 5 t 2 T 6

T 9 T i l t 6 T u t 7 t 4

T 5 t 9 t 5 t 3 T i T 7

T 12 t 6 T io t 9 T u T2

T n t 7 t 3 T n Tio T l2

Tio t 5 t 2 t 4 t 6 T s

T7 T io t 8 T i t 4 T io

T4 T i T n t 8 t 8 T i

T3 T U T i t 6 t 3 T 8

T S t 2 T « T io t j2 T 9

T2 t 4 t 9 t 2 T 9 t 3

T i t 8 t 4 t 7 T s T n

R I  R I I  R III R I  R I I  R III

Fig 2 Layout plan of the Experiment No 1 (two seasons)
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Plot Size

Gross 5m x 4 05m

Net 4 m x 3 15m

Spacing 25 cm x 15 cm

Seasons two

3 7 1 2  Experiment No 2 Effect of synthetic chelates as soil amendments

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

replications

Treatments

Ti No phosphorus + no chelating agent

T2 No phosphorus + Ethylene Diamine Tetra Acetic acid (EDTA) at cone of

0 0001M

T3 No phosphoms + Diethylene Tnamine Penta Acetic acid (DTPA) at cone

of 0 0001M

T» 50% recommended P + no chelating agent

Ts 50% recommended P + Ethylene Diamine Tetra Acetic acid (EDTA) at

cone of 0 0001 M

T6 50% recommended P + Diethylene Tnamine Penta Acetic acid (DTPA)

at cone of 0 0001 M

T7 100% recommended P + no chelating agent

Ts 100% recommended P +  Ethylene Diamine Tetra Acetic acid (EDTA) at

cone of 0 0001 M

Ti 100% recommended P +  Diethylene Tri inline Penta Acetic acid (DTPA)

at cone of 0 0001 M



SEASON I SEASON II

N+

R I R II R III R I R II R III

T3 t 5 t 4 t 3 Tfi T4

t 8 t 2 Tj TX t 8 Ts

Ti t 4 T8 t 4 t 3 T8

t 5 Ti T5 Tfi Ti T3

t 9 T7 T7 t 2 t 5 Tfi

Tfi t 3 t 3 t 9 t 7 t 2

t 7 t 9 T6 t 7 t 4 t 9

T4 t 6 t 9 t 5 t 2 t 7

T2 Ts t 2 t 8 T9 Ti

Fig 3 Layout plan of the Experiment No 2 (two seasons)
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Design R B D

Replication 3

Plot ne

Gross 5m x 4 05in

Net 4m x 3 15m

Spacing 25 cm x 15 cm

Seasons Two

3 71_i Experiment No J  Effect of microbiological agents 

Treatments

Ti No phosphorus + no microbes

T2 N o phosphorus + Vesicular Arbuscular Mycorrhiza (VAM) inoculation

T i No phosphorus + Phosphobacterin (PB) inoculation

T4 N o phosphorus + Vesicular Arbuscular Mycorrhiza (VAM) +

Phosphobacterin (PB) inoculations 

Ts 50% recommended P + no microbes

T6 50% recommended P + Vesicular Arbuscular Mycorrhiza (VAM)

inoculation)

T7 50% recommended P + Phosphobacterin (PB) inoculation

Ts 50% recommended P + Vesicular Arbuscular Mycorrhiza (VAM) +

Phosphobacterin (PB) inoculations 

T9 100% recommended P + no microbes

T 10 100% recommended P + Vesicular Arbuscular Mycorrhiza (VAM)

inoculation

T 11 100% recommended P + Phosphobacterin (PB) inoculation

T p  100% recommended P + Vesicular Arbuscular Mycorrhiza (VAM) +

Phosphobacterin (PB) inoculations



SEASON I SEASON II

T n t 7 t 3 t 5 T 6 t 3

t 3 t 3 T io T 9 T2 t 6

T io T 8 t 4 t 4 T n t 7

T i T 2 t 7 T 8 t 5 t 2

t 6 T s T i T io T i2 t 5

t 2 T i T j2 t 6 t 3 T n

t 8 Tio t 5 T u T 9 t 4

t 7 T l2 T n T i T 4 T io

T 12 t 6 t 9 t 7 T jo T i

t 4 t 4 t 6 t 3 t 7 t 8

t 5 T n t 8 T i2 T i t 9

t 9 t 9 t 2 T 2 t 8 T n

R I RII R III R I RII R III

Fig 4 Layout plan of the Experiment No 3 (two seasons)
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Design 

Replication 

Plot size 

Gross 

Net

R B D

3

5 mx 4 05m

4 m x3 15 m

Spacing

Seasons

25 cm x 15 cm

Two

3 7 2 Treatment applications

3 72  1 Phosphorus application

Phosphorus was applied basally as Mussorie rock phosphate (20% P5O5) at 

the time of final land preparation as per the treatment requirements for all three 

experiments

3 7 2 2 Experiment No 1

Application of anions

The hydroxide amon was applied basally at the time of final land preparation 

as Calcium Hydroxide @ 400 Kg ha 1 The carbonate amon was applied basally at 

the time of final land preparation as Calcium Carbonate @ 400 kg ha 1 The silicate 

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

(a 400 kg ha 1

3 7 ? J  Experiment No 2

Chelate application

The experimental chelates (Ethylene Diamine Tetra Acetic acid and 

Diettylene Tnamine Penta Acetic acid) solutions at concentration of 0 0001 M
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were applied to soil @ 50 ml per plant 10 days after germination and repeated at 10 

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

J ayachandran £1 al (1989)

3 7 2 4 Experiment No.3

Application of microbiological agents

\ esicular Arbusular Mycorrhiza (VAM) species Glomus fasciculatum field 

culture prepared with guinea grass were applied insitu to the seed hole at the 

planting time @ 10 15 g per hole Phosphobacterin culture was treated with seeds 

@ 500 g ha 1 of seeds used and planted

3 8 Plant Protection

Plant protection measures were taken as per the package of practices 

recommendations of Kerala Agricultural University as and when required

3 9 Observations

3 9 1  Leaf Weight Ratio (LWR')

Leaf Weight Ratio was determined as per the method followed by Kevt £i al 

(19/1) and Evans (1972)

3 9 2  Leaf Area Ratio (LAR)

Leaf Area Ratio was determined as per the method followed by Radford 

(1967) and Evans (1972)

3 9 3  Leaf Area Index (LAI!

Leaf Area Index (LAI) was determined by the formula
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3 9 9 Grain yield

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

to hectare basis and expressed as kg ha 1

3 9 10 Haulms yield

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

converted to hectare basis and expressed as kg ha 1

3 9 11 Nitrogen uptake

Nitrogen content of plant samples seed sample and haulms were determined 

by microkjeldahl s method as reported by Jackson (1958) and modified by Tandon 

(1993)

3 9 12 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)

3 9 13 Harvest Index

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

matter xpressed as percentage

3 9 14 Protein content of grains

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

get the protein percentage of grains
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3 9 l t  Physical m-onerties of the soil

39  H I  Bulk density

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

weighed and the bulk density is calculated

3 9 15 2 Water holding capacity

Water holding capacity of soil was determined by Keen Razchkovski box 

method

3 9 153 Aggregation of soil samples

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

by Gupta and Dakshinamurti (1980) and expressed as mean weight diameter

3 9 (6  Chemical properties of the soil

3 9 16 1 Cation Exchange Capacity ( C E C )

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

suggested by Hesse (1971)

3 9 16 2 Soil reaction (pH)

The pH of the soil was determined as per method followed by Hesse (1971)

3 9 16 3 Total nitrogen

Total Nitrogen of the soil was determined by macrokjeldal s method as 

rep irted by Jackson (1958)
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3 9 16 4 Total phosphorus

Total phosphorus content of the soil was determined by Vanadomolybdate 

yellow colour method in mtric acid system (Jackson 1958)

3 9 16 5 Phosphorus fixing capacity

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

by Hesse (1971)

3 9 16 6 Organic matter content of the soil

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

Tandon (1993)

3 9 16 7 Available phosphorus content of the soil

Available phosphorous content of the soil was determined by the procedure 

suggested by Jackson (1958)

3 9 16 8 Fractionation of soil phosphorus

P fi actions of the soil were determined by the method of Petersen and Corey 

(1966) The organic P was calculated from the difference between total P and total 

mineral P as suggested by Mehta e la l (1954)
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4. RESULTS

The results obtained from the three field experiments were statistically 

analysed and presented in this chapter

4 1 Experiment No 1 (Effect of phosphorus desorbing anions)

4 11 Physical properties of the soil

The physical properties of the soil are given m Table 4 

4 1 1 1  Bulk density of the soil

-1
Dunng season 1 the bulk density of the soil was 117 g cm before sowing 

and the treatment differences were not significant after harvest Therefore there 

was no response for either phosphate or amons

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

4 1 1 2  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

Dunng 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 T it On factorial analysis when 50% phosphorus recorded the lowest value of 

29 42% the highest value of 3057% was recorded by 100% recommended 

phsophorus which was statistically significant But there was no response between 

the anions



Table 4 Physical properties of the soil in experiment No 1

Physical
properties Bulk density (g cm 3) Water holding capacity (%)

Mean weight diameter of 
aggregates from wet 
sieving analysis (mm)

Experiment season Season I Season II Season I Season II Season I Season II

a Before sowing 117 119 3116 2616 106 0 91
b After harvest 
Treatment No

Ti 132 129 3293 29 77 108 099
t 2 132 132 33 58 29 86 113 0 98
t 3 130 129 33 06 2939 101 099
t 4 130 133 3219 29 33 100 112
Ts 133 133 3223 30 67 100 106
t 6 133 130 3219 2872 0 96 108
t 7 133 131 3316 29 75 0 94 111
Ts 131 132 3409 28 54 0 93 113
Ts 131 130 32 75 28 82 0 92 0 98
Tio 134 132 3228 30 74 0 99 106
T n 133 131 32 61 3151 104 108
Tl2 131 131 32 69 3122 0 99 103

SEm + 
C D  (0 05)

0017 0 018 0 739 0 517 
1515

0 036 
0106

0 033 
0 097

FACTORS 
A Fert P
1 N o J 131 131 32 94 29 59 106 102
2 50%P 132 131 32 92 29 42 0 96 110
3 100%P 132 131 3258 30 57 099 104
C D  (0 05) - - 0 758 0 053 0049
B Anions
1 No amons 132 131 3264 29 75 100 101
2 OH 133 131 3268 29 77 102 104
3 C 0 3 132 130 32 94 30 22 100 106
4 Si03 131 132 3299 29 70 098 109
C D  (0 05) - - - 0 056

Note In those places where C D is not given the F test is not significant at 5% level
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4 1 1 3  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 significant after harvest The lowest value of

0 92 mm was recorded by T9 while the highest value of 113 mm was recorded in 

T2 On factorial analysis when the phosphorus levels were significant there was no 

response between the amons Among the phosphorus levels 50% phosphorus 

recorded the lowest value of 0 96 mm and no phosphorus recorded the highest 

value of 1 06 mm

During Season II mean weight diameter before sowing was 0 91mm and 

the treatment differences were significant after harvest The lowest value of 0 98 

mm was recorded in both T2 and T9 the highest value of 113 mm was recorded by 

Ts On factorial analysis no phosphorus recorded the lowest value of

1 02mm where as 50% phosphorus recorded the highest significant value of 

1 10mm No anions recorded the lowest value of 1 01 mm where as silicate amon 

recorded the highest value of 1 09 mm which was significant

4 12 Chemical properties of the soil

The data on chemical properties of the soil are given in Table 5

4 12 1 Cation Exchange Capacity (C E C ) of the soil

During season I a C E C  value of 4 21 me 100 g 1 was recorded before 

sowing After harvest the treatment differences were not significant and as such 

there was no significant response between levels of phosphorus and the various 

anions



Table 5 Chemical properties of the soil in experiment No 1

Chemical
Characteristics

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

Season I Season II Pooled mean Season I Season II Pooled mean Season I Season II Pooled mean

(1 ) (2) (3) (4) (5) (6) (?) (8) (9)

a Before sowing 4 21 427 424 511 5 09 510 0122 0124 0123
b After harvest 
Treatment No

Ti 432 4 32 4 32 512 511 512 0124 0126 0125
t 2 445 428 4 37 517 515 516 0129 0132 0131
t 3 428 429 428 518 515 517 0132 0129 0131
t 4 432 450 441 515 516 516 0132 0136 0134
Ts 4 37 448 442 514 512 513 0126 0126 0126
Te 4 47 4 45 446 518 515 517 0133 0133 0133
Tv 4 38 444 4 41 518 515 517 0131 0134 0133
Ts 436 440 438 518 515 517 0132 0131 0132
t 9 432 439 435 514 513 513 0124 0126 0125
T io 445 439 442 517 516 516 0132 0130 0131
T u 437 438 438 518 515 517 0133 0133 0133
Tl2 4 38 4 39 4 39 518 515 517 0131 0133 0132

SEm±_ 
C D  (0 05)

0107 0 090 0 070 0 003 
0010

0 004 
0013

0 003 
0 008

0 0024 
0 0071

0 0018 
0 0052

0 0015 
0 0043

FACTORS 
A. Fert P
1 NoP 434 435 435 516 514 515 0129 0131 0130
2  50%P 440 444 442 517 514 516 0131 0131 0131
3 100%P 
CD  (0 05)

438 439 439 517 
0 005

515 516 
0 004

0130 0131 0130

B Anions
1  No amons 434 440 4 37 513 512 513 0125 0126 0125
2 OH 446 437 442 517 515 516 0131 0132 0132
3 C 03 434 437 436 518 515 517 0132 0132 0132
4 S1O3 
C D  (0 05)

4 35 443 439 517 
0 006

516
0006

516 
0 005

0132 
0 0041

0133 
0 0052

0133 
0 0025

►4̂
I—u

(Contd )



Table 5 (Contd )

Chemical
Characteristics

Total phosphorus (P) ppm P Fixing capacity (pg P g *) Organic matter content (%)

Season I Season II Pooled mean Season I Season II Pooled mean Season I Season II Pooled mean

(10) (11) (12) (13) (14) (15) (16) (17) (18)

a Before sowing 358 379 369 286 28.5 28 6 234 224 2 29

b After harvest 
Treatment No

Ti
t 2

352 372 362 284 28 8 28 6 2 36 225 231
348 369 359 286 286 28 6 235 2 24 230

T3 347 365 356 28 9 28 6 28 7 2 34 223 239
T4 349 368 358 284 287 28 6 235 225 230
T5 351 370 361 28 6 28 6 28 6 236 2 26 231
t 6 349 369 359 28 7 285 28 6 235 225 2 30
t 7 345 363 354 28 9 28 5 28 7 2 34 224 2 29
Is
t 9

346 365 356 28 7 286 28 6 2 35 225 2 30
347 368 358 28 5 286 28 5 236 2 29 233

T 10 349 369 359 288 28 8 28 8 236 228 232
Tn 344 366 355 28.5 286 28 6 234 2 27 231
TI2 347 366 356 28 7 28 8 28 8 2 35 2 29 232

SEm+ 5 6 3 8 3 4 013 014 010 0042 0 040 0 029
C D (0 05) — — — — — — — — —

FACTORS 
A. Fert P
1 No P 349 368 359 286 28 7 28 6 235 225 2 30
2 50%P 348 367 357 28 7 286 28 6 235 225 2 30
3 100%P 347 367 357 28 6 287 2 8 7 2 35 2 28 232
C D  (005) — — — — — — — — —

B Aiuons
1 No amons 350 370 360 285 287 28 6 236 2 27 231
2 OFT 349 369 359 28 7 286 28 7 235 2 26 231
3 C 03 345 365 355 28 8 285 28 7 2 34 225 2 30
4 S1O3 347 366 357 28 6 287 28 7 2 35 226 231
C D (0 05) — — — — — — — — —

DO

Note In those places where C D  is not given the F test is not significant at 5% level



During season II C E C  of the soil before sowing was 4 27 me 100 g 1 am 

that after harvest there was no significant response between treatments and the 

levels of various factors

On the pooled analysis of the two season s data C E C  of the soil before 

sowing was 4 24 me 100 g 1 The treatment responses were not significant after 

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

various anions

4 1 2.2 pH of the soil

During season I pH of the soil before sowing was found to be 5 11 and that 

after harvest the treatment effects were significant While the lowest value of 5 12 

was recorded by Ti the highest value of 5 18 was recorded by six treatments viz T3 

T6 T7 Ts T 11  and T 12 On factorial analysis the lowest value of 5 16 was recorded 

b / 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 

amons recorded the lowest value of 5 13 while carbonate amon 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 significant The lowest value of 5 11 was 

recorded in T i whereas the highest value of 5 16 was recorded both in T4 and Tio 

Factorial analysis revealed that the diffeient levels of phosphorus could not make 

any significant effect on pH of the soil Among anions no amons recorded the 

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

5 16

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

trAatment differences were significant after harvest The lowest pH of 5 12 was
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recorded in Ti wherejis the highest pH of 5 17 was recorded in six treatments viz 

T3 T6 T7 Tg T 11 and T 12 On factorial analysis it was revealed that the lowest pH 

o f 5 15 was recorded in no phosphorus plot where as the significantly highest pH of 

5 16 was recorded both in 50% and 100% phosphorus plots No anions plots 

recorded the lowest pH of 5 13 while carbonate amon recorded the highest pH of 

5 17 which was also significant

4 1 23 Total Nitrogen content of the soil

The total mtrogen content of the soil before sowing was 0 122% during 

season I and that after harvest the treatment effects were significant The lowest 

value of 0 124% was recorded both in Ti and T9 whereas the highest value of 

0 133% was recorded in both T6 and T 11 On factorial analysis it was revealed that 

different phosphorus levels were not significant on their effects Among amons no 

amon plots recorded the lowest value of 0 125% where as the highest value of 

0 13 >% was recorded both in carbonate and silicate treated plots which was 

significant

During season II the total mtrogen content of the soil before sowing was 

fourd to be 0 124% The treatment differences were statistically significant after 

harvest While the lowest value of 0 126% was recorded in T i T5 and T9 the 

highest value of 0 136% was recorded only in T4 On factorial analysis all the 

fertilizer phosphorus treatments recorded the same value of 0 131% which was not 

significant over no phosphorus controls Among the amons no anions recorded the 

lowest value of 0 126% where as the highest value of 0 133% was recorded by 

silicate amon and the differences were significant also

On pooled analysis nitrogen content ol the soil before sowing was found to be 

0 123% The lowest value of 0 125% was recorded 111 both Ti and T9 whereas the
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highest value of 0 134% was recorded in T4 after harvest and found significant 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 significant also

4 12 4 Total phosphorus content of the soil

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

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

During seaon II 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 anions plots

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

significant after harvest There was no response between factors

4 12 5 Phosphorus fixing capacity of tne soil

During season I the P fixing capacity before sowing was 28 6 fig P g 1 and that 

after harvest the lowest value of 28 4 /j g P g 1 was recorded in both T i and T4 while 

the highest value of 28 9 fig P g 1 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
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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

4 1.2 6 Organic m atter content of the soil

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 

significant after harvest with resepct to treatment combination as well as the various 

factois

On pooled analysis the organic matter content before sowing was found to be 

2 29% and that after harvest the treatment differences were not significant with 

respect to combinations as well as the various factors

4 1 1 Available phosphorus content of the soil

The data on available phosporus conent of the soil at various stages of the 

experiment are given m Table 6

During season I the available phsophorus content of the soil before sowing 

wa found to be 7 21 mg P kg 1 and at 30 DAS the treatment differences were 

signficant T i recorded the minimum value of 1162 mg P kg 1 w h ereas  T3 

recorded the maximum value of 17 93 mg P Kg 1 On factorial analysis it was 

recorded that no phosphorus treatment gave the minimum value of 15 48 mg P 

Kg 1 w hereas 100% phosphorus recorded the maximum value of 16 48 mg P Kg 1 

but was not statistically significant Among the anions no amons recoided the
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Table 6 Available P content of the soil (mg P k g 1) in Experiment No 1

Treatment No
Before sowing 30 DAS After harvest

Season I Season II Pooled mean Season I Season II Pooled mean Season I Season II Pooled mean

Ti 7 21 6 88 7 05 1162 9 98 10  80 8 09 7 53 7 81
t 2 7 21 6 88 7 05 1619 1401 15 10 8 40 7 74 8 07
t 3 721 6 88 7 05 17 93 14 52 16 22 8 72 784 828
t 4 7 21 6 88 705 16 18 14 50 15 34 8 93 7 79 8 36
t 5 7*21 6 88 7 05 13.57 13 60 13.59 832 7 58 8 05
t 6 T21 6 88 7 05 15 13 1630 c833D a 7 68 831
t 7 721 6 88 7 05 17 18 1655 16 87 9 29 7 82 855
Tg 7 21 6 88 705 17 09 16 51 16 80 9 47 7 80 8 63
t 9 _______ 7 21 6 88 7 05 1414 — 12.97 13.55 925 7 62 8 43
Tio 721 6 88 7 05 17 48 15 38 1643 9 79 7 81 8 80
T n 7 21 6 88 7 05 17 24 1634 16 79 10 00 7 93 8 96
T 12 7 21 6 88 7 05 17 Q4 1641 16 73 9 89 7 89 8 89

SEin+ 000 000 0 00 0 993 0361 0 570 0 318 0359 0 240
C D (0 05) ■— — — 2 913 1644 1629 0 933 — 0 685

FACTORS
Fert P
1 No P 7 21 6 88 7 05 15 48 13 25 14 36 833 7 72 813
2 50%P 7 21 6 88 7 05 1633 1545 15 89 9 05 7 72 839
3 100%P 7 21 6 88 7 05 1648 1527 15 87 9 73 7 81 8 77
C D  (0 05) — — — — 0 822 0 815 0 467 — 0 342

Anions
1 No anions 7 21 6 88 705 1311 1218 12 65 8 62 757 810
2 OH" 7 21 6 88 7 05 1705 14 84 15 94 904 774 839
3 C 0 3 721 6 88 7 05 1745 15 80 16 63 933 7 86 8 60
4 S1O3 7 21 6 88 705 16 77 15 80 16 29 9 43 783 8 63
C D  (0 05) — — -  - 1  682 0 949 0 941 0 539 — 0395

—•si

Note In those places where C D  is not given the F  test is not significant at 5% level
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m in irL n  value of 13 11 mg P K g1 where_as carbonate amon recorded the 

maximum \ alue of 17 45 mg P Kg 1 and was statistically significant also

V ier harvest the available phosphorus content of the soil under different 

treatments were found to be statistically significant the minimum value of 8 09 mg 

P Kg ’ wa.i recorded in Ti whereas the maximum value of 10 00 mg P Kg 1 was 

recoided m I'll On factorial analysis no phosphorus treatment recorded the 

minimum value of 8 53 mg P K g 1 w herijas 100% phosphorus recorded the 

maximum value of 9 73 mg P Kg 1 which was statistically significant Among the 

amoijt no anions recorded the lowest value of 8 62 mg P Kg 1 whereas silicate 

amor recorded the highest value of 9 43 mg P Kg 1 which was statistically significant 

alsc

During season II the available phosphorus content of the soil before sowing 

wa« found to be 6 88 mg P Kg 1 and at 30 DAS the treatment differences were 

stall tically significant T i recorded the minimum value of 9 98 mg P Kg 1 while T7 

recorded the maximum of 16 55 mg P Kg 1 On factorial analysis no phosphorus 

treatment recorded the lowest value of 13 25mg P Kg 1 whereas 50% phosphorus 

recorded the highest value of 15 45 mg P Kg 1 which was significant also Among 

the amon treatments no amon recorded the lowest value of 12 18 mg P 

Kg 1 whereas carbonate and silicate amons 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 factorial analysis 110 phosphorus 

and 50% phosphorus recorded the lowest value of 7 72 mg P Kg 1 while the 

masimum value of 7 81 mg P kg ’was recorded in 100% phosphorus Among the 

anions no anions recorded the lowest value of 7 57 mg P Kg 1 while carbonate 

anion recorded the highest value of 7 86 mg P Kg 1
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On pooled analysis the available phosphorus content of the soil before sowing 

was found to be 7 05 mg P Kg 1 and at 30 DAS the treatment differences were 

significant as in the case of season I The minimum value of 10 80 mg P Kg 1 was 

recorded in T i whereas the maximum value of 16 87 mg P Kg 1 was recored in T7 

On factorial analysis the minimum value of 14 36 mg P Kg 1 was recorded in no 

phosphorus treatments while the maximum value of 15 87 mg P Kg 1 was recorded 

n 50% phosphorus treatments and this difference was statistically significant 

Among the amons no anions treatment recorded the lowest value of 12 65 mg P 

Kg 1 whereas carbonate anion recorded the highest value of 16 63 mg P Kg 1 which 

was again statistically significant After harvest also the treatment differences were 

significant The lowest value of 7 81 mg P Kg 1 was recorded in T i while the 

highest value of 8 96 mg P Kg 1 was recorded in T 11 On factorial analysis no 

phosphorus treatment recorded the lowest value of 8 13 mg P Kg 1 whereas 100% 

phosphorus recorded the highest value of 8 77 mg P Kg 1 which was again 

statistically significant Among the anions no anion treatment recorded the lowest 

value of 8 10 mg P Kg 1 where'as silicate amon recorded the highest vilue of 8 63 

mg P Kg 1 which was also significant

4 14 Soil phosphorus fractions

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

give i n Tables 7 8 and 9

114  1 Saloid P (SaJi P y

During season I Saloid P before sowing was 15 1 ppm while at flowenng the 

lowest value of 18 0 ppm was recored in Ti where'as highest value of 31 0 ppm was 

re orded in T3 and the treatment difference was significant On factorial analysis it 

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



Table 7 Soil phosphorus (P) fractions (ppm) for Season I in Experiment No 1

Treatment /  Period Saloid P Al P Fe P Red P Occl P C aP Org P Total P

a Before sowing 151 38 3 262 191 14 0 17 0 229 0 358 7

b At flowering 
Treatment No

Ti
T2

18 0 38 0 25 7 18 7 14 3 167 2240 355 3
217 36 0 250 180 13 7 163 2 2 10 3517

t 3 310 317 250 183 13 7 17 3 213 0 350 3
t 4 24 0 34 3 24 7 18 3 13 3 16 7 220 3 3517
t5 14 3 38 0 250 187 14 3 173 225 7 353 3

253 36 0 250 183 14 7 16 3 215 0 350 7
t 7 30 3 33 7 250 173 14 3 16 0 210  0 346 7
Tg 30 3 33 7 250 17 0 13 3 16 7 213 3 349 3
T9 2 1 0 35 0 26 0 18 3 14 3 16 0 219 0 349 7
Tio 217 32 7 257 183 14 3 163 2217 350 7
Tli 28 7 32 0 250 173 14 0 17 3 214 0 348 3
T 12 253 34 7 247 17 7 13 7 17 0 216 3 349 3

SEm± 136 0 62 0 61 0 40 033 0 41 138 2 29
C D (0 05) 3 99 183 — — — — 4 63 —

FACTORS 
A Tert P
1 No P 23 7 35 0 251 183 13 8 16 8 219 7 352 3
2 50%P 251 35.3 250 17 8 142 16 6 216 0 350 0
3 100%P 24 2 33 6 253 179 141 16 7 217 8 349 5
C D  (0 05) — 0 91 — — — — 2 32 —

B Anions
1 No amons 17 8 37 0 256 18 6 14 3 16 7 222 9 352 8
2 OH" 22 9 34 9 252 18 2 14 2 163 219 2 3510
3 C 03 30 0 324 250 177 14 0 16 9 212 4 3484
4 S1O3 26 6 342 24 8 17 7 13 4 16 8 216 7 3501
C D  (0 05) 2 30 105 — — — — 2  68 —
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Table 7 Contd

Treatment /  Period Saloid P A1P F eP Red P Occl P Ca P Org P Total P

c A fter harvest 

Treatment No

Ti 190 37 3 26 0 18 7 143 170 220 0 352 3
t 2 22 7 353 25 0 18 3 14 3 173 215 3 348 3
t 3 30 3 33 0 250 18 7 14 7 173 207 7 346 7
t 4 283 343 253 183 14 3 183 209 7 348 7
Tj 173 35 7 253 183 14 3 17 3 222 7 3510
t 6 27 3 35 7 250 18 7 14 0 17 3 2113 349 3
T7 303 33 7 243 183 13 7 173 207 7 345 3
t 8 300 34 7 247 180 14 0 17 0 207 3 345 7
T9 19 7 343 250 183 14 0 17 0 2183 346 7
T io 20 0 340 253 18 7 13 7 17 0 220 7 349 3
T n 23 3 33 3 247 17 7 13 7 17 0 214 7 344 3
T12 22 7 34 0 250 183 13 7 173 215 7 346 7

SEm ± 0 76 060 0 38 033 030 0 36 3 39 559
C D  (005) 2 24 175 — — — — 9 93 —

TACTORS 
A Fert P
1 No P 251 35 0 253 18 5 14 4 17 5 213 2 349 0
2 50%P 26 3 34 9 24 8 18 3 14 4 17 3 2123 347 8
3 100%P 214 33 9 25 0 183 13 8 171 217 3 346 8
C D  (0 05) 112 088 — — — — — - -

B Anions
1 No anions 187 35 8 254 18 4 142 171 2203 350 0
2 OH- 23 3 35 0 251 18 6 14 0 172 215 8 3490
3 C03 28 0 33 3 24 7 18 2 140 17 2 210 0 345 4
4 S i03 270 343 250 182 14 0 17 6 210 9 347 0
C D  (0 05) 129 101 — --- --- — 5 73 ---

N ote In those places where C D is not given the F  test is not s gnificant at 5% level



Table 8 Soil phosphorus (P) fractions (ppm) in Experiment No 1 for Season II

Treatment /  Penod Saloid P A1P FeP Red P OccI P Ca P Org P Total P

a Before sowing 16 2 441 27 2 201 15 3 181 2391 3801

b A t flowering
Treatment No

Ti 14 0 46 7 27 3 20 0 14 7 173 235 3 375 3
t2 15 3 46 3 27 0 203 15 0 17 0 231 7 372 7
t 3 24 7 38 7 26 0 20 0 14 0 17 7 228 7 369 3
t 4 217 407 263 203 14 7 17 7 2310 3723
Tj 14 3 47 0 260 20 7 14 3 17 3 233 0 372 7
t6 16 3 46 0 263 203 14 7 17 7 232 0 373 3
t 7 27 7 36 7 257 19 0 13 7 17 7 228 3 368 7
t 8 217 410 263 193 14 3 18 0 229 0 369 7
t 9 15 0 46 0 27 0 19 7 15 0 17 3 232 3 372 3
Tio 310 38 7 26 3 203 13 3 18 3 223 3 3713
T ii 30 7 38 0 25 7 19 6 14 7 18 7 223 0 370 3
Tl2 29 0 400 263 19 9 14 0 17 7 222 3 3693

SEm± 109 0 52 0 43 0 47 036 0 36 137 2 55
C D  (0 05) 3 18 152 — — — — 4 61 —

FACTORS 
A Fert. P
1 No P 18 9 43 1 26 7 20 2 14 6 17 4 2317 372 4
2 50%P 20 0 427 261 19 8 14 3 17 7 230 6 3711
3 100%P 264 407 263 19 9 143 18 0 225 3 370 8
C D  (0 05) 1.59 0 76 — — — — 230 —

B Anions
1 No anions 144 46 6 26 8 201 14 7 17 3 233 6 373 4
2 OH- 20 9 43 7 26 6 203 14 3 17 7 229 0 372 4
3 C 03 27 7 37 8 258 19 6 141 18 0 226 7 369 4
4 S .03 241 406 26 3 19 9 14 3 17 8 227 4 370 4
C D  (0 05) 184 0 87 — — — — 2 66 —
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Table 8 Contd

Treatment /  Period Saloid P A IP F eP Red P Occl P C aP Org P Total P

c A fter harvest 
Treatment No

Ti 17 7 45 0 26 7 19 7 143 17 3 2310 3717
t 2 19 0 443 26 3 20 0 143 18 0 2267 3687
t 3 250 39 7 26 0 20 0 14 0 17 0 223 7 365 3
t 4 24 0 400 26 0 200 14 3 18 0 2253 367 7
t 5 180 443 26 7 20 0 14 0 173 230 0 370 3
t 6 20 3 43 7 26 7 20 0 140 17 7 227 0 369 3
t 7 250 39 0 26 0 20 3 13 7 17 7 2213 362 7
Tg 24 3 39 7 26 3 203 13 7 17 7 223 3 365 3
t 9 220 43 3 26 3 200 14 0 17 3 225 3 368 3
Tio 300 383 26 7 20 0 14 0 18 7 2210 3687
T n 30 0 37 7 263 19 7 14 3 19 0 219 3 366 3
T 12 29 0 383 26 0 193 14 7 18 3 220 0 365 7

SHiii + 049 044 0 33 0 28 023 030 2 32 3 79
C D  (0 05) 143 128 — — — — 6 80 —

FACTORS 
A Fert P
1 No P 214 423 263 19 9 14 3 17 6 226 7 368 3
2 50%P 219 417 26 4 202 13 8 17 6 225 4 366 9
3 100%P 27 8 39 4 26 3 19 8 14 3 18 3 2214 3673
C D  (0 05) 072 064 — — — — 3 40 —

B Anions
1 No anions 192 442 26 6 19 9 141 17 3 228 8 3701
2 OH" 23 1 421 26 6 20 0 141 181 224 9 368 9
3 C 03 26 7 38 8 261 20 0 14 0 17 9 2214 364 8
4 S i0 3 258 39 3 261 19 9 14 2 180 222 9 3662
C D  (005) 083 074 --- 3 93

N ote In those places where C D is not given the F test is not s gmficant at 5% level



Table 9 Soil phosphorus (P) fractions (ppm) in Experiment No 1 (Pooled mean)

Treatment / Period Saloid P A1P F eP Red P OccI P CaP Org P Total P

a Before sowing 15 7 412 267 19 6 14 7 176 2341 369 4

b At flowering 
Treatment No

T-! 16 0 423 26 5 193 14 5 17 0 229 7 365 3
t 2 18 5 412 26 0 19 2 14 3 16 7 226 3 362 2
t 3 27 8 35 2 25 5 19 2 13 8 173 2210 359 8
t 4 22 8 373 25 5 193 14 0 17 2 225 7 362 0
TS 14 3 42 5 25.5 19 7 14 3 17 3 229 3 363 0
t 6 20 8 410 257 193 14 7 17 0 223 5 362 0
T7 29 0 35 2 253 182 14 0 16 8 219 2 357 7
t 8 26 0 37 3 257 18 2 13 8 173 2212 359 5
T9 18 0 405 26 5 19 0 14 7 16 7 225 7 3610
T io 26 3 357 26 0 193 13 8 173 222 5 3610
T n 29 7 35 0 253 183 14 3 18 0 218 5 359 3
t 12 27 2 373 255 18 8 13 8 17 3 219 3 359 3

SEm ± 0 87 0 41 0 37 031 0 24 0 27 111 171
C D  (0 05) 2 49 116 — 0 88 0 70 — 3 18 4 89

TACTORS 
A Fert P
1 No P 213 39 0 259 193 14 2 171 225 7 3623
2 50%P 22 5 39 0 25 5 18 3 14 2 171 223 3 360 5
3 100%P 25 3 371 258 18 9 14 2 17 3 2215 360 2
C D  (0 05) 124 0 58 — — — — 139 —

B Anions
1 No anions 161 418 26 2 193 14 5 170 228 2 363 1
2 OH" 219 393 25 9 193 14 3 17 0 2241 3617
3 C03 28 8 351 254 18 6 141 174 219 6 358 9
4 Si03 25 3 374 25 6 18 8 13 9 17 3 2221 3603
C D  (0 05) 144 0 67 — 0 51 0 40 — 1 84 283

c r
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Table 9 Contd ~

Treatment /  Period Saloid P A1P FeP Red P Occl P C aP Org P Total P

c A fter harvest 
Treatment No

T i 183 412 263 192 14 3 17 2 2255 362 0
t 2 20 8 39 8 257 19 2 14 3 17 7 2210 358 5
t 3 27 7 36 3 253 19 3 14 3 17 2 215 7 356 0
t 4 26 2 37 2 257 19 2 14 3 18 2 217 5 358 2
t s 17 7 400 26 0 19 2 14 2 173 2263 360 7
t 6 238 39 7 25 8 19 3 14 0 17 5 219 2 359 3
T? 27 7 36 3 25 2 19 3 13 7 17 5 214 5 354 0
Tg 272 37 2 25 5 19 2 13 8 17 3 215 3 355 5
t 9 20 8 38 8 25 7 19 2 14 0 17 2 2218 357 5
Tio 250 36 2 26 0 193 13 8 17 8 220 8 359 0
T n 26 7 35 5 25.5 18 7 14 0 18 0 217 0 355 3
T12 258 36 2 25.5 18 8 14 2 17 8 217 8 356 2

SEm ± 0 45 037 025 0 22 019 023 2 05 338
C D  (0 05) 130 106 0 72 — 0 54 065 5 86 ---

FACTORS 
A Fert P
1 No P 23 3 38 6 258 19 2 14 3 17 5 219 9 358 7
2 50%P 241 38 3 256 193 13 9 17 4 218 8 3574
3 100%P 24 6 36 7 257 19 0 14 0 17 7 2194 357 0
CD  (0 05) 0 65 0 53 — — 027 — — —

B Anions
1 No anions 18 9 400 26 0 192 14 2 17 2 224 6 3601
2 OH" 23 2 38 6 25 8 19 3 141 17 7 220 3 358 9
3 COs 27 3 361 254 191 140 17 6 215 7 3551
4 SiOa 26 4 36 8 256 191 141 17 8 216 9 356 6
C D  (005) 0 75 0 61 0 42 — — 0 37 338 —

Note In those places where C D  is not given the F test is not significant at 5% level
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influence on the saloid P content of the soil Among the anions no anions recorded 

the lowest value of 17 8 ppm while carbonate anion recorded the significantly 

highest value of 30 0 ppm After harvest also the treatment differences were 

significant and that the lowest value of 17 3 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 21 4 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 in Ti whereas the highest value of 31 0 ppm was recorded in T 10 On 

factorial analysis no phosphorus treatment recorded the lowest value of 18 9 ppm 

where~as 100% phosphoius recorded the highest value of 26 4 ppm which was 

statistically significant Among the anions no anion 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 in Ti while the highest value of 30 0 

ppm was recorded in both T 10 and T 11 On factorial analysis no phosphorus 

tre ltment recorded the lowest value of 214 ppm whereas 100% phosphorus 

recorded the highest value of 27 8 ppm which was significant 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 sigmficnat

On pooled analysis also the treatment differences were significant at 

flowering The lowest value of 14 3 ppm vas recorded in Ts w hereas the highest 

value of 29 7 ppm was recorded m T n  On factorial analysis no phosphorus



treatmt nt recorded the lowest value of 21 3 ppm while 100% phosphorus treatment 

record d the highest value of 25 3 ppm which was statistically significant Among 

the anions when no anion treatment recorded the lowest value of 16 1 ppm 

carbonate anion recorded the significantly highest value of 28 8 ppm After harvest 

also the treatment differences were significant with the lowest value of 17 7 ppm 

being recorded in Ts and the maximum value of 27 7 ppm being recorded on both 

T3 and T7 On factorial 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 significant Among the anions no anions treatment recorded 

the lowest value of 18 9 ppm while carbonate anion recorded the highest value of 

27 3 ppm which was again statistically significant

4 1 4.2 Aluminium P ($1 P J )

During season I aluminium P before sowing was found to Jre',38 3 ppm and 

that at flowering and at harvest^ the treatment differences were statistically 

significant At flowering the lowest value of 31 7 ppm was recorded tn T3 where~as 

the highest value of 38 0 ppm was recorded in both Ti and T5 On factorial analysis 

100% phosphorus recorded the lowest value of 33 6 ppm whereas 50% phosphorus 

recc rded the highest value of 35 3 ppm which was statistically significant Among 

the anions carbonate amon recorded the lowest value of 32 4 ppm while no amons 

treatment recorded the highest value of 37 0 ppm and this difference was also 

significant After harvest the lowest value of 33 0 ppm was recorded in T3 and the 

hignest value of 37 3 ppm was recorded in Ti On factorial 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 significant Among 

the anions carbonate anion recorded the. lowest value of 33  ̂ ppm whereas no 

in ons recorded the highest value of 35 8 ppm which was significant

5 7



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 m T7 while the highest value of 47 0 ppm was recorded m 

T5 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 significant Among the anions carbonate amon recorded the lowest 

value of 37 8 ppm while no amon 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 in T n  while the 

highest value of 45 0 ppm was recorded in Ti On factorial analysis 100% 

phosphorus recorded the lowest value of 39 4 ppm while no phosphorus recorded 

the highest value of 423 ppm which was also significant Among the anions 

carbonate amon recorded the lowest value of 38 8 ppm while no anions treatment 

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

On pooled analysis it is seen that A l P before sowing was 412 ppm while at 

flowering the treatment differences were significant The lowest value of 35 0 ppm 

was recorded in T it while the highest value of 42 5 ppm was recorded in Ts On 

factorial 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 anions carbonate amon recorded the lowest 

vilue of 35 1 ppm while no anions recorded the highest value of 41 8 ppm which 

was statistically significant After harvest the treatment differences were significant 

and that the lowest value of 35 5 ppm wa., recorded in T it while the highest value 

of 41 2 ppm was recorded in Ti On factorial 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 40 0 ppm was 

recorded by no anions treatment which was again significant

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 it 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 25 2 ppm was recorded in T7 while the highest 

valie of 26 3 ppm was recorded in T i On factorial analysis 50% phosphorus 

recorded the lowest value of 25 6 ppm where as no phosphorus recorded the 

highest value of 25 8 ppm However the difference was not significant Among the 

anions carbonate anion recorded the lowest value of 25 4 ppm while no anions 

recorded the highest value of 26 0 ppm which was found to be significant

4 14 4 Reductant soluble P C M -  ? )

During season I Red P before sowing was 19 1 ppm and at flowering, the 

treatments 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



During season II also the treatment differences were not significant at 

flowering at the combination level and factorial 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 it 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 m both T7 and Ts while the highest value of 19 7 ppm was 

recorded in T5 On factorial analysis 50% phosphorus recorded the lowest value of 

18 3 ppm whereas no phosphorus recorded the highest value of 193 ppm which 

was not significant 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 significant

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

4 1 4  5 Occluded P ( f e e l  P )

During 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 

let el and factorial 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 amonsj s licate anion
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recorded the lowest value of 13 9 ppm while no anion recorded the significantly 

highest value of 14 5 ppm

4 14 6 Calcium P

Ca P which was 17 0 ppm before sowing during season I did not differ 

significantly both at flowering and at harvest of the crop

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

flow enng and after harvest

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

differ significantly at flowering

After harvest the treatment differences were found to be significant and that 

the lowest value of 17 2 ppm was recorded in Ti T3 and T9 while the highest value 

of 18 2 ppm was recorded m T4 On factorial analysis there was no response 

between the levels of phosphorus with respect to Ca P of the soil Among the 

anions no amons recorded the lowest value of 172 ppm while silicate anion 

recorded the highest value of 17 8 ppm which was significant

4 14 7 Organic P (07<^ P )

During season I organic 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 in T7 while the highest value of 225 7 ppm was 

recorded m T5 On f ictorial analysis 50% phosphorus recorded the lowest value of 

7 16 0 ppm where'as 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 due of 207 3 ppm was recorded in Tg while
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the maximum value of 220 0 ppm was recorded m Ti On factorial analysis 50% 

phosphorus recorded the lowest value of 212 3 ppm whenTJis 100% phosphorus 

recorded the highest value of 217 3 ppm which was however not significant Among 

the amons carbonate amon recorded the lowest value of 210 0 ppm where as no 

anion recorded the highest value of 220 3 ppm which was significant

During the season II organic P recorded 239 1 ppm before sowing and that 

the treatment differences were significant at flowering The lowest value of 222 3 

ppm was recorded m T 12 while the maximum value of 235 3 ppm was recorded in 

T i On factorial analysis 100% phosphorus recorded the lowest value of 225 3 ppm 

where^as no phosphorus recorded the highest value of 2317 ppm which was 

statistically significant Among the amons carbonate anion recorded the lowest 

value of 226 7 ppm, while no amons recorded the highest value of 233 6 ppm which 

was also significant After harvest also the treatement differences were significant 

and that the lowest value of 219 3 ppm was recorded m T 11 where~as the highest 

231 0 ppm was recorded in Ti 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 221 4 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 5 ppm was recorded in T 11 while the maximum value of 

2^9 7 ppm was recorded by Ti On factorial analysis 100% phosphorus recorded 

the lowest value of 221 5 ppm and no phosphorus recorded the highest value of 

225 7 ppm which was significant Among the anions carbonate amon recorded the 

lowest value of 219 6 ppm whereas no amons recorded the highest value of 228 2
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ppm 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 factorial 

analysis 50% phosphorus recorded the lowest value of 218 8 ppm whereas no 

phosphorus recorded the highest value of 219 9 ppm but was not statistically 

significant Among the anions carbonate amon recorded the lowest value of 215 7 

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

statistically significant

During season I the total phosphorus conent of the soil was found to be 358 7 

ppm before sowing and that at flowering the treatment responses were not 

significant

After harvest also the treatment responses were not significant at the 

combination level and factorial level

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

si; mficant difference either at flowering or after harvest

On pooled analysis however, the total phosphorus content which was 369 4 

ppm before sowing exhibited significant variation at flowering The lowest value of 

357 7 ppm was recorded in T7 while the highest value of 365 3 ppm was recorded in 

T t On factorial analysis it was revealed that 100% phosphorus recorded the lowest 

va ue of 360 2 ppm while the highest value of 362 3 ppm was recorded by no 

phosphorus treatments although the difference was not significant 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

4 14 8 Total phosphorus
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\f te r  harvest again as in the case of season I and season II the treatment 

diffeiences were not significant

4 1 5 Leaf Area Index (LAI)

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

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 

significant response

LAI at flowering revealed that the treatment differences were significant 

during season I The lowest value of 2 40 was recorded in Ti whereas the highest 

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 significant Among the amons no amons 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 3 48 was recorded by T7 On factorial analysis no 

phosphorus recorded the lowest value of 2 70 and 100% phosphorus recorded the 

highest value of 3 14 and were significant Among the amons no amons recorded 

the lowest value of 2 38 while carbonate amon recorded the highest value of 3 29 

and were significant
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T ab le  10 L e a f  A rea  Index  (LAI) a t  d if fe re n t stages in  E x p e rim en t N o 1

Treatment No
Season I Season II

30 DAS at flowering 30 DAS at flowering

Ti 1 2 0 2 40 109 2  0 1
t 2 1 19 3 77 1 25 2 97
t 3 1 2 2 3 98 125 2 97
t 4 123 3 72 1  18 2 85
t 5 1  10 2  88 1 13 2 38
T6 124 4 20 1 2 2 3 20
T? 130 4 53 1 15 3 48
t 8 124 3 81 1 2 0 2 92
T9 1 19 3 40 1 25 2 74
T io 126 4 04 1  20 3 08
T n 124 4 06 1  18 3 41
T 12 136 3 95 128 3 33

SEni ± 0 053 0 044 0 059 0 038
C D  (0 05) — 0 130 — 0 1 1 1

FACTORS 
A F ert P
1 No P 1 2 1 3 47 119 2 70
2 50% P 1 2 2 3 86 1  18 2 99
3 100% P 1 26 3 86 123 3 14
C D  (0 05) — 0 065 — 0 055

B Anions
1 No anions 1  16 2 89 1  16 2 38
2 OH" 123 4 00 1  22 3 08
3 CO3 125 41 9 1 19 3 29
4 S1O3 128 3 83 1 2 2 3 03
C D  (0 05) — 0 075 — 0 064

Note In those places where C D  is not given the F  test is not sigm f cant at 5% level

\
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4 1 6 Leaf Area 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
2 1were significant and the lowest value of 15 56 cm g was recorded by T7 while the 

highest value of 25 56 cm2 g 1 was recorded in Ti Among the factors while 50% 

phosphorus recorded the lowest value of 17 52 cm2 g 1 no phosphorus recorded the 

highest value of 19 44 cm2 g 1 which was significant Among the anions carbonate 

amon recorded the lowest value of 16 19 cm2 g 1 whereas no amon recorded the 

highest value of 22 22 cm2 g 1

During the season II also LAR at 30 DAS revealed that the treatment
2 1diff rences were significant While the lowest value of 13 16 cm g was recorded

by T7 y  the highest value of 2147 cm2 g 1 was recorded by Ti On factorial
2 1analysis 100% phosphorus recorded the lowest value of 15 55 cm g the highest 

2 1vilue of 17 89 cm g was recorded by no phosphorus treatment which was

significant Among the anions carbonate amon recorded the lowest value of 14 54
} 1 2  1 

cm g while 110 amons recorded the highest value of 19 40 cm g

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

significant

In the case of season II however LAR at flowering recorded that the
2 Itre im ent differences were significant When the lowest value of 12 04 cm g was

2 1recorded by T3 the highest value of 14 18 cm g was recorded in T 11 On factorial

analysis no phosphorus recorded the lowest value of 12 30 cm2 g 1 while 100%
2 ]phosphorus recorded the highest value of 12 78 cm g Among anions both silic ite

2 Iamor and hydroxyl amon recorded the lowest value of 12 32 cm g while
2 1cat Donate amon recorded the highest value of 12 85 cm g and significant
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Table 11 Leaf Area Ratio (LAR) o f the plants (cm2 g *) in Experiment No 1

Treatment No
Season I Season II

30 DAS at flowering 30 DAS at flowering

Ti 26 56 13 78 2147 12 44
t 2 16 84 13 85 16 95 12 39
t 3 16 57 13 77 16 74 12 04
T t 17 79 13 81 16 39 12 31
Ts 20 94 13 93 18 70 12 34
Ts 16 08 13 81 14 76 12 30
t 7 15 56 13 80 13 16 12 32
Tg 17 49 13 85 17 78 12  28
t 9 4 19 16 13 80 18 03 12 30
T io 16 97 13 80 15 25 12  28
TU 16 42 13 82 13 72 14 18
T l2 18 51 13 78 15 18 12 35

SEm ± 0 776 0104 0 903 0 109
C D  (0 05) 2 275 — 2 650 0 320

FACTORS 
A Fert P
1 No P 19 44 13 80 17 89 12 30
2 50%P 17 52 13 85 16 10 12 31
3 100%P 17 77 13 80 15 55 12 78
C D  (0 05) 1 138 — 1325 0 160

B Anions
1 No anions 22 22 13 84 19 40 12 36
2 OH- 16 63 13 82 15 65 12 32
3 COs 16 19 13 80 14 54 1 2  85
4 S1Q3 17 93 13 81 16 45 12 32
C D  (0 05) 1 314 — 1530 0 185

Note In those places where C D  is not given the F  test is not signif cant at 5% level
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4 I 7 Leaf Weight Ratio of plants (LWR)

The data on leat weight ratio of plants are given in Table 12

During season I 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 in season II there was significant response between treatments 

and that the lowest value of 0429 was recorded in T7 Ts T9 and T 10 while the 

highest value of 0 492 was recordeo in T 11 On factorial analysis no phosphorus 

recorded the lowest value of 0 428 whereas 100% phosphorus recorded the highest 

/ lue of 0 445 and significant Among the amons no amons hydroxyl amon and 

s licate amon recorded the lowest value of 0430 while carbonate amon recorded 

the highest value of 0 477 and significant

4 18 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 ol effective nodule per plant at 30 DAS 

recorded that there was no response between treatments

During season II the treatments showed significant response at 30 DAS and 

that the minimum value of 15 66 was recorded by T4 while the maximum value of 

17 11 was recorded by T 10 Among the factors no phosphorus recorded the lowest
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Table 12 Leaf Weight Ratio (LWR) o f plants in Experiment No 1

Treatment No
Season I Season II

30 DAS at flower ng 30 DAS at flowering

Ti 0 525 0 399 0 385 0 431
t 2 0 546 0 393 0 402 0 431
t 3 0 353 0 390 0 397 0 421
T4 0 541 0 401 0 391 0 431
T5 0 569 0 397 0 396 0 432
Te 0 541 0 400 0 378 0 430
T? 0 527 0 400 0 388 0 429
t 8 0 538 0 399 0 437 0 429
t 9 0 557 0 400 0 391 0 429
T io 0 533 0 397 0 390 0 429
T n 0 543 0 398 0 390 0 492
Tl2 0 531 0 401 0 388 0 431

SEm ± 0 0509 0 0031 0 0136 0 0041
C D  (0 05) — — — 0 0121

TACTORS 
A  F ert P
1 No P 0 491 0 396 0 394 0 428
2 50%P 0 544 0 399 0 400 0 430
3 100%P 0 541 0 399 0 390 0 445
C D  (0 05) — — — 0 0061

B Anions
1 No anions 0 550 0 399 0 391 0 430
2 OFT 0 540 0 397 0 390 0 430
3 CO3 0 475 0 396 0 392 0 447
4 S1O3 0 537 0 400 0 405 0 430
C D  (0 05) — — — 0 0070

Note In  those places where C D is not given the F  test is not sign ficant at 5% level



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

Treatment No
Season I Season II Pooled mean

30 DAS at [lowering 30 DAS at flowering 30 DAS at flownng

Ti 18 84 934 1635 12 60 17 60 10 97
t 2 1949 949 16 53 10 47 18 00 9 98
t 3 20 29 9 74 15 84 10 81 18 07 1027
t 4 20 91 8 66 15 66 10 24 18 28 9 45
T5 20 97 10 14 17 48 7 79 19 23 8 97
t 6 20 97 923 18 13 10 81 19 55 10 02
t 7 20 62 9 85 16 64 10 46 18 63 10 16
Tg 22 98 1015 1758 10 84 20 28 10 49
t 9 22 58 8 90 16 78 12 72 19 68 10 81
T io 2122 9 46 17 77 1011 19 50 9 78
Tn 20 35 10 54 17 58 9 47 18 97 10 01
T u 23 42 1016 17 54 1139 20 48 10 77

SEm± 1188 0444 0 626 0 724 0 671 0 425
C D  (0 05) — — 1835 2124 1918 1082

FACTORS 
A Fert. P
1 No P 19 88 9 31 16 09 11 03 17 99 10 17
2 50 %P 2139 984 17 46 9 98 19 42 9 91
3 100%P 2189 9 76 17 42 10 92 19 66 1034
C D  (0 05) — — 0 918 1032 0 959 —

B Anions
1 No anions 20 80 9 46 16 87 1104 18 84 10 25
2 OH 20 56 939 17 48 10 46 19 02 9 93
3 COs 20 42 10 04 16 69 10 75 18 55 10 14
4 SiOs 22 43 9 65 16 93 10 82 19 68 1024
C D  (0 05) — — — — — —

CD

Note In those places where C D  is not given, the F test is not sgm ficant at 5% level
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whcr "as hydroxyl anion recorded the highest value of 17 48 which was not 

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

DAS recorded that the treatment differences were significant and that the lowest 

valut of 17 60 was recorded in T i while the maximum value of 20 48 was recorded 

by 1 12 On factorial analysis no phosphorus recorded the lowest value of 17 9) 

whilt 100% phosphorus recorded the highest value of 19 66 and was significant 

Among tne anions carbonate amon 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

Dunng season II the number of effective nodules at flowering revealed that 

the treatment responses were significant and that the lowest value of 7 79 was 

recorded by T5 while the highest value of 12 72 was recorded by T9

On factorial analysis 50% phosphorus recorded the lowest value of 9 98 

whereas no phosphorus recorded the highest value of 11 03 and was significant 

Among the anions carbonate anion recorded the lowest value of 10 25 and no 

anions recorded the highest value of 11 04 which was not significant

On pooled analysis the number of effective nodules per plant recorded that 

the tieatment had significant responses and that the minimum value of 8 97 was 

recorded by T5 whereas highest value of 10 97 was recorded by Ti On factorial 

an ilysis 50% phosphorus recorded the lowest value of 9 91 and 100% phosphorus 

recorded the highest value of 10 34 per plant but was not significant Among the 

amors also the differences were not significant However the phosphorus x amon 

interaction revealed statistical significance
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4 19 Dry weight of nodules per plant

The data on dry weight of nodules per plant are given in Table 14

During season I the dry weight of nodule per plant at 30 DAS revealed that 

the Treatment responses were significant and that the minimum value of 73 0 mg 

was recorded by T 12,while the maximum value of 116 3 mg was recorded by T7 On 

factorial analysis the phosphorus levels showed no significant response Among the 

anions silicate amon recorded the lowest value of 82 1 mg and carbonate anion 

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

During season II also the dry weight of nodules at 30 DAS recorded that the 

treatment responses were significant and that the lowest value of 57 3 mg was 

recorded by T i while the highest value of 82 7 mg was recorded by T 10 On factorial 

analysis 50% phosphorus recorded the lowest value of 66 3 mg while the highest 

value of 76 1 mg was recorded by 100% phosphorus and was significant The various 

amon levels were not significant

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

treatment responses were not significant

During season I the dry weight of nodules at flowering recorded that the 

tr atment differences were significant and that the lowest value of 77 9 mg was 

recorded by Ti while the highest value of 89 5 mg was recorded by T 11 On factorial 

analy is no phosphorus recorded the lowest value of 81 2 mg while the highest 

value of 88 1 mg was recorded by 100% phosphorus which was significant Among 

the anions the differences showed no significant response

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

treatment differences were significant and that the lowest value of 63 2 mg was



Table 14 Dry weight of nodules per plant (mg) in Experiment No 1

Treatment No
Season I Season II Pooled mean

30 DAS at flowering 30 DAS at flowering 30 DAS at flownng

Tt 1 10  0 77 9 573 67 0 837 72 5
t 2 90 3 82 8 62 7 76 2 76 5 79 5
t 3 90 0 805 790 72 9 845 767

87 7 83 5 69 3 76 7 78 5 801
Tj 88 0 87 0 677 90 0 77 8 885

99 0 86 4 63 0 711 810 78 7
t 7 116 3 858 670 73 2 917 79 5
T8 85 7 80 4 673 75 3 76 5 77 9
T9 86 7 881 773 718 82 0 800
T io 100 0 86 8 82 7 63 2 913 75 0
Tji 94 0 89 5 713 695 82 7 79 5
T12 73 0 881 73 0 69 2 73 0 78 6

SEm+ 7 70 2 85 4 39 3 82 4 43 2 39
CD  (0 05) 22 58 8 37 12  88 1 1 2 1 —■ —

FACTORS 
A F e r t P
1 No P 94 5 812 671 73 2 80 8 772
2 50%P 97 3 849 663 77 4 818 811
3 100%P 88 4 881 761 68 4 823 78 3
CD  (0 05) — 4 2 6 44 5 61 — —

B Anions
1 No anions 94 9 84 3 67 4 76 3 812 803
2 OH' 96 4 85 3 69 4 701 82 9 777
3 C 03 10 0 1 853 72 4 719 86 3 78 6
4 S1O3 821 840 69 9 73 7 76 0 78 9
C D  (0 05) 13 03 — — — — —

Note In those places where C D  is not given the F  test is not significant at 5% level
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recoided by Tio while the highest value of 90 0 mg was recorded by Ts Among the 

factors 100% phosphorus recorded the lowest value of 68 4 mg and 50% 

phosphorus recorded the highest value of 77 4 mg and was significant Among the 

anion again the differences were not significant

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

treatment responses were not significant

4 1 10 Yield components of cowpea

The data on yie'd components of cowpea are given in Table 15 and results are 

show n under

4 110 1 Number of pods per plant

During season I the number of pods per plant recorded that the treatment 

difft rences showed significant response and that lowest value of 1 35 was recorded 

by 1 1 while the maximum value of 2 53 was recorded by T7 On factorial analysis 

no phosphorus recorded the lowest value of 1 95 while the highest value of 2 16 w as 

rec irdeo by 100% phosphorus which was significant Among the anions no anions 

rec irded the lowest value of 1 62 while carbonate anion recorded the highest value 

ot 2 3o and was again significant

During season II the treatment differences were significant and the lowest 

value of 1 68 was recorded inT i while the highest value of 2 92 was recorded by T7 

Oi factorial analysis no phosphorus recorded the lowest value of 2 26 while 100% 

phosphorus recorded the highest value of 2 64 and were significant Among the 

an ons no anions recorded the lowest value of 2 00 while the highest value of 2 76 

was recorded b) carbonate amon which was again significant



Table 15 Yield components o f cowpea in Experim ent No 1

Treatment No
No of pods/plant No of seeds/pod 100 seed weight (g) Pod length (cm)

Season I Season II Season 1 Season II Season I Season II Season I Season II

Ti 135 168 15 4 14 9 9 21 8 69 15 7 14 9
t 2 212 2 49 15 5 14 9 921 8 70 15 6 14 9
t 3 223 2 50 154 14 9 9 21 8 69 157 14 9
t 4 2 09 239 15 4 14 9 9 21 8 67 15 7 14 8
t 5 159 2 00 15 4 14 9 9 21 8 68 15 7 14 9
t6 2 36 2 69 15 4 15 0 9 21 8 69 15 7 14 9
t 7 2 53 2 92 15 5 14 9 9 21 8 71 15 7 14 9
Tg 213 2 46 15 4 14 9 9 21 8 71 15 7 14 8
t 9 190 231 15 4 14 8 9 22 8 70 15 7 14 8
T10 2 25 2 60 15 4 14 9 9 21 8 70 15 7 14 8
Tji 2 28 2 86 15 4 14 9 9 21 8 69 15 8 14 8
t 12 222 2 81 15 4 150 9 21 869 15 7 14 8

SEm + 0 021 0 026 0 05 0 05 0 005 0 010 0 05 005
CD  (0 05) 0 061 0 077 — — — — — —

FACTORS 
A F e r t P
1 No P 195 2 26 15 4 14 9 921 8 69 15 7 14 9
2 50%P 215 2 51 15 4 14 9 9 21 8 70 15 7 14 9
3 100%P 216 264 15 4 149 9 21 8 70 15 7 14 8
C D  (005) 0031 0 039 — — — — — —

B Anions
1 No anions 162 2 00 15 4 14 9 9 21 8 69 15 7 14 9
2 OH" 224 2 51 15 4 14 9 9 21 8 70 15 7 14 9
3 C 03 2 35 2 76 15 4 14 9 9 21 8 70 15 7 14 9
4 S i03 215 2 55 15 4 14 9 9 21 8 69 15 7 14 8
C D (0 05) 0 035 0 045 — — — — — —

Note In those places where C D  is not given the F  test is not significant at 5% level
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4 110 1 Number of seeds per pod

Drurmg 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

4 1 10 3 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

4 110 4 Pod length

During season I pod length recorded that the trea tm en t differences were 

not significant

During season II also pod length recorded that the treatment differences 

showed no significant response

4111  Gram yield of cowpea

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

Tabli 16 and Fig 5

During season I the gram yield data recorded that the treatment differences 

were significant and that the lowest yield of 511 kg ha 1 was recorded by Ti while 

the highest yield of 958 kg ha 1 was recorded by T7 On factorial analysis no 

pho phorus recorded the lowest yield of 736 kg ha 1 and 100% phosphorus
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treatment recorded the highest yield of 817 kg ha 1 and were significant Among the 

anions no amons treatment recorded the lowest yield of 611 kg h a 1 while 

carbonate anion recorded the highest yield of 887 kg ha 1 and the responses were 

significant

During season II also the grain yield data recorded that the treatment 

differences were significant and that the lowest yield of 580 kg ha 1 was recorded by 

Ti while the highest yield of 1008 kg ha 1 was recorded by T7 On factorial analysis 

no phosphorus treatment recorded the lowest yield of 782 kg ha '  while 100% 

pho [ horus recorded highest yield of 912 kg ha 'and were significant Among the 

anioi-S no amons treatment recorded the lowest yield of 689 kg ha 1 while 

carbonate amon treatment recorded the highest yield of 952 kg ha 1 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 1 was recorded by 

T 1 while highest yield of 983 kg ha 1 was recorded by T7 On factorial analysis no 

phosphorus recorded the lowest yield of 759 kg ha 1 while 100% phosphorus 

recorded the highest yield of 865 kg ha 1 and were significant Among the anions 

no inions recorded the lowest yield of 650 kg ha 1 whereas carbonate amon 

recoi ded the highest yield of 920 kg ha 1 and were significant

4 1 12 Haulms yield of cowpea

The data on haulms yield of cowpea are given in Table 16

During season I haulms yield data recorded that the treatment differences 

were significant and that the lowest yield of 2038 kg ha 1 was recorded by Ti 

wht leas the highest yield of 3791 kg ha 'was recorded by T7 On factorial analysis 

nc phosphorus treatment recorded the lowest yield of 2955 kg ha 1 while 100%



phosphorus recorded the highest yield of 3244 kg ha 1 and were significant Among 

the anions no amons recorded the lowest yield of 2470 kg ha 1 and carbonate anion 

recorded the highest yield of 3499 kg ha 1 an i were significant

During season II haulms yield data revealed that the treatment differences 

were significant and that the lowest yield of 1850 kg ha 1 was recorded by Ti and the 

highest yield of 3214 kg ha 1 was recorded by T7 On factorial analysis no 

phosphorus recorded the lowest yield of 2441 kg ha 1 and 100% phosphorus 

reco ded the highest yield of 2980 kg h a 1 which was significant Among the anions 

no an ons recorded the lowest yield of 2220 kg ha 1 and carbonate amon 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 1 was recorded by Ti while the 

high st yield of of 3502 kg ha 1 was recorded by T7 On factorial analysis while no 

phosphorus treatment recorded the lowest yield of 2698 kg ha 1 and the highest 

yield of 3112 kg ha 1 was recorded by 100% phosphorus and were significant 

Among the anions no anions recorded the lowest yield of 2345 kg ha 1 while 

c irbonate amon recorded the highest yield of 3255 kg ha 1 which was again 

significant

4 1 13 Harvest index of cowpea

The data on the harvest index of cowpea are given m Table 17

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

treatment responses were not significant

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

d fferences were sigmfichnt The lowest value of 22 7% was recorded by T9 while

79
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Table 17 Harvest Index (%) in Experiment No 1

Treatment No Season I Season II

Ti 20 1 23 9

t 2 19 9 24 9

t 3 20 3 24 8

T4 19 6 23 4

Ts 19 9 24 3

T6 20  8 24 2

T? 20  2 23 9

Ts 19 9 23 4

T9 19 6 22 7

T io 20 4 23 6

T u 20 2 23 6

T l2 20 3 23 5

SEm± 0 003 0 003
C D  (0 05) 0 0 10

FACTORS 
A F e r t P
1 No P 20  0 24 2

2 50%P 20  2 23 9
3 100%P 2 0 1 23 4
C D  (0 05) — 0 005

B Anions
1 No anions 19 9 23 6

2 OH- 20 3 24 2

3 CQ3 20 2 24 1

4 S 1O3 19 9 23 4

C D  (0 05) — 0 006

Note In those places where C D  is not given the F test is not significant at 5% 
level



the highest value of 24 9% was recorded by Ti On factorial analysis 100% 

phosphorus recorded the lowest value of 23 4% whereas no phosphorus recorded 

the highest value of 24 2% which was significant Among the amons silicate amon 

recorded the lowest value of of 23 4% and hydroxyl amon recorded the highest 

value of 24 2% which was significant

4 114 Protein content of grains

The data on protein content of grams are given in Table 18

During season I protein content of grains recorded that the treatment 

responses were significant and that the lowest value of 21 97% was recorded in Ti 

while the highest value of 23 64% was recorded in T 12 On factorial analysis no 

phosphorus recorded the lowest value of 22 53% while the highest value of 23 41% 

was recorded by 100% phosphorus and was significant Among the anions where 

no amons recorded the lowest value of 22 62% silicate amon 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 Ti whereas the highest value of 23 68% 

was recorded by T 12 On factorial 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 anions no amons recorded the lowest value of 22 70% 

while silicate amon recorded the highest value of 23 33% which was again 

significant

4 1 15 Nitrogen uptake of cowpea

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

ind fig 6

81
I
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T able IS  P rotein  content o f  grains (% ) in E xperim en t No 1

Treatment No Season I Season II

Ti 21 97 22  02

t 2 22 65 22 72
t 3 22 72 22 79
t 4 22 79 22  88

t 5 22 64 22 73
t 6 23 53 23 59
Tv 23 11 23 37
Ta 23 29 23 43
T9 23 24 23 36

T io 23 18 23 43
T u 23 58 23 58
T 12 23 64 23 68

SEm ± 0 068 0 1 0 2

C D  (0 05) 0 199 0 300

FACTORS 
A  F ert P
1 No P 22 53 2 2  60
2 50%P 23 14 23 28
3 100%P 23 41 23 51
C D  (0 05) 0 099 0 150

B A nions
1 No anions 22  62 22 70

2 OPT 23 12 23 25

3 COi 23 13 23 24

4 S 1O3 23 24 23 33
C D  (0 05) 0 155 0 173



Table 19 N uptake o f  plants (kg ha  in Experim ent No 1

Treatment
No

Season I Season II Pooled mean

30 DAS at
flowing

at
harvest

30 DAS at
fowenng

at
harvest

30 DAS at
flowering

at
harvest

Ti 10 47 41 59 54 24 1230 41 09 54 88 1139 4134 54 56
t 2 16 67 67 52 87 74 18 29 62 76 79 46 17 48 6514 83 60
t 3 1745 71 26 90 37 18 62 64 90 79 26 18 03 68 08 84 81
t 4 1635 66 00 87 72 17 57 60 89 79 20 16 96 63 45 83 46
t 5 12 30 53 40 65 94 14 78 49 86 64 37 13 54 51 63 6516
t 6 1914 8139 97 42 2119 72 28 88 25 20 16 76 83 92 83
T7 2021 85 73 104 44 22 44 77 48 9614 2133 81 60 100 29
t8 17 05 7110 88 90 17 19 64 43 82 94 17 12 67 76 85 92
t 9 14 90 63 13 80 24 17 25 60 09 78 51 16 08 6161 79 38
Tio 17 70 73 07 92 27 18 98 66 66 86 91 18 34 69 86 89 59
T n 17 95 7436 93 78 21 15 63 33 95 01 19 55 68 84 94 39
Tiz 19 78 74 26 9112 2119 72 61 94 69 20 49 73 44 92 91

SEm± 0392 0 982 1366 0 485 0 356 1561 0 312 0 607 1037
CD  (0 05) 1151 2 879 4 007 1423 1045 4378 0 891 1733 2 963

FACTORS 
A F ert.P
1 No P 15 24 6160 80 02 16 70 57 41 73 20 15 97 59 50 76 61
2 50% P 1718 72 90 89 17 18 90 66 01 82 93 18 04 69 46 86 05
3 100% P 17 58 7120 8935 19 64 65 67 8878 18 61 6844 89 07
C D  (0 05) 0 575 1440 2 003 0711 1045 2 289 0446 0 866 1481

B Anions
1 No amons 12 56 52 71 66 81 14 78 50 35 65 92 13 67 51 53 6637
2 OH 17 84 73 99 92 48 19 49 67 23 84 87 18 66 70 61 88 67
3 C 03 18 54 7712 96 19 20 74 68 57 90 14 19 64 72 84 93 17
4 S i03 17 73 70 45 89 25 18 65 65 98 85 61 18 19 68 21 87 43
CD  (0 05) 0 664 1 662 2 313 0 821 1207 2 643 0 514 1000 1710

o o
OJ
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During season I and season II N uptake of plants at 30 DAS recorded that 

the treatment differences were significant During Season I the lowest value of 

1047 kg ha 1 was recorded by Ti while the highest value of of 2021 kg ha 1 was 

recorded by T7 On factorial analysis no phosphorus recorded the lowest value of 

15 24 kg ha 1 w here>s 100% phosphorus recorded the highest value of 17 58 kg 

ha 1 which was significant Among the anions no amons recorded the lowest value 

of 12 56 kg ha 1 and carbonate amon recorded the highest value of 18 54 kg ha 1 and 

was statistically significant

During season II the lowest value of 12 30 kg h a 1 was recorded in Ti 

whei eas the highest value of 22 44 kg ha 1 was recorded in T7 On factorial analysis 

no phosphorus recorded the lowest value of 16 70 kg ha 1 while the maximum value 

of 19 64 kg h a 1 was recorded by 100% phosphorus which was statistically 

significant Among the anions no amon recorded the lowest value of 14 78 kg ha 1 

while carbonate amon recorded the highest value of 20 74 kg ha 1 which was again 

significant

On pooled analysis nitrogen uptake of plants at 30 DAS showed that the 

treatment differences were significant and that the lowest value of 11 39 kg ha 1 was 

recorded by T i whereas the highest value of 21 33 kg ha 1 was recorded by T7 On 

factorial analysis no phosphorus recorded the lowest value of 15 97 kg ha 1 while 

the highest value of 18 61 kg ha 1 was recorded by 100% phosphorus which was 

significant Among the anions while no amons recorded the lowest value of 13 67 

kg h 1 1 carbonate anion recorded the highest value of 19 64 kg ha 1 which was 

significant

During season I nitrogen uptake at flowering revealed that treatment 

dillerences were significant wherein the lowest value of 41 59 kg ha 1 was recorded 

by Ti while the highest value of 85 73 kg ha 1 was recorded by T7 which was
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significant On factorial analysis 50% phosphorus recorded the highest significant 

value of 72 90 kg ha 1 Among the anions no amons recorded the lowest value of 

5271 kg ha 1 and carbonate anion recorded the highest value of 77 12 kg ha 1 which 

was also significant During season II also the treatment differences were 

statistically significant at flowering and that the lowest value of 41 09 kg ha 1 was 

recorded by Ti while the highest value of 77 48 kg ha 1 was recorded by T7 On 

factorial analysis no phosphorus treatment recorded the lowest value of 57 41 kg 

ha 1 and 50% phosphorus recorded the highest value of 66 01 kg ha 1 which was 

significant Among the amons carbonate amon recorded significantly highest value 

of 68 57 kg ha 1

On pooled analysis also nitrogen uptake of plants at flowering showed that 

the treatment differences were significant and that the lowest value of 41 34 kg ha 1 

was recorded by Ti while the maximum value of 81 60 kg ha 1 was recorded by T7 

On factorial analysis no phosphorus recorded the lowest value of 59 50 kg ha 1 and 

the highest value of 69 46 kg ha 1 was recorded by 50% phosphorus treatment 

which was significant Among the amons no amons recorded the lowest value of 

51 53 kg ha 1 and carbonate amon recorded the highest value of 72 84 kg ha 1 which 

was also significant

During season I and season II nitrogen uptake of plants at harvest revealed 

that the treatment differences were significant The lowest value of 52 24 kg ha 1 

was recorded by Ti while the highest value of 104 44 kg ha 1 was recorded by T7 

during season I On factorial analysis no phosphorus recorded the lowest value of 

80 02 kg ha 1 and 100% phosphorus recorded the highest value of 8935 kg ha 1 

which was also significant Among the amons while no anions recorded the lowest 

vali e of 66 81 kg ha 1 carbonate amon recorded significantly highest value of 96 19 

kg. h 1 1 and was significant During season II the lowest value of 54 88 kg ha 1 was
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recorded m Ti while the highest value of 96 14 kg ha 1 was recorded by T7 On 

factorial analysis no phosphorus recorded the lowest value of 73 20 kg ha 1 while 

100% phosphorus recorded the highest value of 88 78 kg ha 1 which was significant 

Among the amons no anions recorded the lowest value of 65 92 kg ha 1 while 

carbonate amon recorded the highest value of 90 14 kg ha 1 which was again 

statistically significant

On pooled analysis nitrogen uptake of plants at harvest showed that the 

treatment differences were significant and that the lowest value of 54 56 kg ha 1 was 

recorded by Ti while the highest value of 10029 kg ha 1 was recorded by T7 On 

factorial analysis no phosphorus recorded the lowest value of 76 61 kg ha 1 and 

100% phosphorus recorded the highest value of 89 07 kg ha 1 Among the anions 

no anions recorded the lowest value of 66 37 kg ha 1 while carbonate amon 

recorded the significantly highest value of 93 17 kg ha 1 and were significant

4 116 Phosphorus uptake of cowpea

The data on phosphorus uptake of cowpea are given in Table 20 and Fig 7

It is 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 1 75 kg ha 1 was recorded by Ti while the highest value 

of 3 30 kg ha 1 was recorded by T 7 On factorial analysis no phosphorus recorded 

the lowest value of 2 50 kg ha 1 and the highest value of 2 79 kg ha 1 was recorded 

by bo h 50% phosphorus and 100% phosphorus which was significant Among the 

iniom> no amons recorded the lowest value of 2 07 kg ha 1 and carbonate amon 

ecorded the highest value of 3 03 kg ha 1 and this was also significant



Table 20 P uptake of plants (kg ha *) in Experiment No 1

Treatment
No

Season I Season II Pooled mean

30 DAS at
flown ng

at
harvest

30 DAS at
fowenng

at
harvest

30 DAS at
flowering

at
harvest

Ti 175 7 80 10 90 2 09 737 10 70 192 7 58 10 80
t 2 2 69 1230 17 30 3 04 1112 15 37 2 87 1171 1634
t 3 2 85 13 09 17 99 3 06 1149 15 67 2 96 12 29 16 83
t4 2 70 12 24 17 20 2 99 10 74 15 89 284 1149 16 54
Tj 2 02 9 43 13 28 2 50 8 94 12 88 2 26 918 13 08
t 6 3 02 14 09 19 23 3 46 12 16 17 53 324 13 13 18 38
t 7 3 30 15 30 2114 3 67 13 35 19 49 3 49 14.33 20 32
Ts 280 12 78 17 91 284 1117 16 62 282 11 98 17 26
t 9 2 44 1145 16 24 2 89 10 45 15 83 2 66 10 95 16 04
Tl0 2 90 13 53 18 61 3 26 1182 17 54 3 08 12 68 18 08
Tn 2 93 13 58 18 98 339 1137 19 26 3 26 12 47 19 12
TU 2 89 13 31 18 53 3 52 12 69 18 95 3 20 13 00 18 74

SEm + 0 018 0127 0 311 0 079 0118 0 300 0 043 0 087 0216
C D  (0 05) 0104 0 371 0 914 0 230 0 347 0 879 0123 0 247 0 618

FACTORS 
A F e r t P
1 No P 2 50 11 36 15 85 2 80 10 18 14 41 2 65 10 77 15 13
2 50% P 2 79 12 90 17 89 3 12 1141 1663 2 95 12 15 17 26
3 100% P 2 79 12 97 18 09 3 32 1158 17 90 3 05 12 27 17 99
C D  (0 05) 0 052 0186 0 457 0115 0173 0 440 0 062 0124 0309

B Anions
1 No amons 2 07 9 56 13 47 2 49 8 92 13 14 2 28 9 24 13 31
2 OH 2 87 1331 18 38 3 25 1170 16 82 3 06 12 51 17 60
3 C03 3 03 13 99 19 37 3 44 12 07 18 14 3 24 13 03 18 76
4 S 0 3 2 79 12 78 17 88 3 12 1133 17 15 2 95 1216 17 52
CD  (0 05) 0 060 0 214 0 527 0133 0 200 0 508 0 071 0143 0 357

GO
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highest value of 12 07 kg ha 1 was recorded by carbonate amon 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 significant and the lowest value of 7 58 

kg ha 1 was recorded T i while the highest value of 14 33 kg ha 1 was recorded m T7 

Among the fertilizer phosphorus factors no phosphorus recorded the lowest value 

of 10 77 kg ha 1 while the highest value of 12 27 kg ha 1 was recorded by 100% 

phosphorus and again statistically significant Among the amon factors no anions 

gave the lowest value of 9 24 kg ha 1 while carbonate amon showed the highest 

value of 13 03 kg ha 1which was also significant

The data on phosphorus uptake at harvest showed that the treatments were 

statistically significant both during season I and season II During season I Ti 

recorded the lowest value of 10 90 kg ha 1 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 1 while the highest value of 18 09 kg ha 1 was recorded 

bv 100% phosphorus and was significant Among the amon treatments the lowest 

value of 13 47 kg ha 1 was recorded by no amon treatment while the highest value 

of 19 37 kg ha 1 was recorded by carbonate amon and were significant During 

season II the lowest value of 10 70 kg ha 1 was recorded by Ti while the highest 

val ae of 19 49 kg ha 1 was registered by T7 Among the fertilizer phosphorus factors 

no phosphorus recorded the lowest value of 14 41 kg ha 1 while the highest value of 

17 90 kg ha 1 was recorded by 100% phosphorus and that the differences were 

significant Among the amon factors the lowest value of 13 14 kg ha 1 was recorded 

by no amon whereas the highest value of 18 14 kg ha 1 was recorded by carbonate 

amon and was also significant
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On pooled analysis phosphorus uptake at harvest showed that the treatment 

differences^stgmficant and that T i recorded the lowest value of 10 80 kg ha 1 where 

as T7 registered the highest value of 20 32 kg ha 1 Among the fertilizer phosphorus 

factors the lowest value of 15 13 kg ha 1 was recorded by no phosphorus treatment 

whereas 100% phosphorus recorded the highest value of 17 99 kg ha 1 and were 

also significant Among the amon treatments no amons recorded the lowest value 

of 13 31 kg ha 1 whereas carbonate amon recorded the highest value of 18 76 kg 

ha 1 and that differences were statistically significant

4 2 Experiement No 2 (effect of synthetic chelates as soil amendments) 

42 1 Physical propentes of soil

Soil physical properties under this experiment are given in Table 21 

4 2 11 Bulk density of the soil

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

significant difference after harvest

4 2 12 Water holding capacity of the soil

Water holding capacity 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 31 51% 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 

haivest Ts registered the lowest value ol 3168% while T7 registered the highest



Table 21 Physical properties of the soil m  experiment No 2

Physical
properties Bulk dens ty (g cm 3) Water holding capacity {%)

Mean weight diameter of 
aggregates from wet 

sieving analysis (mm)

Experiment season Season I Season II Season I Season II Season I Season II

a Before sowing 

b After harvest

121 123 2818 2923 0 90 0 79

Treatment No
Ti 131 130 3122 32 82 097 110
t 2 133 131 3074 3283 101 104
T3 131 130 31 51 32 39 0 99 106
T4 131 133 28 81 3253 103 101
Ts 133 129 28 46 3168 101 108
T6 133 132 29 73 3276 103 111
t 7 130 132 2918 33 74 105 108
Ts 130 132 30 65 31 91 100 105
T9 132 131 29 73 3170 103 107

SEm +  
C D  (0 05)

FACTORS 
A. FerL P

0 015 0018 0481
1441

0 402 
1219

0 031 0 026

1 N oP 131 1 A0 3116 32 68 0 99 107
2 50%P 132 131 29 00 3232 103 107
3 100%P 131 132 29 85 3245 103 107
C D  (005) — — 0 832 - -

B Chelates
1 No chelates 131 132 2974 33 03 102 106
2 EDTA 132 131 29 95 3214 101 106
3 DTPA 
C D  (005)

132 131 3032 32 28 
0 703

102 108

Note In those places where C D is not given the F test is not significant at 5% level
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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 significant

4 2 1 3  Mean weight diam eter of aggregates

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

0 90 mm wh[ch did not vary significantly after harvest

During season II also mean weight diameter which was 0 79 mm before 

sowing did not vary significantly after harvest

4.2 2 Chemical properties of the soil

Chemical properties in this experiment are gien in Table 22

42 2 1 Cation Exchange Capacity of the soil (C E C )

During season I C E C before sowing was 4 21 me 100 g 1 soil After harvest 

there was no response between treatments

During season II C E C before sowing was 4 28 me 100 g 1 soil After harvest 

again the treatments didnot show any response

On pooled analysis C E C of the soil before sowing was 4 25 me 100 g 1 soil 

Here again the treatments were not statistically significant after harvest

4 2.2.2 pH of the soil

During season I pH of the soil before sowing was 5 12 and after harvest the 

tr< atments were statistically significant while both Ti and T4 recorded the lowest 

value of 5 12 and T 5 Ts and T9 recorded the highest value of 5 14 Among the 

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



Table 22 Chemical properties of the soil in  experiment No 2

Chemical 
Chaiactenst cs CEC (me/100 g)

' ' 
pH Total Nitrogen (%')

Experiment season Season 1 Season II Pooled mean Season I Season II Fooled mean Season I Season II Pooled mean

1 2 3 4 5 6 7 8 9

a Before sowing 4 21 428 425 512 510 511 0122 0123 0123

b After harvest
Treatment No

Ti 425 4 31 428 512 510 511 0122 0124 0123
t 2 4 41 4 42 4 42 513 512 513 0124 0123 0124
t 3 4 39 4 43 4 41 513 512 513 0122 0123 0123
t 4 446 438 442 512 511 512 0124 0123 0124
t 5 4 42 444 4 43 514 512 513 0123 0123 0123
t 6 4 37 442 440 513 512 5 13 0124 0123 0124
t 7 427 443 4 35 513 511 512 0121 0123 0122
Ts 453 440 4 47 514 513 514 0124 0124 0124
t 9 4 54 444 4 49 514 513 514 0122 0124 0123

SEm 4- 0116 0 079 0 070 0 003 0 002 0 002 0 0012 0 0010 0 0008
C D  (005) - - 0 008 0 006 0 005 -

FACTORS
A.Fert. P
1 NoP 435 439 4 37 513 512 512 0123 0123 0123
2 50%P 4 42 4 41 4 42 513 512 512 0124 0123 0123
3 100%P 445 442 4 43 514 513 513 0123 0124 0123
C D  (0 05) - 0 004 0003 0 003 -
B Chelates
1 No chelates 4 32 437 435 512 511 512 0122 0123 0123
2 EDTA 446 4 42 444 514 513 513 0124 0123 0124
3 DTPA 444 4 43 4 43 513 512 513 0123 0124 0123
C D  (0 05) — 0 004 0003 0 003 — —

Contd



Table 22 (Contd )

Chemical 
Charactenst cs

Total phosphorus [P] (ppm) P Fixing capacity (pg P g  *) Organic matter content (%)

Experiment season Season I Season n Pooled mean Season I Season II Pooled mean Season I Season II Pooled mean

10 11 12 13 14 15 16 17 18

a Before sowing 371 376 374 28 7 28 4 28 6 219 2 22 2 21

b A fter harvest
Treatment No 

Ti 364 368 366 28 6 28 4 28 5 2 1 8 2 21 2 20
t 2 361 366 364 28 8 285 28 7 217 2 20 2 1 9
t 3 360 362 361 28 8 28 8 28 8 2 1 8 2 20 219
t 4 362 365 363 28 7 287 28 7 2 1 7 2 20 2 1 9
t 5 359 363 361 28 8 28 7 28 8 2 1 6 219 2 1 8
t 6 358 364 361 28 7 287 28 7 216 2 19 2 1 8
t 7 360 366 363 287 28 6 28 7 2 16 2 1 9 2 1 7
t 8 361 365 363 28 8 28 5 28 6 215 217 2 1 6
t 9 362 364 363 287 28 5 28 6 215 2 1 8 216

SEtn± 2 9 3 0 2 1 010 014 0 08 0 033 0 044 0 027
C D  (0 05) — — — — — — — — —

TACTORS 
A  F e r t  P 
1 No P 362 366 364 28 7 28 6 28 7 218 2 21 2 1 9
2 50%P 360 364 362 28 7 28 7 28 7 217 2 1 9 2 1 8
3 100%P 361 365 363 28 7 28 5 28 6 215 2 1 8 2 1 6
C D  (0 05) — — — — — — — — —
B Chelates
1 No chelates 362 366 364 28 7 28 6 28 6 217 2 20 2 1 8
2 EDTA 360 365 363 28 8 28 6 2 8 7 216 2 1 9 2 1 8
3 DTPA 360 363 362 287 28 7 2 8 7 216 219 2 1 8
C D (0 05) — — — — — — , — — —

to

Note In those places w here C D  is not given the F  test is not significant at 5%  level
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of 5 13 whereQis 100% phosphorus recorded the highest value of 5 14 which was 

significant Among the chelates no chelates recorded the lowest value of 5 12 

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

During season II pH of the soil before sowing was 5 10 Here again the 

treatments were statistically significant after harvest While T i recorded the lowest 

value of 5 10 both Ts and T9 recorded the highest value of 5 13 Among the 

fertilizer levels both no phosphorus and 50% phosphorus recorded the lowest value 

of 5 12 whereas 100% phosphorus recorded the highest value of 5 13 which was 

statistically significant Among the chelates while no chelates recorded the lowest 

vali e of 5 11 EDTA recorded the highest value of 5 13 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 Ti recorded the lowest value of 

5 11 while both Ts and T9 recorded the highest value of 5 14 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 5 12 while EDTA as 

DTPA registered the highest value of 5 13 and hereagain the difference was 

statistically significant

4 7 23 Total nitrogen content of the soil

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

not differ significantly after harvest

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

sowing did not differ significantly after h irvest



9o

On pooled analysis nitrogen content of the soil before sowing recorded a 

value of 0 123% which did not differ significantly after harvest

42 2 4 Total phosphorus content of the soil

During season I it 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 content^soil which was 376 ppm 

before sowing did not differ significantly 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

422 5 Phosphorus fixing capacity of the soil

The phosphorus fixing capacity of the soil 28 7/»g P g 1 during season I which 

did not differ significantly after harvest

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

28 4 ,ug P g 1 and after harvest the treatment differences were not significant

On pooled analysis the phosphorus fixing capaci y of the soil before sowing 

was found to be 28 6 fig P g 1 and after harvest the treatments were not statistically 

significant

4 2 2 6 Organic matter content of the soil

During season I organic 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 II organic matter content of the soil before sowing was 2 22% 

Hereagain after harvest the treatment differences were not statistically significant

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

2 21% whereas after harvest there was no response between treatments

423  Available phosphorus content of the soil

The data on the available phosphorus content of the soil in this experiemnt 

are given in Table 23

During season I the available phosphorus content of the soil before sowing 

was 7 29 mg P kg 1 which showed significance 30 days after sowing with respect to 

different treatments Here the lowest value of 9 97 mg P kg 1 recorded by Ti where 

as T8 registered the highest value of 14 18 mg P kg 1

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

same trend as in the case of season I

In the season I the available phosphorus content of the soil after harvest 

recorded that the treatments differed significantly with Ti registering the lowest 

value of 7 44 mg P kg 1 whereas T9 recording the highest value of 11 45 mg P kg 1 

Among the phosphorus levels no phosphorus recorded the lowest value of 8 81 mg 

P kg 1 where~as the highest value of 1088 mg P kg 1 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 1 was recorded by no chelates where~as EDTA 

regis ered the significantly highest value of 10 35 mg P kg 1 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 

value 0 8 21 mg P kg 1 whereas Ts registered the highest value of 11 18 mg P kg 1



Table 23 Available P content o f the soil (mg P  kg *) in  Experim ent No 2

Treatment No
Before sowing 30 DAS After harvest

Season I Season H Pooled mean Season I Season II Pooled mean Season I Season II Pooled mean

Ti 7 29 716 723 9 97 8 68 933 744 8 21 783
t2 7 29 716 723 12 27 1154 1191 951 911 931
t3 729 716 723 12 09 1149 1179 9 48 9 04 9 26
t4 7 29 716 723 1011 9 78 9 95 9 65 8 99 932
T5 729 716 7 23 13 18 13 07 13 13 10 14 9 28 9 71
t 6 7 29 716 723 13 15 12 92 13 04 10 08 9 24 9 66
T7 7 29 716 7 23 10 20 1014 10 17 9 79 924 9 52
t 8 7 29 716 723 1418 13 58 13 88 1139 1118 1129
t 9 7 29 716 723 14 09 13 49 13 79 1145 1112 1129

SEm± 0 0 0 0 634 0 409 0377 0 396 0 297 0 247
C D  (0 05) — — — 1901 1225 1088 1186 0 890 0 713

FACTORS 
A F e r tP
1 No P 7.29 716 723 1144 10 57 11 01 8 81 8 79 8 80
2 50%P 729 716 723 1215 1192 12 04 9 96 917 9 57
3 100%P 729 716 723 12 82 12 40 12 61 10 88 10 52 10 70
C D  (0 05) — — — — 0 707 0 628 0 685 0 514 0 412

B Chelates
1 No chelates 7 29 716 7 23 10 09 954 9 82 8 96 8 82 8 89
2 EDTA 7 29 716 723 13 21 12 73 12 97 10 35 9 86 10 10
3 DTPA 7 29 716 723 1311 12 63 12 87 10 34 980 10 07
CD  (0 05) — — — 1097 0 707 0 628 0 685 0 514 0 412

C O
QO

Note In those places where C D is not given, the F test is not significant at 5% level
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Among the fertilizer phosphorus levels no phosphorus gave the minimum value of 

8 79 mg P kg 1 while 100% phosphorus registered the highest value of 10 52 mg P 

kg 1 On analysis these differences were found to be statistically significant Among 

the chelates DTPA recorded the lowest value of 9 80 mg P kg 1 while EDTA 

recorded the highest value of 9 86 mg P kg 1 which was also statistically significant

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

same results as given m the two seasons

42  4 Soil phosphorus fractions

The data on soil phosphorus fractions are given in Table 24 25 and 26 

4 JL 4 1 Saloid P of the soil ( S o J 'P )

In season I saloid P which was 16 1 ppm before sowing varied significantly at 

flowering Ti registered the lowest value of 24 0 ppm whereas Ts registered the 

highest value of 33 7 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 32 8 ppm Here again the difference was significant After harvest also 

treatments showed statistical significance Here both Ti and T4 gave the lowest 

value of 23 0 ppm whereas Ts showed the highest value of 30 7 ppm When the 

phosphorus 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 

fl :> we ring the treatments recorded statistical significance While Ti gave the lowest



Table 24 Soil phosphorus (P) fractions (ppm) in Experim ent No 2 fo r season I

Treatment/
penod

Saloid P A1 P Fe P Red P OccI P Ca P Oig P Total P

a Before sowing 161 45 0 28 2 18 5 151 181 2300 3710

b At Qowenng 
Treatment No

Ti 24 0 41 0 26 0 210 17 0 180 2197 366 7
t 2 32 0 353 24 3 220 17 0 17 7 217 0 3653
t3 29 0 35 7 24 7 217 17 0 17 7 218 3 364 0
t 4 243 40 7 26 3 20 7 16 7 18 0 219 0 365 7
t5 32 7 35 0 243 213 17 3 17 7 217 7 364 7
T6 30 0 36 7 24 0 207 17 0 17 7 217 3 363 3
t 7 253 40 0 26 0 203 167 173 217 0 362 7
Tg 33 7 34 7 237 213 17 3 17 7 217 0 3653
t 9 30 7 36 7 24 7 213 17 0 18 0 219 0 366 7

SEm± 0 58 0 41 025 029 0 24 0 27 189 344
C D  (0 05) 174 122 0 76 088 — -  - — —

FACTORS 
A F e r t  P
1 No P 28 3 37 3 250 21 6 17 0 17 8 218 3 3653
2 50%P 29 0 37 4 24 9 20 9 17 0 17 8 218 0 364 6
3 100%P 29 9 371 24 8 210 17 0 17 7 217 7 364 9
C D  (0 05) 100 — — 051 - - — — —

B Chelates
1 No chelates 24 6 40 6 261 207 16 8 17 8 218 6 365 0
2 EDTA 32 8 35 0 241 216 17 2 17 7 217 2 3651
3 DTPA 29 9 36 3 24 4 212 17 0 17 8 218 2 364 7
C D  (0 05) 100 0 70 044 0 51 — — — —

Contd
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Table 24 (contd )

Treatment/
period

Saloid P A1 P Fe P Red P Occl P Ca P Org P Total P

c After harvest 
Treatment No

Ti 230 40 3 257 207 17 0 18 0 219 3 364 0
T2 30 0 34 7 237 217 16 3 17 7 217 3 3613
t3 283 35 3 24 0 210 17 0 17 7 217 0 360 3
t 4 230 393 257 210 17 0 18 0 218 0 3617
t5 29 7 353 237 200 170 17 3 2163 3593
t 6 26 7 35 7 24 0 20 7 17 0 17 7 216 7 358 3
t 7 233 393 253 203 16 3 173 217 7 359 7
TS 30 7 34 3 230 20 7 17 3 17 0 217 7 360 7
t 9 26 7 36 3 24 0 210 17 0 18 0 219 3 3623

SEm± 0 45 0 29 0 26 033 019 025 178 292
C D  (0 05) 136 0 86 0 79 — ■— — — ---

FACTORS 
A F e r t P
1 No P 271 36 8 24 4 211 16 8 17 8 217 9 3619
2 50%P 264 36 8 24 4 20 6 17 0 17 8 217 0 359 8
3 100%P 26 9 36 7 241 207 16 9 17 4 218 2 360 9
C D  (005) — — — — — — — —

B Chelates
1 No chelates 23 1 39 7 256 20 7 16 8 17 8 2183 3618
2 EDTA 301 34 8 234 208 16 9 17 3 2171 3604
3 DTPA 27 2 35 8 24 0 20 9 17 0 17 8 2177 3603

^ D  (0 05) 0 79 0 50 0 46 — — — — —

Note In those places where C D is not given the F test is not significant at 5% level

Cj

?
/b

O
£

f



Table 25 Soil phosphorus (P) tractions (ppm) in Experim ent No 2 for season II

Treatment/
penod

Saloid P A1 P Fe P Red P OccJ P Ca P Oxg P Total P

a Before sowing 140 421 28 3 18 2 151 19 2 2391 3760

b A t flowering 
Treatment No

Ti 25 0 410 26 7 19 3 14 7 18 0 227 7 3723
t 2 32 0 36 0 250 22 0 17 0 18 0 219 7 3697
t 3 290 35 7 250 220 17 0 18 0 2207 3673
t4 25 7 37 7 26 3 19 3 14 3 18 3 227 7 3693
t 5 32 7 35 7 24 7 217 17 0 17 7 218 3 367 7
t 6 27 3 36 0 25 3 213 17 0 17 7 223 7 3683
t 7 25 3 383 27 0 19 7 14 7 18 7 226 7 3703
t8 327 35 3 250 220 17 0 18 0 218 3 3683
t 9 32 0 36 0 25 3 213 17 3 17 7 219 7 369 3

SEm± 0 87 0 47 0 32 0 29 023 025 2 53 3 96
CD  (0 05) 2 60 142 0 95 0 86 0 68 0 76 7 57 —

FACTORS 
A F e r t P
1 No P 28 7 37 6 25 6 211 16 2 180 222 7 370 7
2 50%P 28 6 36 4 25 4 20 8 161 17 9 223 2 368 6
3 100%P 300 366 25 8 210 163 181 2216 3683
C D  (0 05) — 0 82 — — — — — —

B Chelates
1 No chelates 253 37 6 26 7 19 4 14 6 18 3 227 3 370 7
2 EDTA 32 4 364 24 9 219 17 0 17 9 218 8 368 6
3 DTPA 29 4 36 6 252 216 171 17 8 2213 368 3
C D  (0 05) 150 0 82 0.55 0 50 039 044 437 —

Contd



Table 25 (Contd )

Treatment/
period

Saloid P A1 P Fe P Red P Occl P a  P Org P Total P

c After harvest 

Treatment No
Ti 25 0 40 0 26 0 19 0 14 7 18 0 225 7 368 3
t 2 26 7 35 7 237 217 17 0 173 224 3 3663
t3 23 3 35 0 24 7 22 0 17 0 17 7 222 7 362 3
t 4 237 37 3 26 0 19 0 14 7 18 7 225 7 365 0
t5 24 7 353 24 0 213 17 0 173 223 7 3633
t 6 24 3 35 3 25 0 21 0 17 0 17 3 223 7 363 7
t 7 243 37 3 26 7 200 15 0 18 7 224 7 365 7
Tg 25 7 35 0 250 210 17 0 173 223 7 364 7
t 9 24 7 35 7 24 7 210 17 0 17 7 223 7 3643

SEm± 0 43 034 023 017 015 033 184 304
C D  (0 05) 128 101 070 0 50 044 0 98 — —

FACTORS 
A F e r t P
1 No P 25 0 36 9 24 8 20 9 16 2 17 7 224 2 365 7
2 50%P 24 2 36 0 25 0 204 16 2 17 8 224 3 364 0
3 100%P 24 9 360 254 20 7 16 3 17 9 224 0 364 9
C D  (0 05) — 058 0 40 0 29 — — — —

B Chelates
1 No chelates 24 3 38 2 26 2 193 14 8 18 4 225 3 366 3
2'EDTA 257 35 3 24 2 213 17 0 173 223 9 364 8
3 DTPA 241 35 3 24 8 213 17 0 17 6 223 3 363 4
C D  (0 05) 0 74 0 58 040 029 025 056 — —

Note In those places where C D is not given the F test is not significant at 5% level



Table 26 Soil phosphorus (P) fractions (ppm) in E xperim ent No 2 (pooled mean)

Treatment/
period

Saloid P A1 P Fe P Red P Occl P Ca P Org P Total P

a Before sowing 151 43 6 28 3 184 151 187 234 6 373 8

b A t flowering 
Treatment No

Ti 24 5 410 26 3 20 2 15 8 18 0 223 7 369 5
t 2 32 0 35 7 24 7 220 17 0 17 8 218 3 367.5
t 3 29 0 35 7 24 8 218 17 0 17 8 219 5 365 7
t 4 25 0 39 2 26 3 20 0 15 5 18 2 223 3 3673
Ts 32 7 35.3 24.5 215 17 2 177 218 0 3662
TS 28 7 36 3 24 7 2 10 17 0 17 7 220 5 365 8
t 7 253 39 2 26 5 200 15 7 18 0 2218 3663
t 8 33 2 35 0 243 217 17 2 17 8 217 7 366 8
t 9 313 36 3 250 213 17 2 17 8 219 3 3680

SEm+ 0 52 031 020 0 2 1 016 019 138 2 62
C D  (0 05) 151 0 90 0 59 0 59 0 47 — 4 55 —

FACTORS 
A F e r t P
1 No P 28 5 37 4 25 3 213 16 6 17 9 220 5 367 6
2 50%P 28 8 36 9 25 2 20 8 16 6 17 8 220 6 366 5
3 100%P 29 9 36 8 253 2 10 167 17 9 219 6 3671
C D  (0 05) 0 87 — — 0 34 — — — —

B Chelates
1 No chelates 24 9 39 8 264 2 0 1 15 7 181 222 9 367 8
2 EDTA 32 6 353 24 5 217 171 17 8 218 0 366 8
3 DTPA 29 7 361 24 8 214 171 17 8 219 8 366 5
C D  (0 05) 0 87 0 52 0 34 0 34 0 27 — 2 63 —

Contd



Table 26 (Contd )

Treatment/
period

Saloid P A1 P Fe P Red P Occl P Ca P Org P Total P

c. After harvest 

Treatment No
Ti 24 0 40 2 258 19 8 15 8 18 0 222 5 366 2
t 2 28 3 352 23 7 217 16 7 17 5 220 8 363 8
t 3 25 8 35 2 243 215 17 0 17 7 219 8 3613
t 4 23 3 38 3 258 200 15 8 183 2218 363 3
Ts 27 2 353 238 207 17 0 173 220 0 3613
t 6 25 5 35 5 24 5 20 8 17 0 173 220 2 3610
t 7 238 383 26 0 20 2 15 7 18 0 2 2 12 362 7
t 8 28 2 34 7 24 0 20 8 17 2 172 220 7 362 7

257 36 0 24 3 2 10 17 0 17 8 2215 363 3
SEin+ 031 0 22 018 018 0 1 2 0 21 128 2 1 1
C D  (0 05) 0 90 064 031 0 53 0 35 059 — —

FACTORS 
A F e r t P
1 No P 261 36 8 24 6 2 1 0 16 5 177 2 2 1 1 363 8
2 50%P 25 3 36 4 24 7 205 16 6 177 220 7 361 9
3 100%P 25 9 36 3 24 8 20 7 16 6 17 7 2 2 1 1 362 9
C D  (0 05) 032 037 — 0 31 — — — —

B Chelates
1 No chelates 237 38 9 25 9 20 0 15 8 181 2218 3641
2 EDTA 27 9 351 238 2 1 1 16 9 173 220 5 362 6
3 DTPA 257 35 6 24 4 2 1  1 17 0 177 220 5 3619
C D  (0 05) 0 52 0 37 0 29 0 31 0 20 0 34 — —

0
0 1

Note In those places where C D  is not given the F test is not significant at 5% level
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value of 25 0 ppm both T5 and Ts gave the highest value of 32 7 ppm There was no 

response for fertilizer 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 32 4 ppm After harvest of the experiment saloid P was found 

to vary significantly with T3 recording the lowest value of 23 3 ppm while T2 

recording the highest value of 26 7 ppm When phosphorus levels were not 

significant chelates gave statistical significance With the case of chelates DTPA 

gave the lowest value of 24 1 ppm whereas EDTA gave the highest value of 25 7 

ppm

Pooled analysis revealed a saloid P of 15 1 ppm before sowing At flowering 

treatments showed statistical significance The lowest value of 24 5 ppm was 

recorded in T i whereas T8 gave the highest value of 33 2 ppm Fertilizer 

phosphorus levels also showed statistical significance Here no phosphorus 

recorded the lowest value of 28 5 ppm whereas the highest value of 29 9 ppm was 

recorded by 100% phosphorus treatment Chelates also showed significant 

diligences on statistical analysis with the lowest value of 24 9 ppm recording in no 

chelates treatment whereas EDTA recording the highest value of 32 6 ppm After 

harvest also treatment varied significantly Here T4 recorded the lowest value of 

23 3 ppm whereas T2 recorded the highest value of 28 3 ppm Here again 

phosphorus levels showed statistical significance 50% phosphorus showed the least 

value of 25 3 ppm whereas no phosphorus gave the highest value of 26 1 ppm In 

respect of chelate treatments no chelates gave the lowest value of 23 7 ppm 

whereas EDTA gave the highest value of 27 9 ppm which was also significant

4 24  2 Aluminium P of the soil

Aluminium P content of the soil which was 45 0 ppm before sowing recorded 

significant variations at flowering While Ts recorded the lowest value of 34 7 ppm



Ti recorded the highest value of 41 0 ppm However phosphorus levels did not 

differ significantly 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 Ts recorded the lowest 

value of 34 3 ppm whereas Ti recorded the highest value of 40 3 ppm Here again 

the phosphorus levels did not vary significantly However chelate treatments 

recorded significant variation on statistical analysis EDTA gave the lowest value of

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

During season II Aluminium P recorded a value of 42 1 ppm before sowing 

At flowering treatments differed statistically with Ts recording the lowest value of

35 3 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 Ts 

and Ts registered the lowest value of 35 0 ppm whereas Ti recorded the highest 

value of 40 0 ppm Phosphorus also significantly varied after harvest Both 50% 

phosphorus and 100% phosphorus recorded the lowest value of 36 0 ppm whereas 

no phosphorus recorded the highest value of 36 9 ppm In the case of chelates both 

EDTA and DTPA gave the lowest value of 35 3 ppm whereas no chelates the 

highest significant value of 38 2 ppm

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

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

recorded the lowest value of 35 0 ppm whereas Ti recorded the highest value of
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41 0 ppm Phosphorus levels did not show any response on pooled analysis 

However chelates recorded significant variation EDTA recorded the lowest value 

of 35 3 ppm whereas no chelates recorded the highest value of 39 8 ppm After 

harvest also the treatments varied significantly Here Ts registered the lowest value 

of 34 7 ppm whereas T i recorded the highest value of 40 2 ppm Phosphorus levels 

also varied 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 EDTA recorded the lowest value of 35 1 ppm 

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

4 2 4.3 Iron P of the soil CF e  P )

In season I Fe P before sowing was 28 2 ppm It is revealed that at flowering 

treatments recorded statistical significance At this stage Ts recorded the lowest 

value of 23 7 ppm whereas T t 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 Ts recorded the lowest value of 23 0 ppm whereas 

both Ti and T j recorded the highest value of 25 7 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 II Fe P before sowing was found to be 28 3 ppm which varied 

significantly at flowering due to different treatment combinations At this stage T5 

recorded the lowest value of 24 7 ppm whereas T7 recorded the highest value of 

27 0 ppm However phosphorus levels did not vary significantly 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 significantly 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 gdve same value oSthat 

in season II (28 3 ppm) At flowering treatments varied significantly Here Ts 

recorded the lowest value of 24 3 ppm whereas T7 recorded the highest value of 

26 5 ppm In pooled analysis also phosphorus levels did not vary significantly 

whereas chelates recorded statistical significance 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 26 0 ppm Hereagain the phosphorus levels did not vary 

significantly whereas chelates showed statistical significance The lowest value of 

23 8 ppm was recorded by EDTA whereas the highest value of 25 9 ppm was 

recorded by no chelates

4 2 44  Reductant soluble P of the soil ( / le d -  p )

During the first season as well as second season Red P at flowering recorded 

statistical significance In the first season Ti recorded the lowest value of 21 0 ppm 

where is T2 recorded the highest value of 22 0 ppm However with second season
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both Ti and T4 registered the lowest value of 19 3 ppm whereas the highest value of 

22 0 ppm was recorded by T2, T3 and Ts Phosphorus levels also varied significantly 

in the first season 50% phosphorus recorded the lowest value of 20 9 ppm whereas 

no phosphorus recorded the highest value of 21 6 ppm Chelate application also 

showed significant variation in Red P on statistical analysis m the first season while 

no chelates gave the lowest value of 20 7 ppm EDTA recorded the highest value of 

21 6 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 highest value of 21 9 ppm

After harvest when the treatments did not show any statistical significance in 

season I they showed significance in season II In season II Ti and T4 recorded the 

lowest value of 19 0 ppm T3 recorded the highest value of 22 0 ppm Phosphorus 

lev els did not vary significantly in season I whereas it was significant in season II 

Thu« in season II 50% phosphorus recorded the lowest value of 20 4 ppm whereas 

no phosphorus recorded the highest value of 20 9 ppm When chelates could not 

show statistical significance m season I it was significant in season II No chelates 

showed the lowest value of 19 3 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 18 4 ppm At 

flowering both T7 and T4 recorded the lowest value of 20 0 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 21 3 ppm Chelates also showed statistical 

significance Among chelates no chelates recorded the lowest value of 20 1 ppm 

v hereas EDTA recorded the highest value of 21 7 ppm After harvest also the 

treatments varied significantly Ti recording the lowest value of 19 8 ppm and T2
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recording the highest value of 217 ppm Phosphorus also varied significantly 

wherein 50% phosphorus recorded the lowest value of 20 5 ppm whereas no 

phosphorus recorded the highest value of 21 0 ppm Among the chelates no 

chelates recorded the lowest value of 20 0 ppm whereas both EDTA and DTPA 

and recorded the highest significant value of 21 1 ppm

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 15 1 ppm before sowing 

recoi ded significant variation at flowering When T4 recorded the lowest value of 

14 3 ppm and T9 recorded the highest value of 17 3 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 14 6 

ppm whereas DTPA recorded the highest value of 17 1 ppm After harvest also 

treatments recorded statistical significance Both Ti and T4 recorded the lowest 

value of 14 7 ppm whereas T2, T3 T5 T6 Ts and T9 recorded the highest value of 

17 0 ppm While phosphorus levels could not vary significantly chelates recorded 

statistical significance 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 lowest value of 15 5 ppm T5 Ts and T 9 

recorded the highest value of 17 2 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

43.4 5 Occluded P of the soil



112
the highest value of 17 1 ppm After harvest also the treatments varied significantly 

Here h  recorded the lowest value of 157 ppm whereas Ts recorded the highest 

value of 17 2 ppm While phosphorus levels did not vary significantly chelates 

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

and DTPA recorded the highest value of 17 0 ppm

During season I the treatments did not record any significant variation at 

flowering Phosphorus levels and chelates also did not make any significant 

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

Durmg season II Ca P of the soil before sowing was 19 2 ppm as compared to 

18 1 ppm during the first season The treatment recorded significant variation at 

flowering T5 T6 and T9 recorded the lowest value of 17 7 ppm whereas T7 

recorded the highest value of 18 7 ppm Phosphorus levels however did not show 

any statistical significance But chelates recorded statistical significance wherein 

D1 PA recorded the lowest value of 17 8 ppm whereas no chelates recorded the 

highes value of 18 3 ppm With respect to Ca P of the soil after harvest also the 

treatments recorded significant variation T2 T5 T6 and Ts 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 1 ’ 3 ppm whereas no chelates recorded the highest value of 18 4 ppm

On pooled analysis of the data it 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 significant variation While Ts recorded the lowest 

value of 17 2 ppm T4 recorded the highest value of 18 3 ppm While phosphorus

4.2 4 6 Calcium P of the soil
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levels could not make any significant variation chelates showed statistical 

significance Among chelates EDTA recorded the lowest value of 17 3 ppm 

whereas no chelates recorded the highest value of 18 1 ppm

42,4 7 Organic P of the soil

It was revealed that the treatments did not show any statistical significance in 

this character at flowering Phosphorus levels and chelates also did not show any 

statistical significance After harvest also the organic P of the soil did not vary 

significantly In the season II Orgamc P of the soil before sowing was 239 1 ppm 

which recorded significant varation at flowering While both Ti and T4 recorded the 

lowest value of 227 7 ppm T5 and Ts recorded the highest value of 218 3 ppm 

While phosphorus levels did not vary significantly chelates recorded statistical 

significance Among chelates EDTA recorded the lowest value of 218 8 ppm 

whereas no chelates recorded the highest value of 227 3 ppm After harvest the 

treatments did not show any statistical significance

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 

Ts 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 significance 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 

4 2  4 8 Total phosphorus content of the soil Y(JhzJ P)

Total phosphorus content of the soil before sowing was found to be 371 0 ppm 

during season I At flowering the treatments did not record any statistical 

significance



After harvest also the treatments did not show any significant difference

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

before sowing At flowering there was no response between treatments

\f te r  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 

4 2 5 Leaf Area Index (LAI) of cowpea

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

responses were not significant

LAI at flowering showed that the treatments were statistically significant 

during season I While T i recorded the lowest value of 4 49 T5 recorded the 

highest value of 7 09 Phosphorus levels as well as chelates also were statistically 

significant 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 15 whereas EDTA recorded the highest 

value of 5 96

In the case of season II also the treatments were statistically significant 

When T i recorded the lowest value of 4 55 T5 recorded the highest value of 6 31 

Levels of phosphorus and chelates also were statistically significant When no 

phosphorus recorded the lowest value of 4 67 50% phosphorus recorded the 

highest value of 5 79 Among chelates no chelates recorded the lowest value of 

4 93 whereas EDTA recorded the highest value of 5 50

114
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T ab le  27 L eaf A rea  Index  (LAI) in E xperim en t No 2

Treatment No
Season I Season II

30 DAS at flowering 30 DAS at flowering

T i 1 37 4 49 1 34 4 55

t 2 1 15 4 81 130 4 80

t 3 1 12 4 64 1 31 4 65

t 4 1 33 5 21 1 32 4 99
t 5 128 7 09 127 631
t 6 136 6 55 123 6 07
t 7 130 5 76 130 5 26

t 8 1 33 5 98 143 5 38
Ts 1 34 5 80 144 5 18

SEm±. 0 071 0107 0 104 0 088
C D  (0 05) — 0 322 — 0 264

FACTORS 
A Fert P
1 No P 122 4 65 132 4 67
2 50% P 1 32 6 28 127 5 79
3 100% P 133 5 85 1 39 5 27
C D  (0 05) — 0 186 0152

B Chelates

1 No chelates 1 34 5 15 1 32 4 93
2 EDTA 1 26 5 96 1 33 5 50
3 DTPA 1 27 5 66 1 33 5 30
C D  (0 05) — 0 186 — 0 152

Note In those places where C D is not g ven the F  test is not s gm f cant at 5% level
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The data on leaf area ratio (LAR) of the plants at different stages of the 

experiment are given in Table 28

During season I LAR of plants at 30 DAS showed that the treatments were
2 1statistically significant Ts recorded the lowest value of 9 92 cm g whereas Ti

recorded the highest value of 16 99 cm2 g 1 Among phosphorus levels 50%
2 1phosphorus recorded the lowest value of 11 85 cm g whereas no phosphorus

2 1recorded the highest significant value of 14 58 cm g Among chelates EDTA
2 1recorded the lowest value of 1185 cm g whereas no chelates recorded the

2 1highest significant value of 14 59 cm g

During season II also LAR of plants at 30 DAS showed that the treatment

differences were statistically significant While T5 recorded the lowest value of
2 1 2 1 1122 cm g Ti recorded the highest value of 16 32 cm g While phosphorus

levels showed statistical significance chelates did not record significance Among
2 Iphosphorus levels 50% phosphorus recorded the lowest value of 12 45 cm g

2 1whereas no phosphorus recorded the highest value of 15 64 cm g

In season I LAR at flowering recorded no statistical significance

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

were not statistically significant

4 2  7 Leaf Weight Ratio (LWR) of th» plants

The data on leaf weight ratio (LWR) of the plants m the present experiment 

are given in Table 29

42  6 Leaf Area Ratio (LAR) of plants
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T ab le  28 L ea f A rea  R atio  (LAR) o f the p lan ts in E xperim en t No 2

Treatment No
Season I Season II

30 DAS at flowering 30 DAS at flower ng

Ti 16 99 14 75 16 32 16 01

Tz 13 34 14 73 14 95 15 88
T3 13 41 14 76 15 64 16 07

T4 14 12 14 57 14 74 15 95

T5 9 92 14 75 1122 16 10
Te 11 50 14 81 1139 16 02
t 7 12 66 14 83 14 33 16 06

Ts 12 29 14 69 14 78 15 87
Ts 12 62 14 49 15 48 15 98

S E m t 0 856 0 117 1 198 0 106

C D  (0 05) 2 566 — 3 593 —

FACTORS 

A  Fert P
1 No P 14 58 14 75 15 64 15 99
2 50% P 11 85 14 71 12 45 16 03

3 100% P 12 52 14 67 14 86 15 97
C D  (0 05) 1481 — 2 074 —

B Chelates

1 No chelates 14 59 14 72 15 13 16 01

2 EDTA 1185 14 72 13 65 15 95
3 DTPA 12 51 14 69 14 17 16 02
C D  (0 05) 1481 — —

Note In those places where C D is not g ven the F test is i ot significant at 5% level
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T ab le  29 L ea f W eight R atio  (LW R) o f the p lan ts in E x perim en t No 2

Treatment No
Season I Season II

30 DAS at flowering 30 DAS at flower g

Ti 0 465 0 318 0 331 0 338

T2 0 470 0318 0 303 0 338

t 3 0 465 0318 0 332 0 341

t 4 0 469 0 317 0 335 0 337

Ts 0 469 0 321 0 335 0 337

TS 0 479 0 319 0 331 0 336

t 7 0 475 0 318 0 345 0 336

t 8 0 472 0 319 0 333 0 336

t 9 0 465 0 318 0 334 0 336

SEm± 0 0055 0 0027 0 0114 0 0022

C D  (0 05) — — — —

FACTORS 
A F ert P

1 No P 0 467 0 318 0 322 0 339

2 50% P 0 472 0 319 0 334 0 337

3 100% P 0 470 0 318 0 338 0 336

C D  (0 05) — — —

B Chelates
1 No chelates 0 469 0 318 0 337 0 337

2 EDTA 0 470 0 319 0 324 0 337
3 DTPA 0 469 0318 0 332 0 338

C D  (0 05) — — — —

Note In those places where C D  s not given the F test is not sigm f ca it at 5% level



In season I LWR of plants at 30 DAS showed that the treatments were not 

statistic ally significant

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 significant The result of season II are in accordance with that of 

season I at flowering

4.2 8 Number of effective nodules per plant

The data on the number of effect nodules per plant are given m Table 30

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

treatments were not statistically significant

In season II the number of effective nodules at 30 DAS revealed that the 

treatments were statistically significant While T3 recorded the lowest value of 

14 28 T7 recorded the highest value of 16 53 When phosphorus levels varied 

significantly chelates could not record any significance Among phosphorus levels 

no phosphorus recorded the lowest value of 14 70 whereCas 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 flowering it was revealed that the treatments were not statistically 

significant during season I

During season II also the treatments were not statistically significant at 

flowering



Table 30 N um ber o f effective nodules p e r p lan t in Experim ent No 2

Treatment No
Season I Season II Pooled mean

30 DAS at flowering 30 DAS at flowering 30 DAS at flowcnng

Ti 18 35 1148 14 52 12 02 16 43 1175
t2 19 98 1126 15 32 11 90 17 65 11.58
t3 19 64 1187 1428 13 49 16 96 12 68
t 4 18 02 10 78 14 29 12 09 16 16 1144
t5 18 29 1110 16 09 9 70 17 19 10 40
t 6 20 60 10 93 15 85 1195 18 23 1144
t 7 18 66 10 07 16 53 11 81 17 60 10 94
t8 17 72 1102 16 28 12 26 17 00 1164
t9 18 75 11 01 15 69 13 02 17 22 12 02

SEm± 0 878 0761 0 607 0 746 0 534 0 533
CD  (0 05) — — 1819 — —

FACTORS 
A Fert. P
1 No P 19 32 1154 14 70 12 47 17 01 12 00
2 50%P 18 97 10 94 15 41 1125 17 19 11 09
3 100%P 18 38 10 70 1617 12.37 17 27 1153
C D  (0 05) — — 1050 — — —

B Chelates
1 No chelates 1834 10 77 15 11 11 97 16 73 1137
2 EDTA 18 66 1113 15 90 1129 17 28 11 21
3 DTPA 19 67 1127 15 27 12 82 17 47 12 05
C D  (0 05) — — — — — —

h—
ro
CJ

Note In those places where C D is not given the F  test is not significant at 5% level
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On pooled analysis the number of effective nodules per plant at flowering 

showed that the treatment differences were not statistically significant

4J2 9 Dry weight nodules per plant

The data on dry weight of nodules per plant are given in Table 31

During season I it is revealed that neither treatment combinations nor 

individual factors were significant at 30 DAS

In the season II also the same trend of results were obtained

season II were observed at 30 DAS

In the season I 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

4 2 10 Yield components of cowpea

The data on yield components of cowpea are given in Table 32 

4 2 10 1 Number of pods per plant

Die data revealed that the treatments were statistically significant during 

season I T i recorded the lowest value of 1 49 pods per plant and Ts recorded the 

highest value of 2 38 pods per plant On factorial analysis phosphorus levels and 

chelates also recorded significant response No chelates recorded the lowest value 

of 1 71 pods per plant while EDTA recorded the highest value of 1 99 pods per 

plant

On pooled analysis also it is but natural



T able 31 D ry weight o f nodules p e r p lan t (mg) in  Experim ent No 2

Treatment No
Season I Season II Pooled mean

30 DAS at flowering 30 DAS at flowering 30 DAS at flowering

Tt 146 0 884 115 0 715 130 5 80 0
t 2 142 3 95 2 126 0 78 9 134 2 87 0
t3 155 0 939 112 3 873 133 7 90 6
t « 139 3 1010 113 0 846 126 2 928
Ts 145 0 97 3 113 0 78 5 129 0 87 9
t 6 134 3 1003 1117 82 6 123 0 915
t 7 149.3 94 5 112 0 777 130 7 861
TS 139 7 983 1193 78 6 129 5 88 5
t 9 136 3 96 6 119 0 79 0 127 7 87 8

SEm± 1011 4 96 519 3 82 5 68 3 13
CD (0 05) — — — — — —

FACTORS 
A F e r t P
1 No P 147 8 92 51 117 8 79 2 132 8 85 9
2 50%P 139 6 99 54 112 6 819 1261 907
3 100%P 1418 96 47 116 8 78 4 1293 875
CD  (0 05) — — —

B Chelates
1 No chelates 144 9 94 63 113 3 77 9 129 1 863
2 EDTA 142 3 96 96 119 4 78 7 130 9 87 8
3 DTPA 1419 96 93 114 3 83 0 1281 900
C D  (0 05) — — - — — _

DO

Note In those places where C D is not given the F test is not significant at 5% level



Table 32 Yield com ponents o f  cow pea in E xperim ent No 2

Treatment No
No of pods /  plant No of seeds/pod 100 seed we ght (g) Pod length (cm)

Season I Season Q Season I Season II Season I Season II Season I Season II

Tt 149 195 15 4 14 9 9 21 8 69 15 7 14 9
t 2 160 2 06 15 4 14 9 922 8 69 15 7 14 9
t 3 155 199 15 4 14 9 921 8 69 15 7 14 9
t 4 174 214 15 4 14 9 9 21 8 69 15 7 14 8
TS 2 38 2 69 15 4 14 9 9 20 8 70 15 6 14 9
t 6 217 2 60 15 5 14 8 9 22 8 70 15 7 14 9
t 7 191 224 15 4 15 0 9 21 8 69 15 7 14 9
t 8 2 01 2 32 15 4 14 9 921 8 69 15 7 14 9
T9 195 2 22 15 4 14 9 921 8 69 15 7 14 8

S Em+ 0 033 0 043 0 05 0 05 0 006 0 011 0 05 004
C D  (0 05) 0099 0 128 — — — — — —

FACTORS 
A F e r t  P
1 No P 135 2 00 15 4 14 9 9 21 8 69 15 7 14 9
2 50%P 2 10 2 47 15 4 14 9 9 21 8 70 15 7 14 8
3 100%P 196 2 26 15 4 14 9 9 21 8 69 15 7 14 8
C D  (0 05) 0 057 0 074 — — — — — —

B Chelates
1 No chelates 171 211 15 4 14 9 921 8 69 15 7 14 8
2 EDTA 199 2 35 15 4 14 9 9 21 8 69 15 7 14 9
3 DTPA 189 227 15 4 14 9 9 21 8 69 15 7 14 8
C D  (005) 0057 0 074 — — — — — —

Note In those places where C D  ts not given the F  test is not significant at 5% level
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During season II the number of pods per plant revealed that the treatments 

were statistically significant When Ti recorded the lowest value of 1 95 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 2 47 

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

42 10.2 Number of seeds per pod

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

significance

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

treatments were not statistically significant

42 103 Hundred seed weight

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

statistically significant

During season II also it was revealed that the treatments were not significant

10 2 10 4 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 2 11 Grain yield of cowpea

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



T ab le  33 Y ields o f  g ra in s  an d  haulms (kg ha ') in Experiment No 2

Treatment No
Season I Season II Pooled mean

grains haulms grains haulms gra ns haulms

Ti 565 3886 673 2821 619 3354

t 2 604 4033 712 2987 658 3510
t 3 585 3915 688 2833 637 3374

t 4 658 4142 738 3042 698 3592
t 5 900 4970 928 3675 914 4322

t 6 821 4709 897 3592 859 4150

t 7 721 4430 774 3165 747 3798
t 8 758 4501 799 3240 779 3870

738 4414 769 3148 754 3781
SEm+ 12 4 40 8 14 8 50 3 9 7 3 2 4
C D  (0 05) 371 1224 444 150 7 28 9 93 4

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
C D  (005) 2 1 4 70 7 256 87 0 161 53 9

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
C D  (005) 2 1 4 70 7 256 870 161 53 9



During season I it was revealed that the treatments were significant While Ti 

recorded the lowest yield of 565 kg ha 1 Ts recorded the highest yield of 900 kg 

ha 1 Phosphorus levels and chelates recorded significant 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 1 whereas 

EDTA recorded the highest yield of 754 kg ha 1

During season II also the treatments were significant m their effects with Tx 

recording the lowest yield of 673 kg ha 1 and T5 recording the highest yield of 928 

kg ha 1 Phosphorus levels recorded significant response with no phosphorus 

recording the lowest yield of 691 kg ha 1 and 50% phosphorus recording the highest 

yield of 854 kg ha 1 Chelates also recorded significant response with no chelates 

recording the lowest yield of 728 kg ha 1 and EDTA recording the highest yield of 

813 kg ha 1

On pooled analysis of gram yield data, it was revealed that the treatments 

varied significantly on their effects Ti recorded the lowest yield of 619 kg ha 1 

whereas T5 recorded the highest yield of 914 kg ha 1 Phosphorus leves and chelates 

also lecorded significant influence while no phosphorus recorded the lowest yield 

of 638 kg ha 1 30% phosphorus recorded the highest yield of 824 kg ha 1 Among 

cheUtes no chelates recorded the lowest yield of 688 kg h a 1 whereas EDTA 

recordi d the highest yield of 783 kg ha 1

4.2 12 Haulm yields of cowpea

The data on haulms yields of cowpea are given in Table 33

It was revealed that the treatments were statistically significant during 

season I Ti recorded the lowest yield of 3866 kg ha 1 whereas T5 the highest yield

I
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of 4970 kg ha 1 Not only phosphorus levels but chelates also recorded significant 

influences on this character No phosphorus recorded the lowest haulm yield of 

3945 kg ha 1 whereas 50% phosphorus recorded the highest yield of 4607 kg ha 1 

Among chelates no chelates recorded the lowest yield of 4153 kg ha 1 whereas 

EDTA recorded the highest yield of 4501 kg ha 1

In season II also haulm yield data recorded statistical significance Here 

again Ti recorded the lowest yield of 2821 kg ha 1 whereas T5 recorded the highest 

yield of 3675 kg ha 1 Phosphorus levels as well as chelates recorded significant 

influence The lowest yield of 2880 kg ha 1 was recorded by no phosphorus 

treatment whereas 50% phosphorus recorded the highest yield of 3436 kg ha 1 

Among chelates no chelates recorded the lowest yield of 3009 kg ha 1 whereas 

ED IA 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 1 was recorded by Ti 

the highest yield of 4322 kg ha 1 was recorded by Ts Phosphorus levels also varied 

sigrificantly While no phosphorus recorded the lowest yield of 3413 kg ha 1 50% 

phosphorus recorded the highest yield of 4021 kg ha 1 Chelates also recorded 

significant variation with no chelates recording the lowest haulm yield of 3581 kg 

na 1 and EDTA giving the highest haulm yield of 3901 kg ha 1

42 13 Harvest index of cowpea

The data on harvest index of cowpea are given in Table 34

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

treatments were significant The lowest value of 12 7% was recorded in Ti whereas 

the highest value of 15 3% was recorded in T5 Phosphorus levels also varied 

significantly While no phosphorus recorded the lowest value of 12 9% 50%
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T a b le  34 H a rv es t index (% ) in E x p e rim e n t No 2

Treatment No Season I Season II

Ti 12 7 19 3

t 2 13 0 19 2

t 3 13 0 19 5

t 4 13 7 19 5

Ts 15 3 20 2

Ts 14 8 20 0

t 7 14 0 19 6

Ts 14 4 19 8

Tq 14 3 19 6

SEm ± 0 13 1 53

C D  (0 05) 0 40 4 58

Factors 

A F ert P

1 No P 12 9 19 3

2 50% P 14 6 19 9

3 100% P 14 3 19 7

C D  (0 05) 0 23 0 26

B C helates

1 No chelates 13 5 19 5

2 EDTA 14 3 19 7

3 DTPA 14 1 19 7

C D  (0 05) 0 23 —

N ote In  those p laces w here C D is not g  ve i the F test is not s gn iijcan t at 5%  level
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phosphorus recorded the highest value of 14 6% No chelates recorded the lowest 

value of 13 5% whereas EDTA recorded the highest significant value of 14 3%

During season II again the treatments were significant Here when T2 

recoiaed the lowest value of 19 2% Ts recorded the highest value of 20 2% 

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 in respect of this character

42  1 1 Protein content of cowpea grains

The data on protein content of cowpea grams are given in Table 35

During season I it was revealed that the treatments were significant While Ti 

recorded the lowest value of 22 20% Ts recorded the highest value of 23 25% 

Phosphorus levels as well as chelates also recorded significance 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 22 75% DTPA registered the 

highest value of 23 08%

During season II again the treatments were found to be significant When Ti 

recorded the lowest value of 22 19% T9 recorded the highest value of 23 95% 

Ph isphorus levels also were found to be significant When no phosphorus recorded 

the lowest value of 22 67% 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%



130

T ab le  35 P ro te in  co n ten t o f  g ra in s  (% ) in  E x p e rim e n t No 2

Treatment No Season I Season 11

Ti 22  20 22 19

T2 22 84 2 2  88

t 3 22 90 22 95

t 4 22 92 23 07

t 5 23 05 23 59

Ts 23 22 23 51

T7 23 12 23 54

t 8 23 25 23 80

Tg 23 11 23 95

SEm±. 0 091 0 158

C D  (0 05) 0 274 0 475

FACTORS 

A F e r t P

1 No P 22 65 22 67

2 50% P 23 06 23 39

3 100% P 23 16 23 76

C D  (0 05) 0 158 0 274

B Chelates

1 No chelates 22 75 22 93

2 EDTA 23 05 23 42

3 DTPA 23 08 23 47

C D  (0 05) 0 158 0 274
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The data on nitrogen uptake of plants at various stages of the experiment are 

given Table 36 and Fig 9

During season I the nitrogen uptake of plants at 30 DAS revealed that the 

treatments were significant and that the lowest value of 18 78 kg ha 1 was recorded 

by 11 whereas the highest value of 30 66 kg ha 1 was recorded Ts Phosphorus 

levels also revealed significance in 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 1 Among chelates no chelates recorded the lowest value of 21 62 kg ha 1 

whereas EDTA recorded the highest value of 25 27 kg ha 1

During season II also the treatments were significant at 30 DAS Here Ti 

recorded the lowest value of 19 95 kg ha 1 whereas T5 recorded the highest value of 

27 51 kg ha 1 Phosphorus levels and chelates also recorded significance While no 

phosphorus recorded the lowest value of 20 59 kg ha 1 50% phosphorus recorded 

the highest value of 25 24 kg ha 1 Here again no chelates recorded the lowest value 

or 2 1 33 kg ha 1 whereas EDTA recorded the highest value of 24 12 kg ha 1

On pooled analysis also the treatment combination phosphorus levels as well 

as chelates recorded significant variation in nitrogen uptake of plants at 30 DAS 

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

Again at flowering 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 Ti recorded the lowest value of 73 88 kg ha 1 

whereas Ts recorded the highest value of 109 52 kg ha 1 Among phosphorus levels 

no phosphorus recorded the lowest value of 75 94 kg ha 1 whereas 50% phosphorus

4 3.15 Nitrogen uptake of plants at various stages



Table 36 N uptake o f  plants (kg ha  ')  in E xperim ent No 2

Treatment No
Season I Season II Pooled mean

30 DAS at flowering at harvest 30 DAS at flowering at harvest 30 DAS at flowering at harvest

Ti 1878 74 74 87 57 19 95 73 02 7652 19 37 73 88 82 04
t 2 2014 80 21 93 47 2113 76 96 82 44 20 63 7859 87 96
t 3 19 62 7725 90 08 20 68 73 45 78 75 2015 7535 84 42
t 4 22 01 88 09 9714 21 62 7977 83 83 2182 83 93 90 49
T5 30 66 119 23 121 26 27 51 99 80 10319 29 09 10932 112 22
T6 27 67 10915 112 38 26 58 97 15 10012 27 13 103 15 106 25
T7 24 07 96 36 104 65 22 41 82 21 87 94 23 24 89 28 96 29
t 8 25 02 100 95 107 86 23 72 85 42 9130 2437 9318 99 58
t 9 25 21 98 87 106 01 22 69 8217 88 27 23 95 90 25 9714
SEm± 0 475 1626 1208 0 425 1 991 1304 0 319 1285 0 889
C D  (0 05) 1423 4 875 3 622 1275 5 968 3 909 0 919 3 706 2 563

FACTORS 
A Fert, P
1 No P 19 51 77 40 9037 2039 74 48 79 24 20 05 75 94 84 80
2 50%P 26 78 105 49 110 26 25 24 92 24 95 71 26 01 98 87 102 99
3 100%P 24 77 98 73 10618 22 94 83 26 8917 23 85 90 00 97 67
C D  (0 05) 0 822 2 814 2 091 0 736 3 446 2 257 0 068 2140 1480

B Chelates
1 No chelates 2162 86 40 96 45 2133 7833 8276 2147 8236 89 61
2 EDTA 25 27 100 13 107 53 2412 87 39 92 31 24 70 93 76 99 92
3 DTPA 2417 95 09 102 82 2332 84 26 89 05 23 74 89 67 95 94
C D  (0 05) 0 822 2 814 2 091 0 736 3 446 2 257 0 068 2 140 1480
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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 1

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 significant The pooled analysis also 

reflected the results of season I and season II The lowest value of 82 04 kg ha 1 was 

recorded by Ti whereas the highest value of 112 22 kg ha 1 was recorded by Ts 

Amorg phosphorus levels no phosphorus recorded the lowest value of 84 80 kg 

ha 1 whereas 50% phosphorus recorded the highest value of 102 99 kg ha 1 Among 

chela es also no chelates recorded the lowest value of 89 61 kg h a 1 whereas 

EDTA recorded the highest value of 99 92 kg ha 1

4 2 16 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 1 whereas T5 recorded the highest value of 5 12 kg ha 1 During 

season II also Ti recorded the lowest value whereas T5 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 wherejis 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 it was revealed that treatments were st ttistically 

significant Here again Ti recorded the lowest value of 3 19 kg ha 1 whereas Ts



Table 37 P  uptake o f  p lants (kg ha J) in Experim ent No 2

Treatment No
30 DAS

Season I 

at flowering at harvest 30 DAS

Season 11 

at flowering at harvest 30 DAS

Pooled mean 

at flowering at harvest

Ti 315 13 66 18 86 3 23 12 88 15 22 319 13 27 17 04
t 2 338 1471 19 74 3 44 13 94 16 25 3 41 14 32 18 00
t 3 331 14 20 19 27 331 1334 15 57 3 31 13 77 17 42
t4 3 73 1610 20 48 3 33 14 31 16 60 3 53 15 20 18 54
t 5 512 21 77 25 57 4 48 1834 20 50 480 20 05 23 03
t 6 4 66 19 92 24 09 4 34 17 69 20 07 4 50 18 81 22 08
T7 4 09 17 55 22 19 360 15 19 1749 384 16 37 19 84
T8 4 34 18 64 22 90 3 86 15 86 18 09 410 17 25 20.50
Tq 4 24 1821 22 47 3 69 15 17 17 63 3 97 16 69 20 05

SEm± 0 081 0 297 0 200 0119 0 318 0 298 0 005 0 217 0180
C D  (0 05) 0242 0 891 0 600 0 357 0 952 0 895 0 208 0 627 0 518

FACTORS 
A F e r t P
1 No P 3 28 14 19 19 29 3 32 1339 15 68 3 30 13 79 17 49
2 50%P 4 50 1926 2338 4 05 16 78 19 06 4 28 1802 2122
3 100%P 4 22 1813 22 52 3 72 15 41 17 74 3 97 16 77 2013
C D  (0 05) 0140 0314 0346 0 206 0 550 0 517 0120 0 362 0 299

B Chelates
1 No chelates 3 66 15 77 20 51 3 39 14 13 16 44 3 52 14 95 18 48
2 EDTA 4 28 18 37 22 74 3 93 16 05 18 28 411 17 21 20 51
3 DTPA 4 07 1744 2194 3 78 15 40 17 76 3 93 16 42 19 85
C D  (0 05) 0140 0 514 0346 0 206 0 550 0 517 0120 0 362 0 299
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recorded the highest value of 4 80 kg ha 1 Phosphorus levels and chelates also 

recorded significant influence Among phosphorus levels no phosphorus recorded 

the lowest value of 3 30 kg ha 1 and 50% phosphorus recorded the highest value of 

4 28 kg ha 1 which is again in agreement with the result of season I and season II 

Among chelates again no chelates recorded the lowest value of 3 52 kg ha 1 

whereas EDTA recorded the highest value of 4 11 kg ha 1

As in the case of 30 DAS at flowering also the treatments were significant 

Here again Ti treatment the lowest value of 13 66 kg ha 1 whereas T5 recorded the 

highest value of 21 77 kg ha 1 Phosphorus levels and chelates were also significant 

Whil" no phosphorus recorded the lowest value of 14 19 kg ha 1 50% phosphorus 

recorded the highest value of 19 26 kg ha 1 Among chelates no chelates recorded 

the lowest value of 15 77 kg ha 1 whereas EDTA recorded the highest value of 

18 37 kg ha 1

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

flowering

On pooled analysis also the observation reflected as in the case ol season I 

and .season II were repeated Here again Ti recorded the lowest value of 13 27 kg 

ha 1 whereas T5 recorded the highest value of 20 05 kg ha 1 Among phosphorus 

levels no phosphorus recorded the lowest value of 13 79 kg ha 1 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 1

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

were repeated at harvest stage also

On pooled analysis also it was realized that the treatments were significant 

Heie igain Ti recorded the lowest value of 17 04 kg ha 1 whereas T5 recorded the
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highest value of 23 03 kg ha 1 Among phosphorus levels no phosphorus recorded 

the lowest value of 17 49 kg ha 1 whereas 50% phosphorus recorded the highest 

value of 21 22 kg ha 1 Among chelates no chelates recorded the lowest value of 

18 48 kg ha 1 whereas EDTA recorded the highest value of 20 51 kg ha 1

4 3  Experiment n o 3  (Effect of microbial agents)

The results obtained from this experiment are presented in this part

4 3  1 Physical properties of the soil

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

in Table 38

4 3  1 1 Bulk density of the soil

3
In the season I the bulk density of the soil before sowing was 1 22 g cm and 

that after harvest the treatments were not significant

3
In the season II the bulk density of the soil before sowing was 1 24 g cm 

Unlike season I the treatments were significant after harvest W henT iT 6 an d T i2 

recorded the lowest value of 1 28 g cm both T3 and T4 recorded the highest value 

of 1 5 g c m 3 While phosphorus levels recorded significance microbial 

applications were not significant Among phosphorus levels 50% phosphorus 

recorded the lowest value of 1 30 g cm whereas no phosphorus recorded the 

highest value of 1 33 g cm

4 3 12 W ater 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 T5 recorded the lowest value of 

28 8% whereas T2 recorded the highest value of 31 55% Phosphorus levels were
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Table 38 Physical properties of the soil in experiment No 3

Physical 
propert es Bulk dens ty (g cm 3) Water holding capacity (%)

Mean weight diameter of 
aggregates from wet 

sieving analysis (mm)

Experiment season Season I Season II Season I Season II Season I Season II

a Before sowing 122 124 2514 26 68 0 88 0 77
b Alter harvest 
Treatment No

Ti 132 128 3152 28 77 084 0 92
t 2 133 133 3155 2813 116 126
t 3 130 135 30 54 2980 0 80 0 86
T4 132 135 28 91 2865 125 123
Ts 130 130 2818 30 65 083 0 84
Te 133 128 29 59 29 40 118 123
t 7 135 129 29 04 29 38 0 78 0 88
Tg 132 132 30 51 3108 117 126
t 9 131 133 29 37 29 39 0 87 095
Tio 133 133 29 77 29 74 123 127
T n 133 131 29 31 29 91 0 88 103
T u 134 128 30 76 29 85 122 130

SEm + 0 017 0 013 0 476 0 482 0 029 0 050
C D  (0 05) 0 038 1396 1414 0 085 0147

FACTORS 
A. Fert P
1 N oP 132 133 30 63 2884 101 107
2 50%P 133 130 2933 3013 0 99 105
3 100%P 133 131 29 80 2972 105 114
C D  (0 05) - 0 019 0 698 0 707 0 042 -
B Microbes
1 No M crobes 131 131 29 69 29 60 085 090
2 VAM 133 131 30 30 29 09 119 125
3 PB 133 131 29 63 29 70 0 82 0 92
4 VAM + PB 
C D  (0 05)

133 132 30 06 29 86 121 
0 049

127 
0 085

Note In those places where C D  is not given the F  test is not significant at 5% level



also jtatistically significant 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 significance after 

harvest At his stage T2 recorded the lowest value of 28 13% whereas Ts recorded 

the highest value of 31 08% While phosphorus levels recorded significant variation 

microbial treatments were not significant Among phosphorus levels no 

phosphorus recorded the lowest value of 28 84% whereas 50% phosphorus 

recorded the highest value of 30 13%

43 1 3 Mean weight diameter of aggregates

The mean weight diameter of aggregates which was 0 88 mm before sowing 

recorded significant variation after harvest While T7 recorded the lowest value of

0 78 mm T4 recorded the highest value of 1 25 mm Phosphorus levels as well as 

microbial treatments also recorded significant variation while 50% phosphorus 

recorded the lowest value of 0 99 mm 100% phosphorus recorded the highest value 

of 1 05 mm Among microbial treatments phosphobacterin (PB) recorded the 

lowest value of 0 82 mm whereas VAM + phosphobacterin (PB) application 

recorded the highest value of 1 21 mm

In season II treatments recorded significance after harvest At this stage T5 

recorded the lowest value of 0 84 mm whereas Ti2 recorded the highest value of

1 j 0 mm While phosphorus levels were not significant microbial applications 

recorded statistical significance Among microbial applications no microbes 

recorded the lowest value of 0 90 mm whereas VAM + PB recorded the highest 

value of 1 27 mm
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The data on chemical properties of the soil are given in Table 39 

4 3 3  1 Cation Exchange Capacity (C E C ) of the soil

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

g 1 soil The treatments could not make any significant variation after harvest

In the season II C E C of the soil before sowing was 4 16 me 100 g 1 In 

season II also the treatments didnot reveal any significance

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

no significant response

4 3 3  2 pH of the soil

During season I pH of the soil before sowing was 5 12 and that after harvest 

the treatments recorded statistical significance While T4, T7 Ts T 11 and T 12 

recorded the lowest value of 5 08 T9 recorded the highest value of 5 13 

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 microbes recorded the highest value of 5 12

In season II also the treatments recorded statistical significance When T2 

T4, 16 T7 Ts T 10 and T12 recorded the lowest value of 5 08 T9 recorded the 

highest value of 512 Here again phosphorus levels were not statistically 

significant whereas microbial applications lecorded significance Among microbes 

VAM and VAM + PB recorded the lowest value of 5 08 where as no microbes 

recorded the highest value of 5 11
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Table 39 Chemical properties of the soil in experim ent No 3

Chemical
Characteristics

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

Experiment season Season I Season II Pooled mean Season I Season II Pooled mean Season I Season II 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

Ti 417 4 22 420 512 510 511 0120 0119 0120
t 2 4 64 4 55 460 509 5 08 508 0127 0122 0125
t 3 4 64 4 45 4 54 5 09 509 509 0130 0125 0127
T4 4 34 4 42 438 508 508 508 0128 0124 0126
Ts 4 54 440 4 47 512 511 511 0129 0143 0136
t 6 4 31 4 43 4 37 509 508 5 08 0131 0124 0128
T? 443 444 444 508 508 5 08 0133 0125 0129
Ts 4 39 436 438 508 5 08 508 0132 0124 0128
T9 4 36 449 442 513 512 513 0126 0124 0125
Tio 470 450 4 60 509 5 08 509 0130 0128 0129
T n 441 444 443 5 08 5 09 5 08 0128 0129 0129
Tl2 4 39 440 440 5 08 508 5 08 0132 0131 0132

■SEm + 
C D  (0 05)

0157 0127 0101 0 003 
0 007

0 002 
0 007

0 002 
0 005

0 003 0 006 0 0036

FACTORS 
A. Fert P
1 N oP 445 441 443 509 509 509 0126 0123 0125
2 50%P 442 441 441 5 09 509 509 0131 0129 0130
3 100%P 
C D  (005)

447 446 446 5 09 509 509 0129 0128 0129

B Microbes
1 No microbes 4 36 4 37 4 36 512 511 512 0125 0129 0127
2 VAM 4 55 449 4 52 5 09 508 508 0130 0125 0127
3 PB 4 49 444 447 5 08 5 09 5 08 0130 0126 0128
4 VAM + PB 
C D  (0 05)

437 440 4 39 5 08 
0 004

508
0004

508 
0 003

0131 0127 0129

Con d



T ab le  39 (C ontd )

Chemical 
Charactenst cs

Total phosphorus [P] (ppm) P Fixing capacity (gg P g *) Organic matter content (%)

Experiment season Season I Season II Pooled mean Season I Season II Pooled mean Season I Season II Pooled mean

10 11 12 13 14 15 16 17 18

a Before sowing 352 369 361 28 6 28 7 28 7 2 1 8 2 16 2 1 7
b A fter harvest 

Treatment No
Ti
t 2

341 362 352 28 7 28 5 28 6 217 215 216
338 360 349 28 4 28 6 28 5 2 1 7 215 216

t 3 339 361 350 29 6 28 7 28 7 217 214 216
t 4 336 358 347 28 6 28 8 28 7 215 213 214
t 5 338 361 350 28 8 28 8 28 8 218 215 216
T6 337 360 349 28 5 28 8 28 7 217 214 216
t 7 337 357 347 28 7 28 8 28 8 217 2 1 4 215
Tg 338 359 348 28 5 28 6 28 6 215 214 214
T9 339 360 350 286 2 8 6 28 6 2 1 7 2 1 4 215
T10 338 358 348 28 8 28 8 28 8 2 1 6 213 215
Tn 337 357 347 28 4 2 8 6 28 5 2 1 6 213 214
Tl2 338 356 347 28 7 28 8 28 7 215 2 1 2 214

SE ntt 2 2 3 4 2 1 012 014 0 09 0 045 0 061 0 038
C D  (0 05) - - — — — — — — — —

FACTORS 
A F e r t  P
1 No P 339 360 349 28 6 286 28 6 2 1 7 214 216
2 50%P 338 359 349 28 6 2 8 8 2 8 7 2 1 7 214 215
3 100%P 338 358 348 28 6 287 28 7 2 1 6 213 215
C D  (005) — — — — -  - — — — — —

B Microbes
1 No m crobes 340 361 350 287 28 6 287 217 215 216
2 VAM 338 359 349 28 6 28 7 28 6 217 214 216
3 PB 338 359 348 28 6 2 8 7 287 217 2 1 4 215
4 VAM + PB 337 357 347 286 2 8 7 287 215 213 214
C D  (0 05) — — — — — — — — —

N ote In those places where C D  is not given, the F  test is not significant at 5%  level
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On pooled analysis also the treatments recorded statistical significance T2 

T4, Tr T7 Ts T 11 and T 12 recorded the low st value of 5 08 whereas T9 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 

5 08 whereas no microbes recorded the highest value of 5 12

4 J  13 Total nitrogen content of the soil

In season I the total nitrogen content of the soil before sowing was 0 120% It 

was observed that neither the treatment combinations nor phosphorus levels and 

microbial applications were statistically significant

In the season II also treatments were not significant

On pooled analysis the result of season I and season II were clearl) 

confirmed wherein neither the treatment combinations nor levels of phosphorus 

and microbial applications were significant in their effects

43 2 4 Total phosphorus content of the soil

In season I 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 I were repeated

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

season II

4 3 2 5 p fixing capcity of the soil

The phosphorus fixing capacity of soil before sowing found to be 28 6//g P g 1 

The treatments were not found to be significant after harvest



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

to be 28 7gg P g 1 As expected the treatments were no* significant

4.3.2 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 in 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 is quite natural that durmg 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

43  3  Available phosphorus content of the soil

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

the experiment are given in Table-40

During season I it was observed that the available phosphorus content of the 

soil which was 8 16 mg P kg 1 after sowing was affected by various treatment 

combinations at 30 DAS Ti recorded the lowest value of 9 89 mg P kg 1 whereas 

T 12 recorded the highest value of 13 63 mg P kg 1 Phosphorus levels as well as 

microbial applications were statistically significant Among phosphorus levels no 

phosphorus recorded the lowest value of 10 86 mg P kg 1 whereas 100% 

phosphorus recorded the highest value of 13 22 mg P kg 1 When no microbes 

recorded the lowest value of 11 09 mg P kg 1 VAM + PB recorded the highest 

value of 13 04 mg P kg 1 After harvest also the treatments were significant Ti 

recorded the the lowest value of 8 98 mg P kg 1 whereas T 12 recorded the highest

143

During season II also the results of season I were repeated



T able 40 A vailable  P  co n ten t o f  the soil (m g P  kg  *) in E x perim en t N o 3

Treatment No
Before sowing

Season I

30 DAS After harvest

Season I Season II Pooled mean Season II Pooled mean Season I Season II Pooled mean

Ti 816 7 98 8 07 9 89 11 26 10 57 8 98 9 07 9 03
t 2 816 7 98 8 07 1030 1208 1129 10 12 10 27 1020
t 3 816 7 98 8 07 10 68 12 36 1152 10 29 10 48 10 39
t 4 816 7 98 8 07 12 36 12 99 12 68 10 62 10 71 10 67
t 5 816 7 98 8 07 10 42 12 59 11 51 9 58 9 36 9 47
t 6 816 7 98 8 07 10 89 12 88 11 89 10 25 10 32 1029
t 7 816 7 98 8 07 10 96 1276 1186 1038 10 88 10 63
t 8 816 7 98 8 07 13 14 13 34 13 24 10 69 10 91 10 80
t 9 816 7 98 8 07 12 96 13 12 13 04 10 15 9 79 997
T io 816 7 98 8 07 12 99 13 18 13 09 1031 10 47 10 39
T « 816 7 98 8 07 13 28 13 27 13 28 10 46 10 96 10 71
T"l2 816 7 98 8 07 13 63 13 39 13 51 10 76 1102 10 89

SErtvt 0 00 0 00 0 00 0540 0788 0477 0 322 0 452 0 277
C D  (0 05) - - — — 1383 ■— 1364 0 946 1325 0 792

FACTORS 
A  Fert P
1 No P 816 7 98 8 07 10 86 12 17 1152 1001 10 13 10 07
2 50%P 816 7 98 8 07 11 36 12 89 12 12 10 23 10 37 10 30
3 100%P 816 7 98 8 07 13 22 13 24 13 23 1042 10 56 1049
C D (0 05) — — — 0 791 — 0 682 — — - -

B Microbes
1 No microbes 816 7 98 8 07 1109 12 32 1171 9 57 9 41 949
2 VAM 816 7 98 8 07 1146 12 72 12 09 1023 1036 10 29
3 PB 816 7 98 8 07 1164 12 80 1222 1038 1078 10 58
4 VAM 4 PB 816 7 98 8 07 13 04 13 24 13 14 10 69 10 88 10 79
C D (0 05) — — — 0 914 — 0787 0 546 0765 0 458

N ote In those places where C D  is not given the F te s t  is not significant at 5% level



value of 10 76 mg P kg 1 When phosphorus levels were not significant microbial 

applications were significant and no microbes recorded the lowest value of 9 57 mg 

P kg 1 whereas VAM + PB recorded the highest value of 10 69 mg P kg 1

Unlike season I during season II the available phosphorus content of the soil 

which was 7 98 mg P kg 1 before sowing was not affected by various treatment 

combinations at 30 DAS However after harvest the treatment combinations were 

statistically significant Here Tt recorded the lowest value of 9 07 mg P kg 1 

whereas T 12 recorded the highest value of 11 02 mg P kg 1 When phosphorus levels 

were not significant microbial applications were significant No microbes recorded 

the lowest value of 9 41 mg P kg 1 and VAM + PB applications recorded the 

highest value of 10 88 mg P kg 1

On pooled analysis it was observed that the phosphorus content of the soil 

before sowing was 8 07 mg P kg 1 and that at 30 DAS the treatments were 

significant When Ti recorded the lowest value of 10 57 mg P kg 1 T 12 recorded the 

highest value of 13 51 mg P kg 1 Phosphorus levels were also significant Here no 

phosphorus recorded the lowest value of 1152 mg P k g 1 whereas 100% 

phosph jrus recorded the highest value of 13 23 mg P kg 1 Microbial applications 

also vere significant When no microbes recorded the lowest value of 11 71 mg D 

kg 1 VAM + PB recorded the highest value of 13 14 mg P kg 1 After harvest also 

the treatments were significant Here again Ti recorded the lowest value of 9 03 

mg P kg 1 whereas T 12 recorded the highest value of 10 89 mg P kg 1 However 

phosphorus levels were not significant microbial applications were found to be 

significant with no microbes recording the lowest value of 9 49 mg P kg 1 whereas 

VAM + PB recording the highest value of 10 79 mg P kg 1
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The data on the soil phosphorus fractions at various stages of the experiment 

are given in Table-41 42 and 43

4 3  4 Soil phosphorus fractions

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 T 12 recorded the highest value of 24 0 ppm 

Phosphorus levels were also significant No phosphorus recorded the lowest value 

of t9 9 ppm, whereas 100% phosphorus lecorded the highest value of 22 1 ppm 

Microbial application also were significant When no microbes recorded the lowest 

value of 20 0 ppm, VAM + PB recorded the highest value of 22 3 ppm After 

harvest, again the treatments were significant When both Ti and T3 recorded the 

lowest value of 20 3 ppm, T6 recorded the highest value of 23 3 ppm Phosphorus 

levies and microbial applications were also significant Among phosphorus levels 

no phosphorus recorded the lowest value of 20 9 ppm whereas 50% phosphorus 

recorded the highest value of 22 4 ppm Among microbial applications no microbes 

recorded the lowest value of 21 2 ppm whereas both 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 Ti recorded the lowest value of 20 0 

ppm whereas T 12 recorded the highest value of 28 0 ppm Not only phosphorus 

levels but microbial 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

43  4 1 Saloid P of the soil ^



T able 41 Soil phosphorus (P) fractions (ppm) m Experim ent No 3 for season I

Treatment/
period Saloid P A1 P Fe P Red P Occl P Ca P Org P Total P

a Before sowing 141 38 2 26 0 191 14 2 17 0 224 0 352 6

b At Bowenng 
Treatment No

Ti 197 37 3 250 18 7 13 7 16 7 214 3 3453
t 2 19 7 370 25 0 19 0 13 3 16 3 212 0 3423
t 3 19 7 37 3 250 19 0 13 3 16 0 212 0 342 3
T4 20 7 363 24 7 19 0 13 3 16 0 209 7 339 7
Tj 210 37 0 24 7 187 13 0 16 7 210 3 3413
T6 217 37 3 25 0 19 0 13 3 16 0 210 0 3423
T7 20 3 37 3 250 19 0 13 3 160 2113 342 3
Tg 223 37 3 250 19 0 13 0 16 0 210 0 342 7
t 9 193 37 3 250 19 0 13 3 16 7 212 0 342 7
T io 223 37 3 250 19 0 13 3 16 0 2103 3433
T ii 22 7 37 0 24 7 18 7 13 3 160 2093 3417
Tl2 24 0 36 7 250 19 0 13 3 16 0 209 7 343 3

SEm± 030 031 0 30 023 0 31 019 2 58 4 08
CD (0 05) 147 — — — — 0 56 — —

FACTORS 
A F e r tP
1 No P 19 9 37 0 24 9 18 9 13 4 16 3 212 0 342 4
2 50%P 213 37 3 24 9 18 9 13 2 16 2 210 4 342 2
3 100%P 221 371 24 9 18 9 13 3 162 2103 342 8
CD  (0 05) 074 — — — — — — —

B Microbes
1 No microbes 20 0 37 2 249 18 8 13 3 167 2122 343 1
2 VAM 212 37 2 250 19 0 13 3 161 210 8 342 7
3 PB 20 9 372 24 9 18 9 13 3 160 210 9 3421
4 VAM + PB 223 36 8 24 9 190 13 2 16 0 209 8 3419
C D  (005) 0 85 — — — — 033 — -

Contd



Table 41 (contd )

Treatment/
period Saloid P A1 P Fe P Red P Occl P Ca P Org P Total P

c After harvest 
Treatment No

Ti 20 3 37 0 247 19 0 13 0 16 7 210 3 3410
t 2 217 37 0 24 7 19 0 13 0 15 7 207 3 3383
t 3 20 3 36 7 247 19 0 13 0 15 7 209 3 338 7
T* 213 367 25 0 19 0 13 0 15 0 206 3 336 3
t 5 22 0 37 0 25 0 19 0 13 0 16 0 208 0 3383

233 36 3 243 19 0 13 0 15 3 206 0 337 3
T7 22  0 36 7 243 18 7 13 0 15 7 207 0 337 3
t 8 22 3 36 7 24 7 19 0 13 7 15 3 206 3 338 0
t 9 213 37 3 24 7 19 0 13 0 16 0 208 0 339 3
T jo 2 10 37 0 243 19 0 13 0 15 7 207 7 337 7
T n 217 36 7 243 190 13 7 15 3 206 3 336 7
T li 223 37 3 243 19 0 13 0 15 0 206 7 337 7

SEni+ 0 35 0 26 0 31 0 09 013 0 28 134 224
CD (0 05) 104 — — — 0 83 - - —

FACTORS 
A F e r t P
1 No P 20 9 36 8 24 8 19 0 13 0 15 8 208 3 338 6
2 50%P 22 4 36 7 24 6 18 9 13 2 15 6 206 8 337 8
3 100%P 216 371 24 4 190 13 1 15 5 207 2 337 8
C D  (0 05) 0 52 — — — — — —

B Microbes
1 No microbes 2 1 2 37 1 24 8 19 0 13 0 16 2 208 8 339 6
2 VAM 22 0 36 8 244 19 0 13 0 15 6 207 0 337 8
3 PB 213 36 7 24 4 18 9 131 15 6 207 6 337 6
4 VAM + PB 22  0 36 9 247 19 0 13 2 151 206 4 3373
C D  (0 05) 0 60 — — — 0 48 — —

Note In those places where C D is not given the F test is not significant at 5% level



T able 42 Soil phosphorus (P) fractions (ppm) in E xperim ent No 3 for season II

Treatment/
penod Saloid P A1 P Fe P Red P Occl P Ca P Oig P Total P

a Before sowing 15 0 412 271 19 0 15 2 171 2351 369 7

b A t flowering
Treatment No

Tl 20 0 40 3 26 3 18 3 14 3 17 0 228 3 364 7
t 2 203 40 3 26 7 18 7 14 7 167 227 0 3643
t 3 260 39 7 263 18 7 14 3 163 222 0 3633
t 4 247 39 7 267 18 7 14 0 16 0 220 7 3603
t 5 2 1 0 39 7 26 7 18 7 14 7 167 226 0 363 3
t 6 22 3 40 3 26 3 183 14 3 16 3 225 7 363 7
t 7 20 7 40 0 263 183 14 3 16 3 224 3 3603
t 8 25.3 387 267 18 7 14 3 16 0 2217 3613
t 9 26 0 40 0 26 3 18 7 14 0 16 3 223 0 3643
T io 26 3 39 3 263 183 14 3 16 0 220 7 3613
T n 24 3 39 7 26 7 18 7 14 0 160 2 2 10 3603
Tl2 28 0 36 0 26 0 18 7 14 3 15 7 220 7 359 3

SEm± 0 44 0 41 035 0 34 0 29 025 2 41 3 91
C D (0 05) 128 1 2 1 — — — 0 75 — —

FACTORS 
A F e r t P
1 No P 22  8 40 0 26 5 18 6 14 3 16 5 224 5 363 2
2 50%P 22 3 397 26 5 18 5 14 4 163 2244 362 2
3 100%P 26 2 38 8 26 3 18 6 14 2 16 0 2213 3613
CD  (0 05) 064 0 61 — — — 0 37 — —

B Microbes
1 No microbes 22 3 40 0 26 4 18 6 14 3 16 7 225 8 3641
2 VAM 230 40 0 26 4 18 4 14 4 16 3 224 4 363 1
3 PB 237 39 8 264 18 6 14 2 162 222 4 3613
4 VAM + PB 26 0 381 264 18 7 14 2 15 9 2 2 10 3603
CD  (0 05) 0 74 0 70 — — — 0 43 — —

Contd



Table 42 (contd )

Treatment/
period Saloid P AI P Fe P Red P Occl P Ca P Org P Total P

c After harvest 
Treatment No

Ti 22 0 40 7 27 7 18 7 14 7 16 7 2217 362 0
t 2 243 40 3 26 3 18 0 14 0 15 7 2 2 10 359 7
T3 233 40 3 263 183 14 0 16 0 223 0 3613
X, 233 39 7 263 18 0 14 0 15 0 2213 357 7
t 5 20 0 40 7 27 0 18 7 14 3 16 0 224 7 3613
T6 223 40 3 26 3 183 14 3 153 223 3 3603
T7 22 0 39 7 27 0 18 0 14 3 15 0 2213 357 3
t 8 213 40 3 26 7 18 0 14 7 15 0 2227 358 7
t 9 18 3 40 7 27 3 18 3 14 7 16 3 224 7 360 3
T io 193 403 27 0 18 3 14 7 15 7 223 0 3583
T n 217 40 0 267 18 0 14 3 15 0 2217 3573
Tia 213 40 3 26 3 18 0 14 0 15 0 220 7 355 7

SEm± 0 48 0 48 034 0 24 0 28 0 22 217 344
C D  (0 05) 141 — — --- — 0 64 — —

FACTORS 
A Fert. P
1 No P 23 3 40 3 26 7 18 3 14 2 15 8 2218 360 2
2 50%P 214 40 3 26 8 183 14 4 15 3 223 0 359 4
3 100%P 20 2 40 3 26 8 18 2 14 4 15 5 222 5 357 9
C D  (0 05) 0 71 - - — — — 0 32 — —

B Microbes
1 No microbes 2 0 1 40 7 27 3 18 6 14 6 16 3 223 7 3612
2 VAM 22 0 40 3 26 6 18 2 14 3 15 6 222 4 3594
3 PB 22 3 40 0 26 7 181 14 2 153 222  0 358 7
4 VAM + PB 22 0 401 26 4 18 0 14 2 15 0 2216 357 3
C D  (0 05) 0 81 — — — — 037 — —

Note In those places where C D  is not g ven, the F  test is not significant at 5% level



Table 43 Soil phosphorus (P) fractions (ppm) in E xperim ent No 3 (Pooled mean)

Treatment/
penod Saloid P A1 P Fe P Red P OccI P Ca P Oig P Total P

a Before sowing 14 6 39 7 26 6 191 14 7 171 229 6 3612

b At flowering 
Treatment No

Ti 19 8 38 8 257 18 5 14 0 16 8 2213 355 0
t 2 20 0 38 7 258 18 8 14 0 16 5 219 5 3533
t 3 22 8 38.5 257 18 8 13 8 16 2 217 0 352 8
t 4 22 7 38 0 257 18 8 13 7 16 0 2152 350 0
t 5 2 1 0 38.3 257 18 7 13 8 16 7 218 2 352 3
T6 22  0 38 8 257 18 7 13 8 162 217 8 353 0
t 7 20 5 38 7 257 18 7 13 8 16 2 217 8 3513
t 8 238 38 0 25 8 18 8 13 7 16 0 215 5 352 0
t 9 22 7 38 7 257 18 8 13 7 16 5 217 5 353 5
Tio 24 3 38 3 257 18 7 13 8 16 0 215 5 352 3
T n 23 5 38 3 25 7 18 7 13 7 16 0 215 2 3510
T « 26 0 36 3 25 5 18 8 13 8 15 8 215 2 3513

SEnth 0 33 0 33 023 0 21 0 2 1 016 176 282
CD  (0 05) 0 95 0 93 — — 0 46 — —

FACTORS 
A Fert. P
1 No P 213 38.5 25 7 15 8 13 9 164 218 3 352 8
2 50%P 218 38 5 25 7 187 13 8 163 217 4 352 2
3 100%P 241 37 9 25 6 18 8 13 8 161 215 8 352 0
C D  (0 05) 0 47 0 47 — — — 023 — —

B Microbes
1 No microbes 2 1 2 38 6 25 7 IS 7 13 8 16 7 219 0 353 6
2 VAM 2 2 1 38 6 25 7 18 7 13 9 16 2 217 6 352 9
3 PB 22 3 38 5 257 18 7 13 8 161 216 7 3517
4 VAM + PB 24 2 37 4 25 7 18 8 13 7 15 9 215 4 3511
CD  (0 05) 0 55 0 54 — — — 0 26 — —

Contd



T ab le  43 (contd )

Treatment/
period Saloid P A1 P Fe P Red P Occl P Ca P Org P Total P

c A fter harvest 
Treatment No

Tl 2 1 2 38 8 26 2 18 8 13 8 16 7 216 0 3515
t2 230 38 7 25 5 18 5 13 5 15 7 214 2 349 0
t3 2 1  8 385 25 5 18 7 13 5 15 8 216 2 350 0
t4 22 3 38 2 257 18 5 13 5 15 0 213 8 347 0
t5 2 1 0 38 8 26 0 18 8 13 7 16 0 216 3 349 8
t6 22  8 383 25 3 187 13 7 15 3 214 7 348 8
T7 22  0 38 2 25 7 183 13 7 153 214 2 347 3
t 8 218 38 5 2 5 7 183 14 2 15 2 214 5 3483
t 9 19 8 390 2 6 0 187 13 8 162 216 3 349 8
Tto 20  2 387 2 5 7 187 13 8 15 7 215 3 3480
T n 2 1 7 383 25 5 18 5 13 8 15 2 2140 347 0
Tl2 218 38 8 253 183 13 5 15 0 213 7 3467

SEm± 0 3 0 027 023 013 0 1 6 018 128 2 05
C D  (0 05) 0 85 0 67 0 38 — 051 — —

FACTORS 
A F e r t  P
1 No P 2 2 1 385 2 5 7 18 6 13 6 15 8 2150 349 4
2 50%P 2 1 9 385 2 5 7 18 6 13 8 153 214 9 348 6
3 100%P 20 9 387 25 6 18 6 13 8 15 5 214 8 347 9
C D  (005) 0 43 — — — 025 — —

B Microbes
1 No microbes 20 7 38 9 26 1 18 8 13 8 16 3 216 2 350 4
2 VAM 22  0 38 6 25.5 18 6 13 7 15 6 214 7 348 6
3 PB 2 1 8 383 25 6 18 5 13 7 15 4 214 8 3481
4 VAM + PB 22  0 38 5 25 6 18 5 13 7 151 214 0 3473
C D  (0 05) 0 49 — 038 0 22 — 029 — —

N ote In those places where C D  is not given, the F  test is not significant at 5% level
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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 Tg recording the lowest value of 18 3 

ppm Phosphorus levies and microbial application were also significant At this 

stage 100% phosphorus recorded the lowest value of 20 2 ppm whereas no 

phosphorus recorded the highest value of 2! 3 ppm Among microbial applications 

no microbes recorded the lowest value of 20 1 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 individual treatments on the saloid P of the soil 

averaged by two seasons It was observed that the treatments were significant at 

flowering When Ti recorded the lowest value of 19 8 ppm T 12 recorded the 

highest value of 26 0 ppm Phosphorus levels were also significant Here no 

phosphorus recorded the lowest value of 21 3 ppm whereas 100% phosphorus 

recorded the highest value of 241 ppm Microbial applications also were 

statistically significant Among microbes no microbes recorded the lowest value of 

21 2 ppm whereas VAM + PB recorded the highest value of 24 2 ppm After 

harvest again the treatments were significant When Tg recorded the lowest value of 

19 8 ppm T2 recorded the highest value of 23 0 ppm Phosphorus levies and 

microbial applications also were significant When 100% phosphorus recorded the 

lowest value of 20 9 ppm no phosphorus recorded the highest value of 22 1 ppm 

When no microbes recorded the lowest value of 20 7 ppm VAM as well as VAM + 

PB recorded the highest value of 22 0 ppm

43 4 2 Aluminium P of the soil

During season I A1P before sowing was observed to be 38 2 ppm At 

flowering the treatments were found to be not significant After harvest also the 

tre itments were not statistically significant



In season II aluminium P which was 412 ppm before sowing was affected b) 

the treatment at flowering T 12 recorded the lowest value of 36 0 ppm whereas Ti 

T2 and T6 recorded the highest value of 403 ppm Phosphorus levels were also 

found to be significant 100% phosphorus recorded the lowest value of 38 8 ppm 

whereas no phosphorus recorded the highest value of 40 0 ppm Microbial 

applications also were significant While VAM +  PB recorded the lowest value of 

38 1 ppm both no microbes and VAM recorded the highest value of 40 0 ppm 

After harvest however the treatments were not significant

On pooled analysis it was observed that A1 P was 39 7 ppm before sowing and 

at flowering the treatments recorded significant response Tt2 recorded the lowest 

value of 36 3 ppm whereas T2, T7 and T9 recorded the highest value of 38 7 ppm 

Phosphorus levels and microbial applications were also significant Among 

phosphorus levels 100% phosphorus recorded the lowest value of 37 9 ppm 

whereas both no phosphorus and 50% phosphorus recorded the highest value of 

38 5 ppm Among microbial apphations VAM + PB recorded the lowest value of 

38 5 ppm whereas both no microbes and VAM recorded the highest value of 37 4 

ppm After the harvest however there was no response between treatments

43  43  Iron P of the soil (F& ?)
Fe P of the soil before sowing found to be 26 0 ppm during season I 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 significant
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On pooled analysis Fe P of the soil before sowing was found to be 26 6 ppm 

At flowering the treatments were not significant After harvest the treatments 

recorded significance when both T6 and T 12 recorded the lowest value of 25 3 ppm 

Ti recorded the highest value of 262 ppm While phosphorus levels were not 

significant microbial applications recorded significance VAM recorded the lowest 

value of 25 5 ppm, whereas no microbes recorded the highest value of 26 1 ppm

4 3  4 4 Reductant soluble P of the soil £

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 significant

In season II 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 flowering the treatments were not significant After harvest however the 

treatments were significant Both T i and T5 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 applications were significant Both PB as 

well as VAM + PB recorded the lowest value of 18 5 ppm whereas no microbes 

recorded the highest value of 18 8 ppm

43 4 5 Occluded P of the soil (C)C.G- ( P^)

Occluded P of the soil before sowing was found to be 14 2 ppm At flowering 

the ti eatments were not found to be significant After harvest also the treatments 

were again not significant
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During season II occluded P before sowing was found to be 15 2 ppm At 

flowering again the treatments were not significant After harvest also there was 

no response for treatments

During the pooled analysis occluded P before sowing was found to be 14 7 

ppm At flowering and at harvest also the treatment combination as well as the 

individual factors followed the same pattern as that of season I and season II

43 4 6 Calcium P of the soil ^C-G- P )

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, T6 T7 Ts T 10 T 11  and T 12 

recorded the lowest value of 16 0 ppm and Ti T5 and T9 recorded the highes value 

of 16 7 ppm However the phosphorus levels were not significant whereas 

microbial applications were found to be significant While PB as well as VAM + 

PB recorded the lowest value of 16 0 ppm no microbes recorded the highest value 

of 16 7 ppm After harvest the treatments were statistically significant While both 

T4 and T 12 recorded the lowest value of 15 0 ppm Ti recorded the highest value of 

16 7 ppm Phosphorus levels were not significant 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

During season II Ca P of the soil before sowing was found to be 17 1 ppm At 

flowering again the treatments were significant When T12 recorded the lowest 

value of 15 7 ppm Ti recorded the highest value of 17 0 ppm Phosphorus levels 

were also found to be significant 100% phosphorus recorded the lowest value of 

16 0 ppm whereas no phosphorus recorded the highest value of 16 5 ppm Among 

microbial applications VAM + PB recorded the lowest value of 15 9 ppm whereas 

no microbes recorded the highest significant value of 16 7 ppm After harvest also
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the treatments recorded significance T4, T7 Ts T 11 and T 12 recorded the lowest 

value of 15 0 ppm and Ti recorded the highest value of 16 7 ppm Phosphorus levels 

as well as microbial applications were significant In this effects 50% phosphorus 

recorded the lowest value of 15 3 ppm whereas no phosphorus recorded the 

highest value of 15 8 ppm Among microbial 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 soil before sowing was 

17 1 ppin At flowering the treatments were found to be statistically significant T 12 

recorded the lowest value of 15 8 ppm whereas T i recorded the highest value of 

16 8 ppm Phosphorus levels and microbial applications where also significant 

100% phosphorus recorded the lowest value of 16 1 ppm whereas no phosphorus 

recorded the highest value of 16 4 ppm Among microbial applications VAM + PB 

recorded the lowest value of 15 9 ppm whereas no microbes recorded the highest 

value of 16 7 ppm

After harvest again the treatments were significant Both T4 and T 12 recorded 

the lowest value of 15 0 ppm whereas Ti recorded the highest value of 16 7 ppm 

Among phosphorus levels 50% phosphorus as well as 100% phosphorus recorded 

the lowest value of 15 5 ppm whereas no phosphorus recorded the highest 

significant value of 15 8 ppm Microbial applications also recorded statistical 

significance VAM + PB recorded the lowest value of 15 1 ppm whereas no 

microbes recorded the highest value of 16 3 ppm

43  4 7 Organic P of the soil

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



During season II 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 in agreement with the results of season I and season II

4 3 4 8 Total phosphorus content of the soil ( T 0 h z l-p j

During season I the total phosphorus content of the soil before sowing was 

352 6 ppm At flowering and at harvest neither the treatment combinations nor the 

individual factors recorded significant influence on this character

During season II also it was revealed that neither the treatment combinations 

nor the individual factors recorded significant influence on the total phosphorus 

content of the soil

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

season I and season II

4 3 5 I eaf area index of plants (LAI)

The data on the leaf area index (LAI) 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 whereas Ts recorded the highest value of 5 54 

Phosphorus levels as well as microbial applications were also significant When no 

phosphorus recorded the lowest value of 4 25 100% phosphorus recorded the

1 M
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T ab le  44 L ea f A rea  Index  (LAI) in E xperim en t No 3

Treatment No
Season I Season II

30 DAS at flowering 30 DAS at flowering

Ti 126 3 68 1 12 3 09
t 2 123 4 07 1 33 3 18
t 3 1 20 4 06 1 52 3 41
t 4 1 19 5 21 1 33 4 28
TS 126 3 89 138 3 28
Te 1 14 4 44 1 15 3 69
t 7 123 4 60 1 19 3 92
Tg 1 31 5 54 120 4 60
t 9 144 4 90 141 4 07
T io 125 5 18 1 29 4 41
T n 128 5 27 1 13 4 51
T 12 125 5 48 149 4 53

SEn ± 0 081 0 077 0 166 0 061
C D  (0 05) — 0 227 — 0 179

FACTORS 
A Fert P
1 No P 122 4 25 1 33 3 49
2 50% P 123 4 62 123 3 87
3 100% P 131 5 21 133 4 38
C D  (0 05) — 0 113 — 0 089

B Microbes
1 No microbes 132 4 16 130 3 48
2 VAM 1 20 4 56 1 26 3 76
3 PB 124 4 64 128 3 95
4 VAM + PB 125 5 41 134 4 47
C D  (0 05) — 0131 — 0103

Note In those places where C D is not given the F test s not s gn f  cant at 5% level



highest value of 5 21 When no microbes recorded the lowest value of 4 16 VAM 

+ PB recorded the highest value of 5 41

During season II 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 Ti and the highest value of 4 60 was recorded 

by Ts Phosphorus levels were also significant While no phosphorus recorded the 

lowest value of 3 49 100% phosphorus recorded the highest value of 4 38 Among 

microbial applications no microbes recorded the lowest value of 3 48 whereas 

VAM + PB recorded the the highest significant value of 4 47

4 3  6 Leaf area ratio of plants (LAR)

The data on leaf area ratio of plants are given in Table 45

In season I the leaf area ratio (IA R) of plants at 30 DAS revealed that the
2 1treatments were significant When T 12 recorded the lowest value of 10 68 cm g

2 1Ti recorded the highest value of 15 80 cm g Phosphorus levels as well as

microbial applications were also significant 100% phosphorus recorded the lowest 
2 1value of 11 64 cm g whereas no phosphorus recorded the highest value of 13 59 

2 1cm g Among microbial applications VAM + PB recorded the lowest value of
2 1 2 1 10 81 cm g whereas no microbes recorded the highest value of 14 75 cm g 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 T 11 recorded the lowest value of 9 89 cm2 g 1 whereas T3 recorded the 
2 1highest value of 17 58 cm g Among phosphorus levels 100% phosphorus

1G0
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T ab le  45 L e a f  A rea  R atio  (LAR) o f  the p lan ts (cm2 g *) in E x perim en t No 3

Treatment No
Season I Season II

30 DAS at flowering 30 DAS at flowering

Ti 15 80 11 05 14 29 10 52
t 2 14 00 10 97 16 59 10 42
t 3 13 67 10 99 17 58 10 42
t 4 10 91 1 1  02 12 14 10 35
Ts 14 95 1 1  01 16 79 10 40
Te 1178 10 97 12 14 10  18
Tv 1216 11 03 11 84 10 33

Ts 10 83 10 90 10  20 10 35
Te 13 50 10 97 13 60 10 39
Tio 11 09 1 1  12 1 1 2 1 10  20

T u 11 30 1 1 0 2 9 89 10 42
T l2 10  68 10 92 12  82 10 35

SEm± 0 857 0 067 1 609 0 086
C D  (0 05) 2 513 — 4 720 —

FACTORS 
A F ert P
1 No P 13 59 1 1 0 1 15 15 10 43
2 50% P 12 43 10 98 12 74 10 32
3 100% P 11 64 1 1  01 1 1  88 10 34
C D  (0 05) 1256 — 2 360 —

B Microbes
1 No n crobes 14 75 1 1  01 14 89 in  44

2 VAM 12 29 1 1  02 13 31 10 27
3 PB 12 38 1 1  01 13 10 10 39
4 VAM + PB 10  81 10 95 1172 10 35
C D  (0 05) 1 450 — — —

Note In those places where C D is not g ven the F  test is not signif cant at 5% level



recorded the lowest value of 11 88 cm2 g 1 whereas no phosphorus recorded the 

highest significant value of 15 15 cm2 g 1 However microbial applications did not 

recoi d any significance

At the time of flowering the treatments did not record significance

4.3 7 Leaf weight ratio of plants (LWR)

The leaf weight ratio of plants (LWR) are given in 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 significant At the time flowering also LWR of plants revealed that the 

treatments were not significant

4 3  8 Number of effective nodules per plant

The data on the number of effective nodule per plant are given m 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 19 3 T 10 

recorded the highest value of 22 4 Phosphorus levels were significant When no 

phosphorus recorded the lowest value of 20 1 100% phosphorus recorded the 

highest value of 21 7 Microbial applications however were not significant in their 

effects

At the time of flowering it was revealed that the treatments were not 

significant in their effects

During season II the number of effective nodules at 30 DAS revealed that 

the treatments were not significant
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T a b le  46 L e a f  W eigh t R a tio  (L W R ) o f  th e  p la n ts  in E x p e r im e n t No 3

Treatment No
Season I Season n

30 DAS at flowering 30 DAS at flowering

Ti 0 452 0 353 0 321 0 360

T2 0 449 0 355 03 1 8 0 357
t 3 0 449 0 352 0318 0 357

T4 0 462 0 356 0 3 1 9 0 361
Ts 0 440 0353 0 323 0 360

T6 0 440 0353 0 327 0 357

t 7 0 442 0 354 0 320 0 357

Ts 0 449 0 354 0 323 0 357
Tg 0 445 0 356 0 321 0 360

T io 0 441 0 357 0 320 0 361

T n 0 445 0 358 0 324 0 360

T l2 0 447 0 352 0 320 0 358
SEin± 0 0049 0 0024 0 0024 0 0017

C D (0 05) — — — —

FACTORS 
A F e r t P
1 No P 0 453 0 354 0 319 0 359
2 50% P 0 443 0 354 0 323 0 358
3 100% P 0 444 0 356 0 321 0 360
C D  (0 05) — — — —

B M icrobes

1 No microbes 0 446 0 354 f) 322 0 360
2 VAM 0 443 0 355 0 322 0 358
3 PB 0 445 0 355 0 321 0 358
4 VAM + PB 0 453 0 354 0 321 0 359
C D  (0 05) — — —

N ote In those p laces where C  D is not given the F  test is not s gn ifican t at 5%  level



Table 47 N um ber o f effective nodules p e r  p lan t in Experim ent No 3

Treatment No
Season I Season II Pooled mean

30 DAS at flowenng 30 DAS at flowenng 30 DAS at flowenng

Ti 2 0 1 12 4 17 7 13 2 18 9 12  8
t 2 19 3 141 173 12 9 183 133
t3 20 9 118 16 6 12 7 188 12  2
t 4 20 2 115 17 2 13 6 18 7 12 5
t 5 20 5 12 7 16 0 123 183 12  6
t 6 22 0 12  8 17 0 12  8 19 5 12  8
t 7 2 2 2 119 163 14 3 19 4 13 1
t 8 2 1 2 1 1 2 18 2 15 6 19 7 13 4
T9 214 12  6 16 9 11 9 191 12  2
T io 22 4 10 9 16 7 13 9 19 6 12 4
Tn 216 1 1  1 16 8 14 6 19 2 12  8
" 1̂2 217 116 16 8 13 1 19 2 12 4

SEm± 0 62 0 95 0 94 0 78 0 56 0 61
C D  (0 05) 183 — — — — —

FACTORS 
A Fert P
1 No P 2 0 1 12 5 17 2 131 18 7 12  8
2 50% P 215 1 2 1 16 9 13 8 192 13 0
3 100% P 217 115 16 8 13 4 193 12 5
CD  (0 05) 0 92 — — — — —

B Microbes
1 No microbes 20 7 12  6 16 9 12 5 18 8 12 5
2 VAM 2 1 2 12  6 170 13 2 191 12 9
3 PB 216 116 16 6 13 9 191 12 7
4 VAM + PB 2 1 0 114 17 4 141 19 2 12 7
CD  (005) --- “ “ --- --- '--*

Note In those places where C D is not given, the F test is not sigm f cant at 5% level



On pooled analysis it 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 significance 

43 9 Dry weight of nodules per plants

The data on the dry weight of nodules oer plant are given in Table 48

The dry weight of nodules at 30 DAS revealed that the treatments were not 

significant during season I At flowering also the treatments werg not significant

During season II also the dry weight of nodules at 30 DAS did not record any 

significant difference At flowering again the treatment were not significant

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

the treatments were not significant At flowering again the treatments were not 

significant

4 3  10 Yield components of cowpea

The data on the yield components of cowpea are given in Table 49 

4 3 10 1 Number of pods per plant

In season I the number of pods per plant revealed that treatments were 

significant Ti recorded the lowest value of 1 55 pods per plant whereas Ts 

recorded the highest value of 2 35 pods per paint Phosphorus levels and microbial 

applications were also significant While no phosphorus recorded the lowest value 

of 1 79 pods per plant 100% phosphorus recorded the highest value of 2 19 pods

lb D
At the time of flowering also the treatments did not reveal any significant'"



Table 48 Dry weight of nodules per plant (mg) in Experiment No 3

Treatment No
Season I Season II Pooled mean

30 DAS at flowenng 30 DAS at flowenng 30 DAS at flowenng

Ti
t 2

1710 125 3 114 0 97 3 1423 1113
1793 1217 1283 96 7 153 8 109 2

t 3 168 0 120 7 119 3 104 2 143 7 112 5
t 4 177 0 127 0 1610 1051 169 0 1161
TS 173 3 128 7 122  0 92 5 147 7 1 1 0  6
T6 169 0 130 8 128 0 93 5 148 5 1 1 2 2
t 7 1710 131 6 146 3 105 8 158 7 118 7
t 8 178 3 127 3 145 0 94 7 1617 1 1 1 0
t 9 189 0 125 9 143 0 961 166 0 1 1 1 0
T 10 1853 1241 112 3 92 6 148 8 108 4
T n 185 7 128 2 117 7 92 4 1517 1103
T « 184 3 127 6 1317 93 8 158 0 110 7

SEm± 7 87 5 58 20 66 3 65 1105 333
C D  (0 05) — — — — — —

FACTORS 
A  Fert P
1 No P 173 8 123 7 130 7 100  8 1523 112 3
2 50% P 172 9 129 6 135 3 96 6 1541 1131
3 100% P 1861 126 4 126 2 93 7 1561 1 1 0 1
C D  (0 05) — — — — — —

B Microbes
1 No microbes 177 8 126 6 126 3 95 3 1521 1 1 1 0
2 VAM 177 9 125 5 122 9 94 3 150 4 109 9
3 PB 174 9 126 8 127 8 100 8 1513 113 8
4 VAM +PB 179 9 127 3 145 9 97 9 162 9 1 1 2  6
C D  (0 05) --“ ---

“

Note In those places where C D  is not given, the F test is not significant at 5% level



T able 49 Y ield com ponents o f  cowpea in E xperim ent No 3

Treatment No
No o f pods /plant No of seeds /pod 100  seed weight (g) Pod length (cm)

Season I Season II Season I Season II Season I Season II Season I Season II

Ti 155 178 154 14 9 921 8 68 15 7 14 9
t 2 171 185 15 4 14 9 921 8 69 15 6 14 9
t 3 170 197 15 4 14 9 921 8 69 15 7 14 8
t 4 219 2 48 15 4 14 9 9 22 8 69 15 7 14 8
TS 163 189 15 5 14 9 9 21 8 70 15 7 14 8
t 6 186 217 15 4 14 8 920 8 70 15 7 14 9
t 7 193 2 27 15 4 15 0 9 21 8 70 15 6 14 9
t 8 2 35 2 67 15 4 15 2 9 21 8 69 15 7 14 9
t 9 2  06 236 15 4 14 9 9 21 8 68 15 7 14 9
T io 217 2 61 15 4 14 9 9 21 870 15 8 14 9
T n 2  22 2  61 15 4 14 9 922 8 70 15 7 14 9
T i2 2 30 2 63 15 4 15 0 921 8 69 15 7 14 8

SEni+ 0 028 0 029 0 05 0 1 1 0 004 0 010 0 05 005
C D  (0 05) 0 082 0 085 — — — — — —

FACTORS 
A F e r t  P
1 No P 179 2 02 15 4 14 9 9 21 8 69 15 7 14 8
2 50% P 194 2 25 15 4 15 0 9 21 870 15 7 14 9
3 100% P 219 235 15 4 14 9 9 21 8 69 15 7 14 9
C D  (0 05) 0 041 0 042 — — - — — —

B Microbes
1 No m crobes 174 2 01 15 4 14 9 9 21 8 69 15 7 14 9
2 VAM 192 2 2 1 15 4 14 9 9 21 8 70 15 7 14 9
3 PB 195 2  28 15 4 14 9 921 8 69 15 7 14 9
4 VAM + PB 228 2 59 15 4 15 0 9 21 8 69 15 7 14 8
C D (0 05) 0 047 0 049 — — — — — —

Note In those places where C D is not given, the F  test is not s ign if cant at 5% level



per plant In the case of microbes when no microbes reco ded the lowest value f 

1 74 pods per plant VAM + PB recorded the highest value of 2 28 pods per plant

In the season II also the number of pods per plant revealed that the 

treatments were significant Ti recorded the lowest value of 1 78 pods per plant 

whereas Ts recorded the highest value of 167 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 microbial 

applications no microbes recorded the lowest value of 2 01  pods per plant whereas 

VAM 4 PB recorded the highest 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 pla it 

significantly

4 3 103 Hundred seed weight of cowpea

The hundred seed weight revealed that the treatments were not significant in 

sea on I

In season II also the treatment combinations as well as indiudual reatments 

were not significant

43 10 4 Pod length of cowpea

In both seasons the pod length of cowpea revealed that the treatments were 

not significant
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The grain yield of cowpea are given in Table 50 and Fig 11

In season I grain yields of cowpea revealed that the treatments were 

significant Ti recorded the lowest yield of 585 kg ha 1 whereas Tg recorded the 

highest yield of 888 kg ha 1 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 1 Among microbial applications 

no microbes recorded the lowest yield of 660 kg ha 1 whereas VAM + PB 

recorded the highest yield of 863 kg ha 1

In the season II also the treatments were significant in their effects Ti 

recorded the lowest yield of 615 kg ha 1 whereas Ts recorded the highest yield of 

921 kg ha 1 Here again phosphorus levels and microbial applications registered 

significant effects No phosphorus recorded the lowest yield of 698 kg ha 1 whereas 

100 /o phosphorus recorded the highest yield of 881 kg ha 1 Among microbial 

| application no microbes recorded the lowest yield of 694 kg ha 1 whereas VAM + 

PB recorded the highest yield of 896 kg ha 1

On pooled analysis of the data it vas revealed that the treatments were 

significant Here again Ti recorded the lowest yield of 600 kg ha 1 whereas Ts 

recorded the highest yield of 905 kg ha 1 Phosphorus levels as well as microbial 

application were significant When no phosphorus recorded the lowest yield of 687 

kg ha 1 100% phosphorus recorded the highest yield of 854 kg ha 1 Among 

microbial applications no microbes recorded the lowest yield of 677 kg ha 1 

whereas VAM + PB recorded the highest yield of 879 kg ha 1
I
I

4 3  11 G rain yield of cowpea



Table 50 Yields o f gram s and haulm s (kg ha *) in Experim ent No 3

Treatment No
Season I Season II Pooled mean

grains haulms gra ns haulms grams haulms

Tt 585 4001 615 2770 600 3386
t 2 648 4362 638 2894 643 3628
t 3 642 4354 679 3021 661 3688
T, 829 5097 858 3571 844 4334
t 5 615 4241 653 2952 634 3597
t 6 705 4574 749 3263 727 3918
t 7 728 4711 783 3383 756 4047
T8 888 5334 921 3843 905 4589
T, 779 4931 814 3476 797 4204
T10 820 5082 900 3794 860 4438
TU 839 5137 900 3722 869 4430
Tl2 871 5311 908 3793 890 4552

SEm± 10 4 46 9 10 0 33 8 7 2 28 9
C D  (0 05) 30 6 137 5 29 3 99 2 20 6 82 6

FACTORS 
A Fert. P
1 No P 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 (0 05) 15 3 68 7 14 6 49 6 103 413

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  (0 05) 177 794 16 9 57 3 119 47 7

Note In those places where C D  is not given, the F test is not significant at 5% level
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The data on haulms yield of cowpea are given in Table 50

During both seasons the treatments registered significant variation in the 

haulms yield At both seasons T i recorded the lowest yield whereas T8 recorded 

the highest yield Phosphorus levels and microbial applications were also significant 

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 significant 

When Ti recorded the lowest yield of 3386 kg ha 1 Ts 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 1 

whereas 100% phosphorus recorded the highest yield of 4406 kg ha 1 Among 

microbial applications no microbes recorded the lowest yield of 3729 kg ha 1 

whereas VAM + PB recorded the highest yield of 4492 kg ha 1

43  13 Harvest index of cowpea

The data on the harvest index of cowpea are given in Table 51

In season I harvest index of cowpea recorded that the treatments were not 

significant whereas in season II the treatments were significant In season II both 

T l and T5 recorded the lowest value of 18 1 % whereas T 11 recorded the the highest 

value of 19 5% Unlike season I phosphorus levels and microbial applications were 

significant in season II When no phosphorus recorded the lowest value of 18 5% 

100% phosphorus recorded the highest value of 19 2% Among microbes no

4 J  12 H aulm s yield of cowpea



172

T ab le  51 H arvest index (% ) in E xperim en t No 3

Treatment No Season I Season II

Ti 12 8 18 2
T2 12 9 18 1
T3 12 8 18 4
t 4 14 0 19 4
Ts 12 7 18 1
Te 13 4 18 7
T7 13 4 18 8
Ts 14 3 19 3
T9 13 7 19 0
Tio 13 9 19 2
T n 14 0 19 5
Tl2 14 1 19 3

SEm± 0 58 014
C D  (0 05) — 0 42

FACTORS 
A  F ert P
1 No P 13 1 18 5
2 50% P 13 4 18 7
3 100% P 13 9 19 2
C D  (0 05) — 0 21

B Microbes
1 No microbes 13 0 18 4
2 VAM 13 4 18 6
3 PB 13 4 18 9
4 VAM + PB 14 1 19 4
C D  (0 05) — 0 24

Note In  those places where C D is not g  ven the F test is not significant at 5% level



microbes recorded the lowest value of lf/4%  whereas VAM + PB recorded the 

highest value of 19 4% in season II

4 3  14 Protein content of grains

The data on protein content of cowpea grains are given in Table 52

The data on protein content of grains recorded that treatments were 

significant While Ti recorded the lowest value of 22 07% T 12 recorded the highest 

value of 23 35% Both phosphorus levels and microbial applications were 

significant No phosphorus recorded the lowest value of 22 32% whereas 100% 

phosphorus recorded the highest value of 23 21% 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  16 Nitrogen uptake of plants

Nitrogen uptake of plants in this experiment is given in Table 53 and Fig 12

In season I and season II nitrogen uptake of plants at 30 DAS were 

significant When the lowest value was recorded by Ti the highest value was 

recoi ded by Ts 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 microbes 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 Ti 

recoided the lowest value whereas T u  recorded the highest value Phosphorus 

levels and microbial applications also were significant In the case of phosphorus

1 n
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Table 52 Protein content of grains (%) in Experiment No 3

Treat nent No Season I Season II

Ti 22 07 22 14

t 2 22 35 22 42

t 3 22 16 22 41

T4 22 69 23 32
Ts 22 56 22 80

T6 22 59 22 81

T7 22 72 22 91

Ts 23 19 23 16
Ts 23 13 23 16

Tio 23 14 23 19
T n 23 19 23 22

Tl2 23 35 23 42

SEm±, 0 046 0 034
C D  (0 05) 0 133 0 100

FACTORS 
A F ert P
1 No P 22 32 22 57

2 50% P 22 76 22 97
3 100% P 23 21 23 25
C D  (0 05) 0 067 0 050

B M icrobes
1 No m crobes 22 58 22 70
2 VAM 22 70 22 81
3 PB 22 69 22 85
4 VAM + PB 23 08 23 30
C D  (0 05) 0 077 0 058

N ote In  those p laces w here C D  is not g  vcn the F  test is not sign f  can t at 5%  level



Table 53 N uptake o f  plants (kg ha *) in Experim ent No 3

Treatment No
30 DAS

Season I 

at flowenng at harvest 30 DAS

Season II 

at flowenng at harvest 30 DAS

Pooled mean 

at flowenng at harvest

Tl 16 90 80 76 92 04 17 42 73 43 71 39 17 16 77 09 81 71
t 2 19 54 91 47 102 46 18 81 7706 76 13 1917 84 27 89 29
t 3 19 42 90 97 10193 20 07 82 77 79 99 19 75 86 87 90 96
t 4 25 59 119 11 122 71 26 61 107 01 9817 26 10 113 06 110 44
t 5 19 10 8810 99 71 19 90 8122 78 02 19 50 84 66 88 87

23 15 100 17 109 47 23 13 92 46 87 56 23 14 96 31 98 52
t 7 24 72 103 11 112 61 25 07 95 64 9114 24 90 99 38 101 88
t 8 29 11 126 68 130 76 29 45 114 27 105 53 29 28 120 48 118 15
t 9 25 56 111 38 119 09 25 63 10163 9439 25 60 106 51 106 74
Tio 26 62 116 46 122 88 2831 110 98 103 46 27 46 113 72 113 17
T n 2770 119 79 124 17 29 27 112 07 102 02 28 49 115 93 113 09
T n 29 55 126 17 128 72 29 92 11335 103 85 29 73 119 76 116 29

SEm± 0 405 1688 1183 0337 1381 0 915 0264 1091 0 748
C D  (0 05) 1189 4 952 3 469 0 990 4 051 2 685 0 753 3 115 2136

FACTORS 
A Fert. P
1 No P 20 36 9538 104 78 20 73 8507 8142 20 54 90 32 93 10
2 50% P 24 02 104 52 113 14 24 39 95 90 90 56 24 20 100 21 10185
3 100% P 27 36 11845 123 71 28 29 10951 100 93 27 82 113 98 112 32
CD  (0 05) 0 595 2 478 1734 0 495 2 025 1343 0 377 1558 1068
B Microbes
1 No microbes 20 52 93 41 103 61 20 98 85 43 8127 20 75 89 42 92 44
2 VAM 2310 102 70 11160 23 42 93 50 89 05 23 26 9810 10033
3 PB 23 95 104 63 112 90 24 81 96 83 9105 24 38 100 72 10198
4 VAM + PB 28 08 123 99 127 40 28 66 111 54 102 52 28 37 117 77 114 96
C D  (0 05) 0 687 2 859 2 003 0 571 2 339 1550 0 435 1799 1233
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no phosphorus gave the lowest value where as 100% phosphorus recorded the 

highest value Among microbes 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 T i whereas Ts registered the highest value Phosphorus 

levels and microbial applications also were significant Among phosphorus no 

phosphorus gave the lowest value whereas 100% phosphorus gave the highest 

value Among microbes no microbes gave the lowest value whereas VAM + PB 

recorded the highest 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 is given in 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 T i recorded 

the lowest value whereas T 12 recorded the highest value The phosphorus and 

microbial applications also recorded significant response With respect to 

phosphorus no phosphorus recorded the lowest value whereas 100% phosphorus 

recorded the highest significant 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 

significant response Among the treatments Ti recorded the lowest value whereas



Table 54 P  up take of plants (kg h a 1) in E xperim ent No 3

Treatment No
Season I Season II Pooled mean

30 DAS at flowering at harvest 30 DAS at flowering at harvest 30 DAS at flowering at harvest

Ti 310 15 11 1917 3 05 13 29 1455 3 07 14 20 16 86
3 49 16 99 2116 3 14 13 84 15 41 3 31 15 42 18 28

t 3 330 1706 21 32 3 39 14 87 1632 3 45 15 96 18 82
t 4 4 33 21 96 25 47 4 33 19 03 19 68 4 33 20 49 22 57
t 5 3 32 1622 2073 3 24 14 40 15 97 3 28 15 31 18 35

3 86 18 71 22 67 3 76 16 50 17 80 3 81 17 61 20 24
t 7 4 00 1921 23 38 4 00 17 31 18 66 400 18 26 2102
t 8 4 81 23 62 27 05 4 66 20 40 21 48 4 74 22 01 24 27
Tq 4 29 20 96 24 83 411 18 06 19 37 420 19 51 22 10
T10 4 50 2178 25 65 4 54 19 99 2129 4 52 20 89 23 47
Tll 4 57 22 43 26 03 4 57 2015 2108 4 57 21 29 23 55

4 76 23 64 27 02 4 63 20 47 2142 4 69 22 05 24 22
SEm i 0 070 0 302 0 259 0 048 0 227 0 204 0 043 0189 0165
C D  (0 05) 0 206 0 886 0 759 0142 0 665 0 598 0122 0.540 0 471

FACTORS 
A F e r t  P
1 No P 3 60 17 78 21 78 3 47 15 26 16 49 3 54 16 52 19 13
2 50% P 400 19 44 23 46 3 92 17 15 1848 396 18 30 20 97
3 100% P 4 53 22 20 25 88 4 46 19 67 20 79 4 50 20 94 23 34
CD  (0 05) 0103 0 443 0.379 0 071 0 333 0 299 0 061 0 270 0 235
B Microbes
1 No m crobes 337 17 43 21 57 3 47 15 25 16 63 3 52 1634 1910
2 VAM 3 95 1916 23 16 3 81 16 78 18 17 3 88 17 97 20 66
3 PB 4 02 19 57 23 58 3 99 17 45 18 69 401 18 51 2113
4 VAM + PB 4 63 23 07 26 52 4 54 19 97 20 86 4 59 21 52 23 69
CD  (0 05) 0119 0 512 0 438 0 082 0 384 0 345 0 070 0 312 0 272



Ts 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 significant value In the 

case of microbes no microbes 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 T i recorded the lowest value Ts recorded the 

highest significant value Phosphorus levels and microbial applications also were 

statistically significant When no phosphorus gave the lowest value 100% 

phosphorus gave the highest significant value Among microbes 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

1 / 3
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5. DISCUSSION

5 1 Experiment No 1 (Effect of phosphorus desorbing anions)

5 1 1  Physical properties of the soil

Data on the physical properties of the soil are given in Table 4

It is revealed that important physical properties like 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 significant in 

the case of bulk density and water holding capacity the data on mean weight 

diameter of aggregates registered significant difference between treatments when 

the lowest value of 0 92 mm was recorded in 100% P with no anions and the highest 

value of 1 13 mm was recorded in 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 m the 

reverse order wherein no phosphorus recorded the maximum value of 1 06 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 II

Coming to the individual factors levels of phosphorus could exert significant 

influence only in the case of water holding capacity and mean weight diameter of 

aggregates In the case of water holding capacity the highest level of 100% P



registered the highest water holding capacity 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 amons silicate amon could record the 

highest value of 109 mm mean weight diameter of aggregates which was 

significantly superior to all the other amons including no amon treatment

In the case of bulk density it was observed that neither the treatment 

combinations nor the levels of P or amons could exert significant influence on this 

character It is quite natural that during both seasons the bulk density increased 

from sowing to harvest because during cultivation of any crop there occurs 

compactions of the soil resulting in an increase in the bulk density values It is a fact 

that bulk density of any soil is closely related to the soil structure According to 

Page and Willard (1946) the bulk density resulted in loss of pore space and 

correspondmg increase in weight per umt volume of the soil Prabhakara (1970) 

observed a slightly higher bulk density in four crop relays

In the case of water holding capacity it is observed that the effects of 

treatments and Iev^Js were significant only during second crop season The data 

reveals the fact that the anions independently could not exert any significant 

influence on water holding capacity and its effects are being mamfested only in 

combination with levels of phosphorus

The mean weight diameter of aggregates varied significantly with different 

treatment combinations as well as with different levels of phosphorus and with 

different amons except in season I during which the effects of different amons were 

not significant It is evident that there was increase as well as decrease in mean 

weight diameter of aggregates from sowing to harvest under different treatment 

combinations during season I whereas there was increase in the mean weight
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diameter of aggregates in season II indicating that there was no stability in th s 

cnaracter The levels of P could also exert significant influence during both seasons 

but the effect was in the reverse order in season I whereas it was in the positive 

order in season II indicating again that there was no stability in this character The 

effects of amons also recorded both significant as well as non significant influences 

indicating there by that no stability could occur in this character

5 1 2  Chemical properties of the soil

The data on the chemical properties of the soil are given in Table 5

It could be observed from the data that there was no significant differences in 

the C E C of the soil either during season I or during season II or m the pooled 

analysis The same trend was observed with respect to levels of P as well as amon 

factors in both seasons as well as in the pooled analysis the results thus indicate the 

fact that C E  C of the soil is not affected by either levels of P or by different anions 

or by their combinations This may be because of the fact that the C E C is an 

inherent character of the soil which is very much related to the nature of clay 

complex and its structure which remain unaltered by several external factors This 

finding is in agreement with the results reported by Bhatnagar e l al (1977) It is 

observed from the data that the pH of the soil was increased from sowing to harvest 

in both season as well as in the pooled analysis The various treatment combinations 

as well as levels of P and different amons could also exert significant influence on 

pH of the soil except by the levels of P during 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 

maximum level of 5 17 m the pooled analysis also The lowest value of 5 12 was 

recorded by no P with no anions during first season and in the pooled analysis 

whereas dunng season II no P with no amons recorded the lowest pH value of 5 11



With respect to fertilizer P levels there was significant increase m pH values 

from no P to the highest P levels except during second season In respect of amons 

the highest value of 5 18 was recorded by carbonate amon during season I whereas 

silicate amon recorded the highest pH value of 5 16 during second season In the 

pooled analysis again the carbonate amon recorded the highest pH value of 5 17 

The results that the different amons could raise the soil pH significantly over no 

amon treatment reveals the fact that the addition of any liming material could raise 

the soil pH substantially In the present study also the different anions were applied 

on a calcium base which could exert the liming effect on the pH of the soil (Kerala 

Agricultural University 1989 Tisdale fit 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 0 133% of mtrogen was recorded by 50% P with hydroxide and 

100% P with carbonate whereas no P with silicate recorded the highest value of 

0 136% mtrogen in season II However m pooled analysis,no P with silicate could 

record the highest value of 0 134% mtrogen It is revealed that the lowest value of 

0 124% mtrogen was recorded by no P with no amons 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 amon and 

100% P with no amons were responsible for recording the lowest value but with a 

different value of 0 125%

There was progressive increase in the total nitrogen percentage from no amon 

treatment to different amon treatments Among the different amons silicate amon
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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 itself could not exert 

any significant influence on the total nitrogen percentage of the soil whereas m 

combination with various amons it could significantly influence the total mtrogen 

percentage of the soil The data further revealed that all the amons were superior in 

their effect over no amon treatment Thus it could be observed that the combined 

effect of different amons and levels of P could have promoted growth and 

development of cowpea which in turn would have exerted legume effect resulting in 

increased total mtrogen percentage of the soil The legume effect in promoting 

nitrogen content of the soil has been brought about by workers like Tisdale si al

(1985)

In respect of total phosphorus content of the soil it was observed that neither 

the treatment combinations nor the levels of fertilizer P and the different anions 

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 sowing in both seasons as well as on 

pooled analysis The decrease in 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 fixing capacity of the soil also the different treatment 

combinations as well as the different levels of P and different amon could not exert 

any significant influence on this character The observation that the different 

treatments as well as their combinations were almost alike in their ability on the 

P fixing capcity closely brings out the fact that the P fixing capacity of the soil is 

mostly an inherent characteristic of the soil which is 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 their 

combinations had any influence on the orgamc matter contend of the soil during 

both seasons as well as on pooled analysis This may be because of the fact that 

there was no significant increase in the orgamc matter content of the soil by way of 

addition of crop residues

5 13 Available phosphorus content of the soil

The data on the available phosphorus content of the soil are given m Table 6

The data revealed that the available P content of the soil increased upto 30 

DA S 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 amon has given the highest value of 

17 93 mg P kg 1 whereas no P with no amons has given the lowest value of 11 62 mg 

P kg 1 In the case of season II also the treatment combinations were significantly 

different with 50% P along with carbonate recorded the highest value of 16 55 mg P 

kg 1 whereas no P with no anions recorded the lowest value of 9 98 mg P kg 1 The 

data after harvest of the crop revealed that the treatment combinations were 

significantly different in season I whereas such differences could not be observed in 

season II With respect to pooled analysis there was significant difference between 

treatment combinations both at 30 DAS as well as after harvest

When individual factors are considered it 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 it 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 

lesults were significant both at 30 DAS and at harvest
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n  the case of anions the available I  increased from no amons to different 

amons and the differences were significant m season I season II and pooled 

analysis at 30 DAS while after harvest such significant differences were observed 

only in season I and pooled analysis

An overall picture of the results mdicate the fact that various treatments 

individually and m 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 Manakulandai (1954) Hosoda and Takata (1957) Dommng and 

Aroberger (1988) and Subramoman and Gopalaswamy (1991)

5 I 4 Soil phosphorus fractions

1 he soil phosphorus fractions at different stages of the experiment are given 

in Table 7 8 and 9

It was revealed from the data that m season I when saloid P was significantly 

increased from sowing to flowering A1 P and organic P were significantly reduced 

dui ing the above period However other phosphorus fractions like Fe P Red P 

Occl P Ca P as well as total P remained almost unaltered with a tendency of 

reduction in most cases Dunng season II also the same trend was repeatedly 

observed from sowing to flowering whereas m the case of pooled analysis although 

saloid P A1 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 I the increasing trend observed from sowing to 

flowering continued beyond flowering thus reflecting in the data after harvest in the 

ca e of saloid P whereas significant reduction was observed in the case of AJ P and
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oi game P The same trend was repeatedly observed in season II also from flowenng 

to harvest In the case of pooled analysis however the different soil P fractions 

bohaved similar to that in season I and season II from sowing to flowering

As regards individual factors in season I at flowering significant differences 

were observed only in the case of A1 P and orgamc P on account of levels of 

phosphorus applied In the case of A1 P there was significant reduction from no P 

to 50%  P and that the same tren&was observed in the case of orgamc P also

While there was significant increase in saloid P fraction from no amon to 

different categories of amons at flowering in season I there observed significant 

re iuction in A1 P and orgamc P The same trend was repeatedly observed in 

season II also With regards to pooled analysis in addition to A1 P and organic P 

P< d P and occluded P also exerted a trend of reduction m the ease of amons from 

no anions to different amons Saloid P exhibited the same increasing trend from no 

amons to different anions as in the case of season I

A closer examinations of the data after harvest brings out clearly the fact that 

the same trend of results obtained at flowering during season I and season II were 

repeated at harvest stage also On pooled analysis it was observed that in addition 

to saloid P A1P and orgamc P Fe P Occluded P and Ca P also exhibited 

significant response the value being more or less in 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 amons P and organic P recorded a significant reduction while Fe P 

Occluded P and Ca P recorded slight reduction m their values Saloid P being the 

water soluble P denotes the available P fractions of the soil The consequent 

reduction in A1 P organic P Fe P Occluded P and Ca P clearely indicates the fact

I
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that the available P portion (Saloid P) tinds its source mainly from A1 P and 

orgamc P and slightly from Fe P occluded P and Ca P This corroborate with the 

findings of Smghama and Goswami (1978) Talashilkar and Patel (1979) Sharma el 

al (1980) Madhusoodanan Nair and Padmaja (1982) Kothandaraman (1975) Uzo 

£i a l (1975) Sudhir e l al (1987) Agarwal el al (1987) Dikshit and Padihar (1988) 

and Al Mustafa (1988)

5 15 Leaf area index (LAI)

The data on LAI are presented in Table 10

It was observed that the treatment combinations could exert significant 

influence only at flowering in both seasons The LAI values increased progressively 

from 30 DAS to flowering during both seasons Although not significant the highest 

LAI value was shown by 100% P with silicate anions during both seasons Similarly 

50% P with carbonate recorded the highest LAI values at flowering in both seasons 

(4 53 in season I and 3 48 in season II) It was also observed that the LAI values 

recorded both at 30 DAS and at flowering were comparatively lower in season II as 

compared to season I

The individual 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 anions 

treatment during both seasons at flowering However only carbonate anion could 

ret ord significantly higher LAI values during both seasons Here again the lowest 

LAI values were recorded by no anion treatments
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The increasing trend in LAI values from 30 DAS to flowering is in line with 

the growth pattern of cowpea which records higher LAI values towards flowering 

The positive influence of available P on the LAI values is in agreement with the 

findings of Patel £l _al (1983) Geethakumari (1981) Jam £l al (1986) Vasimalai 

and Subramoman (1980) Annie Philip (1993) and Tarilafilal (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 m combination with carbonate amon This 

complimentary influence of carbonate amon has been found to be significant When 

we look individual factors independently only 100% P could exert highest values of 

LA 1 whereas even 50% P could record significantly higher LAI values when it is 

applied in combination with carbonate amon This positive influence is again 

reflected in the individual effect of carbonate amon which recorded significantly 

higher LAI values at flowering dunng both seasons The favourable effect of 

phosphorus in increasing the number of leaves per umt area in legumes has been 

reported by several scientists like Geethakumari (1981) and Jain e l a l (1986)

The favourable influence of carbonate amon on the LAI values may be due to 

the possitive effect of increased available P in the soil brought about by carbonate 

amon 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 I is quite convincing because of the fact that the rainfall 

conditions were not much favourable during season II which is 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

5 1 6  Leaf Area Ratio (LAR)

The data on leaf area ratio are given m Table 11

The data indicated significant differences only at 30 DAS during season I

whereas in season II the different treatment could exert significant influence both

at 30 DAS and at flowering It was observed that no P with no anions recorded

significantly higher LAI values at 30 DAS during both seasons In season I no P
2  1witn no anions recorded a value of 26 56 cm g where as m season II it has 

recorded a highest value of 21 47 cm2 g 1 In the case of LAR the values were 

comparatively lower in season II than m season I

When the individual factors are considered it was observed that the highest 

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 various anions silicate 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 umt of land area The data 

on LAR now indicate that phosphorus is capable of enhancing the thickness of 

leaves also This is how the treatment combination of no P and no anions could 

record highest LAR values at 30 DAS during both seasons A higher LAR values is 

| irdicative of the fact that the relative thickness of the leaves per umt leaf area will 

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

I 
I

189



comparatively lesser thickness of leaves on account of lesser P supply in the no P 

treatments This is being further illustrated in the same data whereby the LAR 

values progressively decreased with increasing levels of P

As in the case of LAI the LAR values also were lower in season II indicating 

the influence of rainfall which was lesser in season II as compared to season I The 

role of anions on the relative increase in available P would have resulted in 

deci eased LAR values under different anions

5 1 7  Leaf Weight Ratio (LWR)

The data on leaf weight ratio of plants are given in Table 12

It was observed that significant influence of the treatments was recorded only 

in season II and that too at flowering LWR values were comparatively lower m no 

P with no anion plots which progressively increased under different levels of P and 

different anions

Among levels of fertilizer P no P recorded lowest values during both seasons 

at both critical stages although significance was observed only at flowering during 

season II The different anions also could not exert any influence on the leaf weight 

ratio values of the plants except at flowering in season II

Leaf weight ratio is the expression of combined influence of LAI over the 

relative thickness of leaves In the earlier secUons we found that the available P has 

got positive influence in 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 is an increase m supply of phosphorus the leaf weight ratio values 

also increased Among the anions carbonate amon was found to be more striking m
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its effect on the leaf weight ratio as seen n the data presented m the Table 12 

which is attributed to high available P flux 111 the soil due to carbonate amon

5 18 Number of effective nodules

The data on the number of effective nodules per plant in the experiment 

are given in Table 13

It was observed from the data that the number of effective nodules per plant 

did not vary significantly at 30 DAS during 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 significant response none of the amons gave significant response at 30 DAS

At the flowering stage the number of nodules were not significant during 

seison I whereas at season II and pooled analysis the data recorded significant 

response Although the effect was significant at flowering 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 it was revealed that the trend showed significance only during season II 

and as such could not be reflected in the pooled analysis On verification of the 

effect of amon on the nodule count it was observed that none of the amons 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 £1 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 might possibly be due to the 

malfunctioning and Shrinkage of the nodule This is m agreement with the findings 

of Kumar and Verma (1988)

5 19 Dry weight 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 significant 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 amon gave the 

maximum response

Among the levels of phosphorus none of the treatment could exert significant 

response during season I but during season II 100% P recorded maximum 

significant response Among the amons carbonate amon exerted maximum 

response during season I whereas during season II none of the anions could exert 

^significant response

I
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On verification of the data at flowering it 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 significant response 

m season I whereas 50% P gave the maximum response during season II Among 

the anions none of the amons could exert significant response in both seasons

An overall picture of the data indicated that the dry weight of nodules 

exhibited highly erratic behaviour during both seasons This might probably be due 

to the fact that the size of nodules increased with decrease in 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 

Ahfawat and Saraf (1982) while studying the rooting and nodulation pattern in 

pigeon pea under different planting densities and phosphatic fertilization reported 

that application of phosphorus at 34 kg P ha 1 increased the weight of nodules than 

17 kg P ha 1 Similarly Mali and Mali (1991) obtained 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

51 1 0  Yield components of cowpea

The data on the yield components of cowpea are given in 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 

maximum number of pods per plant With respect to fertilizer 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 influence on the number of 

pods per plant This is in agreement with the findings of Jayaram and Ramtah
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^1980) Shrivastava e l al (1980) Puste and Jana (1988) Kalita and Kalita (1992) 

Sarkar (1992) B udharelal (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 po.S live influence on the 

available phosphorus content of the soil as evidenced in the data presented in 

Table 6 The positive influence of phosphorus m increasing the pods per plant 

were corroborated with the findings of several workers in 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 amon can 

increase m the efficiency of P levels in this respect

The number of seeds per pod in this experiment did not record significant 

variation during both seasons Individual treatments like fertilizer phosphorus and 

amons also did not show any significant response This clearly indicates that the 

number of seeds per pod is 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 significant This shows that neither phosphorus nor anions or 

their combinations could influence these characters

5111 Gram yield of cowpea

| It was observed from the data that gram yield recorded significant response 

during both seasons and in pooled analysis While no P with no amons gave the 

minimum yield 50% P with carbonate gave the maximum yield The result of 

factorial analysis of phosphorus levels recorded that 100% P was significantly
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superior to 50% P during both seasons and pooled analysis brings out the fact that 

the influence of phosphorus is marked in respect to grain yield as revealed in this 

study This result perfectly corroborates with findings of Jayaram and Ramiah

(1980) Srivastava and Verma (1982) Sharma and Arora (1982) Kalita and Kalita 

(1992) Sarkar (1992) Budhar £i al (1991) Durai Singh and Gopalaswamy (1991) 

Dharam singh and Singh (1992) and Singh £ la l (1992)

With respect to amons while no amons recorded the lowest yield carbonate 

anion gave the highest significant yield In the earlier paragraph it was revealed that 

even 50% P in combination with carbonate could behave on par with 100% P which 

clearly reveals the superiority of carbonate amon in enhancing effect of phosphorus 

on yield of cowpea Influence of available phosphorus on yield of cowpea was 

discussed in the previous para which is further supported by the findings of Mathew 

and Koshy (1982)

5 1 12 Haulms yield of cowpea

The haulms yield of cowpea revealed that the treatments were significant in 

bcth seasons and in pooled analysis Here again 50% P with carbonate recorded 

the maximum significant response

As in the case of grain yield the influence of P in enhancing the haulms yield 

of cowpea was also proved beyond doubt in this experiment which is in agreement 

with the findings of Srivastava and Verma (1982) and Mathew and Koshy (1982)

With respect to anions haulms yield varied significantly from no anions to 

I different amons w th carbonate amon gi mg the highest value during both seasons 

and in pooled analysis These results were better related to the higher levels of 

a\ ailable phosphorus as discussed earlier



5 113 H arvest Index
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With respect to harvest index of cowpea it was observed that the data of two 

seasons were irregular When the harvest index was not significant m season I it 

varied significantly in 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 it is revealed that phosphorus 

could exert significant response in the yield of grain and bhusa However the 

relative influence was much higher m the case of haulms resulting in lower harvest 

index In the present study there was no stability in this character

5 1 14 Protein content of grains

During both seasons protein content of grains significantly differed with 

diffeient treatments While 100% P with silicate gave the highest significant value 

no P with no amons gave the lowest value The role of phosphorus in 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

Snvastava and Verma (1982) while studying on the effect of bacterial and 

inorganic fertilization on growth nodulation and quality of greei^gram reported 

that protein content increased with increasing levies of P Prasad and Sanoria

(1981) while studying on the response of black gram to seed bactensation and 

phosphorus reported highest seed protein content m blacpkrain with 150 kgP205 

ha 1 with and lowest with 50 kgP20s ha 1 Dwivedi and Singh (1982) reported while 

studying on the effect of phosphorus and sulphur application on the nutritional 

quality of different varieties of bengaPgram that protein content was in the



mere ising order and significant from 0 to 60 kgP20s ha 1 Negi and Thakur (1985) 

while studying on the effect of nitrogen phosphorus and rhizobium inoculation on 

the rriush yield and N and P uptake reported that protein content in seeds of Vignd 

mnngo was increased with increasing phosphorus rates Roshan Lai and 

Gangasar in (1988) while studying the influence of mtrogen and phosphorus on 

yield and quality of groundnut under irrigated conditions reported that the percent 

of protein content m groundnut was increased by the application of phosphorus at 

the rate of 40 kgP20s ha 1

With respect to anions the protein content was significantly increased from 

no anions to various anions during both seasons which could also be attributed to 

high phosphorus availability due to the effect of anions as discussed earlier

5 1 15 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 in pooled analysis The 

results in respect of N uptake of plants are indicative of the overall influence of 

phosphorus on mtrogen uptake Singh el al (1981) while studying the effect of plant 

type plant population density and application of phosphatic fertilizer on the growth 

and yield of pigeonpea reported that phosphorus application increased the uptake 

of nitrogen Subbian and Ramiah (1981) while studying the influence of 

phosphorus molybdenum and rhizobium inoculation on the growth and grain yield 

of redgram reported that phosphorus application increased mtrogen uptake in 

redgram Hegde and Saraf (1982) while studying the effect of intercropping and 

P fertilization on mtrogen phosphorus and potassium concentration and uptake 

and productivity of pigeon pea reported that phosphatic fertilizer significantly 

increased nitrogen and phosphorus concentration and uptake of all nutrients Singh 

el al (1983) while studying the effect of planting pattern intercropping and
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application of phosphate on the yield of pigeon pea and the succeeding crop of 

wheat reported that m pigeon pea application of 17 kg P ha 1 increased nitrogen 

uptake Similarly Negi and Thakur (1985) while studying on the effect of nitrogen 

and phosphorus and rhizobium inoculation on mash yield and N and P uptake 

found that uptake of mtrogen was increased significantly with increased application 

of P2O5 rates from 0 60 kg ha 1 Jana £1 al (1990) while studying on the response of 

summer groundnut to phosphorus and potassium reported that application of 

phosphorus increased the uptake of mtrogen phosphorus and potassium in kernal 

of groundnut Thus the finding in the present study that application of phosphorus 

increased the N uptake of plants is in line with earlier findings In the earlier 

chapter we have seen that levels of phosphorus had significant influence on the 

protein content of grains As mtrogen is an integral part of protein it is quite 

natural that phosphorus could increase the uptake of nitrogen also

Among the amons N uptake was increased significantly from no anions to 

various anions at different stages of the experiment during both seasons and in 

pooled analysis The reason for this high N uptake could be attributed to higher 

yield and biomass production as evidenced in earlier sections

5 116 Phosphorus uptake of plants

It was observed that the phosphorus uptake pattern has been found to be 

similar to that of N uptake and as such the same discussion is applicable in 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 in pooled analysis This is in agreement 

with the findings of Othman el al (1991) Hegde and Saraf (1982) Singh £t al
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(1983) Hoque £1  al (1984) Negi and Thakur (1985) Mishra and Anand (1989) 

Snvastava and Verma (1990) Jana £ ia l (1990) and Kaushik and Jain (1991)

The result that carbonate anion could substantially enhance the uptake of 

phosphorus by plants are in agreement with the earlier findings that carbonate 

amons could enhance the available phosphorus content of the soil which in turn 

resulted in its uptake by plants

5 2 Experiment No 2 (Effect of chelating agents)

The results obtained on the effect of chelating agents are discussed m this 

section

5 2 { 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 their combinations 

However it was revealed that the bulk density increased from sowing to harvest It is 

but natural that during the cultivation of any crop there occures compaction of soil 

resulting in increase in bulk density which is reflected m this case also This aspect 

has already been well discussed in the case of experiment no 1 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 significant 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 is against the normal result expected on the basis of the influence of various 

treatments and their combinations on the bulk density of the soil Because when the 

bulk density values increased during the progress of the crop the water holding 

capacity naturally should decrease However in the present case the water holding 

capacity increased during the progress of the crop This might probably be due to 

the fact that there was not that much degree of compaction m the soil It is 

interesting to note that the treatment combination no P with DTPA could produce 

the highest value of 3151% which is again supported by the finding that no P 

treatment has resulted in the highest percentage of water holding capacity against 

higher levels of P during the first crop season Similarly among chelates DTPA 

could produce the highest percentage of water holding capacity during the first crop 

season indicating that a combination of no P with chelates could effectively 

increase the percentage 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 m 

combination could not exert any influence on this character This increasing trend is 

in 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

5 22 Chemical properties of the soil

The data on the C E C pH and total nitrogen revealed that the values 

in leased from sowing to harvest in the case of C E C  and pH whereas the total 

nc trogen remained almost constant However significant increase among different 

combinations was observed only in 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 in combination with either EDTA or DTP A

A review of the results on chemical properties of the soil by the influence of 

individual treatment also revealed that the different factors like levels of P and 

different chelates could significantly influence only in the case of pH of the soil 

H ere again the 100% P and DTPA could significantly increase the soil pH It is 

therefore but natural that a combination of these two factors could enhance the pH 

values significantly

In the case of other chemical properties like total P P fixing capacity and 

organic matter conent it was observed that there was no significant difference 

brought about by various treatments and their combinations However the values 

in total P and percentage of orgamc matter content decreased from sowing to 

haiwest whereas the P fixing capacity remained almost constant The reduction in 

total P at harvest may probably due to the absorption of phosphorus from the soil It 

is evident that P fixing capacity is an inherent property of the soil which is 

dependent on the clay complex and its structure which remain unaltered by several 

external factors The reduction in orgamc matter content of the soil might be due to 

the acid secretions of the plant which may decompose part of the orgamc matter 

and in the process of cropping there is no addition of orgamc matter since the crop 

residues are removed from the plot

S3..3 Available P content of the soil

The result of the present experiment indicated that the available P content is 

increased from sowing to 30 DAS and there after decreased from 30 DAS to 

h irvest AT 30 DAS the highest available P content was recorded by the treatment 

combination involving 100% P with EDTA, whereas the absolute control recorded
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the minimum 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 m this respect Therefore it is but natural that a 

combination of those factors could influence the available P content of the soil 

significantly

There is no wonder that addition of 100% P to the crop increased available P 

content of the soil over 50% P or no P Similarly 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 soil indicated that there occured 

substantial reduction in 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 in line with that at 30 DAS The pattern of 

influence in respect of individual factors like levels of P and different chelate was 

also similar to that at 30 DAS Thus here again, the treatment combination of 100% 

P along with either EDTA or DTPA recorded higher values of available P content 

ot the soil Similarly 100% P and EDTA recorded higher values as compared to 

oth~r levels of P and other chelates respectively

5 2 ( Soil Phosphorus fractions

The different P fractions recorded different pattern of change from sowing to 

flowering as revealed in the pooled analysis When saloid P reductant soluble P 

and occluded P increased from sowing to flowering the other P fractions like Al P 

Fc P Ca P Org P and Total P reduced from sowing to flowering The increase in



saloid P is 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 in saloid P which is 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 

inorganic 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 in 

reductant soluble P fractions Islam (1970) while studying the transformation of 

inorganic P in flooded soils under nee cropping reported that increase in soluble P 

in acid soils was due to a decrease m Ca P Fe P and reductant soluble P 

concentration than in neutral soils Kothandaraman (1975) studied the soil 

phosphorus in major soil groups of Tamil Nadu and reported that Al P and Fe P 

contributed to the pool of available P in acid soils Uzo el al (1975) while studying 

on the forms of phosphorus m some important agricultural soils of Nigeria reported 

that Al P was the most available form of P to plants under upland conditions 

whereas Fe P was the major available P source under flooded conditions The 

result obtained m the present investigation is thus confirmed

When we come to verify the influence of various factors individually and in 

combination we find that the treatment combination of 100% P with EDTA could 

record highest values m respect of saloid P and occluded P whereas it could record 

only lowest values in 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 m fractions like Al P Fe P and Organic P
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A review of the result on the influence of levels of phosphorus indicated 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 saloid P 

fraction Since saloid P is the fraction of soluble P in the soil any addition of P 

fertilizers could increase the saloid P in soil

In respect of chelates it was again observed that as in the case of 

combinations individually also EDTA exerted significant positive effect on saloid P 

resulting m a proportionate reduction in Al P Fe P and organic P The influence of 

different chelates including EDTA on soluble P fractions has been reported by 

several workers like Mack Drake (1965) Jayachandran £l al (1989) and Wolf 

(1988) It was observed from the data that there was not much reduction in various 

fractions of phosphorus from flowering to harvest indicating that maximum rate of 

uptake of P occures till flowering time m case of cowpea crop which is in line with 

findings of Geethakumari (1981)

It was also observed that the pattern of influence from flowering to harvest 

was almost similar to that from sowing to flowering as reflected in the data on 

saloid 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 m the soil More over the same 

trend could exert a significant reduction in Al P also which was in line 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 significantly 

increase the saloid P content of the soil but also could make a significant reduction 

in Al P Fe P and Ca P which in turn made a proportionate increase m 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 e l a l (1989) and Mack Drake (1965) recorded 

this phenomenon in their reports which is in line with the above observation

5 2 5 Leaf Area Index (LAI)

The fact that significant variation could be observed only at flowering during 

botli 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 during both seasons This is quite natural on account of the fact that the 

individual effect of fertilizer P was highest at 50% P and that of chelates for EDTA 

during both seasons As such it 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 m increasing the number of leaves in legumes 

has been reported by several worke s like Geethakumari (1981) and Jam e l al

(1986) The increase in LAI with higher levels of phosphorus has been reported by 

several workers like Patil e l al (1983) Vasimalai and Subramaman (1980) Annie 

Philip (1993) and Tania e l al (1977) The role of EDTA in increasing the LAI may 

be through its indirect influence m making available more of the soluble 

phosphorus which might have enhanced the LAI of plants



The trend m leaf area ratio as recorded m Table 28 revealed that phosphorus 

was capable of enhancing the thickness of leaves along with its positive influence in 

increasing the number of leaves The same trend has been observed in respect of 

leaf area ratio values in 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 m the absence of phosphorus and chelates leaves became very 

thin recording leaf area ratio values This is 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

5.2 7 Leaf Weight Ratio (LWR)

A brief analysis of the Leaf Weight Ratio of plants in the present experiment 

revealed that there was no significant difference between treatments and the 

various factors both at 30 DAS and at flowering Both seasons gave the same 

results

Leaf weight ratio is the expression of combined influence of LAI over the 

relative thickness of leaves In the earlier sections we found that available P has got 

positive influence in measurable terms on the LAI as well as in the relative 

thickness of leaves The non significance in the present study revealed that there is 

no stability on the response of P availability to leaf weight ratio in cowpea

57  8 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 impact on this character This is quite evident 

when we look into the pooled mean value Another interesting observation is that 

in 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 

again reflected in the uptake pattern of mtrogen as presented in Table 36 The 

reduction in the number of effective nodules at flowering has been reported by 

workers like Kumar and Verma (1988)

5 2 9 Dry weight of nodules

As in 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 in 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 it could be agreed that the reduction in 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

5.2 10 Yield components of cowpea

Among the various treatments in experiment no 2 only in the case of number 

of pods per plant the various treatment and their combinations could make 

significant influence as revealed m Table 32 Thus it 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 it may be pointed out that the same trend of



result was recorded in experiment no 1 also and that the discussion there upon is 

applicable m this case also

5.2 11 Grain and Haulms yield of cowpea

A perusal of the data presented in Table 33 indicated that phosphorus at 50% 

level in 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 it is seen 

that the P levels could be reduced to 50% to achieve the higher yield if it could be 

applied in conjunction with EDTA The data subsequently brings out the fact that 

the individual effects of P as well as chelates are m line with what has been 

observed in the case of combinations Thus 50% P individually could record higher 

grain yield of 824 kg ha 1 as against 638 kg ha 1 for no P and 760 kg ha 1 for 100% P 

Similarly EDTA chelate could record significantly higher value of 783 kg ha 1 as 

against 638 kg ha 1 for no chelates and 750 kg ha 1 for DTPA

Jayachandran £l 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 in cowpea 

resulting in higher grain yield

The pooled analysis data on the haulm yield clearly brings out the fact that the 

pattern of variation brought about by various treatments and their combinations is 

exactly in line with that of the grain yield The discussion made m respect of grain 

yield is applicable to haulm yield also
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It is very interesting to note that in respect of all the treatment combinations 

and individual treatments the harvest indices were higher in season II as compared 

to season I The grain yield and haulms yield presented in Table 33 indicated that 

during the second season the haulm yield were comparatively lesser in season II 

The lesser yield of haulms which is a reflection of the lesser vegetative growth 

would have been responsible for higher harvest indices in season II

The over all response of various treatment combinations in both season I and 

season II reflect the performance of the crop in terms of grain and straw yield 

presented in Table 33 Thus while the lowest harvest index was no P recorded with 

no chelates /  no P with EDTA w hereas the highest harvest index was reported by 

50% P with EDTA during both seasons When we consider the individual factors 

50% P under fertilizer P and EDTA under chelates were giving the highest harvest 

indices during both seasons Therefore there is 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 in highest 

harvest index in this particular treatment combination The explanation given by 

Jayachandran £i al (1989) holds good in the case of harvest index also

53.13 Protein content of grains

The protein content of grains which is more or less a reflection of nitrogen 

content of grain has been found to be highest m 100% P with EDTA in season I 

whereas it was highest in 100% P with DTPA in season II We have already seen in 

the case of grain and haulms yield and harvest index that chelates could enhance P 

availability in the soil This increased available P combined with additional
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applications of 100% P by way of treatment could have enhanced the uptake of 

nitrogen by the plant which would have further transmitted to the grain resulting in 

higher protein content Workers like Prasad and Sanona (1981) Dwivedi and Singh

(1982) Negi and Thakur (1985) Roshan Lai and Gangasaran (1988) Rajput £i al 

(1991) Sasidhar (1978) and Geethakumari (1981) reported that higher levels of 

phosphorus enhanced mtrogen content in leguminous crops including cowpea As 

protein is a combination of major nutrients like N and P this increased P 

availability by application of 100% P and chelate could have enhanced P content by 

the plant which is in combination with mtrogen would have enhanced the protein 

content of the gram

5 2 14 Nitrogen uptake of cowpea

The uptake of any nutrient by the plant is the result of combined influence of 

percentage content of nutrient in grain and haulm and its yields Therefore it is 

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 

50% 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 it is 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 in 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 in plants The reason

I
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car be attributed to high P availability as ei idenced in Table 23 Thus the effect of 

phosphorus in increasing the uptake of mtrogen has been reported by Singh et al 

(1981) Subbian and Ramiah (1981) Singh at al (1983) and Negi and Thakur 

(1 % 5 )

5.2 15 Phosphorus uptake of plants

It has been observed that the phosphorus uptake pattern followed the same 

tru  d as in the case of mtrogen uptake Thus the lowest P uptake has been recorded 

by no P with no chelate combination while the highest uptake has been recorded by 

50% P with EDTA combination The response exhibited by individual factors also 

ri v aled the fact that 50% P among the fertilizer P treatment and 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 is also applicable to P uptake also

5 3 experiment No 3 (Effect of mici obial agents) 

a 3 I Physical properties of the soil

It was observed that the bulk density of the soil increased from sowing to 

haivest during both seasons This is quite relevent and true on account of the fact 

thot the cultivation of any crop will tend to increase the bulk density of the soil 

Deterioration of soil structure takes place as a result of cultivation as observed by 

Sa karanarayana and Mejrfja" (1967) When there is 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 in weight per unit volume of soil The adverse effect of 

cropping system on porespace and bulk density has been reported by Khan (1966)

I l l



Prabhakara (1970) observed a slightly 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 

density of the soil 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

53 2 Chemical properties of the soil

In the case of C E C it was observed that there was no significant difference 

betw een the various treatments and their combinations dunng both seasons as well 

as on pooled analysis This may be because of the fact that the C E C is an inherent 

character of the soil which is very much related to the nature of clay complex which 

remain unaltered by the external factors This findmg is m agreement with the 

report of Bhatnagar £t al (1977) Similar observations recorded in the earlier two 

experiments strongly reinforces the deduction that C E C is 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 m pH value However the level of phosphorus remained relatively 

dormant in its 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
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various microbes and their combined application on pH of the soil The role of 

microbes like VAM in producing organic acids has been reviewed by Barea (1991)

The total mtrogen percentage of the soil increased marginally from sowing to 

harvest although the relative increases brought about by the various treatments and 

their combinations were not statistically significant

As m the case of mtrogen other chemical properties of the soil like 

phosphorus P fixing capacity and organic 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 in the pooled analysis 

also

53 3  Available phosphorus content of the soil

The general trend of the available phosphorus content of the soil was that it 

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 in all the treatment 

combinations as well as individual treatments Among the different treatment 

combinations 100% P applied along with VAM and phosphobacterin recorded the 

highest available phosphorus both at 30 DAS as well as after harvest Similarly the 

lowest value has been recorded by no P with no microbes The fact that the 

treatment combination 100% P with VAM and phosphobacterin could record the 

highest content of available P is an indication that even under the highest 

application of phosphatic fertilizer, the activity of microbes under VAM and 

phosphobacterin were favourably enhanced resulting in higher levels of available P 

in the soil The data on the yield of gram (Table 33) clearly illustrated the fact that 

the crop of cowpea could respond to a level higher than 100% P as it was observed 

that the response was linear even at 100% phosphorus application It was further
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observed that the combination of 100% P along with VAM and phosphobactenn 

could record an yield which was significantly superior to 100% P alone which is a 

clear indication that the P available m the soil at 100% P fertilizer application may 

not be sufficiant for realizing the higher levels of grain yields

When we look into the individual effects of treatments it is 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 is again an indication 

that the combined application of VAM and phosphobactenn is required for the 

maximum expression of 100% P application on the available P content of the soil 

The positive influence of microorganisms like VAM m increasing the available 

phosphorus content of soil has been reviewed by Barea (1991) Santhi £1 al (1988) 

while studying the efficiency of VAM inoculation with different sources of 

phosphorus on the availability and uptake of nutrients reported that VAM 

inoculation significantly increased the available P content of the soil over control 

The effect of phosphobacterm in increasing the available phosphorus content of the 

soil has been reported by Tisdale el al (1985) Therefore it is quite natural that a 

combined effect of these two organisms could enhance the available phosphorus 

content of the soil significantly

53 I 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 remained without any appreciable change However 

this trend has not been maintained from flowering to harvest as it was observed that 

no difmite trend could be maintained from flowering to harvest Saloid P which 

almost represent the soluble P content of ihe soil recorded the highest value in the 

trr itment combination of 100% P along with VAM and phosphobactenn which is
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an indication that it 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 

inorganic P in flooded soils under rice cropping reported that increase in the 

soluble P m acid soils was due to a decrease in Ca P Fe P and reductant soluble P 

concentrations Uzo e l al (1975) while studying the forms of phosphorus in some 

important agricultural soils of Nigeria reported that Al P was the most available 

form of P to plants under upland conditions while Fe P was the major available P 

source under flooded conditions

53 5 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 is an indication that the role of VAM and 

phosphobacterin was significant which could record higher LAI values even at 50% 

P well over 100% P This is further illustrated by the fact that individually also 

VAM + phosphobacterin could record highest LAI values at flowering time during 

both seasons This is an indication that the influence of microbes could increase the 

available P content of the soil which in turn could enhance the LAI values This is in 

agreement with the findings of Vasimalai and Subramonain (1980) Geethakumari

(1981) and Patilfilal(1983)

53 6 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 increased availability of phosphorus markedly 

at 30 DAS and slightly at flowering This is clearly evident m the individual



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 is an indication of lesser thickness of leaves and as such lower values 

show a higher thickness of leaves Therefore it is evident that the low value of leaf 

area ratio coupled with higher thickness is associated with higher availability of 

phosphorus and its uptake given in the previous and subsequent tables The effect 

of various treatments m increasing the available P has already been discussed m the 

earlier sections

53  7 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 in all the treatments However the data on 

this experiment is not in agreement with the result of the experiment no 1 which 

shows that there is no stability in this character with respect to phosphorus

53  3 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 time of 

flowering This agrees with the report of Kumar and Verma (1988)
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Among the various yield components number of pods per plant alone 

recorded statistical significance Here again 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 soil 

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 in Table-40 This finding agrees with the report of Kalita and Kalita 

(1992) Sarkar (1992) and Budhar £121(1991)

5 3 10 Grain and haulms yields of cowpea

The pooled analysis of the data revealed that absolute control gave the 

minimum yield while 50% P with VAM and phosphobactenn gave the highest 

yield Here also 50% P with VAM and phosphobactenn was significantly greater 

than that obtained in 100% P Thus the observation that the influence of VAM + 

phosphobacterm m association with 50% P is much superior to 100% P alone 

clearly brings out the fact that 50% P could be easily saved by applying VAM + 

phosphobacterm along with 50% P

With respect to fertilizer P 100% P gave significantly higher yield than the 

other levels Thus there is marked response of phosphorus in increasing the yield of 

cowpea These results were exhaustively discussed in the earlier experiments

With respect to the various micro organisms all the micro organic treatments 

were significantly superior to control with VAM + phosphobacterm giving the 

highest value Bethlenfalway (1985) while studying the plant response to 

mycorrhizal fungi host endophyte and soil effect reported that phosphorus

S3 9 Yield components of cowpea
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concentration increased significantly m all soyabean and some sorghum plants 

relative to non VAM controls as a result of VAM fungal colonisation This 

increased P concentration in plants might have helped in boosting the yield of 

cowpea in the present experiment Pacovsky £l al (1986) reported that plants 

colonized with VAM fungi grew 3 6 times larger than P free control but attained 

only 35 to 65% of maximum growth possible with high fertilizer P mput Bhatnagar 

St al (1979) studied the associative effect of inoculums of Rhizobium and Bacillus 

megaternim var phosphaticnm on the yield of mungbean and soybean They have 

reported that the incorporation of a strain Bacillus megatenum m the case of 

mungbean and soybean gave a significantly higher yield than that obtained by the 

use of Rhizobium as moculant Further they have reported that mixtures of 

Rhiznhnim and Bacillus megatenum with super phosphate and rock phosphate 

gave significantly higher yield from these crops The discussions made in respect of 

gram yield is applicable to haulms yield also

53 11 Harvest index of cowpea

It was revealed that the results on harvest index of cowpea in the two seasons 

varied very much There was no significant response during season I 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 significantly higher value which might probably be due to greater 

P availability in the treated plots This is in agreement with report of Srivastava and 

Verma (1982)

|  With respect to microbes VAM + phosphobacterm gave the highest value 

which was significantly superior to all other treatments Here again the higher

2 2 o
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availability of phosphorus might have contributed to the greater harvest index 

which is in agreement with the report of Sri\ astava and Verma (1982)

53 12 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 phosphobactenn gave the 

highest protein content which was highly significant Fertilizer levels also gave 

significant response with 100% P giving the highest value Since 100% P recorded 

the maximum availability of phosphorus m the soil it is but natural that it could 

record maximum protein content also Among the microbes VAM + 

phosphobactenn gave the maximum protein content of grains Here again the 

availability of phosphorus due to the inoculation of m.crobes gave the significantly 

higher protein content The increase m protein content by phosphorus has been 

reported by vanous workers like Prasad and Sanona (1981) Dwivedi and Singh 

(1982) Negi and Thakur (1985) Roshan Lai and Gangasaran (1988) and Rajput £i 

al (1991)

5 3 13 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 + 

phr sphobacterin gave the the highest value both at flowering and harvest stages It 

may be noted that 50% P applied along with VAM and phosphobactenn recorded 

significantly higher uptake of mtrogen over 100% P applied alone Thus it is 

observed that the effect of microbes when applied together is very significant in 

increasing the uptake of mtrogen
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When we look into 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 is marked Among the microbial species 

tried VAM + phosphobacterm gave the significantly higher N uptake Subbian and 

Ramiah (1981) reported that phosphorus recorded N uptake m redgram Hegde 

and Saraf (1982) while studying the effect of inter cropping and P fertilization 

reported that in pigeon pea phosphorus significantly increased N concentration and 

uptake in plants The report of Negi and Thakur (1985) recorded that the uptake of 

mtrogen is increased by the application of phosphorus Srivastava and Verma 

(1990) also reported that N uptake was increased with phosphorus application In 

our trials also we have found that the treatments in question had given higher 

phosphorus availability than the control plots (Table-40) Here there is 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 

mtrogen with increasing levels of phosphorus might be due to positive influence on 

root development mtrogen fixation and high meristematic activity of plant which in 

turn resulted in greater accumulation of total dry matter and ultimately resulted in 

an increase in the uptake of mtrogen This finding is m agreement with the report of 

Subbian and Ramiah (1981) and Negi and Thakur (1985)

53  14 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 phosphobactenn gave the highest value at 30 DAS and at harvest 

whereas the treatment 100% P with VAM and phosphobactenn gave the highest 

value at flowering Here in addition to the effect of phosphorus the effect of 

combined application of VAM and phosphobactenn is 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 in increasing the P uptake 

is very much marked Among the microbes VAM + phosphobactenn gave the 

highest significant value The effect of these treatments in 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 e l al (1983) Hoque e l al (1984) Srivastava and Verma (1990) Jana e l al 

(1990) and Kaushik and Jain (1991) also reported the same The effect of microbes 

like VAM m increasing the P uptake has been reported by Rao e l al (1986) Habte 

and Manjunath (1987) Miranda el al (1984) Santhi el al (1988) and Azcon el 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





»  „ .. c uai dfiu 010 agents on pnospnorus 

dynamics in the red loam soils of southern Kerala, three field experiments were 

conducted during two seasons m 1992 The first experiment was on the effect of 

chemical desorbing amons the second on the effect of chelating agents and third on 

the e feet of microbial agents The summary of the firidmgs of these experiments 

are presented in this chapter

6 1 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 amons (No amon hydroxide carbonate and silicate) The summary of the 

findings of this experiment is presented in this section

6 1 1  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

6 1 ” Chemical properties of the soil

Chemical properties like C E 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 like C E  C total 

phosphorus content P fixing capacity and organic matter content did not show any 

significant response showing thereby that these characters were unaffected by the 

different treatment applications Other properties like pH and Nitrogen content
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were significantly influenced by the treatments showing thereby that the treatments 

had significant bearing on this character When both phosphorus levels and anipns 

had significant affect on pH of the soil N contents were affected only by the amon 

treatments

6 1 3  Available phosphorus content of the soil

Available phosphorus contents of the soil were studied before planting 30 

DAS and at harvest of the experiment Available phosphorus contents were 

significantly influenced by the treatments as well as the various factors at 30 DAS 

and at harvest of the experiment There was an increasing trend m this character 

from sowing to 30 DAS and decreased highly at the time of harvest Thus it was 

revealed that the treatments had significant influence on the available phosphorus 

content of the soil

6 1 4  Soil phosphorus fractions

Soil phosphorus fractioniwere studied during three stages of the experiment 

like before sowing at flowering and at harvest of the crop There were significant 

increase in the saloid P at flowering and till harvest There was corresponding 

decrease in the Al P Fe P and orgamc P contents of the soil The increase in the 

saloid P content was from the correspondmg decrease in the above soil P fractions

6 1 5  Leaf and leaf characters

Leaf and leaf characters like LAI LAR and LWR were studied at 30 DAS 

and during flowering stages There was significant increase in LAI at the time of 

flowenng only LAR showed decrease in the character during both stages showing 

there by that the leaf thickness was increased by the treatment applications There 

was no significant response in the LWR except at flowering during season II 

showing that there was more or less the same ratio between leaf and plant weight
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6 1 6  Number and weight of root nodules

There was significant increase in the number of no&ifes by the treatment 

application But the dry weight of nodules had no significant response showing that 

the size of nodules wefp increased when the nodule counts were decreased

6 1 7  Yield and yield components of cowpea

Yield components like number of pods per plant $ 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 

influenced by the treatments There was corresponding increase in the yield by the 

application of phosphorus and amon treatments Yields of haulm were also 

influenced by the amons and phosphorus applications

Among the treatments 50% P with carbonate amon gave {he significantly 

highest yield showing that 50% of the recommended P can be saved by the 

application of carbonate amon in the form of calcium carbonate Harvest index 

also showed corresponding increase in their values which was significant during 

seasion II only Protein content was also mcreased by the phosphorus applications 

as well as by the amons

6 1 8  Nitrogen and phosphorus uptake

Nitrogen and phosphorus uptake were mceased significantly 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 in all the 

stages studied This shows that 50% P with carbonate amon as calcium carbonate 

give the best results and hence can be recommended for adoption
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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 DTP A) Summary of the results of this 

experiment is presented in this section

6 2 1  Physical properties of the soil

Physical properties like bulk density water holding capacity and mean weight 

diameter were studied before sounng and at harvest of the experiment Bulk 

density increased from souring to harvest But there was no significant 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 apphcations But the response was not in the same 

manner during both seasons Mean weight diameter though increased from sowing 

to harvest there was no significant response with respect to various treatments at 

the time of harvest of the experiment

6 2 2 Chemical properties of the soil

Chemical properties of the soil like C E C pH Total N content total 

phosphorus content P fixing capacity and orgamc matter content were studied 

before and at harvest of the experiment C E  C eventhough increased from souring 

to harvest there was no significant difference between treaments, Showing thereby 

that this character is unaffected by the chelates as well as phosphates pH increased 

from sowing to harvest and showed significant response at the time of harvest Both 

phosphorus as well as chelates increased the pH of the soil significantly This 

showed that 50% P with EDTA gave the sigmficantlly highest pH of the soil The 

other characters such as total N content total P content P fixing capacity and

6 2 Experiment No 2 (Effect of chelating agents)
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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

6 2 3  Available phosphorus content of the soil

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 slightly 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 it is shown that the treatments had effect on the pH of the soil

6 2 1 Soil phosphorus fractions

Study of the soil phosphorus fractions was carried out during three stages of 

the experiment viz before sowing at flowering and at harvest Saloid P was 

significantly increased from sowing to flowering and till harvest There was no 

consequent reduction in Al P Fe P and organic P fractions There was no 

appreciable change in 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 flowering and the statistical difference between treatments was also 

significant on pooled analysis of the data

6 2 5 Leaf and leaf charcaters

Leaf characters like LAI LAR and LWR were studied at two stages le 30 DAS 

and at flowering Significant incerase in LAI was obtained only at flowering with 

resoect to fertilizer P and chelates Similarly 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 m all the stages

6 2 6 Nodule and nodule characters

Nodule and nodule charades were studied at two stages le 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

6 2 7 Yield and yield components of cowpea

Yield components like number of pods per plant number of seeds per pod 

hundred seed weight and pod length were studied during the experiment Among 

theje number of pods per plant only showed statistical significance None of the 

other characters showed response revealing thereby that only the pod number is 

affected by the various treatments 50% P with EDTA gave the maximum value 

showing the superiority of these treatment over others

Gram and haulm yield also showed significant 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 

significant response with respect to fetihser P and chelates and among the 

treatments tried 50% P with EDTA gave the highest significant value Thus the 

superiority of EDTA in enhancing the phosphorus availability is 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 maximum 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 m increasing the 

protein content of the cowpea grains

6 2 8 Nitrogen and phosphorus uptake of cowpea crop

N and P uptake of the cowpea crop were studied at 3 stages of the 

experiment le 30 DAS at flowering and at the time of harvest There was 

statistical difference in 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 50% P and EDTA gave the 

maximum response values This shows the superiority of EDTA m enhancing the 

P uptake and availability

6.3 Experiment 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 

microbial agents (No microbes VAM PB and VAM + PB) the summary of the 

findings m this experiment is presented in this section

6 3  1 Physical porperties of the soil

The soil physical properties like bulk density water holding capacity and 

mean weight diameter of the experimental sites were carried out before sowing and 

immediately after harvest of the experimental crop There was increase in the bulk 

density of the soil but significant increases could be observed only during the 

second season There were significant mceases m 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 in the case of water holding capacity and m 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 application of
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phosphorus and micro organisms The soil physical properties were only slightly 

improved by the treatments

6.3 2 Chemical properties of the soil
t

Chemical properties such a C E C  pH total Nitrogen t^al phosphorus 

P fixing capacity and organic matter content were studied before and immediately 

after harvest of the crop The C E C  of the soil was increased from sowing to 

harvest But the treatment differences were not significant The pH of the soil was 

decreased significantly by the treament applications Total nitrogen content of the 

soil was increased form sowing to harvest but the treatment difference was not 

statistically significant Total phosphorus content decreased from sowing to harvest 

But the treatment difference was not significant P fixing capacity remained almost 

the same without any significant difference between treatments Orgamc matter 

content has remained almost the same from sowing to harvest with the treatment 

difference showing no significant difference Thus it was revealed that soil chemical 

properties were unffected by the treatments like phosphorus levels and 

micro organisms

6 3 3 Available phosphorus content of the soil

The investigations 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 availability of phosphorus and their combined 

applications were the best for the crop under the study
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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 in the 

soloid P which is the soluble P fraction of the soil There were corresponding 

decreases m the Al P Ca P and organic P fractions which might have contributed to 

the increase m the saloid P content of the soil Other fractions did not show much 

variation The salod^P had significant increase Al P Ca P had significant decrease 

Organic P had reduction from sowing to flowering and till harvest But the 

treatment difference was not significant in the case of organic P

6.3 5 Leaf and leaf characters

Leaf and leaf characters like LAI LAR and LWR were studied in the present 

study LAI showed significant variation only at the time of flowering The 

treatment combination of 100% P with VAM and PB showed significantly highest 

value of LAI during the experiment The result was m the same manner in the case 

of individual factors also The LAR showed significant variation only at 30 DAS 

The treatment effect was in the reverse order showing thereby that the thickness of 

leaves were increased by the phosphorus availability Leaf Area Ratio was highest 

m the control plots showed that phosphorus is essential for the proper thickness of 

the leaves In the case of leaf weight ratios there was no significant influence with 

respect to various treatment which shows that the ratio of the leaf weight and plant 

weight has remained the same even under various treatments

6 3  6 Number and weight of nodules

There was no significant difference m the nodule number under various 

treatments But there was decline in 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

63  4 Soil phosphorus fractions
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showed that the nodule characters are not influenced by the phosphorus levels as 

well as by the microbial applications

6 3 7 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 in 50% P with VAM and PB applied 

together On individual factor analysis 100% P and VAM + PB recorded highest 

values This showed that the interaction effect was also significant The grain and 

haulm yield also showed the same trend as observed in 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 ideal treatment for getting 

maximum yield of cowpea and that 50% P with VAM and PB was the ideal 

treatment for getting maximum yield

Harvest index showed significant response only in the case of season II 

whereas in the case of season I no such significant responses were observed The 

highest harvest mdex was observed m the case of 100% P with PB m the seaon II 

which is close to 100% P with VAM and PB On individual factors 100% P and 

VAM + PB recorded the highest harvest index showing the superiority of this 

character The protein context was also in the positive order oijthe treatments with 

significant response 100% P with VAM + PB recorded the highest significant 

value This showed that phosphorus has a positive role m increasing the protein 

content of grains

6 3 8 Nitrogen and phosphorus uptake of cowpea

Nitrogen and phosphorus uptake of cowpea were studied during 3 stages of 

the experiment viz 30 DAS at flowenng 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 significant value 

indicating that 50% P with VAM and PB is 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 is under consideration

It is recommended that only 50% dose of the recommended P is required 

when carbonate amon m the form of calcium carbonate @ 400 Kg ha 1 is applied 

basally and incorporated m the soil Alternately EDTA solution at 10 4M 

concentration @ 50 ml per pe rplant 10 days after germination and repeated at 10 

days interval for a total of five apphcations for cowpea or treating with 

phosphobacterin and VAM mnoculation will save 50% of the recommended 

phosphorus for cowpea crops grown in red loam soils of southern Kerala
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APPEN D IX - 1
Weather data (weeklv mean) for the experimental periods (Season 1)

Temperature (°C) Relative humidity (%) Total rainfall Number of Sunshire 

Maximum Minimum F N AN (mm) ramy days hours

day 1

31 1 23 6 92 3 717 199 5 34

29 2 23 2 927 781 428 7 16

301 24 8 91 1 781 65 4 40

30 0 25 1 89 0 75 0 0 0 58

30 3 24 2 86 7 76 6 29 5 53

29 3 23 1 904 801 83 3 47

29 1 22 9 910 771 78 4 41

301 22 9 904 72 3 17 2 53

28 7 22 4 89 3 87 7 42 4 30

28 9 23 1 92 0 82 7 10 1 39

29 0 23 8 921 791 15 2 38

29 6 23 7 90 4 7j 9 3 1 7 1

29 5 23 4 91 1 77 3 27 2 5 1
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Temperature (oC) Relative huTLdity (%) Total rainfall Number of Sunshire 

Maximum Minium FN A.N (mm) rainy day1; houis

A P P E N D I X  I I
u - n for the experimenMl neriods (bedsoi i

day 1
30 2 22 5 901 76 0 155 5 26
29 3 22 7 91 1 777 189 4 30
29 6 23 8 92 7 74 3 3 1 62
29 8 23 6 89 9 73 6 6 1 80
28 5 22 7 90 6 83 1 60 1 73
29 0 23 1 89 3 70 0 5 2 50
29 1 22 9 92 7 79 7 253 5 3 1
30 6 23 3 93 7 74 6 12 1 47
30 8 22 9 913 66 0 10 1 55
30 5 22 0 83 0 67 3 12 1 75
30 3 22 2 89 4 64 6 0 0 46
31 1 22 4 91 3 73 0 4 1 68



APPENDIX III 

CALENDER OF OPERATIONS

A. Experiment No I (P desorbing anions)

SEASON I

18 5 92 Layout and applying desorbing anions
I 6 92 Application of chemical fertilizers and planting
18 6 92 Thinning and weeding
21 6 92 Top dressing and earthing up
30 6 92 I sampling of plants & soil
3 7 92 Spaying insecticide and fungicide
18 7 92 II sampling of soil and plants at flowering
II 8 92 Removing border plants for harvesting
13 8 92 Taking observations and I harvesting of dry pods
22 8 92 Taking observations and harvesting of drypods
31 8 92 Taking observations and final harvest of gram and haulms and

collection of soil and plant samples

SEASON n

21 9 92 Layout and applying desorbing anions and digging and incorporating
3 10 92 Apphcation of chemical fertilizers and planting cowpea
20 10 92 Rectifying channels and bunds thinning and weeding of plots
23 10 92 top dressing and earthing up
29 10 92 Clearing around experimental plots
3 11 92 Sampling of cowpea plant and soil
9 11 92 Spraying fmgicide and insecticide
18 11 9̂  Sampling of cowpea and soils at flowering
20 11 97 Spraying fungicide and insecticide



1 12 92 Spraying fingicide and insecticide
9 12 92 Applying insecticide taking observations and harvesting dry cowpea

pods
16 12 92 Taking observations and harvesting and transporting cowpea pods
23 12 92 Final harvesting of cowpea pods and haulms and collection of soil

and plant samples

B. Experiment No 2 (Effect of chelating agents)

SEASON I

18 5 92 Layout and digging the experimental plots
I 6 92 Applications of chemical fertilizers and planting
10 6 92 Application of chelates
18 6 92 Thinning and weeding of plots
20 6 92 Application of chelates
21 6 92 Top dressing and earthing up
30 6 92 Application of chelates first sampling of soil and plants
3 7 92 Spraying insecticide and fingicide
10 7 92 Application of chelates
18 7 92 Second sampling of plants and soil at flowering
20 7 92 Application of chelates
II 8 92 Removing border plants for harvesting
13 8 92 Taking observations and harvesting of dry pods
22 8 92 Taking observations and harvesting of dry pods
31 8 92 Taking observations and final harvesting of cowpea grains and haulms

and collection of soil and plant samples

SEASON II

219 9? 
3 10 9.;.

Layout and digging of plots
Application of chemical fertilizer and planting of cowpea



X X X

13 10 92 Application of chelates
20 10 92 Rectifying channels and bunds thinnin^and weeding of plots
23 10 92 Top dressing and earthing up and application of chelates
29 10 92 Cleaning around experimental plots
3 11 92 First sampling of cowpea plant and soil and application of chelates
9 1192 Spraying fungicide and insecticide
13 1192 Application of chelates
18 11 92 Sampling of cowpea and soils at flowering
20 11 92 Spraying fungicide and insecticide
23 11 92 Application of chelates
1 12 92 Spraying fungicidtand insecticide
9 12 92 Applying insecticide taking observations and harvesting diy

cowpea pods
16 12 92 Taking observations and harvesting dry cowpea pols
23 12 92 Taking observations final harvesting of dry cowpea pods and haulms

and collection of soil and plant samples

C Experiment No.3 (Effect of microbial agents)

SEASON - 1

18 5 92 Layout and digging the experimental plots
16 92 Application of chemical fertilizers and planting and applying

inoculants
18 6 92 Thinning and weeding of plots
21 6 9z Top dressing and earthing up
30 6 92 First sampling of soil and plants
3 7 92 Spraying insecticide and fungicide
18 7 92 Second sampling of plants and soil at flowering
118 92 Removing border plants for harvesting
13 8 92 Taking observations and harvesting of dry pods



22 8 92
318 92

219 92
3 10 92

20 10 92
23 10 92
29 10 92
3 1192
9 11 92
18 11 9">
20 11 92
1 12 92
9 12 92

16 12 92
23 12 92

XXXI

Taking observations and harvesting dry pods
Taking observation and final harvesting of cowpea grain and haulms
and collection of soil and plant samples

SEASON n

Layout and digging plots
Application of chemical fertilizer and planting of cowpea inoculated 
with microbes
Rectifying channels and bunds thinning and weeding of plots
Top dressing and earthing up
Cleaning around expenmental plots
First sampling of cowpea plant and soil
Spraying fungicide and insecticide
Sampling of cowpea and soils at flowering
Spraying fungicide and insecticide
Spraying fungicide and insecticide
Applying insecticide taking observations and harvesting of dry 
cowpea pods
Taking observations and harvesting dry cowpea pods
Taking observations final harvesting of dry cowpea pods and haulms
and collection of soil and plant samples



APPENDIX IV

Economics of P desorbing amons on the yield and net profit of cowpea (area 1 ha)

Treatment Cost of 
fertilizer P 

Rs

Cost of 
Chemical 

Rs

Labour cost 

Rs

Common 
Cultivation Cost 

Rs

Total Cost 

Rs

Return from 
Cowpea (R s)
(a) Rs 15 per Ke

Net Profit 
Rs

TI 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

T5 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
T il 162 520 160 5638 6480 13860 7380
T12 162 6000 160 5638 11960 13545 1585
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APPENDIX- V 

CORRIGENDUM

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 
chemical and bio agents on phosphorus dynamics m the red loam soils of Southern 

Kerala

In the expenmnet No 1 four treatments such as no anions hydroxide 
carbonate and silicate were tested under three levels of phpsphorus such as no 
phosphorus 50% phosphorus and 100% phosphorus From the study it was 

revealed that carbonates have more desorbing power for phosphorus than the other 

anions tested These were reflected in the yield and yield attributes available 
phosphorus content of the soil soil phosphorus fractions nitrogen and phosphorus 

uptake of plants Among the combinations carbonate anion 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 The'e were reflected in 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 m the yield 
attributes 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


