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INTRODUCTION

FPhosphorus is one of the msjor plant food nutrients
essentisl for plsnt growth. According to Temboli snd Mishra
(1963),Krisbnanurthy (1963), Ghosh (1963), Sirur (1963) end
others, it is most limiting nutrient element in crop produc-
tion. McEKelvey et 2l (1953) celled it the "bottleneck of the
words hunger". Thie is true for large parts of our country
for most of Indien soils sre generslly low in aveilable phos-
phorus. Ssuchelli (1961) is of the opinion thet India is not
over populsted: it is rather under fertilized snd chemicsal
fertilizers offer the surest and the gquickest way to in-
crease food producticn.

Phosphetes smong the pho;phatic fertilizers may be
grouped into three masin claesses, based on solubility (1)waster
gsoluble (2) water-insoluble end (3) a mixture of both the
forms in different proportions. The sum of chemicsglly deter-
mined weater=-soluble snd aemmonium citrete soluble phosphates
in a phosphetic fertilizer cem be considered a vslid measures
of the nutrient value of such fertilizer. This sum is comnmon-
1y termed "aveilable phosphste'" snd very frequently is written
gimply es A.P.A. (Availsble phbsphcric écid). All these sblu—
ble forms ere ioniged in which condition it is sssimilsted by
plants and the entire phosphate fertiliger industry ies based
on the trensformetion of phosphates to ionizable forms.

Till recently Indis was producing superphosphste which
contains phosphoric scid chiefly in weter soluble monocslcium
phosphste form. Due to shortage of sulphur snd high cost for
importing high quelity rockphosphate, the fertilizer industry
is shifting graduslly towards the production of phosphatic
fertiligers which avoid their use. As such seversl new types
of fertilizers like dicelciumphosphste and fertilizer mixtures
like emmonium phosphates snd nitrophosphates are being manu-
fectured. As these fertilizers have different grades of solu-
bility their sgronomic velue in terms of solubility has got to
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be evalusted for msjor crope of ocur country in different re-
gions.

Indise's official rolicy is to become selfsufficient in
food greins. As rice is the main food crop of sndhre Predesh
end the chief fcod grein of cur country, boosting up its pro-
duction mesns becoming more and more gselfsufficient. Xeeping
in view its significsence this crop is selected for the present
study so thet the problem would be of grester econcmic utility.
4 uniform dose of nitrogen es per the regionsl recommendstion
for this crop hes been spplied so that limitstion of this nutrie-
nt should not interfere with phosphute sveilsbility.

The mein objective cf the present study is to evsluste
the efficiency of utilizetion of nutrient phosphorus supplied
in verying degrees of solubility. For thie purpose a pot cul-
ture experiment with rice ss a crop wes underteken using the
two.typical goils of Telengens Region of sndhre Pradesh (red
chalke snd black soil). In these experiments wster—-soluble
phosphorus was supplied as superphosphete and the citrste-
soluble form as dicelciumphosphste. These substonces were
used individually se well es in mixtures to provide varying
degrees of weter and citrste solubility.

Incidently the use of both superphosphste and dicalcium-
phosphate hss slso provided an opportunity to ssses snd compare
their reletive agronomic efficiency.
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REVIE: _OF LITERATURE Lo mrAe,

R
The tsek of reviewing the vest literoture which hes
sccunulzted from & vest smount of lsborstcry, green house
end field experiments throughout the world ie formidsble.,

However en sttempt is made to wede into the heep of meterisal

to reach into the kernsl of the matter.

Review of litersture hss been broadly clossified into
two porte. The first psrt desle with briefly the fundsmentel
concept of svailaebility end sveileble forms, soil plent rele-
tionship with regerd to phosphete fertilizstion snd with res-
tricted limitetions of our current knowledge, the behsviour of
phosphstic fertilizers when plsted in soil. The properties of
few importont fertilizers and their performences on Indisn soils
are s8lso discuseed from the point of view of choice of prhospha-
tic fertilizers of different solubilities. As nitrogen is the
chief element in plent nutrition asnd hes importent role in phos—~
phorue uptske and & nitrogenous fertiliser too is used in the
experiment, this sspect ie elso revievied briefly. T1he second
part will review, within the scope of this survey (which is
necepsarily limited) meny of the published dets on experiments
which hsve been conducted in Indie snd elsevhere on the subject
of efficiency of utilization by plants of the different forms
of sveilable phosphorus in fertilizers snd the relative effi-
ciency of dicslciumphoasphste snd superphosphste.

PART =1

According to De (1963) "one of the importent resson for
the existence of & large number of litersture on the behsviour
of phosphates in the reslm of sgriculture is its aveilability
ac effected by ite fixetion when spplied to goils. Unquestion-
ably it is thie sspect of study thst hes filled up most of the
cells of the ryotic honeycomb litersture of phosphetes®. pAveile
able phosphorus is thet form of phospheorus which plants can
absorb. This includes both weter end citrete socluble forms.
The scils menifest grest veristione in quentity of sveilable
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Ehos. which rsnges from C.i to 21 mgs.per 100 gr. of soil.

The extremely clayey ccilo ore poor in phoephete aveilsbility
regerdleca of the fsct thet they contoin & high totel P§o5.
Results obtsined eo far by the Indion workere in the field of
fixetion end avsilobility of P205 rgvesled, thet only sbout
20% of the Fé05 sdded through phosphetic fertilizexs is token
up by plente, the pest belng fixed in the soil snd for further
economicel yields fresh spplicetion of phoaphdte fertilizers
are essentisl.of the voriocus fectoers prosent in the soils,cley
minersle, various hydrousoxides especislly iron and sliminium
snd lime ere the importent contributors in effecting the sveil-
obility of phosphetic fertilizers.

According to Olsen (1953) elkeline celcsrecns solle which
are rich in,00003 heve depreseging effect oun the sbgorption of
phosphorus by plents, due to decressed sclubility of phosphorus
in soil ond due to the tendency c&'CaCoB to meintcin & high pH.

According to Arnon (1953) seme investigetors like Binghem
tried to correlste the sveilability cof phusﬁhozue to zlonte in
the displeced 80il sclutione.

Ag exporimenta with rice ore conducted under wstor -logged
conditions, @ study of the sveilobility of phosprhate in cuch
80il is necegsory @s these conditions sre not snslogus to thst
¢f uplend scil. Jspsnese woerk in thic line revesled thst phos=-
phoruc ovailability incresses due to the reduction of iron from
ferric to ferrous stote. According tc Ghosh (1956) the work
conducted in thie regsrd st Centrel Rice Regearch Institute,
Cutteck gsve eimilsr results. DBesides the intensity of stand-
ing weter under weter-logsed conditions increcsed sveilsbility
of phcaphote.

According to Desn end Fried (1953) the ebsorption of
phosphorus by plents is tho result of s multiplicity of pro-
coseea toking plece in the plent, in the soil and st the root
surfocee or interfecinol boundsries end soil plant relstionship
depends upen the interdependence of these fectors. When the
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soil 'P' supply is s limiting fector in plent growth, in-
creased doses of phosphate fertilizer added to the so0il will
result in the incressed yield of dry metter.

According to Berbier (1959) the phosphorus compounds in
soil all stem from orthophospharic acid generally cslled phos-
phoric e¢id. This is s triacid, H3P04 which forms with basis
three kinds of phosphates, corresponding to the ions

— — — i o

HEPO‘nr- HPOq.

Po,

In equeous solutions it is supposed that each phosphate
ion ie continually psessing from one form to the other,depen-
ding upon pH snd the first two forms dominate in equsl propor-
tions 8t pH 7.0. -~ *

Plants absorb phosphstes from soil solution in the form
of HPOZ" and HZP°4_' Hydroxyl ions (OH)-formed by dissocistion
of water,successfully compete with the phosphstic ions in en-
tering the plent roots and therefore the more ebundent the con-
centration of hydroxyls, the less the upteke of phosphate.
Under slkeline condition hydroxyl ions dominste snd this is the
regson why a given crop in elkaline soils mey require say 300
1lbs per acre of sveilable phosphorus, wheress the ssme crop
grown on en ascid soil may require 30 1bs of P205 per acre
(Seuchelli 1960).

According to Tisdesle snd Rucker (1964) the effectiveness
of a phosphstic fertiligzer for incressing crop yield is depen-
dent primarily on three factors (l)'the nature of the crop
(2) the soil snd climstic conditions under which the crop is
grown (3) the chemicsl end the physicel properties of the ferti
~lizer used snd the rste and method of spplicastion. A brief
description of these fsctors snd their relstionship with the
solubility espect of phosphstic fertiligzers sre discussed below.

The factors associsted with s crop and influence its

response to different phosphatic fertilizers include (1) The
nesture of plent with due considerastion to the type and extent
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of root system (Plents with restricted root systems like
potatoes and certein vegetables are responeive to applicstion
of highly water-soluble phosphates. (2) The time required for
the plents to reach meturity (short durstion snd fast growing
crops give grester response to water-—soluble phosphates and
vice versa). '

The verious fectors which may effect crop response to
different phosphstes are:

(1) sSoil texture - (It hss pronounced effect om the
degree of conversion of soluble phosphates to less goluble
form.) -

(ii) Soil resction (pH) snd smount of free celcium-
carbonste present.

(iii) Amounts of hydrousox ides of iron snd elumminium
present.

(iv) Degree of phosphate ssturation of soil (the effect
of water-solubility of the fertilizer phosphorus becomes lese
pronounced if aveilable phosphorus is eslresdy present in the
so0il to meet the minimum requirements).

(v) Tempersture (low temperature lowers metsbolic scti-
vity snd reflects in poor root growth resulting in 'P' defe-
ciency symptoms. High wster soiubility gives better perfor-
mence ). '

(vi) Soil moisture - (with higher moisture content the
movement of water-scluble phosphate out of grenule is more)

The chemicsl and physicsl properties of the phosphatic
fertilizers and their solubility sspect hss been covered
briefly in the following pages. FPhosphetes mey be grouped in
four clesses based on their solubility.

(1) Water-sclubles: This group coneists of almoet all
completely water-soluble materisls made up lesrgely of com-
pounds such as monocalciumphosphates and ammoniumphosphates.

(2) Citrate solubles; The specificstions of citrste

solutions very smopg countries; in some countries like U.S.4.
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it is neutrsl ammonium citrate solution; in other countries

it is alksline smmonium citrate solutiony in still others, it

is citricacid of usuelly 2% strength, It ie important there-
fore to clearly state the perticuler solution thet 1s used,since
the degree of solubility of phosaphate will very with the kind of
golution employed. Examplee of this group sre dicelciumphosphate
and calciummetsphosphate.

(3) Citrste insolubles: This group will contein the phos-
phaetes known es spatites: unprocessed phosphate rocki hydroxyl
apatite; tricslciumphosgphste.

(4) Some investigstors have szet up & fourth group compri=
ging, in & way, & sub-group of the solubility category; nsmely
those s0lid mixed fertilizers, in which the phosphate is present
largely e2s & mixture of aﬁmoniumphosphate (weter-soluble) end
dicslciumphosphete (citrste~-soluble).

Nutrient contents of the phosphstic fertilizere svailsble
in our country is given in the tsble below:

NUTRIENT CONTENTS OF FHOSPHATIC FERTILIZERS
(Expressed es percentages)

e AR RE e MR R I G WS D b S G S A W Y G B @ W MR Gy e WA e S am @ el b e

Fertilizer Total Citrate WVater Ammo Nit-~
‘ P205 soluble soluble Totel nis reste
P,0 P~0 R cal N
2Y5 2Y5 N

1 2 3 4 5 6 7
Single superphosphsate ie.5 i6.5 16.0
Triple superphosphate 40.0 40.0 40.0
Dicelciumphcsphate 34,0 54,0 Nil.
Kotks phosphete 25.0 i6.0 8.0
Cslcium metasphosphate 63.0 ©63.0 Wil
Fused magnesiumphos-

phate. 22.5 19.0 Nil

Defluorinsted rock-—
phosphate(by calci~
nation 21.0 18.0 Nil
Defluorinated rocke
phosphate{by fusion) 28.1 22.3 Nil.



Gontinued:
1 2 3 4 5 6 7
Rock phosphate . 27.0= 1.5~ Wil.
35.0 3.5+
Besic slsg (Bessemer) 15.0- 13.5- Nil.
. 18.0 16,5
Besic slag(Indisn) 2.5~ 2.0~ Nil.
?.5 6.5
Mono-smmoniwn phos-~
phete(Ammo.phos-A) 48.0 48.0 48.0 11.0 11.0
Ammo .phosgB 20 .0 20.0 20.0 16.0 16.0
Amnmonium phosphate-
sulphste 20.0 200 20.0 16.0 16.0
Nitro-phosphate :
Nitrophosphete (PEC) 14.0 14.0 Nil 16.0 8.0 8.0
Bone-meal (rsw) 20.0~- 8.0 Nil 3.0- Nil ©Nil
25.0 ' 4.0
Bone-meal (steamed) 22.0 16.0 Nil 1.0~ Nil Wil
2.0
Ammonisted super- 14.0- 13.0-
phosphate(ordinery) 20.0- 19.0 Nil g.o- Nil Nil
Va t 0
Potessium metaphos-
phste. 60.1 57.0= 045~
60 .0 5.0

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

Description gf a few importsnt single and mixed phos-
Phetic fertilizers is given below:

Single superphosphate: It is the most widely used
phosphatic fertilizer in Indie. It ie menufactured largely

by treating ground phosphate rock with elmost equsel weight
of sulphuric scid which produces a brownish grey mixture
conteining monocalciumphosphete snd celciumsulphste (Gypsum)
in prectically equel quantities. It has been found to be
sgronomicelly suitsble for ell field crops in all perts of

.- the country, except in humid sress with acid soils. The
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licenced cepscity for production of superphosphate forms
approximetely 40% in terms of P205 cf all phesphatic ferti-
lizers (F.b.I1. 1962-'63). ¢

Dicslciumphosphete: It is ususlly produced by the
action of Hcl on nstursl rock phosphate. A recent method of
manufacture developed at the TVA Labs coneists of tresting
phesphate rock with HNOE- This yields celcium nitrste snd
phosphoric scid, which is then hested with emmonis to give
dicalciumphosphste and further processed to recover the
nitrate as smmopium nitratve. ALlthough dicslciumphosphate is
2 citreste-soluble fertilizer, recent experiments hsve shown
that it is equaliy effective on geoils of scidic, neutrsl end
alkaline reactions. It is normelly equal or superior to mono-
celciumphosphate in ecid end neutrel goils snd also for erops
grown in elkeline soils provided their growth period is aof
gufficient length. Dicslciumphosphste posseses specisl proper-
ties. In the soil the rste of interconversion which lowers
the fertilizing velue is much slower., Besides it is neutrsl
snd rensins 8 free flowing powder for e long time, the pre-
sence of flouride does not effect the citraste solubility in
storege (low graae phospheiic rock cen be used) and being
concentrsted form renders economy in trensport. A brief re-
view of its asgronomic trisels is given in part—II; The licenced
capecity of this fertilizer in Indie is 34,000 tons se on
3let July 1963 (F.8.I. 1962-'63).

Ammonium phogphste: It is ususlly menufactured by
addition of emmcnis to phesphoric acid im cerrect smounts
necessary to secure the desired grade. Amophos is the trade
ngme {or commercizl monoasmmoniumphosphste, either alone
(Amophog 'A') or mixed with vsrying smounte of smmoniumsgul-
phate (Amophos 'B') to give different 'N' to Péo5 retios.
Both these forms sre slightly scidic to neutrsl in resction
end possee excellent physicsl properties. The productiion of
snmoniumphosphste is incressing rspidly es the sgronomic and
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economic adventages of this materisl become more apparent.
The presenﬁ instelled capescity in production is 3,350 tons of
P205 end the total cepacity including the licenced and yet to
go on production would come to neerly 2,50,000 tons PéOB re-
presenting about hslf of &he toteal Péos to be produced in
Indis (Reichandhri 1963).

Nitrophogsphate: This fertilizer is obtained by the de-
composition of rock phosphsate by nitricacid either by QDDA
procegs or PEC process. The citrete soluble phosphate in these
fertilizers is in dicsalciumphosphete form. Experiments with
this fertilizer under Indisn conditions sre im progress. A very
brief review of ite agronomic trisls is given in pexrt II.

As fertilizer mixtures like smophos end nitrophosphste
arc gaining populsrity it l1ls expected thet production in Indis
ag it is elsewhere will be mostly in the form of complex ferti-
ligzers.

Optimum response will not be obteined from an applied
phosphetic fertiliger whether water-soluble or water-insoluble
unleses sdequate quentities of the other plant food nutrients
are present. According to Tamboli and Mié&a (1963) nitrogen
~is the primery limiting factor for crop production. Consequently
nitrogen defeciency exerts a perticularly marked effect on crop
yields. Gericke et sl in the yesr (1952) reported that ceresl
yields on goils edequstely supplied with N and K incressed as
the content of esesily soluble P205 incressed. Increasing essily
soluble Péo5 content from O.4 mg. to over 8 mge. per 100 gr. of
soil increassed ceresl yields by stleast 25%.

As there are no soil forming minserals contsining nitro-
gen snd most of our soils ere poor in orgenic maetter,the nstursl
nitrogen reserve,supply of nitrogen in the form of inorgsnic
or orgenic fertilizers is essentisl. This view has been con-~
firmed by extensive triels in our country in which universsl
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regsponse for nitrogen hes been recorded snd it is proved thet
defeciency of this nutrient determined the level of yield.
According to Jscob (1960) prascticelly the only combinstions of
nitrogen present in soil, or added to the soil, which are uti-
lized by plent are smmonis end nitrete. In rice cultivstion,
fertilizers containing.aﬂBnia‘redicale hsve generally proved
superior to those contsining nitrstes becsuse there is danger
of denitrificetion and consequent loss of 'N'. Among the
smmonicsl nitrogenous fertilizers sulphete of smPnis hss given
betﬁer performence and is most extensively used.

Field trisls have been csrried out with dicslciumphos-~
phste by the Indisn Council of Agricultursl Reseerch; on non-
acid soils st Delhi snd on celcereous soile (36% CaCoB) at
Puss (Bihar) using superphosphate for comperison. In Delhi
dicslciumphosphete spplied with smmoniumsulphste to rice crop
incressed the yield by 32 percent over smmoniumsulphste slone
as ageinst 24% with superphosphete Anonymous (1956).

Hegin in the yesr (1958) reported thet addition of emmo-
niumgulphate with dicselciumphosphste had no apprecisble effect
on availsbility of ‘'P°'.

According to Bixby et el (1964) the aﬁﬁonium form of
nitrogen as found in the complex fertilizers like smmonium-
phosphetes ie not subject to immediate lescing as is the nitrete
form. It is psrticulserly suiteble on soils subject to severe
lesching conditions, such as sendy goils in high reinfsll srees.
Ammonie swéd nitrogen sleo msy be prefered for use on cslcareous
solls a8 it is converted by bacgeris into nitric acid which in
turn lowers the soil pH.

Thus it mey be concluded thet nitrogen hss sn importsnt
role in the uptske of phosphste by plents snd the ammonicel
form preferebly s emmoniumsulphste is more suited to rice
Crop.
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PART-II

(A) EFFICIENCY OF UTILISATION OF DIFFERENT F(RMS OF
FERTILIZER PBOSPHORUS:

This review is bssed on the grest volume of experi-
mental work which has been performed by numerous workers
over e period of yesrs. References to the publicstions re=
lating to this work sre conteined in bibliography. Summsries
of some of the more significent findings on efficiency of
aVa;lable phosphorus in fertilizers is given below:

Wurston in the yeer (1948) reported thst when 100 lbs
per scre of weter=soluble pthphgte is added to & celcareous
s0il its availaebility is reduced in 24 hrg by 22-25 1bs per
scre; after which e relstively constsnt level of avallability
is meinteined. The aveilsbility of citrste-~soluble form is
much less, but it is subsequently avsileble to succeeding crops.
The so cslled P fixstion in these soils is not se significant
88 in scid soils. Weter-soluble phogphates ere most advente-
geous 8s gide dressings to growing crops.

Rogers in the yesr (1951) summsrise the results of
numerous field trisels in which verious nitrophosphstes with
verying degrees of water solubility were evalusted on generally
scid soils, on crops like corn, smsll grains end cotton. Water
solubility grester then 10 percent of the contsined phosphste
wes not as importent 8 factor in increesing yields of these
three crops sas under South-eecstern U.S.conditions. Limited
tests on slksline gsoils revesled that nitrophosphetes of low
water solubility were less effective, than highly wster-soluble
concentrated superphosphste. It wes also observed thst wster
solubility probesbly wes more importsnt on soils extremely
defecient in ni.tricphosphates.

Tromel in the yesr (1951) reported thst except for spa=-
tite the different phosphetes heve practicslly the ssme ferti-
lizing effect and weter-soluble snd insoluble P differ in re-
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action velocity onlys Phoaphatic fertiliger is suitsble if
at equilibrium it relesses sn sdequste concentration of phog~
phete iona in the soil solution. The degree of concentration
of phosphate depends on the type of.soil and the epplied ferti-
ligera

Speer et 8l in the year (1951) conducted & pot culture
experiment with 11 fertilizers labelled with P52 using Houston
cley (pH 8.1) end e Sesquihenns ssndy loem (pH 6.0). They
concluded thst yields generslly were proportionsl to the degree
of wster-polubility of the phosphorus carrier on the elkaline
Houston goil. However the differences due to weter solubility
were much less pronounced on the glightly acid Sesquihenns soils.

Msrtin et al in the yeer (1953) reported the results of
pot culture experiment conducted with lettuce on some slkeline
end gcid Celifornise goils. On the acid soil growih wes inde-
pendent of water solubility of the phosphorus cerrier, wheresas
the growth was proportionsl to the degree of water solubility
in glkaline soils.

Rennett et sl in the yesr (1954) cummsrises of five yesrs
study oxr the eificiency of different sources of phosphstic
fertilizers on legumes and graesses. Most soluble forms of phos—
phatic fertilizers incressed yields of dry metter significently.

Strostke et al in the yesr (1955) reported that nitro-
phosphstes with less then 10 percent of their phosphorus con-
tent in a water soluble form were legs effective thesn those
with 8 higher degree of waster solubility when judged on the
besis of crop yields snd phosphorus uptske.,

Webb in the yesr (1955) reported the result of three
years field trisl showing the relstive value of phosphsatic
fertilizers on maize. He concluded that the response to
added fertiliger was greestly decreassed if the fraction pre-
gent in the water soluble form wes less than 40 percent. Wiebb
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elso confirm by field snd green house testes with osts, thet
water solubility of the contsined phosphste wes more impor-
tent on slksline then on scid soils.

Dement et sl in the yesr (1956) reported on the besis
of green house and field trisls over e period of three yesrs
with seversl nitrophosphstes on acid soils. It was concluded
that with long sesson crops grown on acid soils, the degree
of water solubility of the contsined phosphorus was of minor
importence. Where smsll greins, such as wheat or osts were
to be used as forsge crope, however, masterisls with s higher
proportion of wster soluble phosphorus were more effective in
increasing yields. .

Olsen et sl in the yeer (1956) working on the aveilsbi-
lity of phosphete on smsll greins and clover summsrised the
result of five yesrs field triel thst high degree of water
solubility in phosphsetic fertiligers was much more effective
then low degree of waster solubility.

Barbier et gl in the yeser (1957) reported thst isotopic
study on the solubility of phosphetic fertiligzers indicste
thot the smount of 'P' dissolved from sn excese of phosphste
incresge with the fixing cepecity of soil colloids, expleining
the grester efficiency of difficulty soluble phosphetes in clsy
then in sendy soils.

Norlend et sl in the yesr (1957) conducted experiments
with fertilizer conteining vseried percentsges of water soluble
'P! on corn and vetch in green house pot tests with a chester
goil limed to & pH of 6.5. Ilertilizers used were lsboratory
prepared nitrophosphates sdjuested to 5, 10, 20 and 40 percent
vwater solubility and esmmoniumphosphste snd triple superphos-—
phete of 100 snd 92 percent water solubility respectively.
They found that increesing proportions of water socluble 'P!
resulted in significantly greeter yield snd 'P' uptske.
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Scherpenseel end Concepcion in the year (1957) investi-
gated the plent aveilability of phosphate fertilizers in tro-
pical soils. Utilizing P32 they showed thast reversion of 'P'
in insoluble forms waes rapid snd no significent differences
in the solubility of phosphestes remained three weeks after
epplicstion. The citricdcid solubility of dicelcium phosphate
tended to persist slightly longer then of water soluble phos-
phates. The 'P' uptske of rice and msize plants in the differ-
ent soils indicsted thst wster soluble phosphstes sre more
gsuiteble for low lend soils rich in cley thsn the citric acid
soluble dicslciumphosphate is, the latter being more effective
in deep brown and red uplend soile contsining high levels of
humus end sesquioxide. ~

Scharpenseel and Concepcion in the ssme yesr further
studied on the aveilability to plsnts of phosphstic fertili-
zers. The Phillipine soils under study were (1) shsllow
hesvy clsy losms, moderste or low nutrients (2) low land soil
rich in clay and silt, and (3) deep red brown upland soil rich
in humus gnd sesquioxides. It wes noticed that the decrease
in 'P' soluble in citric ecid in dicelciumphogphete wss not
very different from that of water soluble 'P' in superphosphate
and monosmmoniumphosphate slthough soils (2) snd (3) maeintained
citric acid solubility rather longer thsn the water soluble
'P'. Anglysis of rice and meize indicaeted thst citric acid
soluble 'P' was ag aveilsble gs or more aveilsble than water

soluble 'P' type on (3) soils but less sveilsble thsn wster-
goluble form on type (1) soil.

Webb end Pesek in the yesr (1958) reported on the re-
sults of 20 field experiments conducted in Iowas on different
8ilt loem snd silt clsy loam.soils (pH.5.3~8) of low 'P*
aveilabilities. Phosphatic fertilizers of 0-100% water
solubility were applied in the 1ill to corn st plenting time.
As estimsted by the yield response, there was & consistent
incresse in fertilizer efficiency with incressing water
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golubility, uneffected by other properties of the fertilizers
or by the soil pH, possibly due to high concentration of 'P!
obtained in the fertilized zome by the locslized plecement.
The largest incresse in fertilizer efficiency per unit in-
cresgse in water-goluble 'P' occured-.at the lower pasrt of the
solubility scsle, but the effectiveness of the fertiligzer ten-
ded to decresse repidly if their water-soluble 'P' content was
60%. The reaponse to incressed 'P' solubility was particularly
marked in the early stsges of growth and a test using P52
lebelled fertilizer indicated thst fertilizer ‘P! in the plant
significently incressed with incressing weater solubility of
the fertilizer without any marked effect on the totsl 'P' con-
centration in lesves gt silking time.

Termsen in the yeer (1958) reported thst water-insoluble
phosphsates are lees svegilable to crops on elkaline soils then
are water-soluble phosphates. On acid to neutrsl soils 'P!
evelilability in weter insoluble msterisl increases with dec=-
reasge in perticle sigze.

Bouldin end Semple in the year (1959) studied the up-
take of phosphorus from highly wster soluble phosphstic materials
mono end dismmoniumphosphastes on calcareous Webster ‘soil. He
found that uﬁtake wes grester in cese of monoemmoniumphosphate
which had pH of the ssturated soil solution ass 3.4 ss egsinst
7.8 of dismmoniumphosphate.

Hagin snd Berkovits in the year (1961) conducted both
field snd green house experiments in Isrsel using five different
mixed and single fertiligers differing in wster solubility on
calcasreous soils. Results showed thst the efficiency of ferti-
lizers decressed proportionately with a reduction in relastive
water soluble 'P' content; inclusion of citrste soluble 'P' in
the fertilizers decreesed 'P' availability, but when the relas=-
tive smount of citrste soluble 'P' to water soluble 'P' wes
40:60, part of citrste soluble 'P' was availseble in calcare ous
soils (pH.7.4 to 7.6) tested. e A

A

»
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Webb et al in the yesr (196l1) conducted nine field
experinents on oatsg with different phosphatic fertiligers
renging in 'P' solubility from 0-100%, on soiles ranging in
pH from 5,0 to 7.9. 8oil resction wes the most importent
single factor influencing the effectiveness of the 'P' sour-
ces. Generglly the degree of 'P' solubility sssumed most
importsnte in the calcsreous soils while the effect of ferti-
lizer plecement was grestest om scid soils. In these out of
five experiments loceted on calcareous soils there vas g de-
finite incresge in yielde with increassing weter sgolubility
of the 'P' gources.

Gunnarseon in the yeer (1961) studied the upteke of
'P! by plents both from weter-soluble and citrste-soluble
phosphetic fertilizers. He reported thet in neutral or acid
goils highly wster soluble form was teken up mogi readily at
the first cropping but st later hasrvests uptoke of the less
soluble phosphate incressed.

Besten et 8l in the yesr (1962) conducted sn experiment
on two cealcareous Csensdien soils using growth chsmber techni-
quea. They studied the effect of various phosphatic materisls
of differing wster solubility on the phosphorus content of the
roots and tops of alfalfe plsnts. They found that 'P' content
of tissue incressed by the use of highly water soluble phog=-
phatic fertilizers ss moposmmonium and monocslciumphosphate.

Vegeler in the yesr (1962) reported thet due to high
content of hydroxides of iron and sgluminium in tropicel and
sub-tropicsl soils, water soluble 'P' becomes rapidly fixed,
necessitseting very high applicetions of 'P' fertilizers. Weter
ingoluble 'P' does not resct with the soil complex hence high
efficiency on these aoils:

Mettingly in the yeer (1963) while giving sn account
of the recent work st Rathemsted end elsewhere on the sgri-
cultursl value of citrste and weter-soluble 'P' fertilizers



18

revesled that a few experiments on rapidly growing crops
(cereals and rsdishes) suggeet thst esrly growth ise approxi-
mately proportionsl to the amount of water-soluble phosphsate
the fertilizer contein.

a

Ven Burg in the yesr (1963) reported the work carried
out st Netherland on the egriculturel value of phosphstic
fertilizers especially nitrophosphates. ZFoxr cerals end pote-
toee the highest yields were obtesined with fertilizers con-
taining the highest percentage of water-soluble phosphste.
If fertilizers are applied each yesr in long term field ex=-
periments 50% water solubility wes adequete for ceresls end
gress land. -

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

Most of gcientists conducted experiments throughout
the world to evaluste the relative efficiency of dicalcium-
phosphate with superphosphste, the standard and most popular
pPhosphatic fertilizer of the world. TUnder different soil
end climatic conditions of experiment, different results have
been obtained. In certein instences dicslciumphosphste proved
superior to superphosphate, in some equal in efficiency sand
in some cases inferior to superphosphste. The litersture on
this subject is extensive snd a number of references sre given
in the bibiliogrsphy. A very brief account of the work is
presented below.

Jacob and Roee (1940), Odlend and Cox (1942), O'Brien
and Obenshair (1942), Stenford end Nelson (1949), Prummel
(1954), Popova (1954), Ccoke(1955), Strostka end Hill (1955),
Cooke(1956) Vithal Rso gnd Kishen Rso (1963) found dicelcium=-
phosphate more efficient thsn superphosphste agronomicslly.

Uliskov (1939), Karreker (1941), Honglend et el (1942)
Robert gt al (1942), Poulson end Studier (1945), William end

g
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Reith (1948), Rite snd Lute (1950), Lneninger (1950), Bureesu
et ol (1953), Vender snd Kesrlovesky (1953), Piorre snd Nornen
(1953)y Poteroon et el (1953), Dell end Halomen (1955), Cooke
(1956), vebtb et ol (1961), Cocke snd Widdewson (1958), Rishi
Icworsn (1961), Hottingly (19635), reported thet dicsleiumphone
phetc wos equally effective to supcrphosphoto agrencmicslly.

Hiklos (1926), Green (1938), LcGoorge (1539), Wwillicm
end Horrington (1939), CGdlsnd end Cox {1941), Dae (1944),
O'Brein (1944), Dnsminger end Cope (1947), Olsen et sl (1950)
speer ot el (1952), Scharrer ond Euhu (1952), Schmell ot ol
(1952), Olsen and Rhadez (1953}, Bennett ot ol (19L4) Schemhel
et ol (199%5), Simpoon (1.956) Riphi et ol (1961) ond [lottingly
(1963) rcportod thot dicsleiumphiosphete preved inforlor (e
superphosrphotoe agronamicollye ‘
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EXPERIMENTAL PROCEDURES

€A) Potculture experiment: The experiment wess conducted
at College of sgriculture,Rsjendrsnager,Hyderabed.
(e) Programme of work:

(1) Analysis of chslks snd Regur soils for mechsnicsl
chemicel,total Hel extrasct snd exchangesble constituents. Re-
sidee for soil fertility,determination of pH, E.C; O.m; total
N, Averesge P205 etc.

(2) Anelysis of fertilizer msterisl used for the ex-
periment; superphosphste for weter-soluble phoephote, dicalcium-
Phosphste for citrete soluble phesphete snd sulphate of smmonis
for smmonicel nitrogen.

(3) Keeping stsandsrd dose of 45 lbs 'P' per scre
dicalciumphosphete and superphosphste were used in the follow-
ing different proportions.

Pl 100% Citrete scluble phosphsate
P2 75% citrste soluble + 25% water-soluble phosphate
Py 0% " + 50% " "
P, 25% " + 7% " "
P5 100% weter-soluble phosphste.
(4) Mixing fertilizer es per plen in three series of
pots filled with measured soil.

1) Series I with crop to be grown to maturity
ii) Series II with crop for snalysis
iii) Series III without crop for snslysis (incubstion
gtudy). '

(5) Maintenance of 60 1bs N end 45 lbs PE'O5 rer acre,
Applicaetion of totel Péo5 and 50% N at the time of treng-~

Planting snd the rest 50% N in two equel split doses=s st one
month intervals=s.

(&) Msintensnce of 1L.5" water Log&Eing In 81 the <tThreoe
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seriee of pots. Trsnsplantstion st the rste of three seed-
linge per pot in series I and I1I.

(7) Recording growth dstas on the set of pots meintsined
in series I (Biometricel observations).

(8) Harvesting the set of plents in series II potes at
three stages of sempling.

i) At tillering
ii) At flowering
iii) At milking

Determinstion of totsl dry mstter per plant and totel
Eéos and nitrogen in plant tissues.

(9) Collecting so0il samples from series II pote after
finagl harvest of rice plsnts i.e. at third stage of sempling
to determine totsl aveilable end water-soluble P205 snd total
'N'.

(10) Collection of go0il ssmples from III series of
pots (incubstion study) at four stages of sampling to deter-
mine totsl, svailsable snd water-soluble P2'05 snd total 'N'.

(11) Relsting growth dete with phosphate anslysie ss
in above and working out recovery of sdded phosphste on dry
weight bssie. Preparstion of grsphs for percentsge effi-
ciency of esch form of phosphste snd working out yield per pot
snd relating it to growth and phosphate uptake.

(12) Discussging the practicsl significence of the
problem while keeping in view the sclubility espect of the

present day common phosphetic fertiligers snd fertilizer mix-
tures.

(b) Plan of experiment: The plan of the experiment is
described below (refer next psege). There sre five trestments
with four replications i.e., 20 pots for esch type of eoil,
chalka end regur . As there are three series in each type of
gsoil (two series with plante and one without ) sltogether there
sre 120 pots (60 pots for esch type of soil).




22

CF 80ILS GHALKA AND RQGUR {Black soil)

Pot Repli- TREATHERTS - fieries Series Series
Bo. cotion &5 Lbs Féos per scre 60 Lb8 I iz I1I

'B' per
GCree
i I 100% dicslciumphog=- (11’34)25 04 Width Uith Without
Phote plente plen- plents
267, <
3, 50% diceledums50% experi- (Dumme- cubge
super " mente) 4iees for tion
&4, - 2% dicsloiume?S% ensly=- gtudy)
super " eis ot
S5e 100% Buperphosphste i three
6. II Seme order a@ sbove n etoges
s
8e
Q.
10.
1. 11T Seme order as ghove u
12.
13.
14,
15.
16, IV {(lsme order s sbove u
17.
18
1")0

20+

N WP A W WD s W) A AR WP AR W B G @ G N WP W W W gn YR S W wsh A we oE Wk e



23
(c) Fertilizer used: The nutrient percentsges of the
fertiligzer uged for the experiment were anslysed before star-
ting the investigation snd sctusl quentity of each fertilizer
required as per plsan per pot on moisture free besis was calcu-
lated weighed accurstely by sensitive.bslence end spplied.

TABLE SHOWING ANALYSIS OF FERTILIZER MATERIAL USED FOR
THE_EXPERIMENT

P 0. %
s1. N Total 20 e
No. Fertilizer N% Totel Citrate Water
7 soluble gsoluble

l. Single superphos-

phete - l§¢4 16.4 16.0
2. Dicslciumphosphste - 35.12 - 35.12
5. Ammoniumsulphsate 20.6 - - -

- s s Ep e G e% ap W A EGE G we W WP R @E G W B ar Wk S hE A e en e e ep en e

(d) Filling up pots: Earthen pots of 8" dismeter mede
locelly were used for the experiment. For filling soil in the
pots typicel regur. end chalkse soil from surfsce 6" of the
barren field in the vicinity of the College was collected. The
soil was thoroughly clesned from stones, weeds etc., and the
pots were filled st the rste of 7,000 grm. of soil per pot,
three days before planting. The pots were moistened and tho-
roughly stirred up by hends to a depth of sbout 6", simulsting
puddling es under field conditions. No holes were provided in
the pots in order to meintein stending wster. The tap water
wag the source of irrigstion which was tested snd found to be
of good quality end neutrel in reaction. The fertilizer calcu-

lsted as per the schedule was spplied end mixed thoroughly by
hend in each pot.

(e) Transplantation: 55 deys old seedlinge of H.R.35,
the most popular long duretion veriety of the region, were
trensplented at the rate of three seedlings per pot, on
15th August 1964.
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(£) Interculture snd sfter cultivstion: The soil around
the seedlings wss stirred by the fingers once in two weeks till
the time of primordiisl stage stserting from one month sfter trans-
plenting. Seme op ration was done to pots without plents simul-
taneously. The rest two split doses of emmoniumsulphste were
applied at one month intervsle i.e., on 15th September snd
15th October 1964. ZEndrine wes sprayed twice, st the time of
top dressing with smmoniumsulphste, to avoid the incidence of
borer.

(g) Observations (Biometricsl): In the pots of the
mein experiment flowering detes were recorded. Average heighte
of the plents from ground upto tip of the lergest leaf,average
height of psnicles esnd the number of effective tillers per pot
basis were recorded before harvest. Plants were harvested per
pot begis leaving s stubble of sbout 1" to 2% from ground.
The grain was harvested carefully in the envelopes. The grsin
and strew were welighed separetely to constent weight sfter
thorough sun drying. Weight of 100 seeds were also tsken in
8ll the trestments, for esch replication,

(B) Soil end plent saempling for analysis:

(1) Soil ssmple - Representaetive samples of 250 c¢c. were
collected from esch pot by mixing the slury. Samples were
sllowed to dry in open psns aﬁd passed through 2 mm seive and
kept in tightly corked gless bottlee having proper labels.

Individuel plents from esch pot of the dummies were
collected at different steges. The plent ssmples were seps=—
retely dried es repidly ss possible efter keeping at tempera-
ture of 70°C in an electric oven so es to reduce the chemical
and biological changes in these tender leaves to the minimum.
The samples from final harvest (grein snd straw) were not
kept in oven but dried properly under sun. Welght of indi-
~ vidusl plsnt sesmple on moisture free bssis wes celculated to
know the totsl dry mstter produced st different stages of
Plant growth under different trestmente. The individusl semples



25

were then ground finely by elsctric sasmple grinder, pessed
through 40 mm seive and preserved c¢srefully for enalysis.

Sl. Type of Pot se- Ssanpling Dete of Stage Lsge of

No. semple ries No. Ko gempling &t which pleant
senmple
] was
collected
l. Soil semple IIIrd lst 1.10.64 45 days -
(incubstion
etudy)
2nd 31.10.64 75 n -
3rd 25.11.64 100 n -
4th 15.12.684 120 b -
IInd 1st . 24.11.64 100 " 145 deys
(dummies) T
Ist
(mein ex-  jg¢ 15.12.64 120 " 17% =®
periment)
2« Plant sample IInd 1st 1,10.64 Tillering %
2nd 31.10.64 Flowering 120 "
3rd 25.11.64 HMilk - 145 n
Ist 1st 15.12.64 Maturity 175 ¢
(harvest)
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(C) Statisticsl enelysis: Chsnges in the availsble phos-
phete snd nitrogen under different treetments et different
stsges snd the uptske of phosphste and nitrogen by plsnts at
different stages were snslysed statisticelly by using Fishers
methcd of enslyeis of vsriasnce. The 5% and 1% levels of ‘B!
test snd 'T' test have been used to test the significsesnce of
findings. Where the difference wss significent, the critical
difference (C.D.) was calculsted and the significance of one
treetment over the other wass compared.
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(D) Description of the soils selected for the study: The

goile under study sre 'chalks' (red soil) 'regur ?(Black soil)
the typicsl soils predominent in Telengene Region of Andhre
Pradesh. The soils were snelysed before undertseking the study,
description of which is given below:

W AN e @R W wme ML WM ED B @D @A WD ED I WP WD GE WD W S D WD W TR Nt WE WM WE W w ww

Sl. Soil constituents Chslka Regur
No. anaglysed (Red so0il) (Black soil)
l. Moisture % 1005 9076
2. Mechsnical esnslysis
(1) Cosrse fraction
Coerse sand % 55.7 15.2
Fine sand % 12.3 74
(ii) Fine frsctions -~
5ilt % 10.6 19.1
Cley % 19.2 54.3
3' PH 702 8.4‘
4, Total 'N' % 000226 000515
5. Orgenic carbon % 0.762 1.557
6. Anelysis of Hcl extract
Cal% 0.48 2.12
Mg0% 0.08 0.52
AL10% 4.98 9.42
Total P,0% 0.107 0.157
Sesquioxi e % 10015 2605
7. Citric acid extrasct p.p.m.
8. Wwater-soluble sslts
PoPcHO’TC *® ®
i) Acid radicles Kil. 5.568
005*
Ci 5:325 9.23%
8o, Nil. Nil.
ii) Basgc redicles
Ceal 2.03 %.621
Mg0 0.871 1l.024
iii) E.«C.m.zhos /cm. 0.23 0.39
9. Ionic exchange M.e per 100 grm.
i C.E.C.‘ 1207 68!5
ii) Exc. Ca 3.9 37.0
iii Mgo 0.9 13.7



900484

27

The gbove onslysie revesls that chselko soile sre sendy
loon in texture, quite porous snd well droined due to high
" pend and low colloidsl content. They hove low beage ststus
end exchonge cspscity. They are foirly high in sveilable
P205 16.38 1lbs per scre 'Olsen'. They ere defecient in orge~
nic netter, poor in nitrogen, fairly louw in uster-soluble
salts, Ca,lMg end Fe. end sesquioxides.

The black soils asre clsy loemgshesvy in texture due %o
very high fine frection end due to high colloidel content poor
in dreinsge. They heve high bsse status end exchange capscity.
High in sesquioxide end uster-soluble selts. They gre rich
in lime and totsl %éos, but theq ere poor in nitrogen end in
eveileble Pé95 (11.74 1bs per ecre).

(E) Metheds of chemicel enslysis:

(A) Fortilizer emelysis - The nitrogen snd phosphstic
foertilizers were snelysed by the stenderd methcds as prese—
eribed in Jsckson,

(a) Ritrogen - Mecro Kjeldhsl method direct distillastion
in the knoun weter extract.

-(b) Aveilable Péos H
(i) WUster=-soluble P205 catimeticn in the knoun viater
gxtroct by volumetric emmoniummolybdste method (Pemberton
procedure).

(ii) Citrete-soluble PEOS - Residue sftor watere
goluble extroct digested in neutrsl emmoniumcitrste solution
end detcrmined by volumetric smmoniummolybdete method.

(B) BSoil snelysis: 48 lerge number of semples were to
be snclysed, quick methods of estimstion were followed.

(8) Avaeilsble P2°5 - It was determined by Sodiumbicerbo-
note methcd of Olsen et 21 (1954) ss prescribed by Jackson.
o> grm. s0il was gheken for 30 mte. with 100 cc of 0.5}
Naﬁcoa, edjusted to pH 8.5 snd 8 spoon of activoted charcosl.

Filtered through Whetmen No.40 10 c¢c¢ sliquot taken snd P‘205
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determined Colorimetricslly by molybdenum blue miethcd snd the
result is expressed 88 D.p.ms

(b) Weter-soluble P'205 - Method of Binghsm (1949) as
prescribed by Chepmen snd Praft August 1961 vias followed.
A 1:10 soil water mixture is shsken for 5 mtes, then centri-
fuged st 20,000 r.pems for 20 mte. then phosphate determined
by Molybdenum Blue method of Dickmen end Brey ststed above.

(c¢) Totsel 'N' = It wss estimeted by lacro Kjeldhsl method
a6 described by Shenksren 1958.

(C) Plent Anslysis: As lerge number of ssmples were to
be snselysed, quick methcds of estimstion were followed.

(e) Total P’EO5 - It woa determined by Venadomolybdste
yellow method se prescribed by Chspmon and Praft 1961ls 0.5
grm. of the grinded esmple wes teken, (except in the csse of
first two semplings in which cese due to limited gesmple 0.25
grm. wps tsken), sshed with 2 cc. of meﬂo3 40% end kept in
nuffle. AE@&B digeolved in 2 F HNo; 6nd mede upto 100 cc.
after filtering. In 10 cc. sliguot PéOE is determined by above
method snd result is expreesed os ps.P.m«dy help of stondsrd curve

(b) Totel 'R' =« 0.1 to 0.2 grm. of the representstive
sample wae token snd nitrogen estimsted by Micro Kjeldhsl me
thod es prescribed by Piper 1S50.
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RES ULTS

A brief description of the results obtesined is given
below:

(A) Observstions (Biometrical)

(1) Flowering snd maturity: Though in the case of
cheglka flowering started about four days esrlier and the crop
maturity too wess gbout four days esrlier, there was no merked
difference due to soclubility of 'P' on time of flowering.

(ii) Tillering and height measurements: From the
dets presented in the Table (1) (detsiled tebles in eppendix
1 8nd 2), it is evident thet tillering wes poor in sll the
tregtments but height wes more conspicuous. Except for the
beight of penicle in black soils, the rest of the results sre
ingignificent stetisticelly. In general the tillering under
black s0il was lower thsn chalks.

(iii) Dry matter: Dry metter production et different
gtages of plsnt growth under different treetments is shown
in the teble (2). In both the soils the growth (production of
dry metter) wes more pronounced with the wster-soluble 'P!
in esrly stages of growth, wheress in the course of time znd
fingl stage dicalcium 'P' hes given better performence es-
pecially in chelka and rsther equel performsnce of both di-
calcium and super 'P' wes noticed in black soil. Histogram 1
showing this trend is enclosed.

{iv) Yield: The yield dets of grain end straw is shown
in the table (3). Except for grein yield in the blsck soil,
the rest of the results are insignificent gtatisticaelly. 1In
general the grain yields were higher then the yields of strew.
In chalka Boiyyield wag in direct proportion to citrete-soluble
'P' in fertilizer though 75% citrste-soluble 'P' has given

slightly better performsnce, the results sre not gtotisticelly
signitficent; wheress im csse of bleck so0il trestment with 25%

and 100% weter-soluble 'P' hes given meximum grein yield snd
the resulte are ststisticelly significsnt. Histogrem 2 showing
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the yield trend is enclosed. No veristions sre noted in
the seed weights under different trestments.

(B) Anselyticsl dats:
(a) Plent:
(1) Uptske of Péo5 :=~ Results are shown in the table
(4) (detsiled tables in sppendix 3A to 2D). It is noticed that
the uptsake was directly proportionsl to citrste-~soluble 'P' in
the fertilizer. Graph (1) representing this trend is enclosed.
The results are gtstisticslly significant except for chalka at
tillering stage and strew st finsl hervest in blsack soil.

(i1i) Uptske of 'N' :-~ Results sre shown in the table (5)
(deteailed tables in sppendix 43 to 4D). There was no marked
veristion in the different treatments.

(b) Soil:

(i) Availsble Pé05 := Results sre shown in the table (6)
(detsiled tables in appendix 5A to 5F). Though there is e
merked increese in the sveilasbility throughout the experiment,
the effect of the trestments reveel thet in chglka in the early
stsges the duper 'P' was more available but in the later stages
availability of dicslcium *'P' incressed; 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) showing this trend is enclosed.

(ii) Vigter-soluble P205 :=- Results sre shown in the
table (7) (deteiled tebles in eppendix 64 to 6F). Black soil
has shown more water-~soluble P205 content thsn chslka. It
seems thet in chalks intensity of water-soluble P205 wes more
pronounced under soils treated with grester proportions of
citrate~soluble fertilizer, dicslciumphosphste. Any distinct
trend is not visible in black soils. The results of main ex=-
periment pote sre stetisticslly significent. Graph (3) showing
this trend is enclosed.
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(434) Totol 'H' :~ HReosults oxe choving the toble (8)
(detoilcd tobleo in oppondix 76 to 77). Thoro ip no ooxlted
voriotion duc to 'N' content undexr different trootoonta.
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LIST OF TABLES,HISTOGRAMS AND GRAPHS ENCLOSED

I. TABLES:

Dry matter production st different stages of plant growth.
Consolidated tsble for height of complete plant snd panicle
at harvest snd the number of effective tillers.

Tield in gramse per pol besis alongrith stetieticsl snaslysis.
Consolideted teble for totel 'P!' in plents.
Consolidsted table for tctsl 'N' in plsnte.
Consolidsted table fcr oveilable 'P' in soils.
Congolidsted tsble for weter-soluble 'P' in soils.
Congolidsted tsble for total 'N' in eoils.

N.B: FOR FURTHER DETAILS PLEASE REFER TO THE LIST CF DE~-
TAILED TABLES FROVIDED WITH THZ DATA IN THE APPENDIX.

IT. EHISTOGRAMS:

1) Yield of stresw and grsin.

2) Dry metter production st different stages of plant growth.
3) Fixstion of 'P' under different treatmente snd its relotion
to yield.

III. GRAPHS:
1) Totsel 'P' in plants

O~JOnHFW ok
AN A

2) Aveilgble 'P' in goils
3 Water-goluble 'P' in soils.
GUIDE TO TABLES
I. Abbrevisticns
(a) P - 100% citrete-goluble phosphste
Py = 75% citrate-soluble + 25% weter-soluble phosphste
P3 - 50% " + 50% n
B, - 25% " + 75% "
> P5 -~ 100% weter-scluble phosphste.
(B) R - Replication.
II. BExplenstory terms
(A) Soil:
Pot series Sempling Stege st which Age of plaont
No. Nc. gsspple collected
11X
( incubstion lat 45 deys
gtudy) 2nd 75
3rd 100 ©
4th 1206 "
1X 100 145 deye
( Qummies ) 1st
I let 120 ¢ 175 "
( Hain expt. ) Tillering 50 o
Flowering 120 *
Milk 145 »
listurity 175 »
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TABLE-I

Dry matter production st different stages of plant
growth, under different trestments.
(Moisture free basis, in grame)
[N N W RN

- wp W s e e E Em an R E% o ®s wr G M Gs W ar B GRSy S G MR e Em R

Soil Phosphorus Whole plant weight at different sampling

tae ?gtggiiius Tillerlg;eragioggrfgg? reﬁ%igatiﬁzgured
- . . . proportions = stege _ _ stese _ _ Stese  sbese
Chalka Py 0.4676 2.4484 3.6115 6.2341
Py 0.4680 2.1032 2.0292 6.5407
P3 0.5165 2.0565 2.8375 5.9529
Py 0.7315~ 2.3195 3.1611  5.5043
Pg 0.7599 2.4436 3.9535 5.6228
Black soll | fl 0.2945 1.7542 3.8632 4.8735
Py 0.3405 1.6729 3.,9288  5.2934
P3' 0.3613% 2.1065 4,036l 4.3386
Py 0.4039 2.1617 2.7878  4.6038

P5 0.4562 2.7503 4.,2626 5.9869
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WEIGHT IN GRAMS

TILLERING STAGE FLOWE RING STAGE MILK STAGé MATURED 3TAGE
STAGES

HISTOGRAM 1. SHOWING WHOLE PLANT WEIGHT AT DIFFERENT
SAMPLINGS AS INFLUENCED BY THE DEGREE OF
LEILITY OF THE APPLIED PHUSPHATE.
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HISTOGRAM i, SHOWING WHOLE PLANT WEIGHT AT DIFFERENT
SAMPLINGS AS INFLUENCED BY THE DEGREE OF
SOLUBILITY OF THE APPLIED FPHOSPHATE,




TABLE -~ 1T

Height of complete plent snd psnicle &t hsrvest snd
numter of effective tillexrs,undexr different
trestuents
- (bverege of four replicstions,per pot besis)

Soil Phosphorus Aversge height messurements No.of
type materisl . in cns. effec~
in vsrious Thole plsent Penicle tive
proportions tillers
Chelke P, 116.84 24,22 8.75
‘r\>2 E 113.65 22.25 9.00
P’i | 123.14 - 22.54 8.25
P, o . 119.06  22.16 7.50
P5‘ L e 118.59 o é5.27 7f50
Blackésoil Py 118.72 24.08 6.00
P, 118.21 24,57 7.00
f3 - 115.89 \ 22.22 | 5.00
Py - 114.21 | 21 .49 5.75

' 124.57 21.69 . 8.0

- s S Em e WP @ e ) @ @p em R D @n W R EN  Ge E% e R ap e en en AN wk e am e
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TABLE - IIIX
Grsin end strew yield per pot bseis and weight of 1C0O greins
( Moisture free bssis in grems )

Wh W G N WL G WP s S MG my mE R s WB ER WB wR Em TR wA WR mE SR wp MR OGP N W AR ek Eme W e

Soil rhosgphcrus GRAIN Averesge Welight
type meterisl o ﬁ‘ - yield of ioo
in vsrious R R greainse
propcertions 1 11 111 Iv -
Chelke 10.9737 9.8149 10.6657 8.1273 G.8954 1.4896
; K 10.5931 8.4547 11.7547 11.3823 10.%462 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
C 9.2423 8.8842 7.5922 10.1666 8.4Y713 1.4915
Bleck | 7.4247 5.9336 8.9892  7.9034 7.5627 1.4800
goil - 9.9092 8.2374 7.0117 7.7668 8.2313 1.4332
4 7.0874 6.8617 5.7888 6.4365 6.5436 1.4855
= . 7.6457 6.8822 7.0388 6.9398 7.1266 1.4415
11.5729 9.0682 8.2011 7.8063 U.1621 1.4511
‘ f  o _ STRAW
Chelka By  9.2991 8.6795 9.5037 7.7459 8.8070
Py 9.4982 7.3594 10.6771 O.8427 9.3443
Py 10.5146 7.2876 7.5033 8.1079 B8.3530
Pg 8.485 7.5277 6.4991 9.0768 7.8972
Black Py 6.2287 6.0206 8.7042 7.2783% 97.0580
soil F, 8.782% 7.4698 7.2903 8.0892 7.9079
Py 7.0278 7.7944 5,607 5.4504 6.4722

Pg  10.5639 8.4955 7.8705 7.2654 8.5238
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STATISTICAL ANALYSIS CF YIELD

- em am M am e W en e er Sm em wk Wa

 A.V.TABLE ____ SUMMARY OF RESULIS
Pue to 8.8. D.F. M.5.8. F fTr. Mesn yield % GeMe
GRAIN B.S.S. 5.221 3 P, 10.5462  109.913
pr.s.s. 8.97L 4 2.243 | pec By 9.8954  103.131
Er. 20.934 12 1.745 Py 9.5056 99.155
T.8.8. 35.126 19 Pr 8.9713 93,615
‘ | 4 8.6554 90.280
GeM. 9.595 10C.00
L S.E.M. 0.66 6.88
GRAIN B.S.S. 6.712 3 "'9; T T g§.16217 T 118.603
égff%ﬁ Tr.5.5. 16.412 4 4.103 ; gy P, 8.231%3  106.55%
Er. 12.56% 12 1.047 ' Pl 7.5627 97.909
T.8.8. 35.687 19 P, 7.1266 92.254
Resgult significent et 5% level P5 6.5436 84,717
G.M.  7.725 100.0C0
Ps By P Py B S.E.M. 0.51 6.602
- C.D.  1.57 20.32
STRi% B.S.S8. 5.025 3 P 9.3443  110.570
(CHETKA) pr.5,5.6.411 4 1.€03; 504 Pi 8.8070  104.21%
 Br.  14.529 12 1.211 B 8.3530 98 . 840
T.S5.8. 25.963 19 ‘P5 7.8972 93 . 447
P, 7.8541 92.93%6
G.M.  8.451 100 .000
S:E.M. 0.55 6.508
STRAV B.S.S. 2.968 3 B 8.5238  116.223
SEEESE Tr.S.S. 12.441 4 3.110; o) Py 7.9079  107.835
Erl ~ 51.042 12 4.254 P 7.0580 96.236
T.5.8. 66.451 15 Py 6.6848 91.148
- P, 6.4722 88.249
-~ GeMe  7.334 100.00
S.E.M. 4,363

R ws W m e en e @G an e M ap G @ om Wh My e e W e > on

- am em e e e
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different stsges of plent growth under
different trestments

(Aversge of four replicetions st moisture free besis in p.pem.)

- me ME Mn MR wmp TR mm e Em e WE WR mp  em MR R S G G mp  wmy B G G WM e mm dE R W e =m

So0il Fhosphorus
type msterisl

~ in veriocus Tillering
proprortions

Totsl P205 pPlants at different steges

etesue

stage

Flowering #ilk

gtage

fiatured stoge

Grein

Strew 4dotel

- s N e MR M TR s W WP mp S MR e R O AR W YER GEm WS W ML ca WP R mm MR am me W e A e

Chslks

Bleck
soil.

2510.64
2391 .22
2%78 .49

2107.23

1823%.53

1452.64

1371.62

1567.54

1277.39

1229.79

172150
1646.66
1600.76
1573.21

1418.28

1174 .60
1189.92
1217.49
1177.45

1085.69

1402;08
1368.17
1303.51
1345.25

12353.02

1137.78
1146.38
1066.86
1011.28

1024.63

2509.10

2497 .49

2172.00

1852.00

2019.32
2121.95

2001.78

1937.75

1791 .23

480;11 3137.51
468.44 2977.54
480.65 2978.14
440 .89 2612.89

410.51 2342.51

402.87 2422.19
425,18 2547.13

411.15 2412.93

_ 406.85 2344.60

598.47 2189.70

Wy N s AR WE M M W W W TP GE S W W A WE WA e B SR W o e
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TAPLE =V

Tctal 'N' in plents et different stsges of plesnt growth under
: difierent tresiments
(Aversge of four replicetione st moisture free hesigs in percent)

s WS N R G Wk S8 ap e e G T MR S SR ap e EE ap AR WP M NP G B Em S WS R . M M we WA

Soil Phosphorus

type meterisl Totsl 'N' in plents st different steges

in vsrious ~Tillering Flowering Milk Fotuied etege
proportions gtepe gtege gteye Grsin Strew Totel
Chelke Py S 3,133 1.969 1.284 1.427 0.552 1.979
P’, 3,060  1.933  1.218 1.304 0.642 1.946
Eh 3.074 2.0%6 1.315 1.484 0.675 2.159
goil
ré | 2.641  1.888 1.217 1.366. 0.779 2.145
Ik 2.483% 1.844 1.097 1.°513 0.79% 2.206

P 2.575 1.844 1.208 1.425 0.680 2.105
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TaBLE - VI
Available P205 in soil st different steges under different

trestmnente
(Aversge of four replicstions ev moisture free beegis in p.p.m.)

Soil rhosphorus Serieg III pots | | Beries IT Serieg X
type materisl incubgtion st X pets potsg
in vsrious lst a rad (dumwies) (msin eX=
proporiions sampl- ssmpl- sampl~ sempl- lst periment )
-1ng -ing ~ing -ing gampling L=t
S O ‘ ‘ gsempling
Chalks P, 9.9%  15.34 16.5% 17.45  11.62 15,69
B P,  9.49 14.89 16.12 16.30  10.75 15.02
PB\ 10.62  14.91  16.45 16.95  12.07 15.84
»,PB . 12.27 15.81 13.12 15.59 10.72 15.59
soil
P2 10.68 12.43 10.22 14.25 9.01 13.56
PB 11.19 12.42 10.58 15.10 9.93 13.31

Fy 11.70  12.35 10.32 14.74 9.32  13.%3

Py 11.82 12,21 10.65 14.55  9.13  13.66
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TABLE - VIIT

Totsl 'N' in =oil et different stsges under different
trcetments
(average of four replicetions et mcisture free besis in percent)

- e e e MM wh G9 e en @ e N VR WP T G @R Gy R R WS A AR A0 MR SR e W e R e W W

- Geries III pots Seriese II Ceries I
i;;i ;ﬁg:gggiua ( incubstion study ) pots pots
in verious +E8¢ end  3rd  Wh ‘(dummies) (mein ex-
pIOUOI‘inDE geup- Samp-‘-"' eamplg- ganpl- lst periment)
“Ee -ing =-ing =-ing =-ing . sempling 1st
o | ‘ gempling
Chelka P, 0.0518 0.0483 0.0525 0.0340 0.0382  C.01%7

"fé' C.0517 0.C456 0.0526 C.0366 0.0376  0.0214
Py  0.05LL 0.0430 0.0553 0.0575 0.0425  0.0207
34 0.047¢ 0.C%0 00,0542 0.0373 0‘0577 0,0207

P5 0.053% 0.GE24 0.0502 0.0386 0.0425 0.0253

?ﬁfik B 0.0598 0.0465 0.C467 0.0304 0.0342 0.0192
P, 0.0582 0.0457 ©0.0447 0.0303 0.0341  C.0L96
P;  0.0591 0.0453 0.0479 0.0339 0©,0368  0.0206
B, 0.057L 0.0475 0.0468 0.0356 0.0317  0.0251

P5 0.0596 0.0414 0©.0504 0.0347 0.0308 0.0188



CRITICAL DISCUSSICR

The primary purpose of fertiligers is to improve snd
incresse the production of economic crope. It is believed
thet & plsnt absorbs phosphorus into ite tissue in the form
of ite moncbesic, ionic form 52P04. Further more s water-
insocluble phosphstic msterizl must be converted by chemicsl,
thermsl or biologicsl meens to 8 form thet will relesse ite
rhoephorus in the soil sclution es ionic H2Po4, before it cen
be considered a satiefectory cerrier of nutrient phosphorus.
It ie for this resson thet solubility of phosphstes msy be-
come very importsnt. Aveilsbility of phosphorus to plents ie
8 function of the distribution snd solubility of sepplied ferti-
lizer snd the phosphorue resction products in the scil imme-
distely surrounding the fertilizer grnules.

Dicelciumphosphazte diseclves very slowly in soil. Under
some conditions octocelciumphosphate, 8 relstively new compound
to fertilizer studies ie formed snd it is believed thst this
new solid phoephste is importent in contrclling the phosphorus
composition end the pH condition of the liquid film which
surrounde psrticles of the spplied dicsleciumphosphate. Plent
roots sre known to completely surround in very intimaste fezshion
the fertilizer perticle goil interfece. The knowledge of Jjust
how the ceslciumphosphete typee of compounds eupply phosphorus
end perhsps celcium to plents is quite incomplete. The above
discuseion gives some idee cf the complex chemicel resctions
occurring in the root gone. The results obtsined in this study
cen therefore be explesined with this serious limitstion in mind.

An exsminstion of the market condition shows 8 lerge
multiplicity of fertilizer mixtures suprlying both weter-soluble
end citreste-scluble forms, It would be sn imposeible tesk to
gtudy the sclubility performance of these products within the
time limit svaileble, hence thie simplified experiment was de-
vised to provide varying rengee of wster and citrete solubility.
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Thie sprrcech is Jjustified pasrticulerly by the results ob-
teined by Lewton et al (1959) end Tromel (1951). Green house
experiments conducted by Lewton et sl usging P52 labelled
phosphatic fertilizers of wide rsnge c¢f sclubility in compsrison
with commercisl type mixed fertilizers revesled that there wes
no substentisl difference in the behsviour between these two
typee of spplicetions on yield of crops. Tromel's concept thst
eny phosphate fertiliger which produces et equilibrium en ade-
quete concentrstion of 'P' in soil sclution ie suitsble for
crop growth, is elso keprt in mind while judging the asgroncmic
velue of phosgphetic fertilizere of different sclubilities.

Keeping in view the complex behsviour of soil phosphorus
under normel conditions snd those obtsining under vwster-logged
condi tione involving rice culture where the relstionship between
weter, soil and rice plent sre go different in fertility studies,
en ettempt ie made to exilsin the vsrying results obteined in
the present etudy. For s proper understending of the results,
it is found necessery to clessify the criticel discussion under
the following hesdings. - o

(1) Solubility effect in relstion to growth snd yield.

(2) Compsretive study of the uptake of weter-soluble and
water-inscluble 'P' by plents.

(3) The chunges in sveilable 'P' in soil during the entire
. atudy.

(4) Comperstive efficiency of dicelciumphosrhete snd super-
phosphete.

(5) Compsretive efficiency of phosphetic fertilizere in
relastion to their fixstion sscessed by warking out recovery
of sdded phosphzte on dry weight bssis.

(1) Solubility effect in relstion to growth snd yield:

It will be more s, propriste to give & brief explsinstion
with regerd to obeserveticn on flowering,maturity snd grein
end straw yields in chelks snd black soil.
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o ‘Thevearly flowering and meturity end high yield obteined
in confirmity with Speer (1951), cen be sttributed tc higher
upteke of Pao5 both from nsetive snd eprlied pbhosphetee, where-
es in the cese of bleck ecil which conteing e higher percentege
of colloids then chelke, the non-sveilsbility of scluble 'P!
ig more pronounced lesding to more vegetaztive gsrowth end delsy
in flowering end meturity. Incidentelly it ies ¢clesr thst the
inherent limitstions met with in pot culture experimentstion
sre probably responsible for higher grein yields thsn stresw.

- (Mehinder Reddy 1960). In sny csse the higher yielde of dry
metter indicste the beneficisl effect of 'P' gpplicsticns.

Yield is the cumulstive effect of seversl factors like
growth, number cf effective tillers, penicle length end number
of gresine per pot etc. But nc eignificent correlstion wse
obtsined with regerd to height in plsnt snd psnicle in the
present etudy. 7The increeeed yrein yieldes in the experiment
cleerly indicute the importence ¢f the possible role of scluble
'Lt in inducing incresped tillering.

It ie elec found thet in the esrly growth pericd the
dry msetter prcocduction wee in proporticn to the wster-eclublie
P in fertilizer. During the leter etages of growth 8 better
performence is found in chelks soils trested with citrate-
soluble form then the bleck goil. In the ezrly ste.ee of plent
growth the sprlicstion of wster-soluble 'P' will give & reg=
penege tc the youny seedlinges resuiting in better root epresd
lesding to high prcduction of dry metter, wheress in edvsanced
gtsyee the plent hes better root growth compsred with seedling
stege which ensblee it to c¢btsin ite reyuiremente by coming
ip direct contect with the lerge soil surfuce ss well se ferti-
lizer grenules. £ doubt mey be resieged 8t this pcint thsat
plente will hsve & cet beck if their prowth ie checked up in
the esrly stsiges It ie evident in these studies thst under
' the reducing conditicne of wster-logsing, wster-insoluble 'p!
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ie mobolised to become more sveileble to meet the minimum re-
quirements of normel plent growth in the ecerlier stsges, though
et 8 slower rete. The acldic nsture cof chelke, when compared to
the bleck soil with higher pH, is responsible for the gredusl solu
-bility of dicslciumphosphcte over & longer period rsther thsn an
immediste start by guick solution. Thus in the long run the gradusl
snd steady soiubility of dicslciumphosphste is superior to an iwme
~digte solubility as in the casege of superphosphate {pH studies
of the soil slury immedietely eftexr collection for snalysis st
different stapges of plent growth revecled that in chslke pH was
ranging from 6.7 to 7.0 wheress in bheck scil it wes btetween 7.0
to 7.4). These findinge sre ir confirmity with Ensminger(1959),
Msttingly (1963) and ere in sccordsnce with the expleanstion given
by Celfiwel in the Minnieots soil series No.47.

Yield in chelke soils wss mcre or less directly proportional
to weter~insoluble 'F'(slthough 75% wstexr-inscluble 'P' hes given
slightly higher yield thsn 100% wsaster-insoluble form, the result
is stetisticslly insignificent ). Wheress in blsck so0il 25% snd
10C% weter sclubility hses given maxirum yield end the results are
- gtotisticelly significent (Trestment with 1CC% wster solubility
 was on par with 25% wster solubility yet former heas given higher
yield then the leter). Wilh regsrd te this performsnce in the
present study, the above discussiorn holds good. In addfiiion to
water-logging, 80il collolide etc., pPH pleyed sn importent role in
effectiveness of phosphsatic fertiligere of different solubilities.
This pH effect is in confirmivy with the findings of Webb et el
(1961), who compsred in his experiment different fertilizers
renging in 'P' solubility from O to 100% snd concludeu that soil
regetion wee the most importsnt single factor influencing the '
effectivenesgs of '"P' sources. Besides the initial fairly khigh con
-tent of sveilgble P205 in chelks may also be responsible for the
poor response of wster-soluble 'P' in fertilizers (Tisdale snd
Rucker 1964). The findings of other workerg referred below suppore
ted yield dasts obteined in these studies.
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gpeer et sl (1951), Msrtin et sl (1953) end Webb (1955)
confirmed by field end green house tests thst wster solubility
in phoephstic fertilizers wse more importsnt on slkaline soile
then in acid ecils. prscher snd Thomes (1956) summsrise that
most ¢f the wocrkere snd eepecislly Olsen, Smith snd Webb have
chown thet fertilizere contesining & high proportion of waster-
gscluble 'P' stimulsted esrlier growth but did nct incresse yield,
Scherpenseel and Concepcion in the yesr (1957) revesled thot
the 'P' upteke of rice in the different scils indiczted thet
weter-soluble phosphstes sre more suitsble for esuch low land
goils which sre rich in cley then the citric-scid scluble
dieslciumphosphete.,

(2) Comparutive study cf the upteke of wster-soluble snd
wotcr—ingoluble 'P' by plents:

Uptske cf phcspherus wes meximum in the initisl steies
cf plaat srowth. Neasrly 50% of the totsl 'P' was sbtsorbed
when cnly about 20% of the totszl growth hed eccured. Thie is
follawed by s zericd wien the phospheorus gbsgorbed remsined
preceticslly conetant.. Then sgein very repid upteke cf phos-
rhorus teok plece during seed fermstion. This trend is in-
confirmity with the trend described by (lsen snd Fried (1957)
snd findinge of Seeths Ram: Reo (14€0).

It ie revesled by the present experiment thet uptske cf

P205 by rice crcp wse directliy proporticnal to wster-insoluble
'P' in fertilizers. fJhese resuite sre controdictory tc findings
of mesny workere who used dicsiciumphcsjhete snd su,erihosphzte
in their studies., Hsali (194<); Dion (194%) and Blaster snd
McAuliffe in the ssme yesr reported thet uptske was high from
water-soluble 'P' in superphosphzte. Some workere like QOlsen
(1950), Bennett et sl (1954) and Norlend et 8l (1957) revesled
thet both uptske snd yield were higher in case of super 'P'.

In view of the sbove findinges of the cother workere snd
the contradictory reesulte in the present study, the complexity
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of the problem is evident. On the bssis of the trend reported
by Oleen, Bennéet snd Norlend thst high upteske is linked with
high yield the present findings mey be justified in csese of
chelks es the yield too wse in proportion to uptske of wster-
inscluble 'P' wherees in csse cf blsck soil even though uptske
of weter ipeoluble 'P' is more the yield ie bigh in tresiments
receiving more of weter-scluble 'P'. The high upteke of '}p!
from weter-inecluble 'F*' when compered with weter-scluble *'P?

in bleck go0il may be due to very slow rste of conversicn of
dicslciumphosphete to tricslciumphosphete snd other forms
(sch:.rpeneeel snd Concepcion 1957), whercas wster-scluble 'P!

ie immedistely converted to other lese soluble forme. No doubt
in bleck eoil the immediste conversion of monoczlciumphesphste
will be to 8 grest extent intoc dicslciumphoephzte, the immedicte
chemicsel resction fcr this conversion msy result in low uptske
of 'P* from esuperphcsphste. ‘The seemingly contiredictory results
with reference to yield obtsined in the bleck soil under both
weter-socluble end wster-insoluble trestments snd e higher uptske
of 'P' uncer wster-ineciuble ‘'F*' treztmente msy be due to escnme
egroncumic or physiologicsl fectors. The over sll upteke ie very
poor es compered to chelke. fThie mey be sttributed to high pH
reeulting in incresse in the concentrstion of hydroxyl ione,
which compete with phosphste ions in the uptske by plsntis.

, One more resson icr over sll hi.h upteke of vster-insoluble
~'p' (dicslciumphoephste) mey be due to increased nutritive velue
of dicslciumphosprhste ses reeulted by increese im *i' egolubility
~in the presence of soluble s#lte end perhsps smmoniumsulphecte
mey be pleying sm importent rocle in this respect. Sterostks

end Hill in the yeser 1955 meesured the solubility of dicelcium=
phogphste in weter end seversl sslt soiutione in green houce

teet on lucerne. Celts such &8 emmoniumsulphbete thst incressed
the solubility of dicsleciumphosphste with incressing ionic
gtrength 8leo gsve the grestest Crop resjponces,
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The high uptske of dicelcium 'P' is 8lso noticed by soue
other workers Lowton et sl (1956) reported thst degree of
gclubiiity of 'P' hsd little effect on 'P' uptoke end yield of
crops, when powdered fertilizer wse spplied end ssme findings
hsve been confirmed by Cock et sl (1957). Gunnarsson (1961)
reported that in pot experiment in & neutrsl and acid soil
monccslciumphosphste wsse teken up moet readily et firet cropping
but st later herveste uptszke of the lese scluble phosphstes in-
crec-ced. PResidee Singte et el in the yesr (196l1) slsc fcund
gimiler recsults ss cbteined in the preeent study while conduce
ting en experiment on different eoils including red end bleck
soils.

Thus the above discussion revesls thst there ie peculisr
behaviour of phosphste in relstion to upteke end no single fac-
tor may be asttributed to explsin the high uptske of wster-
insoluble 'P' in reletion to water-ecluble ‘P!

(3) Chsngee in the aveilsble 'P' in the soil during the
eniire study:

The gredusl incresee in eveilsbility throughicut the ex=-
‘periment is msinly due to intensity of reducing conditions -
asaccicted with flooding end incressing with time,lesuing to
an increzged relesse of gcil phecsphorue. Such results have been
confirmed by Ghoeh (1956). At Centrel Rice Recesrch Institute,
Cutteck it wee noticed thegt phosphsie extrsctsble from Morgens
resgent increcsged froem 1.6 mg. to 4.1 mg. of Pé@S bper 100 grem
of sc¢il in & period of seven days of waster-logginge.

In the present study it wss &lso noticed thset irn chalke
in the esrly stasges the super 'P' was more svsilsble tut in the
later stepes aveilability of dicslcium 'P' increseed, wherces
in tleck soil both the forme of *F' were more or lesge equsl in
prceporticn. These resulte mey «1lso be contributed tc reducing
conditione preveiling during the study. Theese conditions
fevoured low fixstion of weter-soluble 'P' in clay complex,
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reduced the chences of formsztion of unsveilsble ironphosphste
compounds and slso lowered the reversion of wster-inecluble
form of 'P' resulting in more or lees higher eveilbility of both
water-soluble snd citrste-soluble 'P' in bleck goil. In chslks
due to low colloidsl content aveilsbility of weter-scluble 'P!
weg not much effected especielly in the esrly steges. Flant
secretions, decompogition of slgse developed in water-log:ing
end the initiel low pH of this goil fsvoured the incresse in
svelilsbility of citrete-scluble 'P' in edveznced stasges. These
resulte ere in confirmity with DeGues (1957) who reported
gimiler trend while studying reducing conditions in wet rice
growing.

. in the present ekperiﬁéhf an attempt waé elso msede to
correlaste the weter-soluble P205 content of the soil with the
evailbility to plent end yield of rice in different trestments.
No doubt the spplicetion of fertilizer incressed the water=-
goluble P205 content in the goil, the atteinment of equilibrium
was repid in boeth the scils for sll trestments. Crop plents
were sble to abeorb phosphorus from extremely dilute solutions
at rastes sufficiently repid to support mseximel growth. It may
be true thet water-soluble phosphorus is the sgource of phos-
rhorus fcr plente under nstursl conditions in soile snd accore
- ding to Arnon (1953) Binghsm experiments provide support for
the concept thst phosphorus nutrition of plents grown in soils
~ csn be expleined by the sction of the wster-soluble phhsphorus
without the necessity of invoking eny enxilisry mechsnism. The
technique in this estimstion wes to use displsced soil solution
for the chemicsl determination of the availsble phosphorus
status in the goil. 1In the present study it is revesled that
anslyzing the scil solution dcoes not give the true picture of
the facts. Perhsps the concentrztion of phosphorus in close
proximity to soilpsrticles is considersbly higher thsn that

in soil sclution hence correlstion to sveilsebility in different
treatments could nct be obtsined. The results obtsined re-
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preeented an equilibrium velue snd not & complete messure to
judge evsilable phosphste in soil. According to Armom (1953)
Perker, Pierre snd Tidmore while anslyzing productive scils
found similsr results in some instsznces. They concluded thset
water-soluble phosphorus s found in displeced g0il solution
could not by itself eccount for the phoephorus supply of crope.
They envoked en sdditionsl mechenism, that of root g0il contact,
to explein 'P' sbsorption from soils. ’ :

High content of wgter-scluble '»' in chalka under trest-
ments heving high citrste-soluble 'P' revesls that fixstion of
citrste soluble 'P' is not ss quick 8s weter-scluble 'P' in this
801l due to ressons elresdy steted sbove. Low pH of chelks fur-
ther assisted in bringing into scil solution more of citrste-
goluble 'P' while the blasck so0il hss not shown any distinct trend
in the availsbility of either wster-soluble 'P' or weter-insoluble
tpr, X ' o . o ‘
(4) Comperztive efficiency of dicelciumphosphste snd

guperphoephsate: ‘ - K

In the present study while evalusting the efficiency of

" weter-soluble esnd water-insoluble forms of phosphstic fertili=-

gers en opportunity too wss obteined to judge the efficiency of
dicelciumphosphate snd superphosphete, the two phospheatic msterisls
uged under the experiment. The study reveasled thst in genersl
dicelciumphosphate wes on par with superphosphste though slightly
better performence is noted in chelks snd superphosphate proved
slightly better in bleck egoil. This peculier behsviour of di-
calciumphosphste snd superphosphste in two different soile one

in chelka, the gocil elury of which at the rcot zone has shown

en inclinstion towaerde acidity and the other the black soil

which hes shown en inclinstion towsrds elkslinity, may be ex~.

~plained in the light of the views of Tiedsle snd Rucker (1964).
- According to them when superphosphete is epplied to the soil,

weter vspour moveg repidly intc esch grenule. A solution is
formed which is sstursted with monocslciumphosphste and dicslcium-

phosphszte dihydrate. A resi ég#iﬁﬁ#; umphosphate remeins

Hyderabad
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gt the gite of the originsl perticle. The sstursted solution
thst moves out cf the greznule is concentrsted with respect to
rhosphorus snd cslcium endit is extremely ecid (pH 1.8). Thie
- concentrested acid sclution moves out infront reacting as it
goes with different soil constituente. In soils inclined to-
werde acidity, the resction ies lsrgely with compounds of ircn,
glumuniumn snd menganese, which sre diesolved in the scid sclu-~
tion., In time, the phospbstes of these three ions esre preci-
- piteted. Wheress scils inclined towserde alkslinity like cel-
cgreoue soils, the moving phosphste front is precipiteted as
dicelcium phosphste on the surfsce of the pasrticles of cslcium
* cerbonste. Further reversion to hydroxy spetite may occur.
Phosphste ions cleo mey resct directly with cslcium ione in
the soil solution forming dicslcium phosphste and under scme
circumgtences, smsll smounte of hydroxyapetite.

In case of dicslciumphosphete when spplied to the so0il no
801l solution ie fcrmed end &s & result dispersion of the re-
sction producte into the scil surrounding the originsl ferti-
lizer paerticle does not occur and resction with the sgoil consti-
tuents proceeds slcwly end svaeilgbility to plante ie reduced,
especielly in =so0ils with slksline resctiocns.

Though the behsviour of dicslciumphcsphste snd super-
phoaphate in the present study is in confirmity with the sbove
findings,the results ere not so distinct and sherp. The re-
ducing conditions under wster-logsing have slightly changed
the behaviour of these rhosphstic meterisls. Within limitstions
it increseed avsilsbility of both the forms of phosphstes to
a more or less apprecisble extent and no outstending distinction
between the two forms wss visible. In short it may be ccncluded
that dicslciumphosphete wase con psr with superphosphste. Ritz
and Lutz (1950) Ensminger (1950), Bureau et sl (1953), Vander
end Ksrlovsky (1953), Peterscn et al (1953), Bell and Soloman
(1955), Cooke(1956) who summerised results of 40C field experi=
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-ments, Webb et sl (1961) end Kishi end Ieweren (1961) who
worked at I.A.R.I1.,New Dlhi heave 2ll evelusted the efficiency
of dicslciumphosphste with euperphoephate on different crops
in different soils ond got eimilar results. This hes slso been
confirmed in psddy soils, where weter-logging csuses reducing
conditions, by Vithel Reo end Kishsn Rso (1963) and by DeGues
gg explsined in his letest book "meenes of increseing rice
production”,

(5) Comperstive efficiency of phosphstic fertilizers
in relation to their fixstion by working cut re-
covery of added phosphste on dry weight besis:

The results echieved in the present study regerding fixe=
tion of 'P' in reletion to solubility and yield sre shown in
the following tsble.

(Results on moisture free bagis in grams)

So0il Phospho- *pP' fixstion in soil S Pexcen- Dry
type rue mete- per pot bssis tage metter
risl in Aveil- Avell-  Aveil- Avelil-«  fixe-~ produc-
various eble 'P' able 'P' sble 'P’ eble 'P' tion. tion per
~ pPropor=- in s0il in soil teken . fixed in > plent.
tions. at the st the by . expte.

stert of end of plent
expt. expt.

Chelks P, 0.2057 0.1038 0.0584 0.0835 21.15  6.2341
= " 0.09%  0.0592 0.0471  22.90  6.5407
= " 0.1048 0.0532 0.0477 23,19  5.5529
B, " . 0.10l3 O0.O#31  0.06l5 20.80  5.5043
P5 - 0.1031 0.0395 0.06351 30.68 5.6228

Bleck P, 0.1841 0.0704 0.0354 0.0783 42.53  4.8735

80il pr " 0.0708 ©.CA11 0.0722 39.22  5.2934
® n 0.0695 0.0314 0.0832 45,19  4.3386
B " 0.0696  0.0324%  0.0821 45.60  4.6038
P5 " 0.0714 (©.0387 0.0741  40.25 5.9869

- wm -

It ie evident thet in chslke fixstion graduelly in-
cregged with increese in wster-soluble 'P' in the trestmente,
whereas yield wes quite oppoeite to this trend. In black
80il though yield hss similsar trend es in chslks, with regasrd
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to fixation, there wes no marked distinction between the
trestments. Yrestments receiving 25% and 1lOus weter-soluble
‘*P' from fertilizer phosphorus hsve given higher yield then
the rest. Due to high colloidsl content the over all fixs-
tion wes high in black soil thsn chslkae. Histogrsm 3 showing
this trend is enclosed.

‘hus present study has revesled thst in chalke yield
was inversely proportionsl to fixation i.e., indirectly to
goluble 'P' content in fertiligzer, phosphorue; wheress in
black soil though there wes similar trend of yield in re-
lation to fixstion, no definite relstionship with solubility
is visible. )




54
PRACTICAL IMPORTANCE OF THE STUDY

This etudy is underteken to judge the solubility of
fertilizer phoéphorus snd to compsre simultsneously the effi-
ciency of the two phosphstic meteriesls used for the experiment
i,e., dicslciumphosphate snd superphosphate. According to
Caldwell (Minnesots soil series No.47) none will dispute the
current widespread importence of solubility of fertiligzer phos
-phorus. Thie interest cen be ettributed to a nuiber of things
among them, grester fertilizer use, compition for the ferti-
ligzer rupee, entry into the merket of fertilizer mixtures
heving verioug gredes of phosphete solubility,plus recent res-
earch indiceting sn edventege for water-soluble materisls
under some conditions. )

Modern trend in ferming is to reduce the crop unit
cogt of production which implies the use of high ansalysis
fertilizers getting the highest production per man hour of
lebour. Low esnslysis msterisls such as ammoniumsulphste and
single superphosphste should be discouraged and their use
avoided wherever possidble in the interest of more efficient
end more profitable ferming. Hence trend for using ferti-
lizer mixtures conteining concentrsted phosphates chief smong
them comprising smmoniumphosphetes snd nitrophosphstes is
gaining feavour. Thege new fertilizers comprise the majority
tonnage of the fertilizer consumed in the advsnced countries
end in Indis too experimental evidence is fsvouring an ex-
panded use of mixed fertilizers ss o means of increassing food
pro@gction of ferm crops snd meintsining the fertility of the
s0il. QOne of the resolutions recommended by the seminar of
fertilizers snd menures held in New Delhi during the World
Agriculture Fgir in Jenuary and February 1960, deslt with
regegrch into the relstive efficiency of water—~soluble and
citrste-soluble phosphetes when used on different soils and
crops. The purpose of the recommended reseerch wes specifi-
cslly to engble the Govt. to decide upon the type of mixed
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fertiliger thst should be produced in Indis. One factor

militsting ageinst the production and use of more concen-
trated phosphste is the non recognition in the fertilizer

law of our cowntry, of citrste-soluble P205 a8 & sestisfac-
tory supplier of nutrient phosphorus. The modern trend in
fertilizer technology is to prepsre compounds by smmonisting
superphosphate or phoephoric scid or acidulating phogphate-
rock with nitric scid, yielding a complex mixture of nitrates
eand phogphates c¢elled nitrophogphates. According to Bixby
(1961) in these processes some portion ig converted from
water-goluble to citrste-soluble form as in csse of Amophos
snd in csse of nitrophos though the phosphste component of
the product of this resction is in wster-soluble monocslcium—
rhosphote form, the product is unsuitgble for fertilizer uee
because the contsined cslciumnitrste csuses it t0 be hygros-
copic and also csuses the monocslciumphosphate to be unstable.
Thus water-soluble phosphaete is lergely converted to citrate~
soluble phosphate, the dicelciumphosphate. Hence in the mserket
fertiliger mixtures of verying proportions of water-soluble
and citrete-scluble phosphorus sre aveileble. On the one
hend lergely waster-goluble forms are avasileble &g Amophos

A end B end on the other hand largely weter-insoluble forms
es nitrophos P.E.C. ere menufgctured. In between there are
seversl proportions se Udds nitrosphos and 4ifferent grades
of Government of Indis fertiliger mixtures.

In this stete of affeir sgricultursl scientiste of our
country heve to eveluste the present day phosphatic fertilizers
in terms of solubility. To whet extent must & fertiliger
phosphorue be water—-goluble wken esprlied in & mixed fertili-
zer? How far masy the wester-solubility be reduced in the
interest of economy before it ceouses decreasses in the yield
or quelity of crop? Is there s significent difference between
water-soluble snd emmonium citrete-soluble rhosphate in the
production c¢f farm cxrcpe? Wo doubt these guestions hsve agiteted
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several agronomists end fertilizer menufscturers for many
yesrs and a vest emount of leborstory, green house and field
experimentetion throughout thegworld hes been devoted to the
elucidetion of the multiple factors involved in the complex
problems surrounding these questions,thie field is rsther new
for our country as evidenced by the sbove discussion. Until

a8 body of knowledge of the behaviour of the nutrients commonly
present in meterisls used es fertilizers on different soil
type end climetic conditions is built up locelly in terms of
chief food crops, the economic utility of the vest number of
present dey phosphatic fertilizers will not be achieved in its
true sense end it will be a hajor hendicep for self suffi-
ciency of food grains in India., The present study is one of
attempt in this line. Rice crop ie taken ag it is the chief
food crop and the choice of s suiteble phosphatic fertilizerx
for rice is & burning topic of the day.

For 8 long time only the water-soluble P205 i.e., the
form of phosphoric acid in superphosphate wss considered
assimilable by plents. Hence’superphoephate was the only
phosphatic fertilizer msnufactured end consumed in lsrge scale,
in our country,due to its suitaebility for soils of ell kinds
end simplicity in production. Compering the production of
phosphoric acid with the annuel requirement,it is just a drop
in the ocean. For the prepsration of superphospheté sulphuric
ecid is required. The production of this scid is limited in
this country as sll the sulfur required for the purpose has to
be imported. According to Patel (1953) due to the grest demsnd
of this scid in other industries only 20% of it is used for
superphosphete production. Besgides Indis hss to depend on
foreign countries for the supply of high grade phosphate rock;
as the Indisn epatite is of low grade snd is unsuitable due to
the presence of deleterious substances. Since the introduction
of industrial processes for the production of dicslcium phos-
phete,which economises the use of sulphuric acid,its industriel
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expesnsion is possible. BSeveral desirsble properties of this
citrste~-soluble phosphetic fertilizer,s brief description of
which is given under review, enables it to compensate the
demend of phosphstic fertiligzers,not only in its pure stste
but slso s an essentiel ingredient of common fertilizer mix-
tures like nitrophoephates snd highly ammoniated super, hence
this fertiliger is competing guperphosphate. As such the
comparetive study of dicslciumphosphste and superphosphate
for rice crop will be of great advantege both to the aegro-
nomists end to the cultivators.

The present study hes‘éiven en incentive in this
direction. It ig concluded thet in chselks yield of rice
hes incressed in proportion to citrate-soluble 'P' in
phosphetic fertilizer; whereas in black soil both weter-
gsoluble and citrste~soluble 'P' have given more or less
equel results. It is also concluded- -that dicelciumphosphste
is on per with superphosphste.’

Thus in view of the sbove findings thet citrate solubi-
lity ie a bleseing and not the curse, there is grester scope
in our country for the popuksrity of new phosphatic fertili-
zersg which sre more economicsl. It may be worth while to
suggest thst field experiments have tc be conducted to con-
firm these findinge snd if persistsent results will be ob-
teined, the Govt. of Indis may be spproeched to accept the
concept thet smmoniumcitrste soluble and wster-gsoluble 'P!
hsve equal menurisl velue.
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SUMMARY AND CCNCLUSIONS

The form of aveilable P205 in fertilizers playe an
importent role in crop production. As such in the present
study an sttempt is made to evdluste in terms of crops reg-
ponse,the comparative fertilizing vslue of different propor-
tions of water-soluble snd water-insoluble 'P' so as to Jjudge
the single snd mixed phosphatic fertilizérs aveilsble in the
country, on the basis of 'P' solubility. Rice crop is selec-
ted as it is the chief crop of Andhrs Prasdesh snd the chief
food grein of our country. A pot culture experiment is conduc-
ted on the typicel soils of Telengans Region,the chslks and
black soils. The recommended dose of 60 1lbs 'N' per acre is
aprlied ss smmoniumsulphste. The recommended dose of 45 1lbs
of P205 per scre 1s spplied in the form of superphosphete snd
dicslciumphosphate in different proportions to provide different
grades of solubility es required by the experimentsl plesn. Both
g80il and plent ssemples were drswn from the experimentsl pots,
at four steges of plesnt growth i.e., tillering,flowering, milk
stege and maturity, to know the effect cf solubility on the
chenges in svailable Pao5 and 'N' in the soil snd uptske ¢f the
gpme by plsnts. Finslly the yield in different trestments ie
compared to0 Jjudge the efficiency. The following conclustons
gre dresvin.

(1) High degree of wster solubility gsve & good response
in the esrly stages of plant growth wheregs in the later stages
citraste~goluble 'P' hss given better response in chalka and
rother low response then wster-gsoluble 'P' in black eoil.

(2) The uptske of P205 by plents wes greaeter for citrete-
gsoluble 'P' throughout the experiment.

(3) In the esrly steges weter~soluble 'P! has shown
higher aveilsbility in soil whereas in the later stages
citrate-soluble ‘P! gsve better performance. This trend was
especially pronocunced in chslks.
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(4) The yield of rice hss increassed in proportion to
the citrate-soluble 'P' in phosphetic fertilizers in chelks;
whereas in black soil both citrste-~soluble snd water-soluble
'P' have given more or less equsl ylelds.

(5) Dicslciumphosphate wses on per with superphosphsate.

(6) In chelks yield was inversely proportionsl to fixg-
tion i.e., indirectly to soluble 'P' content in fertilizer
phosphorus; whereas in black soil though there wae similar
trend of yield in relstion to fixstion,no definite relation-
gship with solubility is visible.

Thus in view of the sbove findings, it may be geners-
lized within certasin limitsetions, that citrate-sgolubility in
phosphatic fertiligzers is desirsble in the interest of economy
end production. The usefulness of dicelciumphosphste, &8s a
'P* corrier, as revealed in the studies, encoursges its wide-
gpread agronomic use snd its increased masnufecture indug-
trislly as s supplement and one of the gradusl substitute to
supe rphosphate thereby ElXﬁminating use of scarce and costly
sulphur.
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Height of complete plant and penicle at harvest slongwith
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Number of effective tillers.
Totsel P205 in plants slongwith stetisticsl anslysis
3 «A. At tillering stage
3 -«B. At flowering stege
5 -=Cs At milk stsge
3 = D. At metured etege (harvest).
Total 'N' in plsnts.
4 -~ A At tillering stege
4 - B, At flowering etage
4 - C. At milk stage .
4 - D. At metured stsge (harvest)
Aveilable P205 in soils slongwith stetisticel anelysie
(1) In series III pots (incubation study)
5 -4+ At let sampling
5 -« B+ At 2nd ssmpling
5 «Cs At 3rd ssmpling
5 - Ds At 4th sempling
(ii) In series II pots (dummies)
5 ~E. At 1lsgt sempling
(ii1i) In series I pots (mein experiment)
5-F., At lst sempling
Weter—-soluble P05 in soils elongwith stetisticsl enslysis
(i) In series III pots (Incubction studies)
6 ~4. At let ssmpling
6 - B, At 2nd sempling
6 - C., At 3rd senmpling
6 - D. At 4th ssmpling
(ii) In series II pots (dummies)
6 -E. At lst sampling
(1ii) In series I pots (mein experiment)
6 ~F. At lst ssmpling.
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Total !

l? — A‘.
7 - B,
7-C.

GUIDE TOC TABLES IN APPENDIX

N' in goils
(i) In series III pote (Incgbation studies)

At
At
At
At
In
At
) In
At

lst gsampling
2nd sempling
5rd sampling
4th sampling

geries II pots (dummies)

lst sempling

series I pote (mein experiment)

let sampling.

I. Abbreviagtions

(4) P - 100% citrste-soluble phosphate
P2 ~ 75%% citrste-soluble + 25 weter-soluble phos-
phste
Pz - 50% " + 50% "
P4 - 25{),6 n + 7% n
P5 - 100% water~soluble phosphate
(B) R - Replicgtion.
II. Explenatory terms
(4) Soil;
Pot series Sempling Stege st which Age of
_%p. Noo. senple collected plant
ITrd
(incubastion égg ~gg dﬁys
study) 3rd 100 "
4th 120 v
IInd lst 100 " 145 days
(dummies)
: Ist lst 120 © 175 n
(Mein expt.)
(B) Plant: Tillering 9
Flowering 120 "
Milk 145 n»
Maturity 175 =



Soil Phosphorus

type meterial
in various
proportions

BLACK
50IL

CHALKA

BLACK
SCIL

APPENDIX TABLE = 1

Height of complete plent end penicle at harvest under
different trestments

( Average height per pot in cmg. )

By Ry Brix Ryy
127.00 112.77 130.80  104.77
102.87 118.11 113.60  120.0l
130.81 120.65 121.28  119.81
123.19 121.92 - . 111.76  119.38
130.81 107.31 . 116.84  119.38
109.98 121.92 128.70  114.30
113.03 119.38 126.13  114.30
115.57 119.38 118.11  110.49
116.84 109.22 118.11  112.65
130.81 128.70 124.46  114.30

LENGTH OF PANICLE
24.76 24.51  26.67 20.95
20.32 22.60 21.84 24.13
26.67 20.95  22.86 19.68
22.86 22.60  22.86 20.32
24,13 19.81 25%.87 25.27
22,68 23.49  26.03 24.13
24.63 25.40 24..23 24,00
22.22 21.59  23.36 21.71
-20.82 22.52 20.95 21.65
27.30 24.38 22,22 22.86

118.72
118.21
115.89.
114.21

124.57

W s e WM I GER  cwe R Wl NEE G N ok M DR AN D WIS ANP WEN A Ee M W AR B M @m, W ow e e W



STATISTICAL ARALYSIS(PLANT HEIGHT)

- @ S aw o an em N Wh M e Gy e em A G e

CHALKA B.S.S.
Tr.S.5.,

Br.
© TeSeSe

BLACK B.S.S.
SOLL TreSeSs
Er.
TeSeSe

PANICLE LENGTH

12.88
12.09
6l.22
86.19

1.36
29.86
36.02
67.24

3
4

12
19

W

12

%.02
5.10

747
3.00

059

2.49

SquMé 20536

-— an wp e ar s wn e o

B 123.14
F, 119.06
P,  118.84
P;  118.59
P, 113.65

GeM. 113.65
S.E.M. 1.129

Pg  124.57
P, 118.72
P, 118.21
P, 115.89
P, 1.2

GeMo 118.30
S.E.M. 00866

% G.M

3 A.V.TABLE _ __ SUMMARY OF RESULTS
Due to S5 DFe MN.S.Se F Tr. Mean
. heigh
CHALKA B.S.S. 142.84 3 P, 24.22
Tr.5.8, 181.48 4 45.37 sy Py 23.27
Er. 916.60 12 976.38 P; 22.54
TuS.8. 1240.92 19 P2 22.25
34 22.16
G 22.88
S.E.M. 4.369
BLACK B.S.S. 260.56 3 ) P, 24.57
EOIL_  pr.s.s. 248.23 4 62,06 5, Py 24.08
ET. 308.72 12 25.73 Py 22,22
T.s.8. 817.51 19 Py 21.69
B, 21.49
GeM.  23.30

100.00

100.00.
0.993

105.30
100.36
99.92
97.96
96.54

100.00
0.75



APPENDIX TABLE - 2

Number of effective tillers under different treastments

Soil Phospho-~

type rus ma- EFFECTLVE TILLERS
el -3 = .
e I By _Binx By
ropor~ Yer Av/PL. Per Av/PL. Per Av/PL.Per AV/PlL. Per AvV/Pl.
siogea pot pot pot pot pot.
CHALEKA P 9 3.0 8 2.66 10 3.33 8 2.66 8.75 2.91

Py 9 3.0 7 2433 10 3.33 10 3.33 9.0 3.00

Py 10 3.33 6 2.0 8 2.66 9 3,0 8.25 2.75
Py 8 2.66 9 3.0 7 233 6 2.0 7.50 2.50
BLACK P, 6 2.0 4 1.33 8 2.66 6 2.0 6.0 2.0
SOIL . :
Py 5 1.66 6 2.0 4 1.33 5 1.66 5.0 1.66
B, 6 2.0 6 2.0 5 1.66 6 2.0 5.75 1.92

Pg 10 3.33 9 3,0 7 2.33 6 2.0 8.0 2.67

N.B: Av/Pl. = Aaversge per plent.



APEZUDIX TABLE=5(A)

in plontg ot tillerxing cteope under differons
trostoonts

UJoigture froe begio in E'E'n* )

W W G S B MR SR A D P SN W B Sh W A

e e M K @R MR SR MR D W Gk B B Wk e G

Soil rhoophorus i . .
typg ngtggigl — TILDEBIH(S E'.I’be“ v AVOIGG@
in voricus Rl RII RIII Hxv
Chelko 8 2576461 2524.74 2448.86 2492.34 2510.64
Pé 2074.70 2305.70 23550.24 2434.26 239).22
53 25360,91 2287.18 2413.54 2876.,35 2378.4%
Py 209750 2033.98 21uU6.11 2191.33 2107.2%
Pb 1737.28 1838,90 1915.77 1802.20 1823.55
Bleek Y 1450.80 1507.75 1461L.36 1390.67 1452.64
ooil Py 1428.90 1355.73 1317.22 1384.63 1371.62
Eé 1368.70 1441.56 1359403 L3Cu.86 1367.54
Py 122084 127210 1324.,18 1292.42 1277+39
PS 1247.56 1214.74 11EUOT7 1285.87 222070
STAEIS@IG&L,AUgngla
"""“"""""'.?.5551.15”",“”"’s‘m‘ﬂa%ﬁu‘u’imé*
CHALKSA DBeBs8s 16788-94 3 Ei 2510.64 111.97
Tr.S¢Se 1225502.87 4 306375.72 1_33' P, 2391.22 106.65
EXe 2759675.480 12 22996445 Py 237849 106.08
T«3.8. 4001965.21 19 Py 2107.25 93.98
P5 1823.55 81.33
Celie 2242.22 100.00
- S.E.u._ 239,76 10.69
BLACK TB'S‘S' 222123;6 3 P, 1452.64 108443
: Bxe 54956051 12 2913603 P3 136755“ 102008
& DE« 650 160936035 19 P4 12?7.59 95'33
Regulto significoant ot beth &5 & 13 levol Pb 1229,79 ©91.81
P e P P Gelle 1339.79 1L0C.OC
1.2 "3 8 __2 Sehelle 26,96 2401
Caebe 83.04 ©€.20

-_“uﬁﬂ-‘-~--“nuﬂﬂﬁﬂﬁﬂﬂ---ﬂﬂ-ﬂ-“---



APFENDIX TABLE=3(B

in plents et flowering stoge under different
treegtments ,
( Meisture free besis in p.pems )

Totel :9205

oLl TSNS piovmmno MOE pvesess
oovorttene r P R Ryy
CHALKA P,  1783.10 1653.91 1703.19 1745.80 172L.5
P, 1714.72 1639.05 1592.26 1640,62 1646.66
P, 1659,05 1610.29 1542.52 1591.17 1600.76
Ph 1517.26 1545.27 1640.62 1589.69 157321
Pg 1381.05 1395.45 1436.30 1460.30 1418.28
BLACK P 1198+24 1153.95 1120401 1226.19 117460
SOIL P, 1248,67 1179.91 1138.,68 1192.41 118992
PE 1220.90 121035 1168.24 1260.47 1217.49
E, 1180.95 1170.00 1233.22 1125.61 1177.45
2 1117.90 1081.70 1095.32 1047.82 1085,69
STATISTICAL ANALYSIS
T T T T e T TALYSrEBRTET T T T " "~ ~ T SuMusRY Resules T T
-~ Queto _ BeS. _DeE. HeBuB. K TZa HeRR'lT 3 Gulis
CHALKA B.S.8. 5888.38 3 P, 1721.50 108,13
Pr.S.8: 201537.04 4 50384.26 19,64 Pﬁ 1646.66 105.49
Er, 30782 .01 12 2365 417 P; 160076 100449
TS«8Ss 238208.43 19 Pﬁ 1573.,21 99.32
Results significent at both 54 & ¥ level Py 1%418.28 89.28
- G«le 1592.08 100400
B BT R P S.EM. 2532 1459
CaDe 7798 4,89
BLACK B.S.8. 5656472 3 T TRy 1217049 108415
BOIL  pp,5.5. 38424 .95 4 9606.2%4 ¢ ,e F, 1189.92 101.97
Brs 21104.54 12 1758.88 Ih- 117745 100472
TeSeSe 65186.21 19 P, 1174.60 100,56

Resultes significent 2t both 5% & 1% level P3

1085.69 92.95

— gy G il 1169,02 100.00
E P Py B R S.E.fe 20495 1479
CCD'I 64“53 5‘52

- e a8 e



Totsel Péos in pl

PPENDIX TABLE=

entg et milk stsge under different
trestments
( Moisture free bagis in p.p.m. )

c)

%;%i iﬁggggzius %ILKDSTAGE _ Aversge
A T T T
CHALEKA Py 1410.74  1347.84 1377.85  1465.25 1402.08
P, 1388.13 1317.35 1350.92 1416.31 1368.17
P, 1240.56 1336.56 1348.22 1288.73 1303.51
E, 1310.72 1327.32 1377.44 1365.53 1345.25
P 1350.47 1239.16 1281.12 1301.34 1293.02
BLACK P, 1147.52 1095.98 1119.80 1187.85 1137.78
SOIL F, 1188.41 1150.47 1085.37 1161.27 1146.38
Py 1087.55 1056.18 1103.64 1020.10 1066.86
F, 1069.68 998,32 950,44 1026.68 1011.28
Py 953.66 103%6.03 1079.17 1029.66 1024.63
STATISTICAL ANALYSIS
R BVABLE -~ >~~~ ~-~= = SUMMARY 6F"R"E'“ﬁLTS" -
__ _buweto_ _ _ _S;S; _ _ D.F. M.5.B._ JF; Tr. HMesn'P' % G.M._
CHALKA B.S.S. 7508.48 3 ' P,  1402.08 104.42
Tr.5.8. 50723.29 4 12680.82 55 o P, 1368.17 101.89
7.5.S. 61885.00 19 , Py 1303.51 97.08

‘ C
Results significent et both 5% & 1% level P5 1293.,02 96.29

GMe 1342.77 100.00

SRR T b o3 2ids
BEACK B.S.S. 2157.87 3 T p. 1146.38 106.40
80IL Tr.8.5. 62861.79 4 15715.45 67.34 Pa 1137.78 105.60
Er.  28006.85 12 2333.90 By 1066.86 99,02

T.8.8. 95026.51 19 P 1024.63 95,10
Results eignificant st both 5% & 1% level. P5 1011L.28 93.86
o T—5 p D .M. 1077.40 100.00

2 l‘ 3 2 4 S.E.M. 24,16 2.24

G.D. 74 41 6 91



AFFENDIX_TABLE~3(D)

Potel Péo5 in plente at meotured stoge (Grsin cnd estrow
et hervest) under different trestmente.

(Moiature free basis AN Pe«Pedas)

Soil Ihoephorus Motured stege GRAIN

type meteriel — - - — Averxege
§§o§3§%§§§s I Rz Ry1z Ryy

Chells P 2746.68 2555.20 2610.71 2716,92 2657.40
P, 2415.50 2594489 2556425 .2069.34 2509410
P; 2567.30 2022.58 2535.49 20464.58  2497.49
Fy, 2089.86 2238.62 2205.72 2153.82 2172.00
P5 1843,92 1975.08 2017.52 1891.50 19322.00

Black P 1955.98 1984.40 2088,70 2048.21 2019432

goil. P, 2046,51 2155.41 2199,87 2086.01 2121.95
PB 1920.00 2058.05 199045 2025.81 2001.78
Fy, 1878.46 1Y95.48 1951.,92 1925.14 1937,75
P, 1714.07 1832.71 1867.75 1750.37 1791.23

Metured stp e STRAV

Chelks P, 466,51 459.63 496,65 497.86  480.11
P, 445,50 S14,18 453,43 4€0.65 468,44
P, 477.69 501422 494,51 445.1G 480465
F, 469.41 414,12 432,56 447,45  540.89
' 802.17 418,90 388,29 432.68 410,51

Black P 428.55 396427 374,52 412,12 402.87

Bodl. P, 448499 401,24  418.25 432.24 425,18
Py 387.31  412.16 434,37 410.74 411415
B, 436438 396,38 382.63 412.01 406,85
PS 48l.52 365,58 396€.49 350.28 30847



STATISTICAL ANALYSIS OF TOTAL P205 IN PLANIS
( latured stoge Grein and Straw )

- eB Wh am uE s W G em SE MR R e S b W WP GRS R W ME W W A G R W My R R an

, A V.TABLE SUIMTARY OF RECULTS
Due to SeSe DelPa HeSeSe ¥ Tr. 1Heon '5' 25 Gelie

GRAIN  B.S.8. 8198.27 3 . 2%
IEEE@E&) TroS-B.1391965.99 4 347991650 52‘19? Pé

- Wmn Wy e Am A ew

2657.40 112.91
2509.10 106,61

Er. 80002.42 12 6666,868 P3 2497.49 106.11
T.5.8. 1480166.68 19 P, 2172.0 92.28
P5 1932‘00 82!09
Resulte eignificont st both 5% snd 1% level Gells 2353.60 10000
U Sefalle 40.78 1.733
P B P. P P
il -l Tl B CeDe 125.60 5.34
SRMIL B.S.S. 39368.6 3 T T B, 2121.95 107.48
Soi [reSeS. 257587.74 4 5939694 4y 65 p,  2019.32 102.28
LT 1?114037 12 1426t20 Pé 2001.78 101.39
TeSeS 294071.71 1Y PQ. 1937.75 498.15
Rosults eignificsnt st both 5% ond 1% lovol Pg 1791.25 90.72
. Gomn 1974.27 100-00
¥ F P P, Pg BeEulle 18.88 0,96
2 51 4 ¥y
—L——-— C QD‘O 58‘15 2 .95
STraAV BeSeEs 282.53 3 ST T
CHALRA )., ) : 3
AREMSA)rr 5.8, 14565.78 4 3641.20 5 yap £ 48011 105.26
Br. 8201.61 12 685v47 P 468.44 102‘70
Leg.8.  25049.92 19 Pi 440,89 96,67
Regults significont et 55 lovel. P5 410.51 90.00
Gelis 456412 100400
P P P P ¥ '
ook T2 4% 75 S 13.07 2.87
GQD. u0¢25 8-8
STRAT  B«Beds 53524.37 3 =Lt HOE 18 Tk a
P 42%5.18 103.98
BLaCK ' y 2
Borp TreBeB. 1625;507 1: :;Z'ZZ 0,48 Py 411.15 100455
Exr. O 8 . :
. | bt Pll- 406085 99051
TeSeiSe 17516.74 19 'P]_ 402.87 YB.62
1"5 398.47 97.45
Gelle 408.90 10C.00
SeEJlle 14.80 3.62

b A G MR A e e G WS e G e W - TR e WS e e AR o



APPENDIX TABLE=4(A)

Total 'N' in plents et tilleéring stege under different
trestments
( Moisture free basis in pexrcent )

Soil Phosphorus

type materigl N Average
in various R R R R
proportions 1 11 1L Iv
CHALKA Py 3.245 3,176 = 2,988 3.124 3.133
Pé 3.120 2.796 %044 2:872 2.958
IB 2.953 3.124 42167 2.996 %.060
34 2.973% 3.064 3.169 5.088 3.074
P5 3.025 3.003 54177 3.156 3%.090
BLACK Pi 2.723 2.544 2.6%5 2.516 2.619
S01L .
Pé 2.534 2.604 2747 2.678 2.64]1
Ph 2.581 2.385 2:+:503 2462 2.483%

M smm WA EP e i W @B WS W EE Gp S GE RS ST G EE WD WD G G G W WD M A S ay W e e




APFERDIX TABLE-4(B)

Totel 'N' in plants at flowering stage under different
trestments
( Moisture free basis in percent )

Soil Phosphorus

type materisl — i Average
in verious R R R R
proportions 1 i1 111 Iv
CHALKA P 2,037  1.943  1.891  1.986  1.964
Pé 2.075 1.957 1.929 2.045 2.002
PB 1.865 1.982 2.003% 1.883% 1.933
Py 2.093 2.013 1.984 2.055 2.036
P5 1.905 1.951 2.071 2.010 1.984
BLACK Pi 1.784 1.907 1.921 1.802 1.854
SOIL
PB 1.813% 1.944 1.840 1.967 1.891
P,—+ 1.913% 1.871 1.776  1.817 1.844

IB 1.775 1.871 1.913 1.817 1.844

- e e en e G S eE EGE ) =R e G e GE GE D GE G GE WS R M) EGE GP G T @ N e Ew e W



APPENDIX TABLE=4(C)

Totgl 'N' in plents st milk stage under different
treatments |
( Moisture free bssis in percent )

Soil PFhosphorus

type meterisl Milk Stagﬁ_ N Aversge
in verious R R R R
proportions X 11 111 iv
CHALKA Pl l.242 1.315 1.348 1.272 1.294
P2 1.%66 1.295 1.267 1.3357 1.316
P3 1.165 1.249 1.271 1.185 1.218
P4 1.244 1.347 1.371 1.299 1.315
P5 1.140 1.212 1.282 1.178 1,196
BLACK Py 1.065 0.967 0.983 1.052 1.017
S0IL ' ;
Pé 1.287 l.144 1.193 1l.243 1.217
P5 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

“r ww m e A e WS Gp ap G5 W Gp b Ee S e EE GE G M WS EGE EGE AP AW W @B e A ap an e e



APPENDIX TABLE=-4(D)

Totel 'N' in plants st metured stage (Grsin end Straw)
under different treatments
( Moisture free bssig in percent )

Soil Phosphorus

type material Matured stege Grain . Aversge
booporitens T P m

CHALKA P 1.514 1.341 1.459 1.3% 1.427
P, 1.311 1472 1+350 1.430 1.392
Py 1.404  1.209 1.%8L 1.221 1.304
P, 1.555  l.411 1.456 1.512 1.484
Pg 1.480 1.347 1.457 1.373 1.414

BLACK Py 1.282  1.459 l.484  1.312  1.384

SOIL P, 1.478  1.400 1.255 14330  1.366
Py 1.455 1.542 1.590 1.515 1.525
E, 1.586  1.555  1.442  1.470  1.513
Pg 1.519 1.483 1.332 1.364  1.425

Matured stege Straw

CHALKA Py 0.492 04520 0.610 0.586 0.552
P, 0.623 0.598 04540 0.564 0.581
Py 0.682  0.653 0.592 0,634 0.642
P, 0.704  0.669 0.C45 0.683 C.675
Pg C.718  ©.674 04702 0.654 0.687

BLACK P, 0.695  0.612 0.673 0.632 0,653

S0LL P, 0.816  0.741 0.762  0.795 0.779
Py 0.734  0.679 0.694 0.729 04709
P, 0.808  0.776 0.784  0.802 0.793

P5 0.702 0.657 0.691 0.668 0.680

W @R AR ER s WS Ve ME ED G me WP EE s R My MR UL SN WD G WS WS E @R MY me Wk WP e Wh me



APPERDIX TABLE-5(A)

Avegilable Péos in soils under different trestment incubstion
gatudy lst sempling
( Moisture free bssis in pe.p.m. )

Soil Phosphorus Seriee III pots
type material (_incubstion study ) Average
in verious R R, - R

o _pwepertiens _ _ I _ _ It IV

Chalka P, 8.99 11.04 10.14 9.60 9.94
Py 9.41 10.57 8.78 9.22 9.49
Py 11.76 9.57 9.97 11.17 10.62
Py 9.20 10.63 8.62 9.61 9.52
Pg 1%.02 11.62 12,42 12.00 12.27

Bleck Py 11.73 11.05 12.63 10.30 1l.42

soil.  p, 10.37  1L1.72  9.90  10.7% 10.68
Py 11.29 12.09 10.40 10.97 11.19
Py 11:.75 11.77 11.55 11.74 11.70
Py 10.79 12.08 12.66 11.74 11.82

A.V,TABLE T SUMMARY OF RESULTS

Due to BeS . DeFe MeSeSe F. Tr. Heen % G.d.
______________________ - o AYP

Chelke, B.8.S.  1.305 3 Py 12.25 118.09

Tr.§.S.  21.327 4 5.332 505 Py 10.62 102.38

Er. 9.072 - 12 0.756 P, 9.94 95.82

T.8.5.  31.704 19 B, 9.52 91.77

Resulte significent st both 5% & 1% level. 2 9.49 91.48

- G.M. 10.37 100.00

%R R SemL 1 a2

Block B.S.5.  1.232 3 P;  11.82 104.02

solle pyes.s. 3.277 4 0.819 , ., B, 11.70 102.96

Er. 6.890 12 0.574 P,  11.42 100.50

7.8.8. 11,399 19 Py 1119  98.47

Py 10.68 93.98

G 11.56 100.00
S.E.M. 0.38 3.34

- e e e an e ar E e G EE T G E ar = G . G e G o Al G G mp W WG e P W e e e



APFERDIX TABLE-5(B)

Availsble Eéo5 in solls under different trestments incubstion
study 2nd sgempling
( Moisture free bgsis il Per.Ms )

Soil Phosphorus (Serlis I1I pota ,
type meterisl — incubstion study "
in varicus Pi Pil PiII ﬁPIv' Average
proportlons —
Chelka Pl 15.12 14.76 16.53 14.93 15.%4
P2 15.98 14.18 14.41 14,97 14.89
4P§ 13.% 15.56 14.98 15.16 14.91
P4 14.42 15.59 15.01 16.26 15.32
P5 15.15 16.55 16.37 15.16 15.81
Black P 10.91 11.70 12.45 11.84 11.73
Aoil P, 12.57 11.64 13.50 12.01  12.43
P3 12.74 11.98 1%.30 11.66 12.42
34 12.10 1%5.11 12.49 11.79 12.35
P5 12.73 11.351 12.79 11.99 12.21
STATISTICAL ANALYSIS
- =" === " AVYLTABLE T T T T " " "~ T SuprArRY OF REcULTS” T
Due to SeSa D.F. M.3.85. F Tr. Hean % Gl
Av,'P!

Tr.S Sy 2.280 4 00570 0.84
Er. 8.098 12 0.675
TeSeSe 11.171 19

Pl 15.34 100.58
P, 15.32 100.45
Py 14,91 97.76
Py 14.89 97.63

G«M. 15.25 100.00
SsEM. C.40 2.62

Block B.S.S.  3.376 3 - 52- T12.43 101.68
801l grp.s.5.  1.408 4 04352 ; o Py,  12.42 101.59
Er. 3s377 12 0.323 B, 12.35 101.02

T.5.8, 8.661 19

Py 12.25 100.21
Py 1L.73  95.95

GoMa 1223 100.00
Mean Av.'P': Mean evailsble P205 S.EM. 0.29 2:37



APPENDIX TABLE-5(C)
Aveilsble Péos in soils under different trestment incubstion

study 3srd sempling
( Moisture free basis in p:p.m. )

So0il Phosphorus Series II1 pots
type meterisl (incubstion gtudy) Average
in various R R R R
proportions I 11 111 v
Chalka. Pi 17.19 17.35 15.61 15.97 16.5%
Pé 17.21 15.83% 15.41 16.03 16.12
PB 16.16 16.62 17.39 15.62 16.45
Slack P 9.43  10.93  10.22 9.84  10.11
Pé 9.91 10.30 10.28 10 .47 1l0.22
EB 10.23 11.59 10.61 9.89 10.58
Pq_ 10¢87 9083 9-99 10.’57 10632
P5 9.84 10.54 11.29 10.91 10.65
b STATISTICAL ANALYSIS
~- - T T T = SATVITRBLET _ T~ T - =~ “gUMEsRY"OF RESUirE T
Due to S.Se D.Fe MdS.8. F. Tr. Meon % GeMe
AV.'P‘
Cholkae. B.8.8. ll212 3 Pl 16053 105196
T.5.8. 40.300 19 P, 15.78 101.15
Results significent at both 5% & 1% level. P5 15.12 84.10
—— G.Ms 15.60 100400
Py P; P, Py Fg S.E.M. 0.38 = 2.44
CoDo lol? 7050
Black B.S.S. 0.915 3 - Py 10.65 1l13.42
S0l pr.s.s. 04839 4 0.200 5 Py 10.58 101.89
Br. 5.950 12 0.329 Py 10.32 99.38
T.85.5. 5.704 19 Py 10.22 98 .42

G 10.38 100.00
Mean AV.'P':= Mesn availsble Papi S.E.M 0.29 2.79
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APFENDIX TABiE=5(D)

Aveileble Eées in golle under different trestments incubstion
study 4th sompling
( Heoigture free LseSis iD DsDels )

So0il Phosphorus Series III pots
typrs moteriel (_incubstion study ) _ Aversge
in verious R R R Roq
prcportions 1 11 111 v
Cbelke. P, 18.37 17,62 16499 16480 17445
.'92 156481 15.59 15445 17438 16.%0
Py 17.58 16.01 16,79 17.40 16495
1 7% 15.21 16.19 14458 15420 15430
P5 15.96 15062 15.77 144,99 15.59
Dlask  py 15097 14,480 13,47 1465  14.62
P2 1371 14.13 = 14.38 14.79 14.25
P; 14,06 15.03 15.42 15.88 15,10
P5 15.50 14.87 15445 14,38 14.55

STHTI STICﬂL ARALYSIS

Wﬁ-~~--~~~_~~—-“ Qmmﬁﬁpuﬁﬁi -

A .V.TAB}J!' sUniiaARY OF RESuTIS
Due to Beo DeFe MeBebos e ire tlesn % (Gelie-
- s W s e WW SN D oW BB Me ey B wm R WS W mE ws e e ---n—éz':-’?l-----
Chelks. B«.S«5. 1.088 5 Pl 17.45 106.98
Er. 5.576 12 0.465 P, 16,30 99.94
TeSs5s 20555 19 P 15.59 95.58

Results aignificent st both 5% & X% level. T4 15:30  93.80
Golle 16,31 10000

P P P P P ' BB O34 2.08
A2 2 5. 4 C.Ds 105 6.4k

Seck  p.g.s. 10920 3 Py 15,10 103.07
TreEe8. 1.510 & 0.378 .55 By 14474 100,62

BLe 8.307 12 0.692 Pl 12,62 8%.64

TeSeBe . 11.727 19 P5 14,55 9%.32

Ps 14.25 97.27

Neon Av.'Fies = jlean eveiledble Pé05 Gella 14,65 100.00

Selelde O«4l5 .85



APPENDIX TABLE~S5(E)

Aveilsble P205 in soils under different trestments dummy pots
lst sempling
( Moisture free bssis in p.pym. )

Soil Phosphorus Series II pots
type meterisl — (dummies) _ Average
in various R R R R
proportions i 11 111 iv
Chelke Pl 12.56 11.17 12.14 10.59 11.62
Pé 9.99 11.01 10:58 11.40 10.75
P3 12.82 11.23 10.28 1%.45 12.07
P5 11.22 9.83 10.99 10.83 10.72
Black , A
S0ik. Pl 9.66 8.75 10.22 8.93 9.39
Pé 9.18 9.60 8.27 9.00 9.01
PB 8.77 8.83 9.15 8.98 8.93%
P5 8.33% S.44 S.47 9.29 9.15

- ALV, TABLE , SUMMARY OF REsULTS”
Due to SeS. DF. MeS.S.s F. Tr. Mesn G.M.

Av.tpt
Chelka. B.S.8. 2.3663 3 P; 12.07 108.16
Tr.S.8. 6.663 4 1.666 , g, P} 11.62 104.13
Er. 11.041 12 0.920 P, 10.75 96.33
T.S.8. 20.070 19 P5 10.72 95 .52
P, 10.65 95.43
G.M+ 11.16 100.00
S.Eedle 0.49 4.39
Blsck B.S.8. 0.307 3
; P 9.39 102.51
80ile pp.5,8.  0.605 4 1

Er. 4-070 12 0.539
T.S.8. 4,982 19

Pz 8.93 97.49

GoMe 9.16 100.00

L= AP
¥esn AV.'P': = Mesn aveilable Péo5 S E.Me 0:.29 3,17



APPENDIX TABLE-5(F)

Aveileble Péo5 in soile under different treatment msin
experiment pots lst sempling
( Moisture free bagsis 1D D«DPems )

- oy e S G G G A G G) SR A ER AR W GR B G G) S W W@ R WS WP Mk Al S G e an e b

Soil Phosphorﬁs Series I pots
type material ( main‘experggpnt ) Average
in verious R - R R R
proportions 1 11 111 v
Chslka Pi 16.40 15.57 14.98 15.81 15.69
P2 13.56 15.95% 14.79 15.78 15.02
P3 16.79 16.00 15.39 15.20 15.84
34 15.23 16.20 14.62 15.19 15.51
P5 15.98 15.60 15.79 14.98 15.59
§é§§§ P 12.67  13.34 14,35 15.53  13.47
Pé ‘ 12.57 15.%9 13.77 14.49 1%:56
P3 14.12 12.57 13.16 15.37 15.31
34 12.55 14.09 13.54 1%.15 15.33
P5 12.73 15.90 14,56 15.45 17.66
STATISTICAL ANALYSIS
"""""" RV TABLE ~ T " " " " " T “sUMAFY_OF RRSUTAS T
Due tO S-SQ D-F- M.S.S. Fo Tr- ﬁean %} G‘Md
e e e e e - m et e . et e, e e .- AVS'P' L
Chalka: B.8.8. 1.500 3 P? - 15.84 102.26
Exr. 60552 12 09546 Ps l5¢59 100065
T.5.8.  9.773 19 P, 15.31 98.84

Py 15.02 96.97

G«M. 15.49 100.00
S.E.M. 037 2.39

- S e e MR A A =R W WA @R sa @

Blgik B.8.8¢ 2.375 3 P5 13.66 101.41
80 . .
Pr.S.8. 0.357 4 0.089 4 o P, 13.56 100,67
Br. 5.247 12 0.437 P 13.47 100.00

TeSeSe ?‘979 19 1

P, 13.33 98.96
P; 13.31 98.81

tPlte o= GOMO 13047 100000
Meen Av.'P!': Mesn avsilsgble P205 S EoM. 0.3% 2.45



APPENDIX TABLE-6(4A)

Viater-soluble Péo in soils under different trestmente
incubagion study lat senpling

- ean e s ep 0 en " ee w8 A ey @ @ W@ OB ou e = o - aep ew = on e om @ e  an

Soil TFhosphorus Series III pots
type materisl _ (incubation study) Average
in veriocus R R+ R R
Proportions I 11 ILI iv
Py 0.4126 ©0.3789 0.2843 0.3176 0.3484
Pé 0.3158 0.3476 0.37290 0.3475 0.3475
Py 0.4438 0.4129 0.3807 C.4121 0.4124
P5 0.348% 0.1904 0.1586 0.31€9 0.2537
Black P 0.5804 0.5037  0.4931  0.4079 0.4963
P2 0.4699 0.5069 0.4357 0.5279 0.4851
P3 0.4508 0.4063 0.4337 0.5211 0.4625
Py 0.5236 0.5830 0.5224 O.4648 0.5235
P5 0.5795 0.60%5 05231 0.4941 0.5516
STATISTICAL ANALYSIS
T T T T T T T T TALV.TABLE T~ - T T T TgiMFARY OF ERFULTE
Due to S.8. D.F. MeS.Se Fe Tx. Mdan % Golfl o
VWeSe'P!
Chelkae Be.S.5. 0-0%01 3 P4 0.4124 125.21
1 oy o 4
Tr.8.8. 0.0609 4 000152 0096 P2 0.5484 105.77

P3 0.3475 105.49
P, 0.2854 86.86
Pg 0.2537 77.02

GJHe 0.3294 100.00
S-E .M 00 006277 19005

- e es e e w as W @ o e e

T.S .SQ 00]‘081 19

80ils pr.5.5. 0.0189 4 0.0047 ; cg P, 0.5235 103.89
Br.  0.035 12 0.0028 P, 0.4953  98.50
T.5.5.  0.0613 19 F, 0.4851 96.29

Ps
G4 0.50%29 100.CO



APPENDIX TABLE=-6(R)

Vioter-noluble Pé05 in goile under different trecotnante

incubstion study 2nd scnplin
( Loisture free beslo in De.pede §

e A M MR e WE R G WS WP M GBS WS @ S Ak G A A e e mE S o ae ek W MR AR A W

Soil Fhogphorus Series 1III pote
type neteriol {_incubstion gtudy ) = Lvoroge
in verious P P P ‘
proporticns 1 Iz 111 Iv
Chelln Fi 0.4727 0.+4105 05469 04100 0.4100
Pé 0.4430 O«4757 03798  0.3477 0.4111
Py 03788 0.3192 0.2471 0:3160 043153
B, 048110 043164  0.2853 0.3767 0.3478
Ps 0.2526 03159 022530 0379% 0.3002
Block P 045473  0s5500  0.5799 044619 0,5348
soil P, 0.4908  0.4610  0.5201 0.4326 0.4761
P5 0.4614 0.4890 0.,48037 0.5751 0.4323
P4 04049 0+4325 04070 04369 0.4353
P5 0.5186 0.4915 04341 (4032 0.4619

STATIBTIGAL ANALYSIS

b M Wy S e s W W A ——mu-a———m-‘-q

, ALV TEBLE '~ “sUnlaARY OF RpFUTAE

bue to G.E}. Delle leSeBo ¥ HLe bﬂﬂ?}' 5 Gelle

(VI

Cholka. E.8.8., 0.0218 3 B OuLll 115.23
Tr«essSe O 90431 4 0 +0108 5.14 Pl 0.4100 1ll4 -92

Ere  0.0247 12 0.0021 P, 0.3478  97.49

TiBe8Ss 00856 19 PB 035155 88.40
Result significent ot 5% level. Py 0e3002 84.17
, e Gelle 043568 100.00

Py B Fy P3P SeDefe 0402291 6442
S C.Ds 0076 19.78

Blosk B.s.s.  0.0105 3 P, 0.5348 117.20
Er. 0.0187 12 0.0016 Pg 0.4619 101.22

T.5.8.  0.2738 19 P, 044353 95,40
Results sipgnificent ot both S5 &ll% Py 0.43523 474
‘ — evels  G.h3. 0.4563  10G.00

Py B Py By By SeEelle 0402 4,38

’ 0616
Hecn G.8.'P': Heen weter solubdble P205 €D 0.061 13.49

- i A A e MR Ay W W W S W AR A W W VN Al G W A W G B W G Gk A N AR A R e



APPENDIX TABLE=-6(C)
Water-soluble P‘205 in soils under different trestments

incubstion study 3rd sempling
( Moisture free basis in p,p.m. )

- ek SY e G e Wr T e e Mn s @ s e

E Es GE G Wa WE WP MR SR wn W MR G an S @ o e

Soil Phogphorus Series III pots
type meterisl (_incubstion study ) Aversge
fnvestouws R R R Ry
Chalks. Pl 0.3484 0.2528 0.2218 0.3162 0.2848
Pé 0.3168 0.3808 0.3171 0.253%9 0.3172
P5 0.2528 0.2219 0.3484 0.3171 0.2851
34 0.31€0 0.2849 0.2530 0.2848 0.2847
P5 0.1894 0.2215 0.2527 6.2214 0.2212
Black P 0.6321  0.8062 0.5207 0.6636 0.6057
‘ Py 0.5232 0.6118 0.,4667 0.4372 0.5097
IB 0.4051 0.4365 0.3477 0.4352 0 .4061
Ph 0.4019 0.4325 0.3742 0.4616 0.4176
P5 0.5196 0.4317 0.403%9 0.4903% 0.4614
STATISTICAL ANALYSIS
“““““““ ATVLTABLE. — ~ T " = "~ " < "gUMMARY OF RESUTTS
Due to SeSe. D.F. M.S5.5. F. Tr. Mean % G.M.
6 6 B = = = m = = — .. - WeS.'B'_ _ . .
Chsalka. B.S.S. 0.0003 > P2 0.3172 1135.84
Tr.S.8. 0.0195 4 0.0049 1.88 P3 0.2851 102.3%3
Er. 0.0310 12 0.0026 P, 0.2848 102.23
TeSe.Ses 0.0508 19 P4 0.2847 102.20
P5 0.2212 97.40
G.M. 0.2786 100.00
* S«:E.M. 0.0255 9.152
Bleck B.S.S. 0.0222 3 - 'P; T 0.6057 126.16
" Tr.5.8. 0.1055 % 0.026% 1548 B, 045097 106.17
Er. 0.0256 12 0.0021 Py 0.4614 96,10
T.S.S. 0.1503 19 P4 0.4176 86.98
Results significent at both 5% & 1% level. P3 0.4061L 84.59
n TG A Sk S8
Meen W%.S.'P': Mesn water-soluble P205 C.D. 0.0706 14. 71

- e ws E em e R EE wmm W EN G Ep @GP W TR e S @R en ar S e e




Avarege

0.2852 (.5483
02648 (l.2092
0+.3485 043267
0.2855 0.,2851
03166 042691

C+4809 0.5112
C+46B2 045402
Ca4387 O.4254
044810 045796

PE:N ABLSmG
Wotexr-soluble PéO, in soils under different trestnnts
ineubagian‘atudy 4th ssmpling
( Hoipture free De#ss in Te.T.0. )
Bcii* ¥hoaphorue Series III pote
typs meteriel el dDCUbOtion study )
in verious T R FHp. 2
proportions 1 11 S *1v |
Cholke Py 03163 044120 043798
Pé 0.5168 0«2531 Ce2219
PB 03767 0.2853 0.2532
Fy 0+3169 02850 02530
Ps 0«2212 0.,285% C2531
Chslko £y 045233 046135 0.4671
Py 05866 0.4943 0.6115
53 00“689 094407 0i553l
Py 0+4072 0+3205 043500
P§ 0.5247 0.5117 0.4959

04957 - 045070

STATISTICAL ARALYSIS
RV BB - -~ - -~ """

R HE e W e N Ee A e e

Tae to Bete  Dells HalleBe Fe Hr,
Chelkss B.8e8s 040084 3 P,
Tr«3.8+ 04,0188 ] 4 000047 2.50 Pb
GLe 0.0245 12 0.00204 P,
£e3:8+ g.0477 T2
Fg
Gelle
8.{?'&10‘
Bleck BeSeSe 00071 3
8oil. Pa
Ere  G.0412 12 0.00%% o
TuDeS. 041207 19 95
*3
Result significent a8t 5% leovel . Py
P T P P P ' Gelle
QDQ

Kcan Vi.S«'P': Hesn weter-sgoluble P295

4B an W wp WP WS WP W WS WD W S W WS A M) W R W W MR e AR e

SuimARY Or nicliis

Toon % Gelds
WeBolPl L (e e
0,3483 117.00
03167 106.38
0.2851  95.77
0.2692 S0.43
0.2691 S0.39

02977 100.CC
0.0258 8.66

W W S R AR R WO e R wa N e

0.5402 114.28
05112 108.14
05070 107.26
0.4254 89,99
0.3796 80.30

04727 10C.00
0.02915 6.16
G.0838 18.99



APPENDIX TABLE-GgEZ
Water-soluble P205 in golls under different trestments

dumy pots lst sempling
(Moisture free bagsie in D.D.m. )

MNE mEy MM s MWW SR Wi W A YR T M Sy e TR ME AR e b W WP R Mar SR WD MR e TR W R AN M @

Soil Phospherus Series II pois
type materisl . ( dummies { . Average
in wvarious R R ) R R
proportlonc I 11 i1l Iv
Chalka Py 0.3157 0.3477 ©.2838 0.3798 0.3318
P, 0.4116 0.3806 0.3476 0.3805 0.3801
P3 0.2556 0.3178 0.3162 0.3817 0.3173
By 0.2533 0.3486 0.3172 0.2215 0.2852
Black P 0.4907 0.4055 0.5222 0.4370 0.46%9
soil. F, 0.2881 0.3770 0.407%  0.3178 0.3226
Ez 0.4067 0.3795 0.2907 0.3207 0.3494
P, 0.5222 0.4357 0.4666 0.4940 0.4796
P5 0.4063 04941 0.4373 0.52%% 0.4653

--——--‘-nu--—n-——'—ﬁﬁﬁ—— v o wem e  ws @

- 5. V. TABLE SUMEARY OF RESULTS
Due to s.s. DeFe MeSeSe F. Tr. Hean % GeMe
Chelka. B.S.8: 0.0052 3 P, 0.3801 116.31
Tr.S.S5s 0.0191 4  0.0048 1.92 B 0+.%3318 101.53
Er. 0.0297 12 0.0025 Pg  0.3174  97.15

W wte ee wn ap e ap e Es En W e o e

Black B.‘S.S. 0.0001

: 3 F, O.479 113.89
g0il p,.5.8. 0.0040 4 0.0010 ;35 Pg 0.4653 110.50
Er. 0.01042 12 0.00087 P; 0.4639 110.16

T.5.5. 0.1083 19 Py  0.3494  82.97

P, 0.3226 76.61

Meen W.S.'P': Mean water-soluble P205 G.M. 0.4211 100.00

S«E.Ms C.01l475 3.50



APFENDIX TABLE-6(F)

Weter-goluble PéOE in soils under different trestments

mein experiment pots lst sempling
( Moisture free bssis in D.p.ms )

- am am wm wm e e rw em w8 em em ap en e e

- aen We wp = o

Soil Phosphorus Series I pots
typs @aﬁeriel - ( mg}n'exper%ment ) . Average
fmvestw R P fx Ty

Chelks Pi 0.3801 0.4112 0.5482 0.4437 0.3958
P2 0.2527 0.3158 0.:2848 0.2214 0.2687
P3 0.,1899 0.2218 0.2530 0.2218 0.2216
By 0.2540 0.2219 0.3172 0.3484 0.2854
P5 0.2530 (0.2218 0.1900 0.2215 0.2216

Black P 0.4652 0.3812 0.4079 0.4979 0.4381
Ié 0.4098 0.442] 0.5236 0.4998 0.4688
P? 0.4068 0,3518 0.4397 0.382% 0.:3952 -
Ph 0.4088 0.2940 0.3229 0.%813% 0.3518
P5 0.5037 0.4112 0.5844  0.4668 0.4415

- e I

| AV.PABLE ~— ~ T~ ~ — ™ ~ SuMMARY OF RESULTg™
Due to S5 DeDe M.SeS. ¥, Tr. Mean % G.Mo»
. e - = - e m - = W.SL'P'L _ L Lo
Er. 0.0218 12 0.0018 Pé 0.2687 96.45
T.8.8. 0.1048 19 P 0.2216 73.62
Results significent st both 5% & 1% level. Py 042216 79.62
_ _ _ A G«sM. 0.2786 100.00
— - ‘2:2‘0“ _O:0§5é - ?:3:42
Bleck B.S«S. 0.,0147 3 ‘P2 0.4688 111.89
ol gr.s.s. 0.0337 4 0.0084 4 4o Py 0.4415 105.34
Er. 0.0229 12 0.0019 Pl 0.4381 104.53
Result gignificant at %% level. PA 0.3518 83.94
P P P P P GMs 044191 100.00
Mesn W.S.'F': Mean water-soluble P205 C.D. 0.0671 16.01

T W em e we eE S GE ws MR @D e e v e



APPENDIX TABLE=/(A

Total *N' in soil under different trestmente incubsotion
study 1lst sempling
( Moisture free bssis in percent )

Soil Phosphorus Series 1III pot
type moterial ——f incubstion study ) Aversge
in wvarious RI RII RIII RIV
proportions )
CHALEA Pl O ;0628 4] .0406 4] o0486 O -0550 0 06518
Eé 0.0611 0.0422 (0.0562 0.0472 0.05%517
P, C.0819 0.0604 0.0535 0.0487  0.0511
Py 0.0387 0.0564 00,0506 0.0445 0.0476
IB 0.0632 0.0438 040567 0.0502 0.0535
BLACK Pl 0.0691 0.0506 00647 0.0549 0.,0598
S0IL
Pé 0.0486 040672 0.0608 0.0560 0.0582
IB 0.0687 0.0495 0.0546 0.0636 0+05%9
Py 0.0617 0.0507 0.0618 0.,0542 0+0571

Pg 0.0513 0.0674 0.0627 0.0570 0.0596



AFPENDIX TABLE-~/(B

Total 'N' in soil under different treatments incubstion
study 2nd ssmpling
( Moisture free bgsis in percent )

So0il Phosphorus Series III pots :
type materiel __( incubgtion study ) Averege
in verious RI RII RIII RIV
proportions
CHALEA P 0.0563 0.0403 0.0515 0.0451 0.0483
P, 0.0386 0.0525  0.0505 0.0409 0.0456
Py 0.0472 0.0382  0.0462 0.0402 0.0430
F, 0.0595 0.0417 0.0535 0.0487 0.0509
Ib 0.0571 0.0476 0.0553 0.0495 0.0524
BLACK P 0.0528 0.0402 0.0498 0.04%32 0.0465
SOIL 1
P, 0.0511 0.0407 0.0491  0.04L7 0.0457
53 0.0507 0.0403 0.0423 0.0477 0.0453
By 0.0405 0.0545 0.0515 0.0435 (0.0475

P5 0.0376 (0.0450 0,0440 0.0390 0.0414

- am Em Sr W EP ar S A ER ) D SR EE G W M N ER GRS G W G WE G A e e mm e en e



AFFENDIX TABLE-/(C

Total 'N' in soil under different trestments incubation
study 5rd sempling
( Moisture free basis in percent )

Soil ©FPhosphorus Series III pots
type meterisl (_incubstion study ) Average
in varicus R R R R
proportions 1 11 Iix v
CHALKA Pi 0.0566 00484 0.0551 C.0499 0.0525
P, 0.0563  0.0489  0.0544 0.0508 0.0526
Py 00603 0.0503 0.0583% 0.0521 0.0553
Eh 0.0565 0.0519 0.0560 0.0524 0.0542
P5 0.0551 0.0453% 0. 0530 C.0474 0¢0502
BLACK Ei 0.0519 0.0415 0.0502 0.04%2 0.0467
S01L
Py 0.0483 0.0411 0.0467 0.0427 0.0447
IB 0.0517 0.0459 0.0506 0.0432 0.0479
PA 00416 0.0520 0.0434 0.05%2 0.0468



APPERDIX TABLE~7(D)

Totsl 'N' in soil under different trestments incubation
gtudy 4th sempling
( Yoisture free basis in percent )

- R D M AR S W G EE SR WS WD WP WS AR R S G WD G WD ME e VI WD WP G W MR W WD we e

Soil Fhosphorus Series III pots

type materisl —_ _( incubstion study ) Average
in verious R R R R
proportions 1 11 111 v
CHALKA Pi 0.0358 0.0319 0.0353 0.0330 0.0340
Pé 0.0398 0.0335 0.0384 0.0347 0.0%66
Py 0.0401 0.0344 0.0397 0.0356 0.0375
P5 0.0412 0.0359 0.0408 0.0363 0.0386
BLACK P 0.028%3 0.0326 0.0316 0.0289 0.0304
SOIL 1
Pé 0.0%328 0.0277 0.0316 0.0291 0.0303
P5 0.0368 0.0309 0.0361 0.0318 0.0339
Py 0.0314 0.0397 0.0383 0.0328 0.0356

P5 0.0386 0.0307 0.0373 0.0320 0.0547



APTENDIX TABLE-7(E)

Totel 'N' in soil under different trectrments dummy pets
lat sempling
( Moisture free basis in percent )

Soil Fhosphorus Series II pots

type meterisl —_— (_dummies ) , Average
in vsrious R R R R
proportions I 11 i1 v
CHALKA P, 0.0443  0.0321 0.0416 0.0348 0.0382
P, 0.0421 0.,0331 (C.0401 0.0351 0.0376
Pz 0.0474 0.0434 0.044) 0.0367 0.0429
PQ 0.0442 0.0312 0.0409 0.0345 0.0377
P5 0.0449 0.0401 0.0441 0.0409 0.0425
BLACK Pl 0.0373 C.0311 0.0369 0.0315 0.0342
SOIL
Pé 0.:0379 C.0303 0.0359 0.0323 0.0341
P5 0.0420 0.0316 0.03%96 0.0340 0.03%68
Eq 0.0337 0.0297 0.0331 0.0303 0.0317

P 0.0326 0.0290 0.0317 0.0299 0-0308



APPERDIX_TABLE=7(F)

Total 'N' in soil under different treatments msin
experiment pot lst sempling
( Mcisture free bagis’in percent )

Soil Phosphoruse Series I pots
type materisl — ( mein experiment ) . Average
in vericus R R R R
proportions 1 i1 111 v
CHALKA Py 040258 0.0137 0.0229 0.0164 0.0197
P, 0.0234 0.0195 - 0.0229 0.0198 0.0214
P3 0.0225 0.0188 0.0216 0.0197 0.0207
Py 0.0227 0.0186 0.0222 0.0191 0.0207
PB 0.0280 0.0221 0.0279 ' 0.0232 0.0253
BLACK Py 0.0206 0.0177 0.0202 0.0183 0.0192
SOIL
P, 0.0217 0.0174 0.0212 0.0179 0.0196
Pz 0.0238 (0.0175 0.0228 0.018% 0.0206
Py 0.0271 0.0202 0.0256 0.0196 0.0231

P5 0.0202 0.0173 0.0196 0.0179 0.0188





