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INTRODUCTION 

Phosphorus is one of the major plant food nutrients 
essential for plant growth .. According to Tamboli and Mishra 
(196~),Kriehnamurthy (1963), Ghosh (1963), Sirur (1963) and 
others, it is most limiting nutr~ent element in crop produc­
tion. McKelvey et al (1953) celled it the "bottleneck of the 
VJords hunger".. This is true for large parts of our country 
for most of Indian soils are generally low in available phos­
phorus. Sanchelli (1961) is of tpe opinion that India is not 
over populated: it is rEther under fertilized and chemical 

-fertilizers offer the surest and the quickest way to in­
crease food p~oduction. 

"-
Phosphates among the phosphatic fertilizers may be 

grouped into three main classes, based on solubility (l)water 
soluble (2) Water-insoluble and (3) a mixture of both the 
forms in different proportions. The sum of chemically deter­
mined "'ater-soluble and ammonium c1 trate soluble phosphates 
in a phosphatic fertilizer can be consid~red a' valid meas,uree 
of the nutrient value of such fertilizer.. This sum l.s common­
ly termed "available phosphate" and very frequ~ntry ~is wrrtten 

, , 

simply as A .P.A. (Available phosphoric acid). All these solu-
ble forms are ionized in which condition it is assimilated by 
plants and the entire phosphate fertili~e.r industry is based 
Qn the t~an8formatio~ of phosphates to ionizable forms. 

Till recently India was producing superphosphate which 
contains phosphoric acid chiefly in water soluble monocalcium 
phosphate form. Due to shortage of sulphur and high cost for 
importing high quality rockphosphate, the fertilizer industry 
is ~hifting gradually towards the production of phosphatic 
fertilizers which avoid their use. A a auch several new types 
of fertilizers like dicalciumphosphate and fertilizer mixtures 
like ammonium phosphates and nitrophosphates are being manu­
factured. As these fertilizers have different grades of solu­
bility their agronomic value in terms of solubility has got to 
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be evaluoted for major crops of our country in different re­
gione. 

India's official ~olicy is to become sel£sufficient in 
food grains. As rice is the main food crop of Andhra ?rsdesh 
~nd the chief food grain of our country, boosting up its pro­
duction means becoming more and more selfsufficient. Keeping 
in view its significance this crop is selected for the present 
study so that the ,problem would be of greeter econemic utility. 
A uniform dose of nitrogen as per the regional recommendation 
for this crop has been applied so that limitation of this nutrie­
nt should not interfere with phosph~te availability. 

The main objective of the present study is to evaluate 
the efficiency of utilization ot, nutrient phosphorus supplied 
in varying degrees of solubility_ For this purpose a pot cul­
ture experiment with rice ae a crop was undertaken using the 
two typical soils of Telengana Region of Andbra Pradesh (red 
chalks end black eoil). In these experiments water-soluble 
phosphorus was supplied as superphoBph~te and the citrate­
soluble form as dicalciumphosphate. These eubetonces were 
used individually as well as in mixtures to provide varying 
degrees of water and citrate solubility. 

Incidently the use of both superphosphate and dicalcium­
phosphate has also provided an opportunity to asses and compare 
their relative agronomic efficiency. 
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REVIEY. OF LITERATURE 

T"he task of reviewing the vest literature which hes 
eccumulated from 9 vast amount of laboratory, green house 
end field experiments throughout the world is formidable. 

~ 

However en attempt 1e made to vade into the heap of material 
to reacb into the kernsl of the metter. 

Review of literature bas been broadly classified into 
two parte.- The first pert deale with briefly the fundamental 
concept of availability end available -forms, soil plant rela­
tionship with regard to phosphate fertilization and ~ith res­
tricted limitations of our current kno'aledge. the behaviour of 
~bosphatic fertilizers when placeq in sOil. The properties of 
few important fertilizers end their pe r1'ormances on Indian soils 
are also discussed from the point of view of choice of ~hosphe­
tic fertilizers of different eolubilities. As nitrogen is the 
chie! element in plant nutrition and hae importDnt role in phos­
phorus uptake and e nitrogenous fertiliser too is used in the 
experiment. this aspect is also revie\'Wed briefly. 'lhe second 
pert will review. within the scope of this survey (~hicb is 
necessarily limited) many of the published data on experiments 
which have been conducted in India and eleev.,here on the subject 
of efficiency of utilization by plante of the different forme 
of available phosphorus in fertilizers and the relative effi­
ciency of dicelciumpbosphate end superphosphate. 

According to De (1963) tlone of the importent reason for 
the existence of a large number of literature on the behaviour 
of phosphates in tbe realm of agriculture is its availability 
ae effected by its fixation when applied to eoile. Unquestion­
ably it is 'tihia aspect of study that hes filled up most 01' the 

cells of the ryotic honeycomb literature of phoepbetes n • Avail­
able phosphorue is that form of phosphorus which plants can 
absorb. This includes both water and citrate soluble forms. 
Tbe soils manifest great variations in quantity of available 
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P20" which ranges from .0.1 to 21 mgo.per 100 gr. of 80il. 
The extremely clayey 00110 ore poor in phoephete availability 
regardless of the tact tbat they oont~1n 8 high totel P~5. 
ResQlta obtained eo far by the Indian workers in the field ot 
fixation end sV$ilob111ty of P20; %Gveeled, tbut only about 
20% of the P20; added through pbos~batic fertilizers ie taken 
up b7 plDnts, the ~.et being fixed in the soil end for further 
economicel 1'1elda fresh eppllcetion of phoephDte fertilizers 
are .asential.of the vor1Cus fectors present in the eOils,cla7 
mineral., v8~1oU8 hydrouaox1dee eapec1al17 iron and slimin1um 
and lime ere the important contributors in effect1ng the 8vail­
vb!l! ty of phoaphe.t1c fertilize:r8. 

According to Olsen (1953)."slkaline calcareons soils ~h1c,h 
B~e rioh in O&eo, have depressing effect on tbe ebsorptio~ of 
phosphorus b~ plante, due to decreosed solubility or pboepho:ru8 
in 8011 and due to the ten.dene," of oseo, to mtJintc.1n 8 high pH. 

According to Arnon (195') some inVestigators l1ke Bingbem 
t.ried to cOl!relate the 8veilobilit;y of pbosj..ho.cu.o to ~.lfJnte in 
the displaced 8011 solution. 

AS oxpor1laenta wi tb rice ore conducted unde.J: Vietor ..J.oG~Gd 
conditions, a study of the evailob1lity 0: phoe~hote in ouch 
soil i8 noc.aa~ry 81 tbece conditions ere not envlogus to that 
of upland 8011. Japanese work in thio line revealed that phoa­
phoruG availability 1nc~eaees due to the reduction of iron from 
.ferric to ter~ous state. ACcol'dins to Ghosh (19;6) tbe work 
conducted in this regard at Oontral Rice Research Institute, 
Outtack. geve eim1lor results. Besides the intensity of' stand­
inG water under water-logged conditions 1ncreosed avsilability 
of phosphate .. 

AccordLng to Dean end Fried (1953) toe absorption of 
phosphorus by plont8 is tbo result of s multiplicity of pro­
coeses taking place in the plant. in the eoil and at the l:oot 
eurfacee or 1ntertec1al boundaries and soil plant relationsbip 
dependa upon the 1nte:rdependence of these factors. When the 
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soil IP' supply is a limiting factor in plant growth, in­
creased doses of phosphate fertilizer added to the soil will 
result in the increased yield of dry metter. 

According to Barbier (1959) the phosphorus compounds in 
soil all stem from orthophospharic 'acid generally called phos­
phoric aqid. This is a triacid, H3P04 which forme with basis 
three kinds of phosphates~corresponding to the ions 

In aqueous solutions it is supposed that each phosphate 
ion is continually passing from one form to the other,dep'en­
ding upon pH and the first two forms dominate in equal propor-
tions at pH 7.0. 

Plants absorb phosphates from soil solution in the form -of HP04-' and H2Po4-. Hydroxyl ions (OH) formed by diSSOCiation 
of water,successfully compete with the phosphatic ions in en­
tering the plant roots and therefore the more abundent the con­
centration of hydroxyle, the less the uptake of phosphate. 
Under alkaline condition hydroxyl ions dominate and this is the 
reason why a given crop in alkaline soils may require say 300 
lbs per acre of available phosphorus, whereas the same crop 
grown on an acid soil may require 30 Ibs of P20 S per acre 
(Sauchelli 1960). 

According to Tisdale and Rucker (1964) the effectiveness 
of a phosphatic fertilizer for 1ncr~asing crop yield is depen­
dent primarily on three factors (1) 'the nature of the crop 
(2) the soil and climatic conditions under which the crop is 
grown (3) the chemicel end the physical properties of the ferti 
-lizer used and the rate and method of application. A brief 
description of these factors and their relationship with the 
solubility aspect of phosphatiC fertilizers are discussed below. 

The factors associated with a crop and influence its 
response to di££erent phosphatic £erti1izers inc1ude (1) ~he 
nature o£ p~ant with due consideration to the type and extent 
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of root system (Plants with restricted root systems like 
potatoes and certain vegetables are responsive to application 
of highly water-soluble phosphates. (2) The time required for 
the plants to reach maturity (short duration and faet growing 
crops give greater response to water-soluble phosphates and 
vice versa). 

The various factors which may effect crop response to 
different phosphates are: 

(1) 

degree of 
form.) 

(ii) 

Soil uexture - (It has pronounced effect on the 
conversion of soluble phosphates to leee soluble 

80il reaction (pH) and amount of free calcium-
carbonate present. 

(iii) Amounts of hydrousox ides of iron. and alumminium 
present. 

(iv) Degree of phosphate saturation of soil (the effect 
of water-solubility of the fertilizer phosphorus becomes less 
pronounced if available phosphorus is already present in the 
soil to meet the minimum reqUirements). 

(v) Temperature (low temperature lowers metabolic acti­
Vity and reflects in poor root growth resulting in 'P' defe­
ciency symptoms. High water solubility gives better perfor­
mance) •. 

(vi) B01l moisture ...; (with higher moieture content the 
movement of water-soluble phosphate out of granule is more) 

The chemical and physical properties of the phosphatic 
fertilizers and their solubility aspect has been covered 
Qriefly in the following pages. Phosphatee may be grouped in 
four classes based on their solubility. 

(1) Water-solubles: This group consists of almoet all 
completely water-soluble materials made up largely of com­
pounde such as monocalciumpbosphates end emmoniumphoephatee. 

(2) Citrate solubles: Phe specifications 01' citrBte 
so.zutiO.Z2S ver,;y -ODS countries; in some countries 2.:1ke U.S.A,. 
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it is neutral ammonium citrate solution; in other countries 
it is alkaline ammonium citrate aolution~ in still others, it 
is cit'ricacid of uauall;r 2% strength. l't is import811:L tllt:ra­
fore to clearly state the particular solution that is used,since 
the degree of aolubili ty of ph,os:phote will vtJry with the kind of 
solution emploY'ed~ Examples ot this group axe dicalaiumphoepbate 
and calciummetaphosphat~. 

(3) Citrate ineolubles: This group will contain the phos­
phates known as apatites: unprooessed phosphate rock; hydroxyl 
apatite; tricalciumpho~phate. 

(4) Some investigators have set up a fourth group compri­
sing t in a way, a sub-group~f the solubility categorYi namely 
those solid mixed fertilizers, in which the phosphate is present 
largely as. a mixture of ammoniumphosphate (water-soluble) and 
dicalciumphoephate (citrate-soluble). 

Nutrient contents of the phosphatic fertilizers available 
in our country is given 1n the table below: 

NUTRIENT CONTENTS OF PHOSPHATIC FERTILIZERS 
(E::preseed as percentages) 

Fertilizer 

1 

Single superphosphate 
Triple superphosphate 
Dicalciumphcsphate 
Kotka phosphate 
Calcium metaphosphate 
Fused magneeiumphos-

phate. 
Defluorinated rock­
phosphate(by.calci­

nation 
Defluorinated rock­
phosphate(by fusion) 

2 

16., 
40.0 
34.0 
25.0 
6:;.0 

22.5 

21.0 

Oi trate VIater 
soluble soluble 
P20 , P20, 

3 

16.5 
40.0 
34.0 
16.0 
6,.0 

19.0 

18.0 

22.3 

4 

16.0 
40.0 
Nil. 
8.0 
1:iil 

Nil 

Nil 

11i1. 

..., ............... 
Ammo N1t­

Total niB rate 
N cal N 

N , 6 7 



G-ontinued: 

1 

Rock phosphate 

Basic slag (Bessemer) 

Basic slag(Indian) 

Mono-ammonium phos­
phate(Ammo.phoe.A) 
Ammo.phos~ 

Ammonium phosphate­
sulphate 
Ni tro-phosphate 

(ODDA) 

N1trophoephete (FEe) 

Bone-meal (raw) 

Bone-mea1(eteamed) 

Ammoniated super­
phosphate\ord1nary) 

/: 

Potassium metaphos-

2 

27.0-
35.0 
15.0-
lB.O 
2.5-
7.5 

3 

1.5-
3.5 ~ 

13.5-
16.5 
2.0-
6.5 

48.0 48.0 
20.0 20,.0 

20.0 20 .. 0 

20.0 10.0 
14.0 14.0 
20.0- B.O 
25.0 

22.0 16.0 

14.0- 13.0-
20.0- 1.9.0 

, 

phate. 60.1 57.0-
60.0 

- - ..... __ ...... ~ 

4 

Nil. 

Nil. 

Nil. 

48.0 

20.0 

20.0 

10.0 

Nil 
Nil 

Nil 

Nil 

8 

5 6 

11.0 11.0 

16.0 16.0 

7 

20.0 12.0 8.0 

16.0 8.0 8.0 

3.0- Nil Nil 
4.0 

1.0- Nil Nil 
2.0 

2.0- Nil Nil 
5.0 

Source J.Soc.of Soil Sci.Volume II No.2 June 1963 

Description 9f a few important single and mixed phos­
phatic fertilizers is given below: 

Sins!e superphosphate: It is the most ~idely used 
phosphatic fertilizer in India. It is manufactured largely 
by treating ground phosphate rock with almost equal weight 
of sulphuric;: acid which produces a brownish grey mixture 
containing monocalciumphoephate and ce1ciumaulphate '(Gypsum) 
in practically equal quantities. It has been found to be 
agronomically auitable for all field crops in all parts of 
the country. except in humid ereas with acid s011s. The 
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licenced capacity for p~oduction of superphosphate forms 
approximately ll{)% in terms of' P205 of all phosphatic ferti­
lizers (F.A.I .. 1962-'63). 

picalciumph05phete; It is u~ually produced by the 
action of Hcl on natural rock phosphate. A recent method of 
manufacture developed at the 'IVA Labs consists of treating 
phcsphote rock with HN03 ", This yields calCium. nit.rate and 
phospboric acid, which is then heated with BIIlII10nie to give 
dicalciumphospbate and further processed to recover the 
nitrate as ammonium nitrate. i11thot).gh dica!e:i.umphosphate is 

• 

a citrate-soluble fertilizer, recent experiments have shown 
that it is equally effective on, ~~oils of aCial.c, neutral and 
alkaline reactions. It is normally equal or superior to mono­
calciumphospbate in acid end neutr61 soils snd eleo for arope 
grown in alkaline soils provided their growth period is of 
sufficient length. Dicalciumphosphate posseeee speCial proper­
ties. In the soil the rate of intercoDversion which lowers 
the fertilizing value is much slower. Besides it is neutral 
and remains a free flowin~ powder for a long time, the pre­
sence of flouride does not effect the citrate solubility in 
storage (low graue phos~h8tic rock cen be used) and being 
concentrated f'orm renders, economy in transport. .A brief re­
view of its agronomic trials is given in part-II. The licenced 
capacity of this £ertilizer in India is 34,000 tons ae on 
31st July 1963 (F.A.I. 1962-'63). 

Ammonium phosphate: It is usually manufactured by 
addition of ammollia to phosphoric acid in correct amounts 
neceasaxy to secure the desired grede. Amophos is the trade 
name for commercictl monoammoniumphosphate, either alone 
(Amophos 'A') or mixed ~ith varying amounts of ammoniumsul­
phate (Amophos 'B') to give different tN' to P20 5 ratios. 
Both these forms are slightly acidic to neutral in reaction 
and posses excellent physical properties_ The production of 
ammoniumphosphate is increasing rapidly as the agronomic and 
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economic advantages of this material become more apparent. 
The present installed capacity in production. is 3,350 tons of 
P205 and the total capacity including the licenced and yet to 
go on production would come to neariy 2,50,000 tons P20'5 re­
presen.ting about half of ehe total P205 to be produced in 
India (Raichandhri 1963). 

Nitrophosphate: This fertilizer is obtained by the de­
composition of roc~ phosphate by nitricacid either by ODD! 
process or PEe process. The citrate soluble phosphate in these 
fertilizers is in dicalciumphosphete form. Experiments with 
this fertilizer under Indian con~tions are in progress. A very 
brief review of. its agronomic trialS is given in part II. 

As fertilizer mixtures like amophos and nitrophosphate 
are gaining popularity it is expected that production in India 
as it is elsewhere will be mostly in the form of complex ferti­
lizers. 

Optimum response will not be obtained from an applied 
phosphatic fertilizer whether water-soluble or water-insoluble 
unless adequate quantities of the other plant food nutrients 
are present. According to Tamboli and M1a~a (1963) nitrogen 
is the primary limitipg factor for crop production. Consequently 
nitrogen defeciency exerts a particularly marked effect on crop 
yields. Gericke et al in the year (1952) reported that cereal 
yields on soils adequately supplied with N a.nd K increased as 
the content of easily soluble P205 increased. Increasing easily 
soluble P205 content from 0.4 mg. to over 8 mg. per 100 gr. of 
soil increased cereal yields by atleast 25%-

As there are no 80i1 forming minerals containing nitro­
gen and most of our soils ere poor in organic matter,the natural 
nitrogen reserve.supply of nitrogen in the form of inorganic 
or organic fertilizers is essential. This view has been con­
firmed by extensive trials in our country in wbich universal 
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response fo~ nitrogen has been recorded and it is proved that 
defeciency of this nutrient determined the level of yield. 
According to Jecob (1960) practically the only combinations of 
nitrogen present in sOil, or adde4 to the soil, which are uti­
lized by plant are ammonia ond nitrate. In rice cultivation, 
fertilizers containing .am:pnia .radicals have generally proved 
superior to those containing nitrates because there is denger 
of denitrification and consequent loss of tN'. Among the 
ammonical nitrogenous fertilizers sulphate of a~nia has given 
better performance and is most extensively used. 

Field trials have been ·carried out with dicalciumphos­
phate by the Indian Council of Agricultural Resea.rch; on non­
acid sOils at Delhi and on calcareous soils (36% caco,) at 
Pusa (Bihar) using superphosphate for comparison. In Delhi 
dicalc1umphosphate applied with ammoniumsulphete to rice crop 
increased the yield by 32 percent over ammoniumsulphete alone 
as against 24~6 with superphosphate Anonymous (1956). 

Hagin in the year (1958) reported th&t addition of ammo­
niumsulphate with dicalciumphosphate had no appreciable effect 
on evailability of ·P'. 

According to Bixby et a1 (1964) the ammonium form of 
nitrogen as found in the complex fertilizers like ammonium­
phosphates is not subject to immediate leacing as is the nitrate 
form. It is particularly suitable on soils subject to severe 
leaching conditions, such as sandy soils in high rainfall areas. 
Ammonia e&& nitrogen also may be prefered for use on calcareous 
soils as it is converted by bacseria into nitric acid which in 
turn lowers the soil pH. 

Thus it may be concluded that nitrogen has an important 
role in the uptake of phosphate by plants and the ammonica1 
form preferably as ammoniumsulphate is more suited to rice 
crop. 



PART-II 
(A) EFFICIENCY OF UTILISATION OF DIFFERENT FORMS OF 

FERTILIZ~~ PHOSPHORUS: 

12 

This review is based on the g~eat volume of experi­
mental w.ork which has been performed by numerous workers 
over a period of years. References to the publications re­
lating to this work are contained in bibliography. Summaries 
of some of the more significant findings on efficiency of 
available phosphorus in fertilizers is given below: 

Wurston in the year (1948) reported that when 100 Ibs 
per acre of water-soluble phoSp~8te is added to a calcareous 

'. 
soil its availability is reduced in 24 hrs by 22-25 lbs per 
acre; after which a relatively constant level of availability 
is maintained. The availability of citrate-soluble form is 
much less, but it is subsequently available to succeeding crops. 
The so called P fixation in these soils is not as significant 
8S in acid soils. Water-soluble phosphates are most advanta­
geous as side dressings to growing crops. 

Rogers 1n the year (1951) summarise the results of 
numerous field trials in which various nitrophosphetes with 
varying degrees of water solubility were evaluated on generally 
8cid s011s, on crops like corn, small grains end cotton. Water 
solubility greater than 10 percent of the contained phosphate 
was not as important a factor in increasing yields of these 
three crops as under South-eastern U.S.conditions. Limited 
tests on alkaline soils revealed that nitrophosphates of low 
water solubility were less effective, than highly water-soluble 
concentrated superphosphate. It wes elso observed that water 
solubility probably was more important on SOils extremely 
defecient in nLtricphosphates •. 

Tromel in the year (1951) reported that except for apa­
tite the different phosphates have practically the same ferti­
lizing effect and water-soluble and insoluble P differ in ~e-
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act:lon velocity only. Phosphatic fertili~er 1.6 suitable if 
at equilibrium it .releasee an adequate concentration of phos­
phate ions in the soil solution. The degree of concentration 
of phosphate depends on the type of 80il and the applied ferti-

• 
lizerg 

Speer at al in the year (1951) conducted a pot culture 
experiment with 11 fertilizers labelled with ~2 using Houston 
clay (pH 8.1) end a Sesquihenne sandy loam (pH 6.0). They 
concluded that yields generally were proportional to the degree 
of water-solubility of the phosphorus carrier on the alkaline 
Houston s·o11. However the differences due to water eolubili.ty 
were much less pronounced on the ,~l1gbtly acid Sesquihenna eoils. 

Martin et a1 in the year (1953) reported the results of 
pot culture experiment conducted with lettuce on some alkaline 
and acid California eoils. On the acid. soil grov~th was inde­
pendent of water solubility of the phosphorus carrier, whereas 
the growth was proportional to the degree of water solubility 
in elkaline soils. 

Bennett et al in the year (1954) summarises of five years 
study on the efficiency of different sources of phosphatic 
fertilizers on le gUlllGS and grasses. Most soluble forme of phos­
phatiC !ertili~ere increased yields o£ dry matter significontly. 

Strostka et al in the yeer (1955) reported that nitro­
phosphates with less than 10 percent of their phosphorus con­
tent .in a water soluble form were lees effective than those 
~ith a higher degree of water solubility when judged on the 
basis of crop yields and phosphorus uptake. 

Webb in the year (1955) reported the result of three 
years field trial showing the relative value of phosphatic 
fertilizers on maize. He concluded that the response to 
added fertilizer was greatly decreased if the fraction pre­
sent in the w~ter .soluble form was lese than 40 percent. ~ebb 
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also confirm by field and green house tests with oats, that 
water eolubility of the contained phosphate was more impor­
tant on alkaline than on acid soils. 

~ 

Dement et al in the year (1956) reported on the basis 
of green house end field trials over 8 period of three years 
with several nitrophosphates on acid soils. It was concluded 
that with long season crops grown on acid SOils, the degree 
of water solubility of tpe contained phosphorus was of minor 
importance. Where small grains, such as wheat or oats were 
to be used as forage crops, however, materials with a higher 
proportion of water soluble phos~horus were more effective in 
increasing yields. 

Olsen at al in the year (1956) working on the availabi­
lity of phosphate on small grains and clover summarised the 
result of five years field trial that high degree of water 
solubility in phosphatiC fertilizers was much more effective 
than low degree of water solubility. 

Barbier et al in the year (1957) reported that isotopic 
study on the solubility of phosphatiC fertilizers indicate 
that the amount of tp, dissolved from an excess of phosphate 
increase with the, fixing capacity of soil colloids, explaining 
the greeter efficiency of difficulty soluble phosphatee in clay 
than in sandy soile. 

Norland et al in the year (1957) conducted experiments 
with fertilizer containing varied percentages of water soluble 
Ip. on corn and vetch in green house pot tests with a obester 
soil limed to a pH of 6.5. Fertilizers used were laboratory 
prepared nitrophosphates adjusted to 5, 10, 20 and 40 percent 
water solubility and emmoniumphosphate and triple superphos­
phate of 100 and 92 percent water solubility respectively. 
They found that increasing proportions of water soluble 'P' 
resulted in significantly greater yield and 'P' uptake. 
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Scharpenseel and Concepcion in the year (i957) investi­
gated the plant availability of phosphate fertilizers in tro­
pical soils. utilizing P32 they showed that reversion of 'P' 
in insoluble forms was rapid and no significant differences 
in the solubility of phosphates remained three weeks after 
application. The citricacid solubility of dicalcium phosphate 
tended to persist slightly longer than of water soluble phos­
phates. The 'Pi uptake of rice and maize plants in the differ­
ent soils indicated that water soluble phosphates are more 
suitable for low land soils rich in clay than the citric acid 
soluble dicalciumphosphate is, the latter being more effective 
in deep brown and red upland soils containing high levels of 
humus and sesquioxide. " 

Scharpenseel and Concepcion in the same year further 
stUdied on the availability to plants of phosphatic fertili­
zers. The Phillipine soils under study were (1) shallow. 
heavy clay loams t moderate or low nutrients (2) low land soil 
rich in clay and silt, and (3) deep red brown. upland soil rich 
in humus and sesquioxides. It was noticed that the decrease 
in IP' soluble in citric acid in dicalciumphosphate was not 
very different from that of water soluble 'PI in superphosphate 
and monoammoniumphosphate although soils (2) and (3) maintained 
citric acid solubility rather longer than the water soluble 
IP'. Analysis of rice and maize indicated that citric acid 
soluble 'PI was as available as or more available than water 
soluble 'P' type on (3) soils but less available than water­
soluble form on type (1) soil. 

~ebb and Pesek in the year (1958) reported on the re­
sults of 20 field experiments conducted in Iowa on different 
silt loam and silt clay loam. soils (PH.5.3-8) of low 'P' 
availabilities. PhosphatiC fertilizers of 0-100% water 
solubility were applied in the nill to corn at planting time. 
As estimated by the yield response, there was a consistant 
increase in fertilizer efficiency with increasing water 
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solubility, uneffected by other properties of the fertilizers 
or by the soil pH, possibly due to high concentration of 'p' 
obtained in the fertilized zone by the localized placement. 
The largest increase in fertilizer efficiency per unit in­
crease in water-soluble 'p' occured~at the lower part of the 
solubility scale, but the effectiveness of the fertilizer ten­
ded to decrease rapidly if their water-soluble 'pt content was 
60%. The response to increased 'P' solubility was particularly 
marked in the early stages of growth and a test using p32 

labelled fertilizer indicated that fertilizer tp' in the plant 
significantly increased with ip.creasing water solubility of 
the fertilizer w~thout any marked effect on the total 'P' con­
centration in leaves at silking ~ime. 

Terman in the year (1958) reported that water-insoluble 
phosphates are lees available to crope on alkaline soils thaD 
are water-soluble phosphates. On acid to neutral SOils 'P' 
availability in water insoluble material increases with dec~ 
rease in particle size. 

Bouldin and Sample in the year (1959) studied the up-
take of phosphorus from highly water soluble phosphatiC materials 
mono and diammoniumphosphates on calcareous Webster ·soil. He 
found that uptake was greater in case of monoammoniumphoephate 
which had pH of the saturated soil solution as 3.4 a8 against 
7.8 of diammoniumphosphate. 

Hagin and Berkovits in the year (1961) conducted both 
field and green house experiments in Israel using five different 
mixed and single fertilizers differing in water solubility on 
calcareous soils. Results showed that the efficiency of ferti­
lizers decreased proportionately with a reduction in relative 
water soluble 'PI content; inclusion of citrate soluble 'P' in 
the fertilizers decreased 'P' availability, but when the rela-
tive amount of citrate soluble 
40:60, part of citrate soluble 
soils (pH.7.4 to 7.6) tested. 

'P' to water soluble Ip. was 
,pt was available in calcare ous 

] 
i(]'·~·1: ~ 
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Webb et 81 in the year (1961~ conducted nine field 
exper1I:lents on oats with different pbospbatic fertilizers 
ranging in .p' solubility from 0-100%, on s01ls ranging in 
pH from 5.0 to 7.9. Soil reaction Wes the most important 
single fact or influencing the effectiveness of the • p,' sour­
ces. Generally the degree of 'p. solubility assumed most 
importante in the calcareous soils while the effect of ferti­
lizer placement was greatest on acid 80ils. In these out of 
five eA~eriment6 located on calcareous s011s there was a de­
finite increase in yields with increasing water solubility 
of the ip' sources. 

Gunnarseon in the year (~961) studied the uptake of 
'p' by plants both frClm water-soluble and Citrate-soluble 
phosphatic fertilizers. He reported that in neutral or acid 
soile highly ~ater soluble form was taken up most readily at 
the first cropping but at later harvests uptake of the less 
soluble phosphate increased. 

Beaten et al in the year (1962) conducted an experiment 
on t"vo calcareous Canadian 60ils using growth chamber techni­
ques. They studied the effect of various phosphatic ma'teriale 
of differing water sol'llbili ty on the phosphorus content of the 
roots and tops of alfalfa plants. They found that 'P' content 
of tissue increased by the use of highly water soluble phos­
phatiC fertilizers as mo~oammonium and monocalc1umphosphate. 

Vageler in the year (1962) reported that due to high 
content of hydroxides of iron and aluminium in tropical and 
sub-tropical soile, ~ater soluble 'pt becomes rapidly fixed, 
necessitating very high applications of 'P' fertilizers. Water 
insoluble 'P' does not react with the soil complex hence high 

efficiency on these soils. 

Mattingly in the year (196~) while giving an account 
of the recent work at Ratbamsted and elsewhere on the agri­
cultural value of citrate and water-soluble .pl fertilizers 
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revealed that a few experimente on rapidly growing crops 
(cereals and radishes) suggest that early growth is approxi­
mately proportional to the amount of water-soluble ~hosphate 
the fertilizer contain. 

Van Burg in the year (1963) reported the work carried 
out at Netherland on the agricultural value of phosphatic 
fertilizers especially ni trophosphates. Fo~ cerale and pota­
toes the highest yielde were ob.tained with fertilizers con­
taining the highest percentage of water-soluble phosphate. 
If fertilizers are applied each year in l~ng term field ex­
periments 50% water solubility was adequate for cereals and 
grass land. 

,-

(B) REVIEW OF WORK DONE ON THE RELATIVE EFFICIENCY OF 
DICALCIUMPHOSPHATE AND SUPERPHOSPHATE: 

Most of scientists oonducted experiments throughout 
the world to evaluate the relative efficiency of dicalcium­
phosphate with superphosphate, the standard and most popular 
phosphatic fertilizer of the world. Under different soil 
and climatic conditions of experiment,different results have 
been obtained. In certain instances dicalciumphosphate proved 
superior to superphosphate, in some equal in efficiency and 
in some cases inferior to superphosphate. The literature on 
this subject is extensive and a number of references are given 
in' the bibiliography. A very brief account of the work is 
presented below. 

Jaoob and Rose (1940) .. Odland and Cox (1942), O'Brian 
and Obenshair (1942), Stanford and Nelson (1949), Prummel 
(1954), Popova (1954), Cooke(1955), Strostka and Hill (1955), 
Cooke(1956) Vitha1 Rao and Kishan Rao (1963) found dicalcium­
phosphate m.ore efficient than superphosphate agronomically. 

Oliakov (1939). Karraker (1941), Hongland et a1 (1942) 
Robert et al (1942), Poulson and Studier (1945), William and 
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Roith (1948).. nite Dnd Lutz (1950), l!llcninbor (1950), Bureau 
at 01 (195'),: Vander Bnd Karloveeky (19'3), Piorre end noroen 
(195;)'. P£)teroon at 01 (1953), Dell DDti SQlonl)n (1955), Cooke 
(1956). \\o'b'b et vl (1961), Coolte and \lidc1O\',BOn (1958) t Rielli 
lowereD (1961), Dottincly (1963). reported thet dicvloiumpboo­
phetc 00a equally effective to eupo.rphospboto ogrcnon1eally .. 

l.ikloa (1926), Gx'oen (1938). llcGeorge (19~9), \',11110Iil 

end Barrington (19~9)t Odland alld Cox (l.941), Dae (1944). 
O'Brain (1944), Ensmingor end Cope (191.7), Olaoa ot 01 (1950) 
spear at 01 (1952), Scharx:er vnd Kubu (19,2), Schmall at 01 
(.1.«)52), Olsen and Rbod0e (1953) ~ :Sennett ot 01 (19;;.4) Sohcmho1 
at a1 (1955), Sitlpoon (1956) R1nhi 'at 01 (1961) and Uottingly 
(1963) reportod tbDt ~1c81Q1umphoGpboto provod 1nto~1or to 
euporphoepnoto ogroDomioolly. 
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EXPERIMENTAL PROCEDURES 

(A) Potculture exPeriment: The experiment was conducted 
at College of pgriculture,Rajendranagar,Hyderabad. 

(8) Programme of work: 
(1) Analysis of chalka and Regur soils for mechanical 

chemic al, total Hel extract and exchangeable constituents. Be­
sides for soil fertility,determination of pH, E.C; O.m; total 
N, Average P20; etc. 

(2) Analysis of fertilizer material used for the ex­
periment; superphosphate for water-soluble phoeyhDte, dicalcium­
phosphate for citrBte soluble phosphate and sulphate of ammonia 
for ammonical nitrogen. 

(3) Keeping standard dose of 4; lbs 'P' per acre 
dicalciumphoephate and superphosphate were used in the follow­
ing different proportions. 

P1 100% Citrate soluble phosphate 

P2 ?~ citrate soluble + 2;% water-soluble phosphate 

p 50% It + 50% It " , 
" II " 

P; 100% water-soluble phosphate. 

(4) Mixing fertilizer ae per plan in three series of 
pots filled v~i th measured 60il. 

i) Series I with crop to be grown to maturity 
i1) Series II ~ith crop for analysis 

iii) Series III without crop for analysis (inCUbation 
study) • 

(;) Maintenance of 60 lbe Nand 4; lbs P20
5 

:tar acre. 
APp1ication o£ tota1 P205 and 50% N at the time o£ trans-
p~ant~ng end the rest 50% N ~n t~o eqUD~ sp~it doses at o=e 

month ~nterva~a. 

(G) Maintenance o~ ~.5n ~ater ~06~=g ~= a~l the tb=oe 
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series of pots. Transplantation at the rate of three seed­
lings per pot in series I and II. 

(?) Recording growt~ data on the set of pot~ maintained 
in series I (Biometrical observations). 

(8) Harvesting the set of plants in series II pots at 
three stages of sampling. 

1) .A t tillering 
11) .A t flowering 

iii) .A t mi lking 

Determination of total dry matt~r per plant and total 
'-

Pa0
5 

and nitrogen in plant tissues. 

(9) Collecting soil samples from series II pots after 
final harvest of rice plants i.e. at third stage of sampling 
to determine total available and water-soluble P205 and total 

'N' • 
(10) Collection of eoil samples from III series of 

pots (incubation stu~) at four stages of sampling to deter­
mine total, available and water-soluble P20 5 and total 'N'. 

(11) Relating groVYth data with phosphate analysis as 
in above and working out recovery of added phosphate on dry 
weight basis. Preparation of graphs for percentage effi­
ciency of each form of phosphate and working out yield per pot 
and relating it to growth and phosphate uptake. 

(12) Discussing the practical significance of the 
problem while keeping in vie~ the solubility aspect of the 
present day common phosphatic fertilizers and fertilizer mix­
tures. 

(b) Plan of exPeriment: The plan of the experiment is 
descr.ibed below (refer next page). There are five treatments 
with four replications i.e., 20 pots for each type of soil, 
chalka and regur. .As there are three series in each type of 
_soil (two series with plante and one without) altogether there 
are 120 pots (60 pots for each type of soil). 
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LAY-Ot.JT EOR R)![' OprlIURE E1CPERI~:!Rm; lion BOTH TYPr'~ 

(iF SOILS CBALKA AND.lltitG'UR (Black soil) 

---~-~-------------------------Pot Repli- g:RrJN.(lMEN'lS - • Seriee Seriee eerie. 
No. cation liS lSs F20, .Per scre CO ISs I II III 

'N' per 
acre. 

'1. I 100% dicalciumphos-
phete 

2. 7~b dioelc1um+25% 
super 

OlH4't1°4 With t:,1th Viithout 

plenta plsn- plents 
It (Main ts (in-

3. 50~ dicalc1um+50% experi- (Dumm.- cuba-
super " mente) iee tor tion 

4. 25.% d1c81c1um+?~~ '. 811.81y- study) 
super t1 

eis at 
5. lOC7b Superphosphate t1 

three 
6 •. II Same order aa G bove 
1. 

.. 
eteaee 

s. 
9. 

10. 

11. III Same ordel:' ae above It 

12. 

13. 

14. 

15. 

16. IV (lame order as 8 bove It 

1'7. 

18 

11;. 

20. 
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(c) Fertilizer used: The nutrient percentages of the 
fertilizer used for the experiment were analysed before star­
ting the investigation and actual quantity of each fertilizer 
required as per plan per pot on moieture free beais ~ae calcu­
lated ~eighed accurately by aensitive"balence and applied. 

TABLE SB.O~l1NG ANALYSIS OF FERTILIZER 11ATERIAL USED FOR 
THE EXPERIMENT 

- - - - - - - - - - - - - ...... - - - - - - - - - - - -
81. Fertilizer Total p20t 
No. N% Total Citrate Water 

-

soluble soluble - - - - - - - - - - - - - - - - - - - - - - - -
1. Single superphos-

phate 1.6.4 16.4 16.0 
'-

2. Dicalciumphosphate 35.12 - 35.12 
3. Ammoniumsulphate 20.6 

- - - - - - - - - - - - - - - - - - - - - - - - - -

-

-

-

-

-

-
(d) Filling up pots: Earthen pots of 8" diameter made 

locally were used for the experiment. For filling soil in the 
pots typical regur, and chalka soil from surface 6 ft of the 
barren field in the vicinity of the College was collected. The 
soil was thoroughly cleaned from stones, weeds etc., and the 
pots were filled at the rate of 7,000 grm. of soil per pot, 
three days before planting. The pots were moistened and tho­
roughly stirred up by hands to a depth of about 6", simulating 
puddling as under field conditions. No holes were provided in 
the pots in order to maintain standing water. The tap water 
wae the source of irrigation which was tested and found to be 
of good quality and neutral in reaction. The fertilizer calcu­
lated as per the schedule was applied and mixed thoroughly by 
hand in each pot. 

(e) Transplantation: 55 days old seedlings of H.R.;5, 
the most popular long duration veriety of the region, were 
transplanted at the rate of three seedlings per pot, on 
15th August 1964. 
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(f) Interculture and after cultivation: The soil around 
the seedlings ~as stirred by the fingers once in two weeks till 
the time of primordDBl stage starting from one month after trans­
planting. Same o];e ration wae done to pots without plants simul­
taneously_ ~he rest two split dos~ of ammoniumsulphete were 
applied at one month intervale i'.e. t on 15th september and 
15th October 1964. Endrine ~BS sprayed twice, at the time of 
top dressing with emmon1umsulphate, to avoid the incidence of 
borer. 

(g) Observations (Biometricall: In the pote of the 
main experiment flowering dates were recorded. Average heights 
of the plants from ground upto tip of the larsest leaf,average 
height of panicles and the number of effective tillers per pot 
basis were recorded before harvest. Plants were harvested per 
pot basis leaving a stubble of about 1~" to 2" from ground .. 
The grain was harvested carefully in the envelopes. The grain 
and ~traw were weighed separately to constant weight after 
thorough sun drying. Weight of 100 seede were also taken in 
all the treatments, for each replication. 

(B) Soil and plant sampling for analysis: 

(1) Soil sample - Representative samples of 2.50 cc'. were 
collected from each pot by mixing the slury. Samples were 
allowed to dry in open pane and passed through 2 mm selve and 
kept in tightly corked glass bottles having prop:lr labels. 

Individual plants £rom each pot o£ the dummies were 
collected at different stages. The plant samples were sepa­
rately dried as rapidly BS possible after keeping at tempera­
ture of 70°0 in an electric oven so 8S to reduce the chemical 
and biological changes in these tender leaves to tbe minimum. 
The samples from final harvest (grain and straw) were not 
kept in oven but dried properly under sun. Weight of indi­
vidual plant sample on moisture free basis Was calculated to 
know the total dry matter produced at different stages of 
plant growth under different treatments. The individual samples 
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were than ground finely by electric sample grinder, passed 
through 40 mm seive and preserved carefully for analysis. 

81. Type of Pot se- Sam.pling Date of stage Age of 
lIo. sample rise r~o. No. sampling at whi.ch plant 

sample 
wes .. collected 

~ ... -- - ~ ~ - - - ~ - ~ ~ - ~ - - - ~ - ~ - ~ ~ -, --
1. Soil sample IIII'd let 1.10.64 45 days 

(incubation 
study) 

2nd 31.10.64- 75 tt 

3rd 25.11.,64 100 11 

4th 15.12.64 120 n 

lInd 1st 24.11.64 100 It 145' deys 
(dummies) 

, , 

1st 
(main ex- 1st 15.12.64- 120 n 175 It 

.:periment) 

2. Plant sample lInd 1st 1.10.64 Til1ering 90 n 

2nd 31.10.64 Flowering 120 I, 
3rd 25.11.64 Milk· 145 11 

1st 1st 15.12.64 Maturity 1?5 II 

(harvest) 

(C) Statistical anallsisf Changes in the available phos­
phate and nitrogen under different treatments at different 
stages and the uptake of I)hoephate and nitrogen by plants at 
different stages were analysed statistically by using Fishers 
method of analysis of variance. The 5% and 1% levels of ofF' 
teat and IT' test have been used. to test the significance of 
findings. Where the difference was significant. the critical 
difference (0 .D.) was calculated and. the significance of one 
treatment over the other was compared. 
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CD) Description of the soils selected for the study: The 
eoile under study are • chalka , (red soil) 'regUlt ~'(Black soil) 
the typical soils predominent in Telengana Region of Andhre 
Pradesh. The soils were analysed before undertaking the study. 
description of which is given below; 

Sl. soil constituents 
No. analysed 

~ - - ~ - ~ ,_ - - ~ -
1. Moist.ure % 
2. Mechanical analysis 

(i) Coarse fraction 
Coarse sand % 
Fine sand % 

(1i) Fine fractions 
Silt % 
Clay % 

3. pH 

4. Total 'N t % 
5. Organic carbon % 
6. Analysis of Rel extract 

OaO% 
Mgp96 
A10% 
FeO% 
Total P20rffo 
SesquioXide % 

7. Citric acid extract p.p.m. 
Available P20.5 

8. ~ater-soluble salts 
P.P.H.T. 

i) Acid radicles 
00;* 
HCO:; 
01 
8°4 No 

i1) Bas~c radicles 
CaO 
MeP 

iii) E.C.m.mhos Icm. 

Chalka Regur 
(Red 80il) (Black soil) 

........ _---- ........ _ .......... _. .. _ .. _ 
1.05 9.76 

7.2 
0.0226 
0.762 

0.48 
0.08 
4.98 
:;.26 
0.107 

10·l5 

8.19 

5(h25l 
5.325 
Nil" 
Nil. 

2.03 
0.871 
0.2:; 

8.4 
0.0;15 
1.557 

5.87 

;8,,519 
9.23 
Nil. 
Nil. 

3.621 
1.024 
0.39 

9. Ionic exchange M.e per 100 grm. 
i~C.E.C. 

ii Exc. Ca 
iii Mg • 

... ----------~ ... -- .... ._ .... - ........ ._ ...... ---- .. 
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Tho above analysis reveals that chalko soils. are sandy 
loam in texture, quite porous and well drained due to high 

. send end loVJ colloidal content. They have law baee otatu8 
end exchange capacity. They are fairly high in aveilable 
PaO; 16.;8 lbs per cere 'Oleen'. ~hey ere defec1cnt in orga­
nic natter, poor in nitrogen, fairly lon in uat.er-eoluble 
solts, Ca,Ug and Fe. end seaquioxidee. 

Tho black soils are clay loom,heavy in texture due to 
very high fino fraction and due to high colloidal content poor 
in drainage. They heve high bese statu.e and exchange capacity. 
Higll in aoequioxide end water-soluble selte. They ere rich 
in lime end total ~20;t but they ere poor in nitrogen end in 
available F20; (11.74 lbs per aore). 
(E) t10phcde of chemical anDl:yeis: 

(A) Fortilizer analysis - Tho nitrogen and pbosphatic 
fortilizers wero analysed by the stODdard ~ethods as prea~ 
cribod in Jackson. 

(8) Nitrogen - Uacro Kjeldbal method direct distillation 
in the knaon ~eter extract • . 

. (b) Available Pa0,:; : 
(1) ~eter-soluble P205 estimation in tho known uater 

extroct by volumetric ammon1ummolybdete method (Pemberton 
procedure). 

(11) Citrate-soluble P20,:; - Residue aftar uster­
soluble extract digested in neutral ammon1umcitrate eolution 
end detormined by volumetric ammoniummolybdate mothod. 

(B) S011 analysis: ~e large number of samples were to 
be anDlysed, quick methods of estimation were followed. 

(a) Available P20; - It was determined by Sodiumbicarbo­
nete method of 01een et 81 (1954) os prescribed by Jackson. 
5 grm. soil was shaken for '0 mts. t'J2th 100 cc of 0.5 M -NeB003, sdjueted to pH 8.5 end 8 spoon ot activvtod chs.rcoal. 
Filtered through Whatman No.4Q 10 co aliquot token eud P205 
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determined COlorimetrically by molybdenum blue mothod and the 
result is expressed as p.p.m. 

(b) \)ster-solub1e P20'5 - Method of Bingham (1949) as 
prescribed by Chapmen and Preft ./Iugust 1961 wae follcmed. 
A 1:10 soil ~ate.r mixture is ehaken for '5 mts. then centri­
fuged at 20,000 r.p.m. for 20 mts. then phosphate determined 
by Uolybdenum Blue method of Dickman end Bray stated above. 

(c) Total 'N' - It was estimated by nacro Kjeldhel method 
as desoribed by Sbanlte.ran 1958. 

(0) Plant /lnalysist. As large number ot samples were to 
be analysed, quick methods of eeti'mation were followed. 

(8) Total p20, - It wae determined by VaDadomolybdste 
yellow method 8S prescribed by Chapmen and Praft 1961. 0., 
grm. of the grinded semple "as taken, (except in the case of 
first two samplings in Which caee due to limited e~mple 0.2, 
grm. Oos taken), eshed with 2 cc. of MgN03 40% and kept in 
muffle. .aSJn:/iS dissolved in 2 N HliO, and mode upto 100 cc. 
after filt~rinG!! In 10 cc" aliqttot P20 ,:; is determined by above 
method end result is expressed ae p,.p.m.by help of stondard curve 

(b) Totel 'N' ... 0.,1 to 0.2 gI'm. of the representative 
sample was token. end nitrogen estimated by Uicro KJoldhal me­
thod as prescribed by Piper 1950~ 
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RESULTS 

A brief description of the results obt&ined is given 
below: 

(A) Observations (Biometrical) 
(i) Flowering and maturi~l: Though in. the case of 

chalka fl~yering started about four days earlier and the crop 
maturity too was about four days earlier, there was no marked 
difference due to solubility of 'pi on time of flower~g. 

(ii) Tillering and height measurements: From the 
data presented in the Table (1) (detailed tables in appendix 
1 and 2), it is evident that til~ering was poor in all the 
treatments but height was more conspicuous. Except for the 
height of panicle in black soils, the rest of the results are 
insignificant statistically. In general the tillering under 
black soil was lower tban chalka. 

(iii) ~ry matter: Dry metter production at different 
stages of plant gro~tb under different trestments is sbown 
in the table (2). In both the soils the growth (production of 
dry matter) Was more pronounced with the water-soluble 'p. 
in early stages of growth, whereas in the course of time and 
final stage dicalcium 'PI has given better performance es­
pecially in chalka and rather equal performance of both di­
calcium and super 'p' was noticed in black SOil. Histogram 1 
showing this trend is enclosed. 

Xiv) Yield: The yield data of grain and straw is shown 
in the table (3). Except for grain yield in the black SOil, 
the rest of the results are insignificant statistically. In 
general the grain yields were higher then the yields of straw. 
In chalka sOi~Yield wae in direct proportion to citrate-soluble 
'P' in fertilizer though ?50/J citrate-soluble 'P' has given 
slightly better performsnce, the results ere not statistically 

e:Lg:t2.tf.:l.csot I w.berees 1.0 cese of b.zeck soLI treatment W.2. th 2~ 

end 100% water-soluble 'pI haa given maximum grain yield and 

the results are statistically significant. Histogram 2 sho~ing 



the yield trend is enclosed. No variations are noted in 
the seed weights under different treatments. 

(B) Analy;tic al data: 
(a) Plant: 

~o 

(i) Uptake of P205 :- Results are shown in the table 
(4) (detailed tables in appendix 3A to 3D). It is noticed that 
the uptake was directly proportional to citrete-soluble 'P' in 
the fertilizer. Graph (1) representing this trend is enclosed. 
The results are statistically significant except for chalks at 
tillering stage and straw at final harvest in black sOil. 

(ii) Uptake of 'N' :- Results are shown in the table (5) 
(detailed tables in appendix 4A to 4D). There Was no marked 
Variation in the different treatments. 

(b) Soil: 
(i) Available P205 : -:- Result s are shown in the table (6) 

(detailed tables in appendix 5A to 5F). Though there is a 
marked increase in the availability throughout the experiment, 
the effect of the treatments reveal that in chalka in the early 
stages the ~uper 'P' was more available but in the later stages 
availability of dicalcium ~p; increased; whereas in black soil 
both the forms of 'P' were more or less in equal proportions. 
The results are statistically significant in case of dummies. 
Graph (2) sho\'~ing this trend is enclosed. 

(ii) Viater-soluble P205 : - Result s are shown in the 
table (?) (detailed tables in appendix 6A to 6F). Black soil 
has shown more water-soluble P205 content than chalka. It 
seems that in chalka intenSity of water-soluble P205 was more 
pronounced under eoils treated with greater proportions of 
citrate-soluble fertilizer, dicalciumphosphate. Any distinct 
trend is not visible in black soils. The results of main ex­
periment pots are statistically significant. Graph (3) showing 
this trend is encloeed. 
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(iii) !I'otol '!.'it :- RosUlts 6~O nbot'Jlng tho tobla (8) 
(detcilod tobloo in appondix 'Ill to 7J.?). Thoro 10 .DO oDrltod 
vtt:r:1oticD. duo to tN' content undo: a1ttoront 1u:ootoonto • 

• 

• 















1) 
2) 

3) 
4) 
5) 
6) 
?) 
8) 
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LIST OF TABLES,BISTOGRAMS AND GRAPHS ENCLOSED 

I. TABLES: 
Dry matter production at differen.t stages of plant grovvth. 
Consolidated table for height of complete plant and panicle 
at harvest and the number of effective tillers. 
Yield in grams per pot basis elongv.ith statistical analysis. 
Consolidated table for total 'Pi in plants. 
Consolidated table for total tN' in plante. 
Consolidated table fer vVbilable 'P' in soils. 
Consolidated table for water-soluble 'P' in soils. 
Consolidated table for totsl 'N' in. soils. 

N.B: FOR FURTHER DETAILS PLEASE REFER TO THE LIST OF DE­
TAILED TABLES PROVIDED "ITH ~H~ DATA IN THE APPENDIX. 

II • HISTOGR.AMS: 

1) Yield,of straw and grain. 
2) Dry matter produc~ion at different stages of plant gro~tb. 
3) Fixation of 'PI under different treatmente and its relotion 

to yield. 
III. GRAPHS: 

1) T~t81 'P',in plants 
2) Available 'P' in SOils 
;) \'vater-soluble .-'P' in eoils. 

GUIDE TO TJ.BLES 
I. Abbreviations 

(A) P1 - 100% citrate-soluble phosphate 
P2 - 75% citrate-soluble + 25% water-soluble phosphate 
;P3 - 50% u + .50% rt 

P4 - 25% 11 + 75% .. 
, P5 - l007G WEtter-soluble phosphate. 

(B) R - Replication. 
II. Explanatorl terms 
(A) soil: 

Pot series 
No. -

SamJ21inea 
Ne. -

sta6e at ~hich Age of plDnt 
samEle collecteg 

III 
( incubation 1st 

study) 2nd 
;rd 

45 days 
75 " 

,100 It 

i}th 120 " 
II 1st 

( dummie.s ) 
100 JJ 145 days 

I let 120 n 175 " 
( Main eXI-t. ) Tillexing 90 n 

FloVvering 120 fI 

Milk 145 " 
Maturity 175 II 



Soil 
type 
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TABLE-I 
Dry matter production at different stages of plant 

growth, under different treatments. 
(Moisture free basis, in grame) ... ., . ,.. 

Phosphorus Whole plant weight at different sampling 
material Avera~e of four re21ioatione . 
in various TIltering Flowering Milk Mature! 
proportions stage stage stage stage 

~ - ~ ~ - ~ - ~ ~ ~ - ~ ~ - - - - - ~ - ~ ~ - ~ ~ - ~ ~ ~ ~ --
Chalka Pl 0.4676 2.4484 3.6115 6.2341 

P2 0.4680 2.1032 3.0292 6.5407 

P3 0.$165 2.0565 2.8373 5.9529 

P4 0.7315 '. 2.3195 3.1611 5.5043 

P5 0.7599 2.4436 3.9535 5.6228 

Black soil Pl 0.2945 1·7542 3.8632 4.8735 

F2 0.3405 1.6729 3.9288 5.2934 

F3- 0.3613 2.1065 4.0361 4.3386 

F4' 0.4039 2.1617 2.7878 4.6038 

P5 0.4562 2.7503 4.2626 5.9869 

~ - ~ ~ ~ - ~ ~ ~ ~ - ~ - - ~ ~ ~ ~ ~ - ~ - ~ ~ ~ - ~ ~ ~ ~ -



'" :i. 

" II: 
\!) 

~ 

W 
~ 

CHALKA 

~ p, 

0 P, 

~. P, 

lIS P4 0 

• Ps 

T t I-LEf:l,INC, 5TI\OE f-LOWERINC. ~TAGe MILl< ST ACiE MATU REO !>TAb E 

STAGES 
HI o;TOG R"'" I. S H OW IN G WHOLE PL"NT WEI G HT AT DIF fERENT 

S AMPLINGS AS INFLUEN C.ED BY THE OEGA.Ef OF 
::;'('~ l P lli TY OF THE APPLIED PH OSP HATf. 

BLACK SOIL 

~ P, 

0 P, 

f§ p, 

18 P4 

• P5 

Till k;A.ING STAGE Fl.OW(RING STAGE MILK STAGE MATUR&:O STAGE 

STAGES 
HI S T OGR AM I . SHOWING WHOLE PL"'NT WEIGHT "'T DIFFERENT 

SA.MPLINGS ,0\.5 INFLUENCED BY YI1E OEGREE. OF 

SOLUeiLlTY OF THE APP&-IED PHOSPH ATE . 



TABLE - II 

Height ot complete p16nt 6nd panicle at harvest and 
number of effective tilleIs,under different 

treatments 
(Jnrer~ge of four replications ,per pot basis) 

Soil 
type 

Chalks 

Phosphorus 
material 
in various 
proportions 

P1 

P2 

P; 

.. ' P4 

P5 

B1sck soil F1 

.1?2 

.1?3 

1'4 

P5 

pversge height measurements 
. in cms. 

No.of 
effec­
tive 
tillers 

V" hole plant PanIcle 

118.84 24.22 8.75 

113.65 22.25 9.00 

123.14 22.54 8.25 

119.06 

118.59 

118.72 24.08 6.00 

118.21 24.57 7.00 

115·89 22.22 5.00 

114.21 21.49 5.75 

124.57 21.69 8.0 



~I.A BLE - III 

Grain and stra~ yield per pot basis and weight of 100 grains 
( Moisture free basis in grams ) 

Soil llhosphorus 
type materiel 

in various 
proportions 

GRAIN 
1\ verage Weight 
yield of 100 

grains 

~------~~---~~~~~~~-~~~~--~-~~~~~­.. 
Chalks 

Bleck 
soil. 

Chalk. 

Black 
soil 

/ 

10.9737 9.8149 10.6657 8.1273 9.8954 1.4896 
10.5931 8.4547 11.7547 11.3823 10.5462 1.4518 
11.4340 8.2269 8.4498 9.9119 9.5056 1.5054 

9.6219 9.8272 7.8024 7.3701 8.6554 1.4203 
9.2423 8.8842 7.5922 10.1666 8.~713 1.4915 

7.4247 5.9336 8.9892 
9.9092 8.2374 7.0117 
7.0874 6.8617 5.7888 
,.6457 6.8822 7.0388 

11.5729 9.0682 8.2011 

S!I'RAW 

7.9034 7.5627 1.4800 
7.7668 8.2313 1.4332 
6.4365 6.5436 1.4855 
6.9398 7.1266 1.441; 
7.8063 9.1621 1.4511 

~ . 
" 

9.2991 8.6793 9.5037 7.7459 8.8070 
9.4962 7.3594 10.6771 9.8427 9.3443 

10.5146 7.2876 7.5033 8.1079 8.3530 
8.4097 8.4077 7.4677 7.1312 7.8541 
8.4850 7.5277 6.4991 9.0768 7.8972 

6.2287 6.0206 
8.7823 7.46<)8 
7.0278 7.7944 
7.2304 6.4338 

10.5639 8.4955 

8.7042 7.2783 7.0580 
7.2903 8.0892 7.9079 
;.60'70 5.4504 6.4722 
6.5353 6.5397 6.6848 
7.8705 7.2654 8.5238 



PI 

o 5TR,.,w 

II GRp.. IN 

TREATMENTS 
HISTOGRAM 1.. S HOWING YIELD OF RICE PER POT 

BASES UND~R DIFFERENT TREMMENT S. 

9 

8 

SOIL 

o STRAw 

III GRAlto..l 

PI P2. P3 P4 P s 

HI S TO G RAM 2.. 

TREATMENTS 
:; H O WING YIEL D OF R I C E PER POT 

eASES UNDER DIFFERENT TREA"TMEkT '.,..o. 
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STA'l'ISTICAL ANALYSIS UF YIELD 

A • V • TABLE SUMMARY OF RESULTS 
Due to S.S. D.F. M.S.S. F Tr. Mean yield % G.M. 

~ ~ - ~ - - - - ~ - ~ ~ ~ - - - ~ - ~ - - ~ - ~ - - ~ - ~ ~ ~ ~ ~ -
GRAIN B.S.S. 5.221 3 P2 10.5462 109.913 
\~PAtK.A)Tr.s.S. 8.971 4 2.243 1.285 P1 9.8954 103.131 

Er. 20 .934 12 1.745 P; 9.5056 99.155 
T.S.S. 35.126 19 Pc:, ., 8.9713 93.615 

P4 8.6554- 90.280 
G.H. 9.595 100.00 
S.E.M. 0.66 6.88 

~-~ - - ~ - - - - - ~ - ~ ~ ~ 
GRAIN B.S.S. 6.712 3 1'5 9.1621 118.603 
(§LA(jK ", 
SOIL) Tr.S.S. 16.412 4 4.103 3.919 P2 8.2313 106.5S>4 

Er. 12.563 12 1.047 Pi 7.5627 97.909 
T.S.S. 35.687 19 p. ?1266 92.254 

Result significant at 5% level P, 6.5436 84.717 
G.M. 7.725 100.000 

P2 P2 PI 1>4 P~ S .E.M. 0.51 6.602 
C .D • 1.5? 20.32 . . . - - ~ -~- - - - ~ - - - - ~ -

STRj,W B.S.S. 5.023 3 P2 9.3443 110.570 
~CHALKA) Tr.S.S.6.411 4 1.€O31 •324 Pl 8.8070 104.213 

Er. 14.529 12 1.211 PJ 8.3530 98.BLro 

T.S.S. 25.963 19 1'5 7.8972 93.447 
P4 7.8541 92.936 

G.M. 8.451 100.000 
S.E.M. 0.55 6.508 

~ - - ~ ~ ~ - - ~ ~ - - ~ ~ ~ 

2.968 3 'p 8.52.38 116.223 
12.441 4 .3 .1100 •7.31 

, 
7.9079 107.835 P 2 

51.042 12 4.254 1'1 7.0580 96.236 
T.8.8. 66.451 19 p. 6.6848 91.148 

1'3 6.4722 88.249 
G.M. 7.334 100.00 

S.E .M. 0.32 4.363 

- - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - -



'.[1"; ;aLE - IV 

Total p20~nplants at different stages of plant growth undel: 
ditfe.rent treatments 

(Average of four replications at moisture free basis in p.p.m.) 

- - ~ - - ~ - - ~ - - ~ - - - ~ - ~ ~ ~ - - - ~ ~ ~ ~ - ~ - - ..,.. ..... 
Soil .f~hos'phorus Total P20, plants at different stages 
type material 

in ve,xioue -T illering Prov.axing Milk . M~~'!Eed st~J!.l~ _. _ 
proportions etsbe stage stege Gra1D strs~ 10tal 

- - - - - ~ ~ - ~ - - ~ ~ - - ~ - ~ - ~ - ~ - ~ - ~ ,_ ~ - ~ ~ ~ - -
Chalks PI 2510.64 1721.50 llK>2.08 2657.40 480 .11 3137.51 

P2 2391.22 1646.66 1368.17 2509.10 468.44 297'7.54 

P; 2378.49 1600.76 1303.51 2497.49 400 .65 2978.14 

P4 2107.23 1573 .21 1345.25 2172.00 440.89 2612.89 

P5 1823.53 1418.28 1293.02 1952.00 410.51 2342.51 

Black PI 1452.64 1174.60 1137.78 20].9.32 402.87 2422.19 
80il. 

P2 1371.62 1189.92 1146.38 2121.95 425.18 2547.13 

P, 1367.54- 1217.49 1066.86 2001.78 411.15 2412.93 

P"" 1277.39 1177.45 1011.28 1957. 7~ 0, 406.85 2344 .. 60 

P5 1229.79 1085.69 1024.6; 1791.23 398.47 2189.?O 



CHALKA 

t--" -II- .- tl-I,r-"_I I_ "_"_f, 

P1 P. P4 Ps 
TREATMENTS 

GRAP H I . S HOWING PHOSPHORU S UPTAKe By 

RICE" PLANT AS INFLUENCED BY THE 

DEGREE OF SO.LU8ILITYOF THE APPLieD 

Pt105PtiATE. 

___ TIL.l-IRINQ &T"GE 

__ ",-OW.RINQ & T"GIi 

_. __ MIl.K ST"'QE 

_"~I_""ATURED S TA GE 5TAAW 

1.400 

BLACK SOIL 

1-__ _ 

----

' -. -'. 

,_11--11 "__1_,t_~ II_"_ "_11_11_ 

___ TILLER.NO STAG' 

__ "I.OW£''''''6 'j'fA6t 

_)l_.~ MILK STAGIl 

.~. ___ MATUREO STAGE GRAIH 

_t-t_MATURED 15T"G£ ~TRAW 

P 1. Pa P4 Ps 
TREATMENTS 

GIIAPH I. 5HOWING PHOSPHORU$ UPTA~. BY 

RICE PLANT AS INHUEHCED 8'1' THE 

Of.GRt.E Of SO\.U9\\'\T't Of. 'W. "'PUlt) 
PHOSPHATl. 
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T,eBLE -.! 
Teta1 tNt in plants at different stages ot plent growth under 

different trebtments 
(Average ot four replication.s at moisture .free hasis in percent) 

... _- .. _ ... --_.- ................. - .... __ .... ---_ ...... _- .... -
Boil Phosphorus 
type meteriel 

in various 
proportions 

.-,-- .. _ ..... 
Chalks Pl 

P2 

R. J 

P" 
.. " 

Blsck P1 
soil 

P2 

PJ 

P,. 

'5 

- - - -............ 

Totel 'N' in plants at d1ffeI'ent; st&ges 
~illering FIov~ering Millt ir~~ituJ:ed· stsr:;e 

ste&e stege stat;;e Grain strsVv ~"'otBl 

1.964 

2.036 1.315 1.484 0.675 2.159 

1.984 1.196 1.414 0.687 2.101 

2.619 1.854 1.01 r? 1.384 0.653 2.037 

2.641 1.888 1.217 1.366. 0.779 2.145 

2.642 1.891 1.196 1.~25 0.709 2.2;4 

2.483 1.844 1.097 1.513 0.79; 2.206 

, 
2.575 1.844 1.2C8 1.4·25 0.680 2.105 

~ ~ ~ - ~ ~ ~ ~ ~ ~ - ...................... .., - - -- --
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TABLE - VI 

Available P20S in soil at different stages under di£ferent 
. t£~atmente 

(Average of .four replications tn moisture free besis in p.p.m.) 

Soil P.bosphorus 
type msterial 

in various 
proport~ons 

........ .-_---

Chalks 1'1 

Pi 

:r, 
P4 

, :., 
Black P1 soil 

P2 

P, 
.P.q. 

• J 

- - - - - - - -. 

Series III pots 
(incub~tion st~g:l 

1st 2nd ;rd 4th 
sampl- eamp1- samp1- sempl­

-2ng -ing -in5 -ing 

9.94 15.34 16.53 17.45 

9.4<;) 14.89 16.12 16.30 

10.62 14.91 16.45 16.95 

9.52 15.32 15·78 15.30 

12.2'/ 15.81 13.12 15.59 

11.42 11.73 10.11 14.62 

10.68 12.43 10.22 14.25 

11.19 12.42 10.58 15.10 

11.70 12.35 10 •. 32 14.74 

11.82 12.21 10.65 14.55 

Series II 
pota 

( dummies) 
1st 

s;3mpling 

11.62 

10.75 

12.07 

10.65 

10. '/2 

9.39 

9.01 

9.93 

9.32 

9.13 

.. ... -- - ... .... - .... ............ _ ..... _ ,_,- ... -

Series I 
pots 

(ms1.!l ex­
per~mdut) 

l~t 
eempling 

15.69 

15.02 

1~.84 

• 1,.31 

1~.59 

1~.47 

13.56 

13.31 

13.,3 

13.66 

... -- ......... 
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~ ---1----- _._I!!· 
__ I!'!' 
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TREATMENTS 
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TREATME NTS 
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SO LUBILlTV OF THE APPLIED PHOSPHATE . 

_ .. _3!::E. 
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I" (MAl'" ' _P T. ) 
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7;'ABLE - VIII 
Total 'N' in soil at different stages under different 

tr~6tments 
(Average of four replications at moisture free basis in percent) 

- - ~ - ~ - - - - ~ - ~ ~ - - - - ~ - - - - ~ - - ~ - - ~ - ~ -
Soil Fhospborus 
ty_pe material 

in various 
proportions 

Chelka P1 

P2 

P3 

p 
4-

P5 

Bleck P1 soil 

P2 

P3 

P4 

P5 

Series III pots 
( incubation study t 

1: st ~d ;rd 4 li . 
eamp- sampl- sempl~ sampl­
-ing -ins -~ng -ing > 

0.0518 0.0483 0.0525 0.0340 

0.0517 0.0456 o .. ()526 0.0366 

0.0511 o.u430 0.055, 0.0375 

0.0476 0.0509 0.0542 0.0373 

0.0535 0.0524 0.0502 o.()j86 

0.0598 0.046, 0.0467 0 .. 0304 

0.0582 0.0457 0.044', 0.0303 

0.0591 O.045~ 0.0479 0.0339 

0.0)71 0.0475 0.0468 O.O~56 

0.0596 0.0414 0.0504 0.0347 

... - ... - - - - - ....... ........ - - ... ... - -

Series II 
pots 

'C dummies) 
1st 

semJ:iling 

0.0382 

0.03'16 

0.0429 

0.0;7'1 

0.0425 

o .0;)L~2 

0.0341 

o 0368 • 

0.0317 

0.0308 

- .. - ~ 

. / 

Series I 
pots 

(main ex­
periment) 

1st 
sampling 

0.0197 

0.0214 

0.0207 

0,0207 

0.0253 

0.u192 

0.0196 

0.0206 

0.0231 

0.0188 

.__.---



CRITICAL DISCUSSION 

The primary purpose of fertilizers is to improve and 
increase the production of economic crops. It is believed 
that a plant absorbs phosphorus into its tissue in the form 
of its monobasic, ionic form H2P04 • Further more 8 ~eter­

insoluble phosphatic material must be converted by chemical, 
thermal or biological means to e form that will release its 
phosphorus in the soil solution a6 ionic H2Po4, before it Can 
be considered a satisfactory carrier of nutrient phosphorus. 
It i6 for this reason that solubility of phosphates may be­
come very important. Availability of phosphorus to plants is 
a function of the distribution and solubility of applied ferti­
lizer and the phosphorus reaction products in the 60il imme­
diately surrounding the fertilizer grnules. 

Dicalciumphoephete dissolves very slowly in eOil. Under 
some conditions octocalciumphosphate, a relatively new compound 
to fertilizer studies is formed and it is believed that this 
new solid phosphate is important in controlling the phosphorus 
composition and the pH condition of the liquid film which 
surrounds particles of the applied dicalciumphosphete. Plant 
roots are known to completely surround in very intimate fashion 
the fertilizer particle soil interface. The knowledge of just 
haw the calciumphosphate types of compounds supply pbosphorus 
and perhaps calcium to plants is quite incomplete. The above 
discussion gives some idea of the complex chemical reactions 
occurring in the root zone. The results obtained in this study 
can tberefore be explained ~ith this serious limitation in mind. 

An examination of the market condition shows a large 
multiplicity of fertilizer mixtures supplying both water-soluble 
and citrate-soluble forms. , It would be an impossible task to 
study tbe solubility performance of theee products within the 
time limit available, hence this simplified experiment was de­
vised to provide varying ranges of water and citrate solubility_ 
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This ap~roach is justified particularly by the results ob­
tained by La~ton et al (1959) and Tremel (1951). Green house 
experiments conducted by La~ton et al using p32 labelled 
pbosphatic fertilizers of wide range of solubility in comparison 
with commercial type mixed fertilizers revealed that there was 
no substantial difference in the behaviour between these two 
typee of applications on yield of crops. Tromel's concept that 
any phosphate fertilizer which produces at equilibrium an ade-

. quate concentration of 'P' in soil solution is suitable for 
crop growth, is aleo ke~t in mind while judging the agronomic 
value of phosphatiC fertilizers of different solubilities. 

Keeping in vieVw the complex behaviour of soil phosphorus 
under normal conditions and those obtaining under water-logged 
conditions involving rice culture where the relationship between 
water, soil and rice plant are so different in fertility studi •• , 
en attempt is made to eXl-lain the varying results obtained in 
the present stu~. For a proper understanding of the results, 
it is found necessary to classify the critical discussion under 
the following headings. 

(1) Solubility effect in relation to gro~th and yield. 
(2) Comparative study of the uptake of water-soluble and 

water-insoluble 'pt by plants. 
e,) 'I'he chenges in available 'P' in soil during the entire 

study. 
(4) Comparative efficiency of dicalciumphosphete and super­

phosphate. 
(5) Comparative efficiency of phoep~atic fertilizers in 

relation to their fixation assessed by working out recovery 
of added phosphate on dry ~eight basis. 

(1) Solubility effect in relation to growth and yield: 

It will be more 8~~ropriate to give a brief expleination 
with regard to observction on flowering,maturity and grain 
and strs~ yields in chalka Bnd black eoil. 
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!the early floVtering and msturity end high yield obtained 
in eonfirmity ~itb Speer (1951), cen be ettributed to higher 
up'eke of P20 5 both trom native anti applied l-,hosphatee, ~here­
as in the ceee of black soil ~hich contains a higher percentage 
ot oolloids then chalks, the non-availability ot soluble 'P' 
is more pronounced leeding to more ve~et8tive ~o~th end deley 
in tlo~ering end maturity. Incidentally it is clear that the 
inherent limit&tions met v.ith ion pot culture experimentation 
are probably responsible for higher grain yields then strew. 
(lAehinder Reddy 1960). In any case the higher yields of "7 

matter indicete the beneficial effect of 'p' spplic&tions. 

Yield is the cumulative effect of several fectors like 
growth, number 0.1' e!Jecti ve tillers, panicle length aDd number 
of grains ver pot etc. But no eignificbnt correlation ~ae 
obtained with regard to height in plant ana 'p~nicle in the 
present study. ~'he increased ~r8in yields in the eJeperiment 
clearly indiclite the importanc~ cf the possible role of soluble 
Ip' in indueint;; increased tillering. 

It is eleo round tbot in the early grc~th period the 
dry matter production ~9S in proportion to the ~ster-eoluble 
'P' in fertilizer. During the later stages of gro~th e better 
performence is found in chalka soila treated ~ith citrete­
soluble form then the black: e011. In the e?;"rly stse)es of plant 
gro"fltb the epplic~tion of \'rater-soluble • p' will give e res­
ponse to the yount!) seedlings reeUl.tin6 ill better root spread 
leading to b:q'!;h production ot dry matter, Yfherees in sdvenced 
steges the plant bes better root gro~tb compared ~ith seedling 
stege wb.l.cll enables it to obtain its rellJ.iremente by coming 
in direct contc1ct wl.th the large soil eur!'oce a8 "'6.11 Be !erti­
li7er granules. A dou.bt may be raised st tbis pOint that 
plsnts will huve B set back it t heir !~OVtth is checked up in 
the eaLly stage. It is evident in these atuuJ.es th"t under 
the redUCing conditi~ns ot ~8ter-lcg5in~t water-insoluble 'P' 
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ie mobolised to become more available to meet the minimum re­

quirements of normal plont grov.th in the e&r11er stages, though 
at e slower rE:lte. ~'he acidic nature of chclks, \lI,'hen compe.t'ed to 

the black soil ~i th higher pH, is responsible for the g.redLl.el Eolu 

-bili ty of die alci umphospht:te over e loniSer period rather the.n an 

immedibte start by quick solution. 'lhus in the long rl.ln the gradual 

aD.d steady solubility of dicalci umphosphete is superior to an imme 

-diete solu.bil~ty as in t.h~ C8Be of Buperphospbate .(pH studies 

of the soil slury immediately atter collection for analysis at 

di! ferent st 86E:S of plant gro~1 th revl,';Dled. the t in chelka pH was 

ranging from 6.7 to 7.0 whereas in black eoil it was between 7.0 

to 7.4). Thll::se findings aX:e in confirmity \4.ith Ensminger(1959), 

Mattingly (1963) and are in accordance with the explanation given 
by Caldwel in the Minnisota soil series No.47. 

Yield in chalks soils WoS more or leee directly proportional 

to water-insoluble 'P'(althoue)l 75% water-inse-luble 'P' hae given 
slightly higher yield than 1009& 'Water-insoluble form, the result 

is etBtietically insignificent) .. Vthere&s in b16Ck soil 25% and 

100% water solubility has given m8)~mum yield and the results are 
stcJtiatically significE.nt (1' reatment ,.'1 th 100% 'Weter solubili ty 

¥tas on par v.ith 25% \'Vater solubility,yet former hee given higher 

yield than the later). 't,ith regard to this perfo:r:mence in the 

present study, the above discussion. holde good. In 8ddttion to 

water-logging, soil colloids etc., pH played an important role in 

effectiveness of phosphatic fertilizers of differeut solubilities. 

This pH effect is in confir.mi~y with the finJings of Webb et a1 

(1961), 'Who compared in his experiment different fertilizers 

ranging in tp' solubility fro~ 0 to 100% and concludea that soil 
reaction 'Wae the most important single factor influencing 'the 

effectiveness of 'P' sources. Besides the initial fairly _igb con 

-tent of available 1'205 in chalks may also be responsible for the 
poor response of water-soluble IP' in fertilizers (Tisdale end 

, Rucker 1964). !I,'he findings of other workers referred below suypor­

ted yield data obtained in these studies. 
, '_ ',;" 



speer at a1 (1951), Martin et a1 (1953) and Webb (1955) 

confirmed by field and green house tests that ~ater solubility 
in ~hosphatic fertilizers ~as more important on alkaline soils 
thaD in acid eoils. ~recher and Thomas (1956) summarise that 
most of the ~orkere and especially Olsen, Smith end Webb have 
ShO'WD that fertilizers contt:ining B high proportioD of \\ster­
soluble 'P' stimulated earlier grolhtb but did not increase yield. 
Scharpenseel end Concepcion in the year (1957) revealed thot 
the 'Pi uptake of rice in the different soils indic&ted that 
water-soluble phosphates ere more suitable for such low lend 
eoils "hlch Bre rich in cley thc1n the citric-acid soluble 
dicalciumphosphate. 

(2) Comparative stugy cf the uEtak~ of water-sol~ble and 
wateJr-inaoluble 'Pi by: l)lants: 

Uptake of 1Jhcspharus wes maximum in the initial ste:~ee 
ot plant 6ro~th. Nearly 50% of the total Ip' Was absorbed 
when only about 20% of the t uta 1 grcv.th had eccured. '1'hie 1s 
follav ed by a peried Voten the phosy!l.orus absorbed remained 
practicslly conet/::lDt.· !r;ben again very rf)pld uptake ct phos­
phorus took place during seed f("rm&tion. ~lhis trend is in­
cOl:Jfirmity v-ith the trend described by Cleen and :Fried (1957) 

end findinge of Seetha Rami: Rao (1:J60). 

It is revealed by tbe present experiment that uptake of 
P205 by rice crep Wss directly proporti~nal to ~8ter-insolubl~ 
'p' in fertilizers. 'l'be se reL:ul ts Bre C ontrodictory to findings 
of many Vvorkers v.ho useu dicalciumphos.lrhate and eUJ,erjohospb8te 
in their stUdies. HalJ. (1<j49); Dion (194S) and. Blaster and 
McAuliffe in the same year reported that uptake was high from 
weter-soluble .p' in superphosphate. Some workers like Oleen 
(1950), Bennett et el (1954) end Norland et a1 (1957) revealed 
that both uptake and yield ~ere higher in case of super 'pt. 

In vie~ of the above findings of tbe other ~orkers and 
tbe contradictory results in the present study, the complexity 



of the problem is eVident. On tbe basis at tbe trend reported 
b7 Olsell, Bexulet end Borlend that bigh u~tek. 1s linked with 
high yield the pre.ent findings may be Justified in csse of 
chalks 88 the yield too wes in proportion to uptake of water­
insoluble 'I'>' whe.reas in case of black 80i.1. even though uptake 
of wster insoluble • P' is more the y1eld 1s hi~ in. tl'ef)tment • 
. receiving more or water-soluble • P' • 'lbe high uptake of 'I.:' 
from weter-insoluble t P' Vthen compared ",1 th w(jter-solub1e • P' 
in blsck soil may be due to very slow rate of conversion of 

d1c~lciumphos~bete to tricalciumfho8~hbte end other .forms 
(Scb<.rpeneeel and Concepcion 1(57), whereas wster-soluble • P' 
is immediately converted to other lese soluble forms. No doubt 
in black eoil the iDlllledi6te conversion or monocelciumpbcspbate 
will be to s greet extent into dicelciumphosph8te, the iUl.lnedi<;,te 

chemical reaction for this conversion may result in low uptake 
0: 'P' from superphosphate. ~he seemingly contradictory results 
with reference to Yl.eld obtained in the black loil under both 

.. star-soluble end \Hiter-1nsoluble treatm.ents and 8 higher uptake 
of 'P' unoer wster-insoluble 'I" trertmente msy be due to some 
egronomic or physiologiC$l fectors. !J'be over ell upteke is very 
poor as compared to chelks. 'l.hie mey be ottributed to higb pH 
resulting in increase in the concentration of hydroxyl lons, 
which compete ~ith phosphate ions in the uptake by plents. 

One more reason lor over ell hi6h uptake of ~eter-lnsoluble 
tpt (dicelciumphoEj,.\hete) may be due to incressed nutritive velue 
0.1' dlcslci.WIlphosphate a& resulted. bJ" illCreEeSe in tl)t solubility 
in the presence of soluble 8E;!lte end perhaps smmoniumeu!pht,te 
may be piaying an importent role 1n thie ree~ect. steroetke 
and Hill in the year 195; measured the solubility of dicelcium­
phosphate in wster and several salt solutions in green house 
teet on lucerne. Belts sucb as emmonlumeulphate that increased 
the solubility of dicalciumphos!-'hate v.ith incre8ein~ ionic 
strength. eleo geve the greatest crop resJronees. 



The high uptake o.f dicalcium 'p' is alao noticed by some 

other workers Lewton at ~l (1956) reported that degree of 
solubility of tp' had little effect on 'P' u~tbke and yield at 
crops t when l)O\vdex'ed fertilizer 'Wee applied end seIDe fl.ndillgs 

have been confirmed by Cook et al (1957). Gunnarsson (1961) 
reported that in pot experiment in 8 neutral and Bcid soil 

mcnocslciumpi1osphate \lias taken up most readily at .first cropping 
but at later harvests uptbke of the lees soluble phosyhvtes in­

crer:eed. Besides Singte at al 1n the yeer (1961) also found 
simileI' results a6 obtained in the present study while conduc­

ting an experiment on different soils including red ond black 

soils. 

Thus the above discussion reveals that there is peculiar 
behaviour of phosphate in relation to uptake and no single fac­
tor m.ay be attributed to explain the bif"")l uptake of water­
.insoluble 'pI in reletion to water-soluble 'P' 

(~) ChUng;6 c ill the availe ble 'p' in the soil during the 

entire at udl: 
:L\lle gradual illCrtt8Se in aval1abili ty througbout the ex­

pariment is m&.inl.y due to intenSity of reducing conditions 
asaoci6ted v~l th flooding and increasing with time ,leao-ing to 

an inc.te2sed relebse (.;f soil phosphorus. Such results have been 
confirmed by Ghosh (1956). At Central Rice Research Institute, 
Cutteck it \~DS noticed thot phosphate extractable from Morgans 

reagent incre8sed from 1.6 mg. to 4.1 mg. of P2P5 per 100 gram 
of soil in a period of seven days of water-logging. 

In the present study it .as also noticed that iL c~elke 
in the early stages the su~er .pt ~as more aVGilable cut in the 

later ste6es availability 01' dicalciwn 'P' increesed, whert:BS 
in bleck soil beth the forme of t F" weLe mc.re or less equal in 
proportien. 1beae results mey &160 be contributed to reducing 

condi tione :prev6iling du.ring the study. 'l'heee conditions 

favoured low fixation of ~eter-soluble 'P' in clay complex. 
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reduced the chances of formation of unaveileble ironphosphate 
compounds end also lowered the reversion of water-insoluble 
form of .pt resulting in more or less hi~her availbility of both 
water-soluble and citrate-soluble .pt in black soil. In chalka 
due to low colloidal content availability of water-scluble • p' 

was not much effected especially in the early stages. Plant 
secretions. decomposition of algae developed in water-logging 
and the initial low pH of this soil favoured the increase in 
ava1lebili ty of c1 trE:te-soluble • P' in advanced stages. These 
results ere in confirmity with DeGues (195?) who reported 
similar trend while studying reducing conditions in wet rice 
grOWing. 

In the present experiment an attempt ~as also made to 
correlate the water-soluble P205 content of the soil with the 
eveilbility to plant and yield of rice in different treatments. 
No doubt the application of fertilizer increased the ~ater­
soluble P205 content in the soil, the attainment of equilibrium 
was rapid in beth the soils for all treatments. Crop plants 
were able to absorb phosphorus from extremely dilute solutions 
at rates sufficiently rapid to support maximal growth. It may 
be true that water-soluble phosphorus is the source of phos­
phorus for plants under natural conditions in soils and accor­
ding to Arnon (1953) Bingham experiments provide support for 
the concept that phosphorus nutrition of plents grown in soils 
can be explained by the action of the ~ater-soluble phbsphorus 
without the necessity of invoking any anxiliary mechanism. The 
technique in this estimation was to use displaced soil solution 
for the chemical determination of the available phosphorus 
status in the soil. In the present study it is revealed that 
analyzing the soil solution does not give the true picture of 
the facts. Perhaps the concentration of phosphorus in close 
proximity to soilparticles is considerably higher than that 
in soil solution hence correlation to availab,.ility in d1.t'ferent 
treatments could not be obtained. The results obtained re-



presented an equilibrium value and not e complete measure to 
judge available phosphate in soil. According to Arnon (195;) 
Parker, Pierre and 'Iidmore v .. hile analyzing productive soils 
found similar results in some instances. They concluded that 
water-soluble phosphorus as found in displaced eoil solution 
could not by itself account for the phosphorus supply of crops. 
They envoked an additional :mechE>nism, that of root e01l contact, 
to explain 'Pi absorption from soils. 

High content of water-soluble ,~, in chalka under treat­
ments having high Citrate-soluble Ip' reveals that fixation of 
c1 trvte soluble • pI is not as quick as water-soluble • P' in this 
soil due to reasons already stated above. Low pH of chalka fur­
ther assisted in bringing into soil solution more of citrate­
soluble 'P' while the black soil has not shown any distinct trend 
in the availability of either water-soluble 'P' or water-insoluble 

·P· . 
(4) Comparc:,tive efficiency of dicelciumphosI>hete and 

f:uperphos;phate: 

In the present study while evaluating the efficiency of 
~eter-soluble and water-insoluble forms of phosphatic fertili­
sers an opportunity too was obtained to judge the efficiency of 
dicalciumphosphate end superphosphate_, the two phosphatic materials 
used under the experiment. The study revealed that in general 
dicelciumphosphate ~es on per with superphosphate though slightly 
better performance is noted in chalks and superphosphate proved 
slightly better in black e oil. !I.'his peculier behaviour of di­
calciumphosphate and superphosphate in two different soils one 
in chalka, the soil elury of which at the root zone hes shown 
en inclination towards acidity and the other the black soil 
which hes shown en inclination towards alkalinity, may be ex-. 
plained in the light of the views of Tisdale end Rucker (1964). 
According to them when'superphosphate is applied to the soil, 
water vapour moves rapidly into each granule. A solution is 
formed which is saturated v.ith-mOllQCpl_c_iumphosphate and dicalcium­
phosphate dihydrate. A resj ~~~~I~~Y --_ umphosphete remains 
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at the site of the originsl particle. The saturated solution 
that moves out of the granule is concentrated vvith respect to 
,phosphorus snd calcium anq/it is extremely acid (pH 1.8). This 
concentrated acid solution moves out infront reacting as it 
goes with different soil constituents. In soils inclined to­
wards acidity, the reaction is largely with compoundE of iron, 
alumunium and manganese, which are dissolved in the Bcid solu­
tion. In time, the l~,hoephates of these three ions ax'e preci­
piteted. V,hereas soils iIl.clined tO~jarde alkalinity like cal­
careous soils, the moving }bosphste front is preCipitated as 
dicelcium phosphate on the surface of the particles of calcium 
carbonate. F'urther reversion to hydroxyapatite may occur. 
Phosphate ions ~lso may react directly with calCium ions in 
the soil solution forming dicalcium phoSp~Bte end under some 
circumatances t smell amounts of hydroxyapeti te. 

In case of dicalci umphosphete when api-.lied to the soil no 
soil solution is fermed and 8S a result dispersion of the re­
action products into the soil surrounding the original ferti­
lizer particle does not OCC~lr end reaction with,the soil consti­
tuents proceede slowly and availability to plants is reduced, 
especially in soils with alkaline reactions. 

Though the behaViour of dicelciumphosphete and super­
phosphate in the present study ie in confirmity ~ith the above 
findings,the results are not so distinct and sharp. The re~ 
ducing con.ditions under ~ate.r-logging have slightly cheni;ed 

the behaViOur of these lhoephatic materials. Wi thin limitations 
it increased availability of both the forms of phosphates to 
a more or less appreCiable extent and no outstanding distinction 
between the two forms wes visible. In short it may be concluded 
that dicalciumphosphate was on par with superphosphate. Ritz 
end Lutz (19;0) Ensminger (1950), Bureau et al (1953), Vander 
and Karlovsky (1953), Peterson et a1 (1953), Bell and Soloman 
(1955), Cooke(1956) who summarised results of 400 field experi-
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-mente. Webb et el (1961) end Riehl end Iewaren (1961) wbo 
worked at I.A.R.I.,Ne~ Dihi have all evaluated the efficienc~ 
of dicelciumphosphate with superphosphate on different crops 
in different soile and got similar results. This hae aleo been 
confirmed in paddy s011s, where weter-logging causes reducing 
conditions, by Vithal Rao and Kiehan Reo (1963) and by DeGues 
as explained in his lateet book "means of increasing rice 
production" • 

(5) 9om~8r&tive efficiency of Rhos¥hatic fertilizers 
in relation to their fixation by workins out re­
covery of added phosphate on dry weirillt basis: 

The results achieved in the present study regarding fixa­
tion of 'P' in relation to solubility and yield are shown in 
the following table. 

(Results on moisture free basis in grams) 

Soil Phospho- 'P' fixation in soil Fercen- Dzoy 
type rue mate- ~er pot basis 

rial in A veil- A vaii- A vail­
various able 'P' able 'PI able 'P' 
propor- in soil in soil taken 
tiona. at the at the by 

start of end of plant 
expt. expt. 

AvaIl­
able t P' 
fixed in 

e.xpt. 

~ - - ~ ~ ~ - - - - - - - - - ~ - - -
Chalka 

Black 
soil 

0.2057 
n 

" .. 
n 

0.1841 
" 
" n 

" 

0.1038 
0.0994 
0.1048 
0.1013 
0.1031 

0.0704 
0.0708 
0.0695 
0.0696 
0.0714 

0.0584 
0.0592 
0.0532 
0.0431 
0.0395 

0.0354 
0.0411 
0.0314 
0.0324 
0.0387 

0.0435 
0.0471 
0.0477 
0.0613 
0.0631 

0.0783 
0.0722 
0.0832 
0.0821 
0.0741 

tage matter 
fixa- produc-
tion. tion per 

plant. 

... - .. ~--- .. 
21.15 
22.90 
23.19 
29.80 
30.68 

42.53 
39.22 
45.19 
44.60 
40.25 

6.2341 
6.5407 
5.9529 
5.5043 
5.6228 

4.8735 
5.2934 
4.3386 
4.6038 
5.9869 

- - - - ~ ~ - - ~ - ~ ~ - - - - - ~ 

It is evident that in chalks fixetion gradually in­
creased with increese in ~Bter-eoluble 'F' in the trestmente, 
whereas yield was quite opposite to this trend. I~ black 
soil though yield has similar trend as in chalka, with regard 
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to fixation, there Wes no marked distinction between the 
treatments. ~reatments receiving 2~6 and lOU5S ~eter-soluble 
*P' from fertilizer phosphorus have given higher yield than 
the rest. Due to high colloidal content the over all fixa­
tion was high in black soil than chalka. Histogram 3 showing 
this trend 1s enclosed. 

~hU6 present study has revealed that in chalka yield 
was inversely proportional to fixation i.e., indirectly to 
soluble 'P' content in fertilizer, phosphorus; whereas in 
black soil though there was similar trend of yield in re­
lation to fixation, no defi~te relationship with solubility 

'. 

is visible. 
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PRACTICAL IMPORTANCE OF THE STUDY 

This study is undertaken to judge the solubility of 
fertilizer phosphorus and to compare simultaneously the effi­
ciency of the two phosphatic m~terials used for the experiment 
i.e., dicalciumphosphate and superphosphate. According to 
Caldwell (Minnesota soil series No.47) none will dispute the 
current widespread importance of solubility of fertilizer phos 
-phorus. This interest can be attributed to a number of things 
among them, greater fertilizer use, compition for the ferti­
lizer rupee, entry into the market of fertilizer mixtures 
having various grades of phosphate solubility,plus recent res­
earch indicating an advantaS@,for water-soluble materials 
under some conditions. 

Modern trend in farming is to reduce the crop unit 
cost of production which implies the use of high analysis 
fertilizers getting the highest production per man hour of 
labour. Low analysis materials such as ammoniumsulphate and 
single superphosphate should be discouraged and their use 
avoided wherever possible in the interest of more efficient 
and more profitable farming. Hence trend for using ferti­
lizer mixtures containing concentrated phosphates chief among 
them comprising amlI1oniumphosphates and nitrophosphates is 
gaining favour. These new fertilizers comprise the majority 
tonnage of the fertilizer consumed in the advanced countries 
and in India too experimental evidence is favouring an ex­
panded use of mixed fertilizers as a means of increasing food 
production of farm crops and maintaining the fertility of the 
SOil. One of the resolutions recommended by the seminar of 
fertilizers and manures held in New Delhi during the World 
Agriculture Fair in January end February 1960, dealt with 
research into the relative efficiency of water-soluble and 
Citrate-soluble phospbates when used on different Boils and 
.crops. The purpose of the recommended research 'Was specifi­
cally to enable the Govt. to decide upon the type of mixed 

-~- -~~- -~~~~~~~~~~~~~~ 
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fertilizer that should be produced in India. One factor 
militating against the production ana use of more concen­
trated phosphate is tIle non recognition in tIle fertilizer 
law of our countrYt of citrate..,.soluble P205 as a satisfac­
tory supplier of nutrient phosphorus. The modern trend in 
fertilizer technology is to prepare compounds by ammoniating 
superphosphate or phosphoric acid or acidulating phosphate­
rock with nitric acid, yielding a. complex mixture of nitrates 
and phosphates called nitrophosphates. According to Bixby 
(1961) in these processes some portion ie converted from 
water-soluble to citrate-soluble form as in case of hmophos 
and in case of nitrophos though the phosphate component of 
the product of this reaction is in water-soluble monocalcium­
phosphate forPlt the product .1s unsuitable for fertil;.zer use 
because tbe contained calciumnitrate causee it to be hygros­
copic and alao causes the monocalciumphospbate to be unstable. 
Thus water-soluble phosphate is largely converted to citrate­
soluble phosphate, tIle dicalciumphosphate. Hence in the market 
fertilizer mix'ture s of v8rying proportions of water-soluble 
and citrate-soluble phosphorus are available. On the one 
hand largely water-soluble forme are available as Amophos 
A and B end on the other hand largely 'Water-insoluble forms 
as n1trophos P.E.C. are menufectured. In between there are 
severel proportions as Udda ni trospllos and di 1'.ferent grades 
of Government of India fertilizer mixtures. 

In this state of affsir agriculturel scientists of our 
country beve to evaluate the present day phosphatic fertilizers 
in terms of solubility. To wbet extent mu.st Eo fertilizer 
phospborue be water-soluble wi:!en epplied in a mixed fertili­
zer? How far may the ~ater-solubility be reduced in the 
interest of ecvnomy before it causes decreases in the yield 
o~ quality of crop? Is there a significant difference between 
water-soluble and a:nunonium citrate-soluble phosjihate in the 
production of farm cr~pe? No doubt these questions hbve agitated 
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several agronomists and fertilizer manufacturers for many 
years and a vast amount of laboratory, green house and field 
experimentation throughout the world has been devoted to the .. 
elucidation of the multiple factors involved in the complex 
problems surrounding these questions,thia field is rather new 
for our country as evidenced by the above discussion. Until 
a boQy of knowledge of the behaviour of the nutrien~commonly 
present in materials used as fertilizers on different soil 
type and climatic conditions is built up locally in terms of 
chief food crops. the economic utility of the vast number of 
present day phosphatic fert~~izers will not be achieved in its 
true sense and it will be a major handicap for self suffi­
ciency of food grains in India. The present study is one of 
attempt in this line. Rice crop is taken as it is the cbief 
food crop and the c~oice of a suitable phosphatic fertilizer 
for rice is a burning topic of the day. 

For a long time only the water-soluble P205 i.e., the 
form of phosphoric acid in superphosphate ~as considered 
assimilable by plante. Hence superphosphate was the only 
phosphatic fertilizer manufactured and consumed in large scale, 
in our country,due to its suitability for soils of all kinds 
and simplicity in production. Comparing the production of 
phosphoric acid with the annual requirement,it is just a drop 
in the ocean. For the preparation of superphosphate sulphuric 
acid is required. The production of this acid is limited in 
this country as all the sulfur required for the purpose has to 
be imported. According to Patel (1953) due to the great demand 
of this acid in other industries only 20% of it is used for 
superphosphate production. Besides India has to depend on 
foreign countries for the supply of high grade phosphate rock; 
as the Indian apatite is of low grade and is unsuitable due to 
the presence of deleterious substances. Since the introduction 
of industrial processes for the production of dicalcium phos­
phate,which economisee the use of sulphuric aCid,its industrial 
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expansion is possible. Several desirable properties of this 
citrate-soluble phosphatic fertilizer,a brief description of 
which is given under reView, enables it to compensate the 
demand of phospbatic fertilizers,not only in its pure state 
but also as an essential ingredient of common fertilizer mix­
tures like nitrophospbates end highly ammoniated super, hence 
tbis fertilizer is competing superphosphate. As such the 
comparative study of dicelciumphosphate and supe~phosphate 
for rice crop will be of great advantage both to the agro­
nomists, and to the cultivators. 

'., 

The present study has given an incentive in this 
direction. It is concluded that in chalka yield of rice 
has increased in proportion to Citrate-soluble 'P' in 
phosphatio fertilizer; whereas in black soil both water­
soluble and citrate-soluble 'P' have given more or less 
equal results. It is also concluded-that dicalciumphosphete 
is on par with superphosphate.' 

Thus in view of the above findings that citrate solubi­
lity is a blessing and not the curse, there is greater scope 
in our country for the popularity of new phosphatiC fertili­
zers which are more economical~ It may be wo~th while to 
suggest that field experiments 'have to be conducted to con­
firm these findings and if persistent results will be ob­
tained, the Govt. of India may be approached to accept the 
concept that ammoniumcitrete soluble and water-soluble 'P' 
have equal manurial value. 
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SUMMARY AND CONCLUSIONS 

The form of available P205 in fertilizers plays an 
important role in crop production. As such in the present 
study an attempt is made to ev~luate in terms of crops res­
ponsetthe comparative fertilizing value of different propor­
tions of water-soluble and water-insoluble 'P' eo'as to judge 
the single and mixed phosphatic fertilizers available in the 
country, on the baeis of 'p. solubility. Rice crop is selec­
ted as it ie the chief crop of Andhra Pradesh and the chief 
food grain of our country. J. pot culture experiment is conduc­
ted on the typical soila of Telengana Region,the chalks and 
black Boils. The recommended dose of 60 lba tNt per sere is 
ap~lied as ammon1umsulphate. The recommended dose of 45 lbs 
of P205 per acre is spplied in the form of superphosphste and 
dicalci umphospbete in different proportions to provide different 
grades of solubility as required by the experimental plan. Both 
soil and plant samples were drawn from the experimental pots, 
at four stages of plant groVvth i..e., tillering,flO\~ering, milk 
stage an.d maturity, to knovi the effect of solubility on the 
changes in available P20~ and tN' in the Boil and uptake of the 
seme by plante. Finally the yield in different treatments is 
compared to judge the efficiency_ The following conclusions 
are dra\'Jn. 

(1) High degree of water solubility gave a good response 
in the early stages of plant growth whereas in the later stages 
citrDte-soluble 'PI has given better response in chalks and 
rather low response than water-soluble 'PI in bleck 8011. 

(2) The uptake of P205 by plants wee greeter for citrate­
soluble 'P' throughout the experiment. 

(3) In the early stages water-soluble 'p' has shown 
higher availability in soil whereas in the later stages 
citrate-soluble Ip' gave better performance. This trend was 
espeCially pronounced in chalka. 
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(4) The yield of rice has increased in proportion to 
the citrate-soluble 'P' in phosphatic fertilizers in chalka; 
whereas in black soil both citrpte-soluble and water-soluble 
'P' have given more or less equal yields. 

(5) Dicalciumphosphate was on par with superphosphate. 

(6) In chalka yield was inversely proportional to fixa­
tion i.e. t indirectly to soluble • P' content in fertilizer 
phosphorus; whereas in black soil though there was similar 
trend of yield in relation to fixation,no definite relation­
ship with solubility is visible. 

~.~ 

Thus in view of the above findings, it may be genera­
lized within certain limitations, that citrate-solubility in 
phosphatiC fertilizers 1s desirable in the interest of economy 
and production. The usefulness of dicalciumphosphate, as a 
.pt carrier, as revealed in the studies, encourages its wide­
spread agronomic use and its increased manufacture indus­
trially as a supplement and one of the gradual substitute to 
superphosphate thereby !l~iminating use of scarce and costly 
sulphur. 
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LIST OF TABLES IN APPENDIX 

1) Height of complete plant and panicle at harvest alongwith 
statistical analysis. 

2) Number of effective tillers. 
3) Total P20S in plants alongwith statistical analysis 

:3 - A. At tillering stage 
:3 - B. 

3 - c. 
3 - D. 

At flowering stage 
At milk stage 
At matured stage (harvest). 

4) Total 'N' in plants. 
4 - A. At tillering stage 
4 - B. At flowering stage 
4 - C. At milk stage 
4 - D. At matured stege (harvest) 

5) Availa.ble P20,:; in soils elongwith statistiCal analysis 
(1) In series III pots (incubation study) 

5 - A.. At 1st sampling 
5 - B. At 2nd sampling 
5 - C .. At 3rd sampling 
S -- D. A t 4th sampling 

(ii) In series II pots (dummies) 
':; -E. At let sampling 

(ii1) In series I pots (main exper~ent) 
.5 - F. At 1st sampling -6) Water-soluble P20S in e011s elongw!th statistioal analysis 

(1) In series III pots (Incub~tion studies) 
6 - A. A t 1st SBDl-p11ng 
6 - B.' At 2nd sampling 
6 - C. At 3rd sampling 
6 - D. At 4th sampling 

(11) In series II pots (dummies) 
6 - E. At 1st sampling 

(i1i) In series I pots (main experiment) 
6 - F. At 1st sampling. 



7) Total tN I in soils 
(i) In series III pote (Incubation studies) 

q 

'7 - A. At 1st sampling 

7 - B. At 2nd sampling 

7 - c. At 3rd sampling 

7 - D. At 4th sampling 
(11) In series II pots (dummies) 

7 - E. At 1st sampling 
(iii) In series I pots (main experiment) 

7 - F. At 1st eamp~ing. 

GUIDE TO TABLES IN APPENDIX 

I. Abbreviations 
(A) Pl - 100% citrate-soluble phosphate 

P2 - 7~~ citrate-soluble + 25% water-soluble phos-
phate 

P3 - 50% " + 50% n 

P4 - 2,50,.6 Jt + 750;6 n 

P5 - 100% water-soluble phosphate 

(B) R - Replication. 

II. EePlanatory term! 
(ll) Soil: 

Pot series Sampling 
No. :No. 
IIIrd 

(incubation 
study) 

1st 
2nd 
3rd 
4th 

stage at whioh Age of 
sample collected plant 

45 days 
. 75 " 
100 " 
120 " 

lInd 1st 
(dummies) 

100 " 145 days 

Iet 1st 120 t1 175 " (Main expt.) 
(B) Plant; T1l1ering 90 " 

Flowering 120 " 
Milk 145 " 
Maturity 175 n 



~PP.ENDIX TABLE - 1 
Height of eomplet,e plant and panicle at harvest under 

different treatments 
( Averase heisat Eel,' Eot in ems: ) 

~ 

~ ~ - ~ ~ - ~ - ~ ~ ~ ~ ~ ~ ~ ,_ - ~ ~ - ~ ~ ~ - ~ ~ ~ ~ ~ - ~ - ~ 

S oil Phosphorus HEIGHT o~ WHuLE PLANT type material Average 
in various RI HI HIlI RIV proportions - ~ ~ ~ - ~ ~ - - ~ ~ ~ ~ ~ ~ - ~ - - - ~ ~ - - ~ - ~ ~ ~ -- ~ -

CHALKA Pl 127.00 112.77 1;0.80 104.77 118.84 

Fa 102.87 118.11 113.60 120.01 11.3.65 
P, 130.81 120.65 121.28 119.81 123.14 

P4 .123 .. 19 121.92 . ,,111.76 119·38 119.06 
P5 130.81 107·31 . 11"6.84 119.38 118·59 

BLACK Pl 109.98 121.92 128.70 114.30 l18.7e 
SOIL Pa 113.03 119.38 126.13 114.30 118.21 

P3 115.57 119·38 118.11 110.49 115.89 ~ 

P4 116.84 109.22 118.11 112.65 114.21 
P5 130.81 128.70 124.46 114.30 124.57 

LENGTH OF PANICLE 
CHALKA PI 24.76 24.51 26.67 20.95 24.22 

P2 20.32 22.60 21.84 24.13 22.25 
P3 26.67 20.95 22.86 19.68 22.54-

P4 22.86 22.60 22.86 20.32 22.16 

P5 24.13 19.81 23.87 25.27 23.27 

BLACK Pl 22.68 23.49 26.03 24.13 24.08 SOIL 
F2 24.63 25.40 24.23 24.00 24.57 
P:; 22.22 21.59 23.36 21.71 22.22 

P4 -20.82 22.52 20.95 21.65 21.49 

P; 27.;0 24.;8 22.22 22.86 21.69 

~ ~ - - ~ - - ~ ~ ~ ~ ~ ~ - ~ ~ - - ~ ~ ~ ~ - ~ - - - _, - ~ - ~ ~ 



STATISTICAL ANALYSIS~PLANT HEIGBTl 
- - - ~ - - - - - ~ ~ - ~ ~ - - ~ ~ ~ ~ - - ~ ~. ~ ~ - ~ ~ - ~ ~ -

A.V.TABLE SUMMARY OF RESULTS 
Due 'Eo S.S. D.F. M.S.S. F Tr. Mean % G.M 

.. height ... ~--~ ... --- .... --- ..... - .. -- ............. - ...... ~._ .... ---
CHALKA B.s.e. 142.84 :; P1 24.22 105.86 

TritS.S. 181.48 4 45.37 0.594 P5 23.27 101.70 
Er. 916.60 12 76.;8 l?3 22.54 98.54 

T.S.S. 1240.92 19 P2 
22.25 97.25 

P4 22.16 96.85 
G.M.. 22.88 100.00 
S.E.M. 4.369 19.09 

"-, 

BLACK B.S.S. 260.56 ,; P2 24.57 105.45 
SOIL Tr.S.e. 248.2; 4 62.06 Pl 24.06 10;.35 2.41 

Er. 308.72 12 25.73 P3 22.22 95.36 
T.S.S. B17.51 19 P5 21.69 9;.09 

P4 21.49 92.23 
G.M. 2;.;0 100.00 

S .E.M. 2.536 10.88 
~~ - ~ - - - - ~ - - - ~ -

PANICLE LENGTH 

CHALKA B.e.a. 12.B8 3 .p 12;.14 10B.;5 
Tr.S.8. 12.09 4 3.02 3 

0.59 .P.q. 119.06 104.76 
Er. 61.22 12 5.10 

Pl 118.84 104.57 
T.S.8. 86.19 19 P5 118.59 104·35 

P2 113.65 100.00 
G.M. 113.65 100.00. 

S.E .M. 1.129 0.993 

BLACK B.S.S. 1.36 3 P; 124.57 105.;0 
SOIL Tr.S.S. 29.86 4 7.47 Pl 118.72 100.;6 2.49 

Er. 36.02 12 3.00 Pa 118.21 99.92 
T.S.S. 67.24 19 P, 115.89 97.96 

P4 114.21 96.54 
G.M. 118.;0 100.00 
S.E.M. 0.866 0.73 

- - - ...... -- ...... -- ...... _- ........ -- ........ __ ... _ .. -_ .... _-_ ..... 

~ 

'. ,I' 
" 1'".,.. 
" ">, -~ ... 

J> 



APPENDIX TABLE - 2 

Number of effective tillers under different treatm.ents 
.. ~--- ..... ----,_,- ................ - ...................... - .... --- .. .. 

Soil Phospho-
type rue ma- EFFECTiVE TILLERS 

teria1 Average in va- RI HII RIll Rrv r10ua Per Av/.i?I. Per J\v/pL. Per AvlP1.Per AV/P1.· Per J\v/Pl. propor- pot pot pot pot pot. tiona. .......... - ...... - ~ ~ ~ - - - ~ ~ - - - - - - ~ ~ - ~ ~ ~ ~ - - - -. - -
CHALKA .P1 9 3.0 8 2.66 10 3.33 8 2.66 8.75 2.91 

P2 9 3.0 7 2.3~~ 10 3.33 10 3.33 9.0 3.00 -

P3 10 3.33 6 2.0 8 2.66 9 3.0 8.25 2.75 

P4 8 2.66 9 3.0 7 2.33 6 2.0 7.50 2.50 

P5 ? 2.33 8 2.66 6 2.0 9 3!O ?5O 2.50 

BLACK P1 6 2.0 4 1.33 8 2.66 6 2.0 6.0 2.0 
~ 

P2 9 3.0 7 2." 6 2.0 6 2.0 ?o 2.33 

P3 5 1.66 6 2.0 4 1.33 5 1.66 5.0 1.66 

P4 6 2.0 6 2.0 5 1.66 6 2.0 5.?5 1.92 , 

P5 10 3·33 9 3.0 7 2.33 6 2.0 8.0 2.6? 

N.B: Av/P1. = Average per plant. 



4lJ.J,F;:grU)IK TABHE=',AJ 
~otvl e2o~ in planta ot tillo~1nG oteGo undor difforont 

J troatoonta ". 
t ~g~~o f~ae ~aciO in ~~a~Pl ) 

------~--------------------.-----Soil .l:."hoouhorua 
typo tlotor101 

in vDx10ua 
proportion 

B. 1 
Average 

---------------------------------Cholko 

Bloclt 
0011 

P1 
22 
1:', 
.P4 P, 
Po 1 
.P2 
P, 
.J;'4 

1:'5 

2576.61 2524.74 
2474.71 230!h1O 
2~'6.91 226'7.1t.! 
2097.50 2033.98 
1737.28 18;8 .• <)0 

.... , 

1450.80 1501.75 
1426.90 1355.73 
1366.70 1441.56 
1220.84 1272.10 
1247.56 1214.74 

2448.86 2492.~4 2,510.64 
235U,,24 2434.26 2391.22 
2413.;4 247&.35 2378.49 
21u6.11 2191.3-' 2107.23 
1915.77 1802.20 182'.5; 

1461.36 1390.67 1452.64 
1317.22 1;64.6, 1371.62 
1359.0; 1,ou.t:s6 1367.54 
1"24.18 1292.42 127'/.:;9 
116t,.97 1295.67 122\;.t.1'J 

---------------------------------ST.A!£IS'fIOAL ,AI1ALYfilS 

A. V .TABLE SUl.l!.'U\RY lIDSULTS 
Duo to II BaS' b.lt U.S~1J. mH ,efj;J:. r:ioontp. ~jC1~u 

------------------------------~---OlIALKA B.S .. S. 16768.94- ~ .1'1 2510.64 111.97 
~r.S.s. 1225502.87 4 ,06315.72 P 2'91.22 106.65 1.3' 2 nr. 2159673.40 12 229961 ... 4; P, 2;'78.49 106.08 
T .8.S. 4001965.21 19 P4 210'7.2;; 9~.ge 

P5 182'.5:5 81.33 
G.U. 2242.22 100.00 

S.E.H. 2'9.76 10.69 
~ - ~ - ._ -~ ~ ~ ~ ~ ~-

BL.AOK D.S.S. 3163.16 , 
P1 14'8j.64 108.43 SOIL Tr.S.a. 122816.88 4 ,,0704.22 10.54 P2 1'71.62 102.;0 

1]1:. 54956.31 12 291,.o, l? 1;67.54 102.08 
!i:.E.S. lEo936.;5 19 ~ 

P4 127'7 .• 39 95.3~ 
Reoulto aiGDif1cvnt at both ~,; Q 11:' lovol P, 1229.79 91.81 

P1 P2 ii, 1'4 P!i G.th 1339.79 100.00 
S.D.O. 26.96 2.01 
C.D. 8;.04 6.20 

~-~~-~~~~----~~~-~~~~~~~~~~-~---~-



APPE!IDIX TABLE-:2!BJ 
Total PaO; in plants at flowering stego under d1tfe~ent 

treatments 
( UOie~ure free beeis ill", E •• 2..~ .•• ) 

----------------------------_._---
So11 'Fhoapborue .. 
type materiel FLO\,\,ERING STAGE AV'.erage 

in various HI HII RIll BIV 
proportion.s 

---------------------------------CHALK! P1 1183.10 16;3.91 1703.19 174~)'80 1721.5 

P2 1714.72 16~9.05 1592.26 '1640.62 1~6.66 

P,; 1659.05 1610.29 1542.52 15<_11.1. 7 ;L6QO.76 

1>4- 1;17.26 1545.27 16tlO.62 1569.69 1573.21 
Ps 1;81.05 1395.45 1436.;0 1460.30 l4~aj28 

"- , 

BLA.OK P1 1198.24 1153.95 1120.01 122€>4i19 1174.60 
SOIL Pa 1248'.67 1119.91 11:;8.68 1192.41 11~9it92 

P, 12;0.90 121.0.35 1168.24 1260.47 1211.49 
P4 1180.95 1170.00 1233.22 1125.61 1177.45 
P, 1117.90 1081 .. 70 1095.32 1041.82 108; •. 69 

~~~~-~~~~-~~~-~~~~.~~~~---~-~-~--
STATI§TIOAL ~N~LYBIS 

- - - - .. - - - .. :-A;-v7TABLE- - - - .. - - .. - sufr~tii! RESU~§" -
Due to . B.S. D.F. &I.a.s. F T.r. Mean'f" % G.M. ---------------------------------OHALKA Ih6.8.. 5888.38 
Tr.S.S. 201531.04 
Er. 30782 .01 

T.S.S. 238208.43 

Results significant at both ?~ & 1% level 

1721.;.0 108.13 
1646.66 10,.49 
1600.76 100.49 
1573.21 99.32 
l'~a.28 89.28 
1592.08 100.00 

P1 p' 
2 13, 

:SLAtE B.S.S. 
SOIL Tr.S.S. 

Er. 
T.S.S. 

P4 Pi 

;6.56.72 
38424 .95 

21104.54-
6;186.21 

~ 
4-

12 

19 

2;.32 1.;9 
C.D. 77.98 4.89 .. __ ......... -- .. - .. - .. ....- ..... P, 

9606.24 5.46 P2 
1158.88 P4 

1217.49 104.15 

ResUlts significant at both ~ & 1% level 
1'1 
P; 

1189.92 101.97 
1177.45 lOO.:.?~ 
1174.60 100.56 
1085.69 92.95 
1169.02 100.00 13 P2 P 4- - Pi Ps 

G.J5., 
S.E.M., 
C.D. 

20.95 1.79' 
64 •. 53 5.;2 

--------------~------------------



soil 
type 

APPENDIX TABLE-2(C) 

Totel P205 in p1ents at milk stage under different 
treatments 

( Mpisture free basis in ;e.p.lp.. ) 

Phosphorus JiILK"STAGE material Average 
in various RI RIr RrII R1V proportions - - - ~ - ~ ~ - ~, - - - - - - - ~ ~ ~ ~ - ~, - ~ ~ - ~ ~ - - - ~ -

CHALKA P1 1410.74 1;47.84 1;77.8; 1465.25 1402.08 

P2 1;88.13 1;17.;5 1350.92 1416.31 1;68.1? 
P3 1240.56 1336.56 1;48.22 1288.73 1303.51 
P4 1310.72 1327.32 1377.44- 1365,.53 1345.25 
P5 1350.47 1239.16 1281.12 1301.34 1293.02 

" 

BLACK PI 1147 .. 52 1095.98 1119.80 1187.85 1137.78 
SOIL P2 1188.41 1150.47' 1085.37 1161.27 1146.38 

P3 1087.55 1056.18 1103.64 1020.10 1066.86 
P4 1069.68 998.32 95C).44 1026.68 1011.28 
Ps 953.66 1036.03 1079.17 1029.66 1024.63 

- - - ~ - ~ - - - ._, - ~ - ~ ~ - ~ - ~ - - ~ ~ ~ ~ - - - ~ ~ - - -
STATISTICAL ANALYSIS 

- - - - - - - - - - .i. V .TABLE - ._ - - - - - - SmiMARY OF-RE~ULTS- -
Due to S.S. D.F. M.S.S. F Tr. Meani:pt % G.M. - ~ - - - ~ - ~ - ~ - ~ ~ - - - ._ - ~ ~ ~ - - ~ ~ '. ~ - ~ - - - ~ ~ 

CHALK! B.S.S.. 7508.48 
Tr.S.a. 50723.29 
Er .. 4321.48 

T.S.S. 61885.00 

4 12680.82 
12 360,12 
19 

Results significant at both 5% & 1% level 

~ P2 P4 P3 P5 

B.S.S. 2157.87 ; 

P1 

35.21 P2 
P4 
P3 
Ps 

G.ll. 
S.E.M. 
C"D. 

omAmt 
SOIL Tr.S.B. 62861.79 4 15715.45 67.34 

Er. 28006.85 12 2;33.90 
T .S.S. 93026.51 19 

Results significant at both 5% & 1% level. 

S.E.M. 
C.D. 

1402.08 104.42 
1368.17 101.89 
134,5.25 100.18 
1303.51 97.08 
1293.02 96.29 
1342.77 100.00 

9l!49 0.71 
29.23 2.18 

1146.38 106.40 
1137.78 l05.€O 
1066.86 99.02 
1024.63 95.10 
1011.28 93.86 
1077.40 100.00 

24.16 2.24 
74.41 6.91 



,PFElJDIX TABLE-~'Dl 

~otal PaO; in plante at matured stoGe (G~ain end etra~ 
at hB~veet) un~er di!fe~ent treatoente. 

(Moietu.re free basis in p.p.m.) 

~ -~ - ,~ ~ ~ - - ~ ~ ~ ~ ~ - - ~ ~ - ~ ~ ~ ~ - ~ ~ ~ -- ~ - ---
Soil l-boepbo~u6 Matured stage G~IN type mateJ:ial Averer58 .'Ii I !lIi' 

, , 
in various RIll RIV proportions I 

-~~~-~~~~~~~~-~--~~~-~~~-~~~~~~-~-~ 

ChelLe P1 2746.68 2555.;0 2610.71 2716.92 2657.40 

.F2 2415.90 2594.89 2556.25 .24~9.34 2509.10 

1'3 256'7.30 2422.58 25}5.49 2464.,6 249'7.49 , 

P4 2089.86 2238.62' 220;.'72 2153.82 21 '72.00 

.PS 184;.92 1975.08 201'7.,2 1891.50 19~21100 

Bleck PI 1955.96 1984.40 2088.'70 2048.21 2019.,~2 
soil. 

.F2 2046.51 2155.41 2199.87 2086.01 2121.95 
P 3 1930.00 2058.05 1990.45 2025.81 2001.78 

P4 1878.46 1Y95.48 1951.92 1925.14 1937.75 
.F~ 1714.07 18~2.?l 186?'75 1'750.'7 1791.23 

M!3tured etlkie STRA\~] 
Cbalke Pi 466.31 459.6; 496.65 497.86 480 ... 11. 

Pa 445.50 514.18 453.43 460.65 468.44 

P; 477.,69 501.22 494.51 449.19 480.65 

P4 469.41 414.12 432.56 447.45 440.89 
p ; l~2.17 418.90 388.29 4';2.68 410.51 

Bleck P1 428.55 396.27 374.52 412.12 402.87 
0011. 

P2 448.99 401.24 418.23 4;2.24 425.18 
l?; 387.31 412.16 434.31 410.74 411.15 

.P4 43&.38 396.38 ,,82.63 412.01 406.85 
Ps 481.52 . 365.58 39G.4~ 3;0.28 398.47 

~ - -- - . ~ ~ .~ ~ ~ - .~ ~ - ~ ~ ~ ~ - ~ ~ ~ ~ ~ - ~ ~ ~ ._ ~ - ~ ~ -



STATISTICAL ANALYSIS OF TOTAL PaOr;; IN ,PLhtl'lS 
( Uatured stage GrDin and streu ) 

Due to 
A! V .TABLE SID.1UARY OF RErULTS 

S.S. D.U. U.S.S. l? • Tr. l.!eon ipf ~S G.Y. 

lRA~ B.S.S. 8198.27 3 ~ Pl 
cmoo) . . !l!r.S.S.139196,5.99 4 347991 .• ;0 52.197 P2 

2657.40 112.91 
2509.10 106.61 
2497.49 106.11 
2172.uO 92.28 

Er. 80002.42 12 6666.868 P, 
T.S.S. 1480166.68 19 P4 

P5 1932.00 82.09 
Results e1gnificont at both ~6 end 1% lovel G.n. 2~53.60 10u.00 

~ .1'a • P2 .. P4 i?,5 

GRlllil B.S.S. 39368.6 --

B.E.tl. 40.78 1.73; 
C.D. 12,5.60 5.34 

.BLAOK 2 7&:a? ? 4 ,59396· 9 /1 
SOIL Tr .S.S.. 3.,f\J' 4 It.... 41.65 

2121.95 107.48 
2019.;2 102.28 
2001.78 101.39 
1937.75 ya.l!; 
1791.23 90.72 
1974.27 100.00 

.1.51.'. 17114.37 12 1426.20 
T.S .s. 294071.?l 1Y 

Results significant at both 5~~ Dnd 1]) lovol 

STJ:hW: B.S.C. 282.53 3 
& CttJlLKA )~lr.s.S. 14565.78 4 3641.20 

Er. 8ac1.61 12 683.47 
X.H.B. 2';049.92 19 

Ree\llte s1gnificDnt at 55'S lavel. 

S'I.liAU' B.S.Z::5 • 5324.37 3 
IH".nOK Tr.G.6. 167".50 4 41Y.38 SUIL 

Er. lu514.~? 12 
. . 876.24 

!t°.8.t:) .. 17516.74 19 

S .E.ll, 
O.D. 

18.88 

58.1.5 

P, 480.6,5 105.38 
5.327 Pi 4&> .11 105.26 

P2 468.44 102.70 
.P4 440.89 96.67 
25 410.51 90.0U 

G.tl. 456.12 luo.OO 
S.~.ll. 13.07 2.8? 
O.D. 40.25 8.83 -- - ~ ~ ~ ~ ~ ~ - - - ,_ ~ 

F2 425.18 103.98 
0.48 P, 411.15 1uo.55 

.1:'4 406.85 99.51 
P1 402.87 98.62 
~5 ?98.47 97.45 

G.ll. 408.90 100.0u 
S.E.U. 14.8u ,.62 

............ _ .... _ .... _------- ....... ..,..., ...... ._ ...... -_ .................. 



APPENDIX TABLE-4(A) 
~ 

Total 'Nt in plants at tillir1ng stage under different 
treatments 

( Moisture free basis in percent ) 

~------~-~~--~~-~---~~----------
Soil Phosphorus 
type material 

in various 
proportions 

Tillering stage Average 

- ~ - ~ - ~ ~ - ~ ~ - - -. - - - - - - - - - - - - - ~ - - ~ ~ 

'-

CBALKA 1'1 3.245 ,.176 2.988 ,.124 3 .. 133 

P2 3.120 2.796 3.044 2.872 2.958 

1', 2.953 3.124 ,.167 2.996 ,.060 

Pl,. 2.973 3.064 :;.169 3.088 3·074 

1'5 3.025 ,.003 3.177 3.156 ,.090 

BLACK 1'1 2.723 2.544 2.695 2.516 2.619 
SOIL 

P2 2.534 2.604 2.747 2,,678 2.641 

P, 2.751 2.576 2.533 2.709 2.642 

1'4 2.581 2·385 2 • .503 2.462 2.483 

1'5 2.677 2.609 2. L}72 2.541 2.575 

.. - - ... - - .. - - ... - - - - ... - - - - ...... - ... - -. - - .... - -



t&PFENDIX TABLE-4(B) 

Total tNt in plants at flowering stage under different 
treatments 

( Moisture free basis in percent ) 

- - - - - - ~ - - - - - - - ~ - - - ~ - - ~ - - - ,~ - ~ - ~ ~ - -
Soil Phosphorus Fl()'Wering stage type material Average 

in various RI RII RIll R1V proportions 
- ....... - - ... ..., .. - ....... - ... - ... - .. - ... - -- ........ - - - ..... .-. .. - .- --

'-
CHALKA P1 2.037 1.943 - 1.891 1.986 1.964 

P2 2.075 1.957 1.929 2.045 2.002 

p 
3 1.865 1.982 2.003 1.883 1.933 

P4 2.093 2.013 1.984 2.055 2.0;6 

P5 1.905 1.951 2.071 2.010 1.984 

BLACK P1 1.784 1.907 1.921 1.802 1.854 
SOIL 

P2 1.805 1.927 1.971 1.850 1.888 

P" 1.813 1.944 1.840 1.967 1.891 

P4 1.913 1.871 1.776 1.817 1.844 

P5 1.775 1.871 1.913 1.817 1.844 

- .... ._ - - - ,_ - - ~ - - - ~ ~ - - - ~ - - - ~ - .... ~--- ..... --



APPENDIX TABLE-4(C) 

Total 'N' in plants at milk stage under different 
treatments ~ 

( MOisture free basis in percent ) 

- - - - - ~ ,~ ~ - ~ - ~ ~ - ~ ~ - - ~ ~ ~ - ~ ~ ~ - ~ - - -
8011 Phosphorus Milk stage type material Average 

in various RI RII RIll RIV proportions 

-~~~--------~--~~~~~--- - - - ~ - ~ - - - ~ 

CHALKA 1'1 1.242 1.315 1.348 1.272 1.294 
" 

P2 1.366 1.295 1.267 1.339 1.316 

P; 1.165 1.249 1.271 1.185 1.218 

Pl~ 1.244 1.347 1.~71 1.299 1.315 

P, 1.140 1.212 1.252 1.178 1.196 

BLACK P1 1.065 0.967 0.983 1.052 1.017 
SOIL 

P2 1.287 1.144 1.193 1.243 1.217 

P3 1.153 1.215 1.178 1.238 1.196 

P4 1.133 1.060 1.109 1.084 1.097 

P5 1.249 1.224 1.192 1.167 1.208 

~ - - - ~ - ~ ~ ~ - ~ ~ ~ ~ ~ - - - - - - - - ~ - - - - ~ ~ - - ~ 



~PPENDIX TABLE-4~Dl 

Total 'N' in plants at matured stage (Grain and strew) 
under different~treatments 

( Moisture fre~ basia in perce~~ ) 

~ - - - - - ~ - - - ......... ------ .. _---- ~ ........ ----
Soil Phosphorus Matured stage Grein type material Average 

in various RI RII RIll R1V proportions - - - -- - - - .. - .. - - - ... - - ....... ,.. ... - - ......... - ...... - - - ... -
CHALKA Pl 1.514 1.,41 1.459 1.394 1.427 

P2 1.311 1.47'1- 1,350 1.430 1.392 

P, 1.404 1.209 1.;$81 1.221 1.304 

P4 1.555 1.411 1.456 1.512 1.484 
P5 1.480 1·347 1.457 1.373 1.414 

BLACK Pl 1.282 1.459 1.484 1.312 1.384 
SOIL 

P2 1.478 1.400 1.255 1.330 1.366 

P3 1.455 1·542 1 .. 590 1 .. 515 1.525 
P4 1.586 1.555 1.1142 1.470 1.513 
P5 1.519 1.48, 1.332 1.364 1.425 

14at ured sta~e straw 

CHALKA P1 0.492 0.520 0.610 0.586 0.552 

P2 0.623 0.598 0.540 0.564 0.581 
P, 0.689 0.653 0.592 0.634 0.642 

P4 0.704 0 .. 669 0.645 0.683 0.675 

P5 0.718 0.674 .0.702 0.654 0.687 

BLACK PI 0.695 0.612 0.673 0.632 0.653 
sorL 

P2 0.816 0.741 0.762 0.795 0.779 
p :; 0.734 0.679 0.694 0.729 0.709 
P4 0.808 o. '/76 0.784 0.802 0.793 
P5 0.702 0.657 0.691 0.668 0.680 

- - - - - - - - - -- _ .. - -- ... -- .... .._ ......... - - _ .. - ~ .. ---,__ .. 



APPENDIX TABLE-5(A} 
Available P205 in s011s under different treatment incubation 

study 1st samIling 
( MOisture free bae s in p.p.m. ) 

Soil Phosphorus Series III pots 
type material (in.cubation st udl ) Average 

in various RI RII ~ RIll RIV _ Er~p~r!i~n! _ ~ ~ ___ ~ ~ _ ~ ~ ~ _ ~ _ ~ ~ ___ ~ ~ _ __ . 

Chalks P1 8.99 11.04 10.14 9.60 9.94 
P2 9.41 10.57 8.78 9.22 9.49 

P, 11.76 9.57 9.97 11.17 10.62 
P4 9.20 10.6, 8.62 9.61 9.52 
P5 1,.02 11.62 12.42 12.00 12.27 

Black P1 11.7' 11.03 12.6, 10.30 11.42 
soil. P2 10.37 11.72 9.90 10.74 10.68 

P3 11.29 12.09 10.40 10.97 11.19 

P4 11.75 11.77 11 • .55 11.74 11.70 
P5 10.79 12.08 12.66 11.74 11.82 

... - .... .-._- ........... __ .. --- ...... _ ... _-- ........ _--_ .... _ 
STATISTICAL ANALYSIS ---- ...... _----_ ........ _ .. __ .. __ ... _-_ .......... _ .. _ .. 

A • V • TABLE SUMMARY OF RESULTS 
Due to S.S. D.F. M.S.S. F. Tr. Hean % G.M. 

Av. 'P' - - ~ - _. ~ ~ - ~ - ~ - .. ~ - ~ - - - - - - ~ - ~ - ~ - ~ - ~ ~ ~ -
Cha1ka. BioS.S. 1.30, :; P5 12.25 118.09 

Tr.S.S. 21.327 4 5.332 7.05 P3 10.62 102.38 
Er. 9.072 12 0.756 P1 9.94 95.82 

T.a.s. ,1.704 19 P4 9.·52 91.77 

Results significant at both 5% & 1% level. P2 9.49 91.48 
G.M. 10.37 100.00 

~ P3 Pl P4 P2 S.E.M. 0.43 4.15 
__ C~D~ _ !.22 __ lg.Z2_ 

Black B.S.S. 1.232 :; 
soil. Tl.'SS.S. 3.277 4 0.819 1.42 

P5 11.82 104.02 
P4 11.70 102.96 

Er. 6.890 12 0.574 P1 11.42 100.50 
T.S.S. 11.'99 19 P3 11.19 98.47 

P2 10.68 93.98 
G.M: • 11.36 100.00 

Mean AV.'P': = Mean available P20, S.E.M. 0.38 3.34 
- - ~ _, - - - - - - - - - - - - - - - - - .. ~ - - - ~ ~ ~ - - - - -



APl-'ENDIX TABL:]-5(B) 
Available P205 in soils under different treatments incubation 

study 2nd eem~linB 
( Moisture £re~ beo~c i~ p.p.m. ) 

-- ...... -.---- ~ - ~ - ~ ~ ~ ~ - ~, ~ - ~ ~ ~ ~ - ~ ~ ,~ - .~ - ~ 

Soil Phosphorus Series III pots 
type material ~incubation stu2ll Average in varioue -p FIr .PIlI F1V proportions -I 

.___.,. - ~ .... ..., - - ~ ~ ~ ~ -~ - ~ ~ - ~ - _. ~ - ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ - ~ 

Chalks p~ 15.12 14 .. 76 16.53 14.93 15.34 

P2 15.98 14.18 14.41 14.97 14.89 

P:; 13.95 15.;6 14.98 1;.16 14.91 

P4 14.4·2 15 .. 59 15.01 16.26 15.32 

P5 1; .. 15 J_6.55 16.37 ,15.16 15.81 
~, 

Black Pl 10.91 11.70 12.45 11.84 11.73 
.soil P2 12.57 11.64 1;.50 12.01 12.4; 

P3 12.74 11.98 1;.30 11.66 12.42 

1'4 12.10 13.11 12.49 11.79 12·35 

1'.5 12.73 11.;1 12.79 11.99 12.21 
~ ~ - ~ ~ ~' ~ - ~ - - ,~ ~ ~ ~ ~ ~ -- - ~ - ~ ~ ,~ - ~ ~ ........... 

STATISTICAL ANALYSIS 
----------------~--~--------------A .. V • ThBLE .... SID!rARY OF RE(,ULTS . 

Due to S.S. DeE. M.S.S. F TrIO Mean % G.M. 

Chalks ot B.S.S.", 
Tr.S.S,. 

Er. 
~I.S.S. 

Black B.S.S. 
aoil Tr.S.S. 

Er. 
T.S.S. 

0.793 
2.280 
8.098 
11.l71 

3·376 
1",408 

3.377 
8.661 

:; 
4-

12 
19 

3 

0.570 
0.675 

4 0.352 
12 0.,323 
19 

0.84 

1.08 

P5 
Pl 
1'4 
P; 
P2 

G.M. 
SIiEIIM. 

AV .. 'P' 
15.81 10;.67 
15.34 100.,8 
15.32 100.45 
1/-1-.91 97.76 
14.89 97.6~ 

15.25 100.00 
0.40 2.62 - - - - ~- ~ - ~ - ~ ,~ -

P2 12.43 101.68 
~3 12.42 101.59 
P4 12.35 101402 
P5 12,25 100.21 

PI 11.73 95.95 
G.M III 12.23 100,,00 

S.E.M. 0.29 2.,37 

---------------------------------



APPENDIX TABLE-5ec l 
Available P205 in soils under different treatment incubation 

study 2rd sampling 
( MOisture free basis in p.p.m. ) 

S oil Phosphorus 
type material 

in various 
proportions 

Series III pote 
~incubBtion stu~y) Average 

.... - .. --- ....... --- ... -- ......... ._,- .......... ----~ ... -- ... ~ .... 
Chalka. P1 17.19 17.35 15.61 15.97 16.53 

P2 17.21 15.83 15.41 16.03 16.12 

P3 16~16 16.62 17.39 15.62 16.45 

P4 16.16 15.38 16.~8 15.18 15.78 
P, 12.35 l3~97 12.77 13.?;7 13.12 

", 

Black 
P1 9.43 10.93 10.22 9.84 10.11 eoi1. 
P2 9.91 10.30 10.28 10.47 10.22 

P; 10.23 11.59 10,61 9.89 10.58 

P4 10.87 9.83 9·99 10.57 10.32 
P5 9.84 10.54 11.29 10.91 10.65 

~ - ~ .- ,~ ~ - - ~ - ~ ~ - ~ ~ - - - - ~ ~ - ~ - ~ - - - ~ ~ - ~ ~ -
STATISTICAL ANALYSIS 

- - - - - - - - - - .... A:v7TiBLE- - - - - - - - -SUMMARY-OF iiE8'uflr§ -
Due to s.s. D.F. M.S.S. F. Tr. Mean % G.M. 

Av •• pl 

Chalks. B.S.S. 1.212 ,; 
Tr.S.S. 32.238 4 8.059 13.69 

Er. 7.050 12 0.588 
T.S.S. 40.500 19 

P1 16.53 105.96 

P3 16.45 105.44 

P2 16.12 10:;·33 
P4 15.78 101.15 

Results significant at both 5% & 1% level. P, 1'.12 84.10 
G.M. 15.E() 100.00 

S .E.M. 0.38 2.44 
C.D. 1.17 7.50 

~ - ~ - ~ - ~ ~ ,_ - ~ P, 10.65 113.42 
P3 10.58 101.89 

Black B.S.S. 0.915 3 
soil. Tr.S.S. 0.839 4 0.210 0.64 

Er. ; •. 950 12 0.329 P4 10·.32 99·38 
T.S.8. 5.?04 19 P2 10.22 98.42 

Pl 10.11 97.36 
G.M. 10.38 100.00 

!e~n_A~::p::: ~e~n_a~a:'l~b::e _Pa0s. _____ ~.~.~. __ ~.~9 __ ~.~9_ 



.~pPENRIX TP.Bf~":'2(D) 

Available PaOs in eoils under different troetments incubation 
. study 4th somplini 

( MOisture free basis in p.p.m. ) 

----------------------------------soil Phosphorus 
type materiel 

in. various 
proportion.s 

Series .III pots 
J. . ( incubation study} Average 

----------------------------------Obalks. P1 16·37 11.62 1~.99 16,.60 11.45 

.1?2 1(5.81 15.59 1;.4~ 17·.38 16.30 
P, 17·58 1~.01 16 .• 79 17.40 16.95 

P4 1,.21 16.19 14.58 15.20 15,.30 

P5 15.96 15.62 15.,77 14.99 15.59 
, , 

Bleck 
1'1 15.97 14.40 13.47 14.65 14.62 e011. 
P2 lS.71 1~.13 14.38 14.79 14.2!) 

P3 14.06 15.03 15.42 1,5.88 15.10 

P4 15.?9 1~.62 14.']2 14 .. 84 14.74 
Ps 15.;0 1-4.87 13.45 14.38 14.55 

-----------------------~----.-----
BTNl'ISTIC.6L ANllLY,SIS 

----------------~-----------------• ~_. V .TAB{Jil . ,p .. '. • 8~1~HY O}l' RESUI,~1S 
. Due to s .6 • D.F • M .6 .6. i} ., !L r. flean % G.M •. 

!v. tp. 
~ - ~ ~ ~ - ~I ~ ~ ~ - ~ ~ - - - - - - ~ ~ ~ - ~ ~ ~ - ~ - ~ ~ ~ - -

Ohalks. B.S.S. 1.988 3 P1 17.45 106.98 
Tr.6.S. 12.989 4 3.247 6.98 F" 16.95 103.92 

Er. 5.576 12 0.465 P2 16.~O 99.94 
T.s.a. 20.553 19 1'5 15.$9 95.$8 

Results aign1f1c£)nt at both ~~ 8: • level. 1'4 15.~ 93.80 
G.M. 16.31 100.00 

1'1 p~ F2 1'5 P4 S.E.U. 0.34 2.08 
r I O.D .. 1.05 6.44 ............... ~ ..... - .... 

Bleck IhfhS. 1.910 3 1', 15.10 103.0? soil. 
'I'r.S.S. 1.510 4 0.378 0.55 1'4 14.74- 100.62 

E.r. 8.307 12 0.692 P1 14.62 89.64 
T .s.s. 11.727 19 P5 14.55 99.32 

F2 14.25 97.27 
Gdl. 14.65 100.00 
S.E.~. 0.415 2.8, 

----------------------~-



APPENDIX TABLE-;(El 
Available P20; in soils under different treatments dummy pots 

1st aamplins 
( Moisture free basis in p.p,m. ) 

.-- ... - .... - ........... _---------- ............... - .. __ .. _-
Soil Phosphorus 
type material 

in various 
proportions 

Series II pots 
(dummie~s) Average 

Chalka P1 12.56 11.17 12.14 10.59 11.62 
P2 9.99 11.01 10.58 11.40 10.75 

P,; 12.82 11.23 10.~8 1~,.49 12.07 
P4 11.99 11.20 9.81 9.59 10.65 
P5 

11.22 9.83 10.99 10.83 10.72 

Black 9.66 '-
soi);. Pl 8.75 10.22 8.93 9.39 

P2 9.18 9.60 8.2'7 9.00 9.01 

P3 8.77 8.83 9.15 8.98 8.93 

P4 9.24 8.55 9.45 10.02 9.32 

P5 8.33 9.44 9.47 9.29 9.13 
... - .. - -- - - - .......... - - .- - - -- ...... _. - ...... - .., - ...... - ....... 

STATISTICAL ANALYS!§ 
- - - - - - - - - -A :V:TABLE- - - - - - - - - - SuMMARY OF-;RESUL'Ts-

Due to S.S. D.F. M.S.S. . F. Tr. Mean % .G.M. 
Av. 'p. 

Chalka. B.S.S. 2.366'; ,; P3 12.07 108.16 
Tr.S.S. 6.663 4- 1.666 1.811 P1 11.62 104.13 
Er. 11.041 ;1.2 0.920 P2 10.75 96.33 

T.S.S. 20.070 19 P5 10.72 95.52 

P4 10.65 95.43 
G.M. 11.16 100.00 

S.E.M. 0.49 4.39 --------- .... _---
Black B.S.B. 0.307 ; 

Pl 9.39 102.51 
soil. Tr.S.S. 0.60; 4 0.151 0.4; P4 9.32 101.75 

Er. 4.070 12 0.339 P; 9.1; 99.67 
T.S.S. 4.982 19 

P2 9.01 98.36 

P; 8.93 97.49 

:Mean ,Av" 'pi: = Mean available F2O; G.M. 9.16 100.00 
S.E.M. 0.29 ;.17 - - - - ~ - ~ - - - .. - - - - - ... - - - - - ~ ~ ~ ~ .- - - - - ~ - -



APPENDIX TABLE-2~FJ 
Available P20, in soils under different treatment main 

experiment pots 1st samp1ins 
( Moisture free basis in. p.p.m. ) 

~ ~ ~ - - - - ,~ ~ - - - - ~ ~ ~ - - - - - - ~ - ~ - ~ ~ - - - - -
Soil Phosphorus Series I pote 
type material ~ main 4exEer1ment l Average 

in various RI' RII RIll RIV pr.oportions 
... _- ................... _ .. _--- .. --_ ....... - ... _--- .. _ ............ 
Chalka P1 16.40 15.57 14.98 15.81 15·69 

P2 13.56 15.95 14.79 15.78 15·02 
P, 16.79 16.00 15.39 15.20 15.84 

P4 15.23 16.20 14.62 15.19 15.31 

P5 15.98 15.60 15.79 14.98 15.59 
, , 

Bleck 
PI 12.67 1.3.34 14.35 1~.53 13.47 60il. 
p 

2 12.57 13.39 13.77 14.49 1~ii56 

1>3 14.12 12.57 13.16 13.37 1~.31 

1>4 12.55 14.09 13.54 13.15 1~.33 

P5 12.73 1.3.90 14.,6 13.45 1~.66 

~~----~~--~~---~~---~--------~----
STATISTICAL ANALYSIS 

- - - - - - - ~ - - I.V.TABLE ~ - ~ - - - - - -SUMr~py-oj RESuLTs -
Due to s.e. D.F. U.S.B. F. Tr. Mean % G.M. 

AV.'P' - - - ~ - ~ - ~ - - - ~ - ~ - - ~ ~ _, - ~ - - ~ -- ~ - - ~ - ~ ~ ~ 

Chalka. B.S.S. 1.506 .3 P3 15.84 102.26 
Tr.S.S. 1.715 4 0.429 0.79 Pl 15·69 102.39 
Er. 6.552 12 0.546 P5 15.59 100.65 

T.S.S. 9.773 19 P4 15.31 98.84 
P2 15.02 96.97 

G.M. 15·49 100.00 
S.E .M.. 0.37 2.39 

~ ~ - ~ ~ - ~ ~ - - -
Black B.S.S. 2.375 3 F5 13.66 101.41 soil. Tr.S.S. 0.357 4 0.089 0.20 P2 13.56 100,67 

Er. 5.247 12 0.437 
PI 13.47 100.00 

T.S.S. 7.979 19 
P4 13.33 98.96 

P3 13.31 98.81 

Mean Av. 'Pi: = Mean available P205 G.M. 13.47 100.00 
S.E.M. 0.33 2.45 - ~ - - ~ - - - - ,_ ~ - - - ~ - - ~ - - - - - - ~ ~ - ~ ~ ~ ~ ~ ~ ~ 



APPENDIX TABLE-6~Al 
~ater-soluble P20~ in soils under different treatments 

incuba ion study 1st eaopling 
_______ (l!o~siu£e_f£.e! he!!i! !n_p!'p!.m!. 2. __________ 
Soil Phosphorus Series III pots 
type material ~incubati~n §t~~~ Average 

in various RI RII .. RIll RIV proportions - - .......... ~ ~ ~ ~ ~ ~ -- - ~ - ~ - ~ ~ .~ - ~ - ---- .... ----~-
Chalka P1 0.3479 0.2862 0.2224 0.2851 0.285l~ 

F2 0.4126 0.3789 0.284; 0 .. 3176 0.3484 

l?3 0.3158 0.3476 0.3790 0.3475 0.3475 

1'4 0.4438 0.4129 0.3807 0.4121 0 .. 4124 

1'5 0.3489 0.1904 0.1586 0.;169 0 .. 2537 

Black ", 

soil. PI 0.5804 0.5037 0.4931 0.4079 0.4963 

F2 0.4699 0.5069 0.4357 0.5279 0.4851 
1:' :; 0.4908 0.4063 0.4337 0 • .5211 0.4625 
P4 0.5236 0.5830 0.5224 0.4648 0.5235 

P5 0.5?95 0.6095 0.5231 0.4941 0.5516 
... ~ - - - - - - ~ - - - - _. - ~ -' ~ - ~ - - - ~ ~ - - - - ~ ~ ~ ~ 

STATISTICAL ANALYSIS 
_ - - - - - - - - -.A7V:TABLE- - - - - - - - - -SUJR1ARY-OF R~PuLTS 

Due to S.S. D.F. M.S.S. F'. Tr. Me.en % G.r4. 
Vi.S. '.P' 

~-~~--~---~-----~~~~~~~ .... -~._ ......... ---~ 
Chalks. B.S.G .. 0.0201 :; 

1'4 0.4124 125.21 
Tr .• S.S. 0.0609 4 0 .• 0152 0.96 P2 0.3484 105.77 

Er.* 0.1891 12 0.0158 
P3 0.;475 105.49 

'1' .8 .S .• 0.1081 19 P1 0.2854- 86.86 
P5 0.2537 77.02 

G.M. 0.;294 100.00 
S.E.M.O .. 06277 19.05 _ ... _- ..... - .... - .... --

Black B.S.S. 0.009" " P5 0.5516 109.47 
soil. '1'r.S.S .. 0.0189 4 0.0047 1.68 P4 0.5235 10,.89 

Er. 0 .. 033 12 0.0028 PI 0.4963 98.50' 
'1'.8.8. 0.0613 19 P2 0.4851 96.29 

P, 0.4625 91.82 
G.M. 0.5039 100.CO 

Mean w.s .. t p': = Mean water-soluble P205 
S .E.M. 0.0264 5.23~ 

~ ~ - - - - - - - - ~ ~ - - - - - - - - - - _, - - ~ ~ - - ~ - - - ~ 



APPENDIX TbBLE-~'~) 
\'Ioter-solublo P20, in coile under difforent trootoonte 

incubation etudy sndp S£JtlE;t1n, 
( Uo1sture free basio In p.p.m. 

---------------------------------Soil Pbocpborue 
type coteriel 

in vDrioW! 
proport1.ono 

Cho1ko 

Block: 
soil 

P1 
Pa 
23 
P4 P, 
P1 
p 
2 P, 

P4 
1'5 

0.4727 
0.44,0 
0.3788 
0.4119 
0.2526 

0.5473 
0.4908 
0.4614 
0.4649 
0.5186 

Serios III pote 
(,inc~bDt1on etudz,l 

0.4105 0.3469 
0.4'7,7 0.:;798 
0.3192 0.2471 
0.3164 0.285, 
0.3159 0.25;0 

:0.5500 
~-

0.5799 
0.4610 0.5201 
0.4890 0.4037 
0.432; 0.4070 
0.4915 0.4341 

BThTISTIO~L,ANhLYSIS 

O.l.100 0.4100 
0.34'77 0.4111 
O.~l60 O.~153 

0.;761 0.3478 

O.:;?9~ 0.3002 

0.4619 0.,,48 
0.4;26 0.4761 
0.;751 0.4323 
0.4369 0.4'53 
0.40,2 0.4619 

- - - ... -. - ... - - ... A :V7TAB&E- ... - - ... ... - ... -Sm!f.ARy .... OF RHBUms -
Duo to·' S.s:' D.l1'. U.S.S. Ii ~r. noon $J 0.1'.1. 

\~.S.tF' 

---------------------------------Chalks. B.S.S. 0.0218 , Pa 0.4111 115.2~ 

Tr.S.S. O.O4~1 4 0.010a 5.14 Ii' 1 0.4100 114.92 
Er. 0.0247 12 0.0021 P4 o.~478 97.49 

T.S.S. 0.0896 19 p~ 0.3153 88.40 

Reault significant ot !1}S level. P, 0.3002 84.17 

P4,' '" p_; 
, . G.t1. 0.3.568 100.00 

Fa P1 1'5 S.E.U. 0.02291 6.42 
C .D • 0.0706 19.78 ......... - .. ' ...... _ .. --- .. 

Block 13.8.8. 0.0105 , P1 0.5:;48 117.20 soil. 
'Ir.s.S. 0.2446 4 0.0612 ;8.25 P2 0.4761 104.34 
.Er. 0.0187 12 0.0016 P5 0.4619 101.22 

T.S.S .. 0.2738 19 P4 0.4353 95.40 
Rosults a1tyl1f1cant at botb ~£ & 115 P, 0.4:;23 94.74 

, '5 level. G.M. 0.4563 10C.00 
Pl P. 1'4 P 2 :; S.E.U. 0.02 4.,8 

Deen t"j.S .. ' P' = lloeD uater soluble Pa05 
O.D. 0.0616 13.49 



APPENDIX TABLE-6~Cl 
Water-soluble P20, in soils under different treatments 

incubation study 2rd samRling 
( Moisture free basis in p.p.m. ) 

~ - - ~ ~ - ~ - - - - ~ - -- ~ ~, - ~ ~ ~ ~ ,~ ~ - - - - ~ - - ~ -
soil Phosphorus Series III pots 0 

type material ~ inc~bation studl l Average 
in v.arious RI RII RIll RIV proportions 

~ - - ~ - - - - - - ~ ~ ~ ~ _, - - ~ - - - ~ - - _. ~ ~ - - - - - ~ 

Chalka. Pl 0.3484 0.2528 0.2218 0.3162 0.2848 
P2 0.3168 0.3808 0.3171 0.2539 0.3172 
P3 0.2528 0.2219 0.3484 0.;171 0.2851 

P4 0.3160 0.2849 0.2530 0.2848 0.2847 

P, 0.1894 0.2213 0.2527 0.2214 0.2212 

Black P1 0.6321 0;6062 0.5207 0.6636 0.6057 soil .. 
P2 0.5232 0.6118 0.4667 0.4372 0.5097 
P3 0.4051 0.4365 0.3477 0.4352 0.4061 
P4 0.4019 0.4325 0.3742 0.4616 0.4176 
P5 0.5196 0.4317 0.4039 0.4903 0.4614 

------------------------------~--STATISTICAL ANALYSIS 

- - - - - - - - - -A7V7TABLE- - - - - - - - - -SUMMARY-oF' RESULTS 
Due to S.S. D~F. M •. S.S. F. Tr. Mean % G.M. 

WVS -.' P' 
i~~------------------------~------Cha1ka. B.S.S. 0.0003 

Tr.S.S. 0.0195 
Er. 0.0310 

T • S. S • 0 .0508 

Black B.S.S. 
eoil. Tr.S.S. 

Er. 
T.S.S. 

• 

0.0222 
0.1055 
0~0256 

0.1503 

3 
4 0.0049 1.88 

12 0.0026 
19 

4 0.0264 12.48 
12 0.0021 
19 

P2 0.3172 11;.84 
P, 0.2851 10~.33 

P1 0.2848 102.2'3 

P4 0.2847 102.20 

P5 0.2212 97.40 
G.M • 0.2786 100.00 

S.E.M. 0.0255 9.152 _ .. __ .. __ ..-_ ..... -
P1 0.6057 126.16 
P2 0 .. 5097 106.17 P, 0.4614 96.10 
P4 0.4176 86.98 
P3 0.4061 84.59 Results significant at both 5% & 1% level. 

~ P2 P5 P4 P3 G.M. 0.4801 1'00.00 
S.E.M. 0.02291 4.77 

Mean W.S.' pe: Mean water-soluble P205 C.D. 0.0706 14.?l 
~ - ~ -- - - .. - - - - .. - - - - - - - - ~ .. - - -- ~ ~ - ~ ~ -~ 

--------



APl:~'1tPI3 ~ABLr;;-6, »l 
\7~ otor~aolublo PaPs in soils under different treattunte 

inoubation. a.tudy 4th 8amR1inm 
( Moisture free beais in p.~.~. ) 

---------------------------------6011 J:boElljboruo Series III pote 
type meterial --Rx ~ incub8t~on. s:tudl..l Average 

in voriouB nIl UIll Riv proportions 

~~--------------------------------Chollt8 PI O.~163 0.4120 0.3796 0.2852 (....3483 

P2 0.;168 0.2531 c.2219 0.2648 () .. 2692 
P, 0.3791 0.2853 0.2532 0.,485 0.,161 

P4 0.'169 0.2850 0.2530 0.2853 0.2851 

l? , 0.2212 0.2855 0.2531 O.31~ 0.2691 

, , 

Cbalko .:t'1 0.5233 0.6135 0.4&71 C.~~09 0.5112 

F2 0.5866 0.4943 0.6115 0.4682 0.;402 

P, 0.4689 0.4407 0.3531 0.4;81 0.42;4 

P4 0.4072 0.320,3 0.";00 0.4410 O.~7y6 

.P~ 0.5247 0.5117 0.4959 0.4957 . 0.5070 

-------------------------.~.-----~T.":rleT±C.AL ANALXBI~ 
- .. - - - .- - - - - ... -v -TA~"D - - .......... M - - -,Tt.":'" _-",·3 -1'.)-R~~·nl ;;:8-

11 .""1'. AI _ • • 1' "flDJJr", • •. §u.n!.!:~.af\.1. •. C'r R ~:lo.dUl..J-'" 
Due to s.s • D .ll. frl.:J.8. J! • '1 r. Moun % G.M. .. 

VI.S.tp' M ___ ~._----------- ______________ ~_ 

Ohel.k •• E..e.s. 0.0044 3 P1 0.3483 117.00 
Tr.S.S. O.Olas 4 0.0047 2.;0 P, 0.3167 106.3S 
.Er. 0.0245 12 0.00204 P4 0.2851 95.'77 

T.s.a. 
0.0477 1'2 0.2692 90.43 

Ps 0.2691 90.39 
G,lJ. 0.2977 l.oo.cc 

S .D .LI.. 0.02;8 8.66 
Bleck B.S.S. 0.0(,71 :; 
eo11. [r.S.S. 0.0'724 4 0.0181 ,.;4 

Er. 0.0412 12 0.0034 
T.O.S. 0.1207 19 

- .. ,_ ............. _ ...... _ 
l? 0.5402 114.28 2 
p. 0.5112 108.14 1 P, 0.5070 107.26 
P, 0.4254 89.99 
1'4- 0.3796 80.30 ResUlt s1gni£icunt .t 5% level • 

G.M. 0.4727 100.00 
S .£.It. 0.02915 6.16 1'2 Pl- IPS :~ P4 

Moan Vi.S ito .pl I KeeD tister-eoluble P20, C.D. 0.08;)8 18.99 

------------ --, --



APPENDIX TABLE-6'El 
Water-soluble P205 in soils under different treatments 

dumy pote 1st sampling 
(Moisture free basis in p.p.m. ) ---- ....... - ..................... _ ..... --- ........... - ... _-_ .. _ ... _ .. --_ 

Soil Phosphorus Series II pots 
type material , d~e8 Q Average 

in various RI RII RIll RIV proportions - - - ,_ ~ ~ ~ ~ - ~ - - - - - - - - - - - ~ ~ ~ ~ ~ - ~ ~ - - ~ ~ ~ 

Chalka Pl 0.;157 0.3477 0.28,S 0.;798 0.3;18 

P2 0.4116 0.3806 0.3476 0.3805 0.3801 

P; 0.2536 0.3178 0.3162 0.3817 0.;17; 
. P4 0.2533 0.,,466 0.3112 0.2215 0.2852 

P5 0.3808 0.;49; 0.2533 0.2860 0.3174 

Black P1 0.4907 0.4055 0.5222 0.4370 0.4639 
eoil. 

P2 0.2881 0.3770 0.4074 0.3178 0.3226 
P3 0.4067 0.3793 0.2907 0.3207 0.;494 

P4 0.5222 0.4,,57 0.4666 0.4940 0.4796 
P5 0.4063 0.49l }1 0.4373 0.5233 0.4653 

-----------------~---~-----------STATISTICAL ANALYSIS 

Chalka. B.S.8 .. 0.0052 :; P2 0.3801 116.31 
Tr.S.S. 0.0191 4 0.0048 

1~92 P1 0.3318 101.53 
Er. 0.0297 12' 0.0025 P5 0 ... 3174 97.15 

T.S .S·. 0.0540 19 P3 0.3173 97.10 

P4 0.2852 87.27 
G.M. 0.3268 100.00 

S.E.}! • 0.0236 7.22 
................ -- ... - ..... _---

Black B.S.S. 0.0001 3 P4 0.4796 113.89 
soil Tr.S.S. 0.0040 4 0.0010 F5 0.4653 110.50 1.15 

E.r. 0.·01042 12 0.00087 Pi 0.4639 110.16 
T.S.8. 0.1083 19 P; 0.3494 82.97 

P2 0.3226 76.61 

Mean W.8. t p' : Mean water-soluble P205 G.M. 0.4211 100.00 
S·.E .rd. 0.014?5 3.50 

--------~-------------------------



APPENDIX TABLE-6(Fl 
Water-soluble P205 in so~ls undex different treatments 

main experiment pots 1st sampling 
( Moisture free basis in p.p.m. ) 

Soil Phospborus 
tYP3 ms"Gerial 

in various 
proportions 

Series I pots 
( mBin~exper~ent ) ,Average 

-~~~---------------~----~---------
Chalks 

Blaok 
eoil 

P1 
P2 
P; 
P4 
P5 

Pl 
P2 
P; 
P4 
P5 

0.3801 0.4112 
0.2527 0.3158 
0.1899 0.2218 
0.2540 0.2219 
0.2530 0.2218 

" 

0.4652 0.3812 
0.4098 0.4421 
0.4068 0.3518 
0.'/+088 0.2940 
0·5037 0.4112 

0.;482 0,.443? 0.3958 
0.2848 0.2214 0.2687 
0.2530 0.2218 0.2216 
0.3172 0.3484 0.2854 
0.1900 0.2215 0.2216 

0.4079 0.4979 0.4381 
0.5236 0.4998 0.4688 
0.4397 0.3823 0.3952 
0.3229 0.381; 0.3518 
0.;844 0.4668 0.4415 

STATISTICAL ANALYSIS 
i e & - - ........ - - - i "V • TABLE '- - - - - - - - surmAN" OF-RESULTS-

Due to 6.S. D.D. M .. B.S. F. Tr. Mean"" "%' G'.M. 
VJ .8 .. 'P' 

~ ~ ~ ~ ~ ~ ~ - ~ .' ~ ~ ~ - - ~ ~ - - - ~ - - - - - - ~, ~ - ~ ---
C.halks. B.S.8. 0.0016 

Tr.S.S. 0 •. 0814 
Er. 0.0218 

T.S.S. 0.1048 

; 
4 

12 
19 

0.0204 
0.0018 

P1 0.;958 11.~2.07 

13.;3 P4 0.2854 102.44 
P2 0.2687 96.45 

Results significant at both 5?.t6 & 1% level. 

P; 0.2216 79.62 
P5 0.2216 79.62 

P1 P4 P2 P, P5 -
Black B.SotS. 0.0147 :; 
eoil. Tr.S.S. 0.0;3? 4 

Er. 0.0229 12 
T .S.6. 0.0713 19 

ResUlt significant at 5% level. 
P2 P5 Pl P3 P4 

0.0084 

0.0019 
4.42 

G.M. 0.2?86 100.00 
S.E.M. 0.02121 10,..- 00 
C~D. 0.0653 23.4, 

~ ~ - ~ ~ ~ ~ - ~ - ~ -
P2 0.4688 111.89 
P5 0.~15 105.;4 
P1 0.4381 104.53 
P; 0.3952 94.;0 

P4 0.3518 83.94 
G.M. 0.4191 100.00 

S.E.M. 0.02179 5.20 
Mean W.S. 'F': Mean water-soluble P20S C.D. . 0.06?1 16.01 
~ ~ - ~ ~ - -- ~ - - ~ ~ - ~ ~ - - - - - - - - - - - ~- - ~ ~ ~ - ~ 



.APFE.ND1X ~ABLE-Z(A.l 

~ota1 tN' in soil under different treatment e incubation 
study 1st sampling 

( l!.c-1i~tll1i~ free basi!! in E!rcent ) 

Soil Phospborus series III pot 
type Jlaterial • 

, incubation stu:!Z l • Average in various HI RII RIll BIV proportions 
~~~~~~~~~~-~~~~~~-~~~~~~~~~~-~---~ 

CHALKA P1 0.0628 0.0406 0.0486 0.0.550 0.(:;518 

P2 0.0611 0.0422 0.0562 0.0472 0 •. 0'517 
, 

P3 0.0419 0.0604 0.0;~5 0.0487 0.0;11 

P4 0.O~8? 0.0564 0.0;06 0.0445 0.0476 

p 
5 0.0632 0.0438 0.0561 0.0502 O.05~; 

BLAOK P1 0.0691 
SOIL 

0.0506 0.0641 0.0549 0.0598 

P 2 0.0486 O.()672 O.OECS O.O;€<> 0.0582 

P3 0.0687 0.0495 0.0546 0.0636 0.0591 

P4 0.061? 0.0507 0.0618 0.0542 0.0511 

P; 0.0513 0.0674 0.0627 0.0570 0.0596 

----------------------~--.-------



APPENDIX TABLE-7(B) 

Total tN' in soil under different treatments incubation 
study 2nd sampling 

( Moisture free basis in percent ) 

Soil Phosphorus 
type material 

ill various 
proportions 

Series III pots 
(incubation stuSl.) Average 

RI Rlr RIrI Rrv 

-- - .. -- ... --- ....... -- ... ~ ..... , .......... .._. ... -- ............ --- ... 
CHALKA 

BLACK 
SOIL 

0.0;86 0.0525 

0.0472 0.0382 

0.0595 0.0417 

0.0571 0.0476 

0.0528 0.0402 

0.0511 0.0407 

0.0507 0.0403 

0.0405 0.0545 

0.0376 0.0450 

0.0515 0.0451 0.0483 

0.0505 0.0409 0.0456 

0.0462 0.0402 0.0430 

0.0535 0.0487 0.0509 

0.0553 0.0495 0.0524 

0.0498 0.0432 0.0465 

0.0491 0.0417 0.0457 

0.0423 0.0477 0.0453 

0.0515 0.0435 0.0475 

0.0440 0.0390 0.0414 



APPENDIX TABLE-Z~Cl 

Total '~T • in. 60il under different treatments incubation 
study 3rd sampling 

( Moisture free basis in p!rcent ) 

..... - .... -- --.-~ ....... - ............. ..,--- .. -- ... .,. ...... -- ........ 
Soil Phosphorus Series III pots 
type material ~ incubation stuSl ~ Average 

in various HI HII RIll R1V proportions 

----~-----~---~--~-~~-~~---~~~~~ 

CHALKA P1 0.0566 0-.0484 0.0551 0.0499 0.0525 
, -

P2 0.0563 0.0489 0.0544 0.0508 0.0526 

P3 0 .. 0603 0.0503 0.0583 0.0521 0.0553 

P4 0.0565 0.0519 0.0560 0.0524 0.0542 

P5 0.0551 0.0453 o. 0530 0.0474 0.0C;02 

BLACK PI 0.0519 0.0415 0.0502 0.0432 0.0467 
SOIL 

P2 0.0483 0.0411 0.0467 0.0427 0.0447 

P; 0.0517 0.0459 0.0506 0.0432 0.0479 

P4 0,0416 0.0520 0~0434 0.0502 0.0468 

Ps 0.0567 0.0441 0.0533 0.0475 0.0504 



• 
APPENDIX TABLE-7(D) 

Total 'N' in soil under different treatments incubation 
etudy 4th sampling 

( Moisture free basis in percent ) 

-~~~~-~~---~--~--~-~~~~----------

Soil Phosphorus 
type material 

in various 
proportions 

Series III pots 
( incubation study) Average 

- -- ... ~ - - -- -. .. - ... -- - ............ _ ...... - ~ - - - ~ - - - ........ -

OHALK! P1 0.0358 '0~0319 0.0353 0.0330 0 .. 0340 
, 

P2 0.0398 0.03~5 0.0384 0 .. 034? 0",0366 

P3 0.0401 0.0344 0.0397 0.0356 0.0375 

P4 0.0435 0.0362 0.0375 0 .. 0420 0.0373 

P5 0.0412 0.0359 0.0408 0.0363 0.0386 

BLACK P1 0.0283 0.0326 0.0316 0.0289 0.0304 
SOIL 

P2 0.0328 0.0277 0.0316 0.'0291 0.0303 

P3 0.0368 0.0309 0.0361 0.0318 0.0339 

P4 0.0314 0.0397 0.0383 0.0328 0.0356 
\ 

P5 0.0386 0.0307 0.03?3 0.0320 0.034? 

-- - ... - - ..... ...... _ .. _---
~ ~ - - - - -- ~ ~ - ~ ~ - - ~ ~ ~ -



A£PENDIX TABLE-7(El 

Total tN' in soil under differont trectments d~ pets 
let sampling 

( Moisture free basis in percent ) 

----------------------
S oil Phosphorus 
type meterj.al 

in various 
proportions 

Se~ies II pots 
( dummies ) 

- ... _ .. __ .... 

Average 

~ ~ - - ~ - '_ ~ - - - ~ - - - - - ~ ~ ~ - - - - - ~ - - ~ ~ - ~ -
CHALKA P1 0.0443 o~b321 0.0416 o .0311t8 0.0382 

P2 0.0421 0.0331 0.0401 0.0351 0.0376 

P:; 0.0474 0.0434 0 .. 0441 0.03b7 0.0429 

P4 0.0442 0.0312 0.0409 0.0345 0.0377 

P5 0.0449 0.0401 0.0441 0.0409 0.0425 

BLACK P1 0.0373 0.0311 0.0369 0.0315 0.0342 
SOIL 

P2 0.0379 0.0303 0.0359 0.0323 0.0341 

P:; 0.0420 0.0316 0.0396 0.0340 0.0;68 

P4 0.033? 0.0297 0.0331 0.0303 0.0317 

PI:, 0.0326 0.0290 0.0317 0.0299 0.0308 
'" 

-~---~-----~-------~-~-~-~~~----



!F?ENDIX TABLE-Z(F) 

Totel iN· in soil under different treatments main 
experiment pot 1st sampling 

( Moisture free basis-in percent) 

------------------------~--------
soil Phosphorus Series I pots 
type materiel , main eX,Eerimo:p.t 2 Average 

in various RI RII RIII RIV proportions 
----_ .... --- ----- ...... _ ........... _ ..... _---_--_ - - -
CH.ALKA ~1 0.0258 0.0137 0.0229 0.0164 0.0197 

~ 

P2 0.0234 0.0195 . 0.0229 0.0198 0.0214 

P; 0.0225 0.0188 0.0216 0.0197 0.0207 

P4 0.0227 0.0186 0.0222 0.0191 0.0207 

P5 0.0280 0.0221 0.0279 . 0.0232 0.0253 

BLACK P1 0.0206 0.0177 0.0202 0.018; 0.0192 
SOIL 

F2 0.0217 0.0174 0.0212 0.Ql?9 0.0196 

P3 0.0238 0.0175 0.0228 0.018; 0.0206 

P4 0.0271 0.0202 0.0256 0.0196 0.0231 

P5 0.0202 0.0173 0.0196 0.0179 0.0188 

- ~ - .. - - - ~ - - - - ~ - - - - - ~ - - - ~ - - ~ - - - - - - -




