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Purpose of the Workshop
 

In recent years, scientists and extension agencies have become much more aware of the 
hig:1i potential productivity of Vertisols and associated soils. However, one gap in 
current knowledge is how best to assess the phosphorus status of these heavy black 
clay soils. Crops on Vertisols have appeared to be less responsive to phosphorus 
fertilizers than those grown onl other soils. This difference has been explained by 
various hypotheses, notably high fixation of fertilizer phosphorus and poor prediction 
of soil-available phosphorus by the Olsen test. As vet no hypothesis has been unan
imously accepted. Part of the difficulty lies in the fact that much of the information is 
scattered. l3y bringing together scientists who have actually studied some aspect of 
phosphorus in Vertisols, this workshop aimed to Jevelop a better understanding of 
past work and future research needs. 

Note on Use of Elemental Phosphorus 

Phosphorus applied as ",O has beer.. onverted to elemental P throughout this report. 



Introduction 

Inaugural Address 

I.P. Abrol 

lDeputy Director Gcncia (S IS ird A!u ono s ). tIndiai Council of Agricultural Research, New DelIK 

I arn happy to he with your group for two reasons. One, I will have an opportunity to
acquaint ielf with current research efforts on the important subject you are discuss
ing: and two, Iconsider the holding ot this meeting an important step towards the goal
of generating site-specilie technologies for improving India's agricultural productiv
itv. It is my picasrC 1o be associated wilt .Vourefforts. 

Both agericulturally and z.cologically, VCrtisols are important. According to esti
mates by the NationlalBureau ol"Soil Survey ,and land Ise Planning, India has about 
72 million ha ,4trie Vertisols and related black soils constituting nearly 22% of the 
countrysge ographical area. Verrisols are concentrated in the states of Maharashtra,
Mladhva lradesh. (ijalat. Andhra lraciesh, and Karnataka, which accou ' for
roughly 34.23 12. 10 and W' respectively of India's total rca under Vertisols. Nearly
841' of Nlaharashtira, 4 of (Qiujarat. and 38Q of Mldhya 1'rLdesh are occupied by 
these soils. 

Vertisols and related soil, are subject to a wide range of climatic conditions, annual 
rainfai! rlnging from 510 nun to 150) num. [heir depth varies Iron; less than 50 cm 
(shallow) in about 5 million ha, bctwveen 50 and 100 cm (meditim) in about 44.8 million
ha. to imore than I()) (deep) in 17.8 million ha. lre soils have a high clay content (30cm 

to 701; )and highw atcr-holdng c,apacity. Runoffcan he high 40% and more depend
ing ol raiiall voluilic and intensitv, ''eetation cover, aind soil slope Vertisols are
highly prone to erosion, soil loss li\ine been estimated at 6 to 8(1 t ha-1 a-' tinder 
prc',ent agnicultural prtactices.

At present. India's cropped area under Vertisols is about 38 million lha, or nearly
274'; of the couti's total cropped area. lhc future holds very little scope for
expanding thne :atal ciTped area, including that ot Vcrtisols. Instead, efforts are
needed to return presently cultivated soils "ith ecolocical constraints to permanent 

usin assand and restry particulally ue for shallow, erosionprone Vertisol, where productivity is last deteriorating.
Of the area tunder Vertisols, 5.86 million ha or about I5 are irrigated, compared to 

a figure of 30''; for the contrv's cropled a rca as a whole. Since the nid-1 9 60s
increases in Iridia's overall production of food grains have largely come about through
increased productivity and increased cropping intensity in irrigated areas, following
the introduction of high-yielding varieties arid increased fertilizer use, and the devel
opment of relevant infrastructures. 



However, our experience with canal irrigation in the Vertisol regions is not one of 
unqualified success. In high-rainfall areas, the introduction of irrigation, as for 
instance in the 'Tawa project, has not had the desired impact on production. Waterlog
ging has adversely affected the yield of postrainy-season crops without increasing that 
of rainy-season crops. In the low-rainfall areas, when canal water i iiiiide available, it 
is used mainly for cash crops such as cott on and sugarcane. Overapplicat ion of'waler. 
poor on-larmimanagemenrt, and inadcquatc drainage have resulted in! large areas 
going out of production in the command area of several projects. In the Chaibal 
command area in Rajasthan .n1d Madhya Pradesh, production in 20"71 to 30(7. of the 
irrigated area has been sha rply reduced. Waterlogging atld salinity are already serious 
problems in tile .Ini Kwadi rommand a-ca in Niaharashltra, in the Malprabha area in 
Karnataka, and in several other projccts,. utlure efforts in irrigated areas will need to 
concentrate onl consolidating prod uction gains through improved on-farm water 
nangecment and the provision of drainage, rather than on expanding the area under 

irrigation. 
A large p- rtiiii of Vertisols will contintic ,t be frllmcd under rainfed conditions. 

Rained Verfisols contribute significantly to tle production of coarse grains, cotton, 
oilseeds, and pulses. Black soil regions of Cujaru' produce ticarly 25(i of India's 
groundnut crop. MIadh*va Pradcsh coniributes nearly 801 of the total soybean pro
duction. 'l'opether tile black silk contribute nearly 79(7 of sorglitim, 60i of cotton. 
45("1 of pigeonpera. and 4 P, of ririmidnit production in India. At present the produc
tivity of these crops is Very low. I mprovitIg productlivity, Mticularly of oilseeds and 
pulses, Ps itiajor chilleige of the .'oming decode. 

In shiallox black soils cropping is possible Only du-iiu the rainy season, as soil 
moisturc is insufficient in the postrainy season. In deep black soils with low and 
unrCliable fainfall. 1nons1aon fallowing is practised and a postrainy-season crop is 
grown ot storcd soil moistuoc, since this is less risky than attempting a crop during tile 
rainy season. 

In deep soils in mCdim,- and high-rainfall areas, both rainy-scason and postrainry
season crops can be grown, )eep black soils with reliable rainfall ( 750 rum) cover 
large porrtions of Andh-a Pr,,desh. Karnataka. and Mialhiaash'ra. These areas have tile 
widest gap between actual and potentlal crop yields of any rainfed farming region in 
the coonr'. Ihic' hold sub staitiu' Ipt-o mi se for inicased production, provided 
farmers are sipp lied with iappropriate technologies. I an aware of the significant 
advances made by national and ICR ISAT scientists in tile past decade in understand-
Ing how better to nminagc these soils. Ffforts vill need to be further strengthened in 
order to develop technologies that are more finiely tu ned to tile needs of each crop in 
cach area, )nly then will a turant ui leap in production frov these areas be possible. 

It is well klown that itn malny irrigated areas of' India. there has been a direct 
relationship between fertilizer consumption and crop production. At present, fertilizer 
use is extrecely limited in the rainfed areas. However. there is now considerable 
evidence that economic responses to fertilizers can be obtained from rainfed crops 
grown on Vertisols. Indian work on this subject was recently summarized. Farmers 
hesitate to use fertilizers because of the risk involved, and because the rcquired inputs 
are frequently unavailable or too expensive. While research efforts will therefore need 
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to focus on the development of low-input technologies, thege will have to be combined 
with management practices that ensure maximum efficiency in the use of inputs. This 
means understanding soil-water-niiti riciit-plant relationships better than we do at 
present. 

We need to develop mtore reliable criteria for assessing fertilizer phosphorus (P)
deficiency, bette nthod,,, placCmCtl, and application frequencies that are better 
matched to the croppinj, system, including intrCropping practices, soil water storage,
previous historv, and so on. 1 l group here is well aware of the complex nature of the 
Interact ims govrning the short- and long-tern ;ivilability of P in Vertisols. The 
basic mCchanismS controllin tile SOlution plase in relation to soil physico-chemical 
properties need to he understood. Rhiio. jphCrc hiolo)gyv and how the rhi/osphere
affects ilutlient \ilvllics is alothCl CSClCh area that Ilecds More attention. P.oad 
tecotllltcldatl ions oil tile use of fertiliier must, ill tilIc, give place to tecomllmeid~lations 
tailored W ili, dual crops or productiont systems. I conider the meeting of this group 
most timelv, and an inmptrtatt step in this direction. I am grateful for the opportunity 
to he v\ith on. 



Overview of Research on Phosphorus in Vertisols, 

.L. Sahrawa 

International Crops Research tnstitutt, for tle Semi-Arid Iropics, Patancheru, Andhra Pradesh 

Introduction 

Vertisols arc potentially sonic of the most productive soils under dryland farming in 
the semi-arid trot;ics (SAI). primalil\' because their high water-'roading capacity 
sutains crops better duLing, drought pcriods than other soils. flowever, i contrast to 
thcil high potential prodrrctivitV, thC actual pToductivity is uIsuallV lot under tradi
tioral prodlction systents. Achieving sulbstantial increases in productivity requires the 
introduction ot In imprvemd nitlagelcnrlts\ten which has tour tlitan components: 
improved cthiIr , and c11pp'in sVstems. nutrient inputs, improved agrononlic prac
tCes, and iImproveMd xvUtA lllt lagcllellt. 

Nutrient inputs pIl\ I particularly in tportait role in the irntprtmvcd management 
svstenll. Ihey ar . s intportatt as inprovcd ctiltivars. and mtrch 1Moe iportant than 
improved tIeonotnic practicc,, and '\ atcr Illatagerlnent (lFI-S\;wilv et al. 1985). 0 the 
nutrient 1'eiclericies (nitroget., phosphortus, and iinc) knownt to hec important in 
In1dial agriculture, lhtsphruis ( P) is SCold itl irnportmice to ttitrogci (N); its 
deficiecc is widespread. 

Ilhi piper discusses the pc ,cnt status and scope of rscarch oul the behavior oflP in 
Vcltisols in relation to the a.Lg.roornlic response of crops to P inl these soils, and 
examirlics ftittlic resCearch lnceds,. 

Phosphorus deficiency inn .ldia 

The extent of I)deficientcy irl India has been assessed in the past by extensive surveys, 
either of the available P statts ofthe soils or o the responses of crops to added P. The 
most recent survey of availahble P status showed that, in the 372 districts covered by the 
survey, the soils in 45'i of them were low iI as ailable 1), 50"1 were medium, and only 
5' were high (Tandot 1987). 

Such surrveVs, thtough useful, have limited value because P responses vary not only 
witl crop but also with soil type (Goswami and Sahrawat 1982: VcnkIteswarlu 1987). 
One of the hindrances to the full use of strvev data, atnd to the sturdy of associations 
between soil type and available P, has been the faihire of researchers to fally character
ize the soil a; experimental and sam pling sites. 

ISubtnitted ais (I' No. 4st by the Internatttional Crops Research for the Semi-Arid Tropicsic Institutre 

(ICRISAtI 

Citation: tR ISAt (International Crops Research Institute for the Semi-Arid Tropics). 1988. Phosphorus 
in Indian Vertisols: summary proceedings of a workshop, 23-26 Aug 1988, ICRISAT Center, India. 
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This uncertaintv is further comrplicated in the case of Vertisols. Ile response of 
different crops to 1)varies even more on Vertisols tihm n it does on other soils. It is 
usually greater at higher potential productivity where 11becomes limiting (Venkates
warlu 1987). Additionall, Mhci ,rown on Veitisols some leguminous crops (e.g.,
chickpea arid pigconpea) appear to be much less responsive to fertiliizer P than are such 
cruhea as smoghum and peal millet (IR ISAI ;98 i).The rspose.s olcrops to added 
1)in Vertisols are generally reported to be lower than those obtained in) other soil types 
under similar agoclitnatic cond it ions ( Kanwar 1986: irobcit et al. 1987). In his recent 
literature survey, Kan\ar ( I980) snrztcsted that the response of crops to 1) fertilizer 
ditIrinishIed With soil t.,pcS iii the followineod-er : Ailisol - LFntisol •Vertisol. This 
folloed earlier srege,,tionrs by Arakeri (1979) that responses to P were nmchre less 
likUly on Vertiols hr onl AIisols and ti,,skol,. 

lResp'Ist's to lhosphIorus in \eraisols 

AIthoo'ih ccilcI ,Rsuch ,tlte a" s0 andllparl millet respond almost universally to N 
it tiliiei o \Crt i k. eponses, rtadded P,are unplredictable. In India, it is generally

thtuLht that ithe .5NI Natll('()! extract; ble P is less than 5 nig kg I soil, a response 
to applied ' i,likely Indian SociCty 1tSol SciienCe 1979). Ilowever, recent research at 
WIIA I ( cnite OaN Nh\ n that these critical limits are unlikely to hold tIte lorgrain 
s tn l )iI \i )i1\cittti', %%hichcrepondcd little to applicd 1)unless the level of0.5 
M Ni lIk( ' c\ilitihlc I' oNa, s,, thai 2 5 nip kp" sc: Incontrast, a substantial 
' '.espon k dId P \\%at>'lqic+ ol l1c:1\M ilisols \Ie., le Olsen's P was less than

5 inc K,e sail)!l('lRI<, I 'LS~j. 

lIhe apparlent lack tl I' II (p,iI \ ,iso, has 'IXXII attributted to their high

lixation 'ads rpli
ot ()nI adld 1). cais d thr:t lrig, clay content (Vcrrkatcswarlu
 
19,7). It\\a, itmplied that lao'. t r11Ans IlcCt 
 an inadequate rilnt of added
 
1).and that VCrti'Is Ina\ 
euotirc hiher rac, At turtikic IPthan othersoils. However,
 
thls hypothesis is ntot bore out 
 y IR R ISA I ",(I 985 results showing from a
 
Vertisol (lypic ( b'roirastert) lo\ini)lci' 
P(2.5 gkg 1) a high yield of sorghum

-r;rin (5 t ha ).hich 
 !) uptake (15 P ha 1), yet barely detectable respoInse to P1 
applied at rate, , tip t) 1i ) kgPI h 

Ihese result, ,ho\\ cleat Is that :sil P in Vcrt iols at ICR ISA I Center is irore frcely

atstiiablc to crop, than i!,
indicated by tIe soil tcst widely used itiIndia (Olsen). They

also iutlicate the Ieccl. 
 to rcexalrinc the critical limits of extractable P in Vertisols for 
diflerent Crops. 

IIloe', ci, the result 'v.'tc obtaincd on.ust onc soil type, the benchmark Kasireddi
pally series IvpiC ('hurrrutert). Orre oftire purposes of this nrcting is to determine 
whether sanrilir tsult.s ht\,: Kceri obtained on other Vertisols in India. 

Behavior of Phosphorus in Vertisols 

There have been very few studies on the behavior of P in Vertisols. P adsorption and 
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desorption arc the key processes governing the availability of I)to crops. The relative 
sorption capicity of different clay mineraW such as kaolinite, illite, niontmorillonite, 
and others, Iave been cha racterized fairly sattisfactorily (Indian Society of Soil Science 
1979). Niost of the soil clay in the Indian Vertisols is of the swelling 2:1 lattice type: the 
dominam clay mi neral is uisially rontinorillonitc, which does not adsorb appreciable 
amounts of P (FI-SwAijy ct Al 195. lie only ot her soil constituents that could 
adsorb P are (a '( ) and the ('xides (o)it i and ,ilumninium. FHowever, little attention 
has been picn In,these scsqubiixides, andL tilefCCti e sorption by ('aCO( iM&not well 
understood. It hsIbceLe not always closely related to CaCO 3lotild that P sorption is 
coment ((.os :saii it'u Salhraat 1082)4 peirh~ips the critical f.actor is the quality of 
(a( ') that is. lillC ss Of' stlbdivisio and cr'stil structure.it., 	 ll 


Recent N\ork iit 1(':IS .\I stiyucstcd that. contrary to the existing belief, Vertisols 
do not tr hi,,h ) ldsolrpiioii capacity (\Vartren and Sahrawat, this workshop). 
lurther, 111the :a;sorbCd 1)is easily exchangeable by !T and little 1)is adsor'bed in a 
Ilko-exchihicl form. Ihlibcichinark Vcrtisol aind Allisol tested at IWRISAT 
Center diflerel o1la little ini their P)adsorption behavior, except that high adsorption 
occurred in the B hori/, of tile Allisol. whereas adsorption in the Vertisol changed 
little with depth. The amnotllt f fertili/Cl P) to be added to obtain 0.2 mg L 
Cquilibriil j concentration after incubation or Odays lt25"( vi ied between 28 and 
38mg IPkg'I soil to a soil depth of 160)cFIi Ie surface (0-I55cm) oil reutmired only 30) 
my P kg I R ISAl I985). Such resilts cleArly indicate that P adsorptiont is not a 
miltor problc'l iin the \ crtisol, stludie(. 

Flo\weVCl, t here is an urgent ned to expand ,ttidics ofthis kilid( to include Vcrtisols 
(t'd if'f''llit p edog.Lnit histolri s. l ogetlicl lth agrotlolmic research oin the 1)responses 

wotild sist illCevcllill g 

stra~tuv\ for Vertimols.
 

(hiical characiridatioi ofdiffercit fortims ofI) ii tour benchmark Vertisois, with 
iarange of cxtractable (0.5 MINa-i'()) I levels, showed that these soils have similar 
anouints of the diffecrnt forms of, P to other Verlisols iluidia (Indian society of Soil 
Science 1979). These results indicated, as expected, tihat (:i-I was the doninant form, 
followed h-\ Ic-P. with verv Io\% amounts otf lntcrc.ingly, the levels of Fe-P in 

(o crops, slch sltldies arSrtly i soutll P management 

AI-. 

the Vcrtisois were simihar to those fotlld in the Alfisols (ICRISAT 1985). 

Some Quest ions for this Workshop 

To cot elude my Presentlatiio:-, I woulId like to pose the following qtestions to ny fellow 
partic ipants in order tw u ize mu understanding of P behavior in the Vertisols of the 
differeit reCgins of India : 
I.Do crops ( hot ccreals and legulitcs) glown ot Vertisols in 'ouor region respond to 

added P? If so, arc their respottscs ofsimilar ruag ititude to thodue obtained on other 
soils'! 

2. 	 \V.'hat are the critical 1)levels for differet crops grown on Vertisols? 
3. 	Do the P responses of crops on Vertisols differ ? If so, can this be attributed to 

differences inpedogenic histories? 
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4. Do Vertisols fix (adsorb) appreciable amounts of P? Is there enough research 
evidence to support this view or is it merely a hypothesis?
 
Several more questions could he added to this list, but those I have given are enough
 

to con vey the problems currently facing research. I hope these questions will be 
answered, at least inpart, during this meeting, using our present knowledge of P in 
Vertisols. Where the\ cannot bL, WC will need to define the unresoived issues more 
closely so as to identik' future research needs. 
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Summarie3 of Presented Papers 

Session I. Soil Chemistry 

Isotopically Exchangeable P in an ICRISAT Vertisel 

(;. N.\"j-ren and K.I,. Sahrawat 

Universitv of Reading, ltcrkshit.c ',. and Itcrn:uim ,nu[ ('0ops Rearch Institlte for the Semi-Arid 
Tropics, Patanchcru, Andhia Iradcsh 

The phosphate adsorpt ioa properties of Ve:tisols have ratiely been measured,
althougl- adsorptioM isot herm,; provide a mean: of soil characterization that can be 
relatd to fertilitr requirement and other soil properties. Phosphate adsor Ttion 
isothernils 	 were t herAlore determined for a Vrtisol (Kasireddipalle series) nd an 
AlIfisol (Patanclher, scrws) (rom IWRISAT Centez. 

Eleven rael Of added ) (inclhdi a zero) were chosen so that final P concentrations 
insupernatant solutions rmge I from 0 to approximately 2 ing L-'.For each rate of P,
sanplts of soil were shaken gently with KI,1PO.,solution in 0.01 M CaC ,for 22 h at 
30 'C.Carrier-free labelled P,as 1P in orthophosphate, was then added in a small 
volume. Shaking of the suspension continued for another 22 h, then soil and solution 
were separated by cefutrifugation and filtration. Total P and radioactive P in solution 
were measured. Isotopically exchangeable P ws calculated using the dilution princi
ple. Non-exchaneable P. i.e. P taken Up during the first equilibration period but not 
exchanging with labelled P di llring the second period, was calculated using tLe follow
;ng relationship: 

1) 
 1 + AP eAe + AP n
 
Subscript 	a added, 

I liquid (i.e. remaining dissolved), 
e exchan,eable and 
ni non-exchangeable P. 

Previous work on acid soils of the humid tropics showed that much P was adsorbed 
non-exchangeably, and was therefore unlikely to be available to plants. In both the 
Alfisol and the Vertisol in the current experiment, all adsorbed P remained exchange
ahle, so none of tho added P fraction was very strongly sorbed. This result shows that,
for this Vertisol at least and possibly for others, added P is not fixed permanently, but 
could all be recovered, given a sink for dcsorbed P. 
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Fitted isotherms for total adsorbed P in a range of tropical soils were examined, and 
the adsorption capacity of the Vertisol was found to be modest by comparison with the 
Oxisols and Inceptisols investigated. However, th: sorption capacity (at mg P L-)of 
the Vertisol was about tv,ice that of'he ,\Alfisol, so the Vertisol would require larger 
addhions of fertilizer P to raise dissoLed P to the same concentration. 

Exchangeable P remaining after some dLesrption ws examined. Al'tr decantatmn 
of the supernatant, labelled soil was retoispersed in a ('aCI, solution, shaken for 
another 22 hor and again ,lparmcd Loin the .-,ipciat lid )csorptioii Wsa then 
repeated. Inboth soils, Atter the second csorptiom. cxch,,geahlc P exceeded total 
adsorbed P,suggesiing that labelled 1)was becoming equilibrated with itfraction of 
native soil P. 

These i-,sults ilrcconsistent vwith the hypothesis thait fertilizer 1)is not permanently 
fixed by this Vetisol. As in he .\lliso. it remains available for desorption, but there is 
a larger capagity for so, ption. itisimpossible, onl the basis of s,ingle experiment. to 
draw any conclusions regardiing critical limit, for olsen's ex.ractable P. Nevertheless, 
these data suggest that. for the same amount ofche ically exti pctable P,th cr ciid 
be more plant-available l1in the VCrtisol thain in the Alfisol. 

Soil! Phosphorus in ,;orne Vertisols and Crop Responses 
to Phosphoru; in these Soils 

G.S. Sekhon and S.K. Bonsal 

Ilas!EesvarcliInlstitute off I';urlgaoIndlia, ,llar.,,na
 

Phosphorus (1'), as the inost limiting nutrient elemett innext to nikroten, is regardcd 
Vertisols. Ho,ever, analysis of I)0 surface samples collected from each of six soil 
series- three Chrornuste:t;: Sarol (froniMadhva Pradesh), Shendvada (from M aha
rashtra), and Noyyai (from lanil Nadu),and three Vertic Ustochrepts: Kanaliakheri 
(from Madhva Prad,.sh), Pitlhvaj ul (from Kitijarat). and Pem berty (from Andhra 
Prads h) showed hat onlv Pembertv was low, while Noyyal atd Kamliakheri were 
mn'ium. and Srol, Fithvajal and Shendovada were high in Olsen's extractable P. The 
analysis also showed that Olsei 's extractablet P varies widely in these soils, both 
between and within soil series. 

Calcium phosphate is most abundant in these soils, although Fe-lI and reductant
soluble P are also ptesent in substantial ;10nou:ts. 

The desorption of P in these ,oils differs, indicating differential rate.; of P supply to 
crops at similar amounts of exv ractm OlR P. Hence, P Cesorption rates should be taken 
into consideration when the critical limits of P avail: ility for crop growth ate defined. 

Adsorption stUdies indicated that the curve of added P plotted against equilibrium 
concentration is hyperbolic, such that a proportionately larger amount of added P is 
adsorbed with small increments. Padsorption in these sols essentially follows a linear 
Langmuir adsorption pattern. Two of the six soils snowed two distinct patterns of P 
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adsorption, which may be resolved into two separate Langmuir adsorption isotherms. 
The widely differing adsorption of P in these soils suggests that, ti identical amounts 
of extractable P, different antounts of fertilizer P may have to be added to obtain the 
:sanic crop response. Nore work is needed to characterize the properties which 
dJstinguish difcrent Vrtis(.ls in terms oftheir , sorption aind desorption capacities.

('rop respones to P var\ considerably \ith different soils and crops. Field trials 
condtICed i, \'Citisois on ilrucmrs' fields showed that rice gro\, i iii Maharashltra and 
NI adlba srihoi t Pradesh, Nlah;ir:lOhra. Andhrat Pradesh andeltuin Nladliva 

Karnatika. cotton ii :ihtrashlit. pigCotipea in Andhra 
 Pradesh and Gujiarat,
L'rotiindiltiti ilitnjarat and \allaraslila, il,,, bean ladhva Pradesh and linseed in 
Nliara,,hlrai all ,ho\ cd \cri god rspoins to added P. Htowever, pearl miliet itt
(iujarai and MlailJiaNlti;i. cotton in (iujarat, lack grain and mung bean in Niaha
rashtra and Karnataka and sesamc in Atillira Pradlsh did not show nuch tesponse.
Matchini data on] P availabilit\ a I li sc soils would have greatly ittreasd the value of 
this inforitation. 

Session I, Soil I ests and Crop Responses 

Calibration of Phosphorus S,'il Tests for Targeted Yields of Crops 
Sroti, oi indian Vertisols 

K.('.-. I dd' and (.t . 7-.llrlithi Sankar 

All Indila Coordinatcd Soil ci i toI ,l<c'.onnc (oreli i Piojte , Central Research Institute for 
l)rylaind Agriculturc.teidcliad, .\ndh l'Ihidch 

Soil teig is essnal lor ilteae tci tili/cr use efficiency. lhe soI-tigservice in
india started iu olb 57. 1 oday, there are more than 450 soil-testing laboratories in 
the COuhtr.V, with ill attnnal capacit . to aaly/e about 6 million samples. The All India
(oordinaTLd Soil Ilest Crop Response Correlation Project provides the necessary
rusearch lIacking for this advisory service. The project has developed the concept of 
soil-tCst-basUl fe,,tilicr ap:)licatioit fofr targeted yields (FATY) of crops. TIe FATY 
approach ensures balanced nutrition. It takes into account the relationships not only
btwseen soil nutrients ardIlfertilizers but also anong iutrients themselves. This paper
discusses soil test calibratio,.s for pitosptorus (P) together witlt those for nitrogen (N) 
and potaSSiLlli (K).

Tile relationship between and nutrientgrait Vield uptake is linear within certain 
conditions. Thus. to obtain a specific yield, a specific quantity of niitrients must be 
taken up b\ the crop. Once this nt ent requirement for a given yield is known, the 
fertilizer needed can be estimated taking into account the percentage contribution of
soil-a, . able nutrients as well as that of the fortilizers themselves. The required 
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fertilizer dose of a given nutrient can be calculated from tile following equation: 
NR CS

F-d= IF x 100 T up x STV 

where Fd = fertilizer dose, kg had; NR nutrient amount required to produce unit 
quantity of economic produce, kg kg : CS = percentage contribution from soil
available nutrient to total uptake: CF = percentage contribution from applied fertilizer 
nutrient to total uptake: T =yield target, kg hadI; and STV = soil test value, kg ha I. 

Crops differ in their requiremtit of P to produce a unit qulantily of grain. Oilseeds 
need more, pulses !ess, and cereals less still. The average requirements arc 0.98 kg 11 
100 kg- I seed fOr oilseed crops (mustard, safflower, linseed, niger, soybean, and 
groundlnut). 0.70 kg P 100 kg I seed for pulses (pigeonpea, chickpea, black gram, and 

nulling bean) awd 0.44 kg P1100 kg Igrain for cereals (rice, w\hea, smrgh-im, pearl millet, 
and mai.e). Among other crops, the requirements are 1.85 kg 100 kg I of banana. 1.50 
kg 100 kg Iofdr chilies and 0.07 kg 100 kg-' of sugarcane. The nutrient requirement is 
a crop characteristic and does not depend on the soil type. 

Crop specks and \arieies also differ significantly intheir ability to use both 
available and applied P. Except for long-duration crops, the percentage contribution 
of P fronm soil was arountld 5!, the average values being 48.24 for cereals, 50( for 
pulses, and 50.0 for oilseeds. For long-duration crops it was 193.54 for sugarcane, 

1,0,i) for banana and 90.0i for cotton. [hc P contribution from fcrtiliier was 
around 25"i for cereals, pulses, anit oilseed crops. lowvccfr, it was mnorc in the case of 
sLgalCaliC (71.8 1),followed hw cotton (44.81 j), chilies (2 i.3)and banata (9.0(71). 
'ix',tioll of added P in soil. , hich may reach levels as hiph as 8 1. is one of the main 

criteria liuiting more efficient use of fertilizer P. 
()keen's noethod has been suitahle for estimating the available P status of the black 

soils of India. ll'is nethod was calilvatcd to provide fertili/er prescriptions for 
targeted yields Of a larce num/bcr of crop ,, including rice, sorghunlm, pearl millet, maize, 
wheat, pigconpea, chickpea. mung bean, black gram, soybean. groundPut, mtstaid, 
linsced, safflo\ler. niger seed, cotton, chilies. banana, and su,,arcane grown in black 
soils at Coinbator (Tamil Nadu). Nandyal, llvderibad, Rudrur. Aniaravati and 
Guntur (Andhr: Prade:sh), Rahuri and Ya\al (Maharashtra), .Jabalpur, Indore, 
Polerkheda, Chirudwara, Sehore and Raipur (N adhya Pradesh). P application rates 
based on soil test i'g for targeted crop yields proved distinctlv superior to general 
recommendations as they resulted ina saving of not less than 20'. 

The residual effect of P,the differential availability of P during cold and warm 
seasons, the ability of different crops to use soil and fertilizer nutrients, and the 
different P fractions are soeni of the important criteria intile selection o!suitable crops 
and P managenent practices in crop rotations. A basis for calculating P fertilizer 
schedules for vhole cropping sequences has been developed, by predicting postharvest 
soil-test values. The latter were predicted from initial soil P levels, crop yields 
obtained, and quantities of fertilizer added. 
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Soil Phosphorus Fractions in Vertisols as Influenced by Fertility 
Gradients and Yield Targets for Mung Bean-Sorghum
 

Sequential Crops
 

I). Kumbhar, K.S. Pharande, and SA. )aft-ardar 

Milhatma1 PhulC .\erIiCuhunta id c~ \ Rahumi, %laharashira
 

Experiments were separatclv conducted at Rahi i on intg bean (cv S8) and 
postrahin-season sorghum (cv (S II 8R) n a \mat isol. lhe experiments used a fertility
grad ien approach, and ferijiier adj tist ment eq nat ions were calculated for subsequent 
'isC in a follow-np t11tl1g hCa n-sorghlnIl sCILCICC trial. 

I he soil belonged to the ()tUr serics Typic ('lironnlstert) and its properties were: 
pl-1 . 8.2: orl,mic carbon, .5214: Olsen's P,12.4 me kg Isoil phphorus (1)fixation 
capacity, 152 kg ht 1:tCxt 'nrc,siltv' clay. 

lertilicr applications for the standard field experiments were (N:A:K): 0:0:0, 
S00:43:3 

yield targets for 1ting bean w cre 600,900 and 1200 kg ha-
50:22:2. t 20t:87:167 and 400:17,:333 kg ha'. In the follow-up trial, the 

,with fallow and contitrol for 
coitiparison. ('1op yields \ crC recorded and P Uipttakes detcriained. Alter harvest of 
ltinug beat], Soil Samples \wcrc collctced an ' inalv/ed for available N,P,and K. Each 
hlrested plot was then disidcd 111to fonr suhjlots and postlainy-seiiSoi sotghttll was 
grot;"ii with conAmol. and 'ield :irget ,(10. 5000, and 6000 kg ha .Sorghum yields 
and P uptake \,crc rec:ded. 

Soil salnpCS collected as part ,!'the staidn d field experiments, before sowitng 
mun bean and so rghum.l, c ted tor diffcrcnt tlactions ol , and coefficients of 
correlation and ,egrcssionl wt the 'ield atnd ) liptikC Of the respective crop were 
determiined. 

P fractionatiomn studies molt ; of ittsho\cd that an 95ta total 1) was preselt 
intorgani lforum,,, of iwhich 5 to 121i was present inacti Jcfr1actions (,Al-P, Fe-P, and 
salloid P1, \Mhilc ('a- was ithIitiqorf(ot' (55' )of inorganic . lxccpt for residual P 
and occluded P. all ftrtions of P were Significantly correlated with tmng bean and 
sorlThin yields. I uptake and (elsen's P. The partial rerssion coefficients showed 
that A I.-P m:dc a significant posi\i0 cContrilttiott towards mnig bean yield, P iptake 
and (lsci's P. Saloid P and ('a-P eoit)trioutcd significantly to Sorghum yield, while 
saloid P contributed significantly to hoth P utptake of sorghu and Olsen's P. The 
A 1-P fractiOn was found to be highly corrlciated \ith Olsen's 1). 
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Problems of Phosphorus Availability in Vertisols 
of the Semi-Arid Region 

M.S. Rama Mohan Rao and N.S. Jayaram 

Central Soil and Watei ,i, efrNali~o Rcseaich and training Institute, Research Centre, Iellary, 
Karnataka 

Vertisol.; are often deicient both in available 1hosphortts (1l) and in nitrogen (N). 
Experiments at the Bellarv Research Centre showed that the combined use of both 
nutrients increa sed crop vields in general and improved theel ficiency with which each 
nutrient was uscd. li the absence ol sufficient P. response to applied N could not be 
obtained. Maie yields in part icrilar (10 years' data) improved from 1.54 t ha Iwith N 
alone to 4.43 t ha I with 1)and N. 

[hc availability of applied 1)varied \%ith the type and tllount of clay rainecal in the 
soil. '[lie soils tcscd ringed from 0.22 to 15.45 tnl P kg .oil, as determined by Olsen's 
extractant. Hie percentagze availability of added P was (00 (c!ay i )I lot black soils, 
whereas it was [100 2(clav%')] for red anod alluvial soii.s. 'he rliabililtv of this 
relationship was CorrobortedtC bv t OIIeitletn from ;1n irrigated black- obtained 
paddy soil neai Nattd\ al. I 1i, iclationship helps, x hcr soil P has to be adjusted to a 
predetermined level. 

()ther a.spects sitch as response to applied 1). trectlhCr \ith its residual effccts, were 
also studied it BCelL! v tendCr rainfed and limited it igation conditions with sorghmn as 
test crop. Unider tiinted cotndiliotns, rcsp)nsc w+'is foulnd to be associated with the 
initial le\Cl of P a\ailable in tile Soil. Under restricted tainfall conditions, when 
aVailable wa ess thatIles 2. I5 tg 1 kg I soil, yields did not continue to rise in response 
to applied P beyond it cx..cl of1 4.3 mg P kg I soil. lo\'ccr, it a wet year, when 
sifficient raintall continued till f'lowering, rcsonses were observed up to t level of 13 
Ig P)kg I soil. [he source of P \was not found to ha. e it significant effect on P 
uliliiation and crop response. 

Ilie appl atiit of P to .sorghtm crop in a peaIrl mnillet-sorghuln rotation under 
limited irrigation showed that residuatl effects of 1)persisted only for about 2 years, 
with sorglhtn benefiting rtore than pearl millet. 

Evaluation of Soil Test Methods for Phosphorts iir the Vertisols 

of Maharaslitra for Wheat 

K.R. Sonar and ('.R. Palwe 

Mahatnia Phule ..\1 ricuhutnal tmusersits, Rahurii, Maharashtra 

A pot experiment was cond ucted on 16 Vertisols ard Vertic Inceptisols with wheat (cv 
liD 2189) as a test crop to identify a suitable extractant for determining available soil 
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phosphorus (1P)and critical soil P levels. [ach pot contained 5kg of soil in which four 
wheat phlnts we re girown. I-crtilizer Fmw)a amplied at fourrates Io 0, 21.7,tquivalen
43.5 and 65.2 kg ha" . Nitroger and potassiun wcr,: applied at rates equivalent to 200 
and 100 kg ha I respcoti\l. to all pots. Soil properties .kere: pHl, 8.2-8.7; origaniccarbon, 0.34-0.7,'7 callci,:m: carhonatte eqiivalcut. 5.0-S.SXi ()lseu's, JP,8.5-1I9.5 tug lP 
kg ' soi and texture. nandy cl, loaim to ca\.
 

Six different extractallls wcle 
 used: Olsen (.5 M Nall('O, p11 S.5, Soltanpour
MI N1,1.1CO, 1-0.005 M I)1PA,. pi 7(1). ran ( 10': NaO.Ac, pli 4.8), lirav (0.03

N NIl .1t 0.025 N HU(.). Irni.n (0.002 N I115., pH 3 )and Nelstn(0.05 N 11( +0.025 
N I-I IS.he Irtog method extracted the highest quantity of fromn the soils, due to 
its, us, of suit uric acid, \, moreitch diso.,lvC 'a-P than Other Cxtractants.h loe\Cst 
quantity t P \as cxtractc( hy Nelson',, cxtracltat., \hich dissol\cs Fc-P. Ilie extract
ing power of dilterclit mnethod "as oollor Ihr Porder: og 
,Morgan P) ta 1P Sttaipoutir P) . Nclson P1. 

1hC porCCIItI,,'eiatil yield (dt hcat (.iheld \ithotit I) vicM ( varied 

in the dein Olsen P) 

with P) 1001 

from 19.40 to 71 "e
. soil, et.tl;riring high P recorded higher percentage gralil and 
str;li yields, indicating- moimcfticicut tilialioll of P iin 10\%-P oil than ill niecdilio
and high-P soils. 'ciccntagec 11uptakc Htptakc \\,tont withadded 11 P ,ptake 
added P) lMtY in \, heat grain varicd roum 13.3 t 073 arid ini' hat straw from 13.0 
to 60.S' ,. ilicteasing %,ith the ivailable P Cmutctt slo,)ils. 

lIhc Ini1hcst cmiclatiun coellicicnts \were ohscrcd hc\,-cntI ()lscn's P and pcrcen,
tagc utaii and peteentage stra, ihelds of wheat I - 0 91 aid 0.N9 respectively), and 
hct\wen( )l'en's P,a m , frntatc P uptake by \%hcat grain straw (rand 0.89 and
 
W).Y I hse results ita. 
 I t lsen'. met hod is the best for predicting the csponse 
ot . tact to applied P)or, \Crtisols and associated soils; the critical lirnit of soil P for 

l cat \\as Itmnd to he I-1 tIg ) kg'1 soil. 

Crop Responses to Phosphorus in Vertisols of Central India under
 
Rainfed (onditions
 

R.A. Sharma 

,l~~a\fM lu N.'hti -\ocul I Irdor.c, Pra,Madhva hcsh 

Vertisols and associated soils, also knm, n as bitck soils and black cotton soils, cover 
a'"t 4017 of the total gtraphical area (44.3 million ha ) of the statc of MadLya
Ptadesh. l)eep i(t) cii), mediumr 3tMto M cmi tshallow K 30 cm) black soils 
occupy 3.5, 37.t and 7.1Q respectivelV o te to, .' geographical area of the state. 
Rainfcd tarinig is practised ot tile iajor pm,-tion t tthese soils. 

Available phosphorus It content in these soils is usually low to irediun: only, in 
very few is it high. Wide variation in crop responses to P application have been 
obsercvd, panietilarlyiunder rainfed co',nditions. The limited crop response to applied 
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iPisattributable to the high P-fixation capacity (about 69.5 kg P ha I), the deficiency 
of other elements, and limiting soil moisture. The development of shrinkagc Lracks, 
that damage plant roots, checking their growth and limiting Oe efficiency with which 
they extract nutrients and moisture, IlaV also affect clop gro 'tli. 

Studies have been carried out at various locations on \'ertiscls and associated soils 
to evaluate the rcspon1e olf arioltS crops to applied P. Available 1)(determined ov the 
()IcnIi method) at thie icat ous used rai.ed from 8 to 14 kg P ha i.[he fesponse of 
rainfcd lh,rid Inai/c aol soi-_,hun was obsers ed to he around 7.I and 17_5 ke grain 
k I of P applied through singIc suprphosphate at the rates of 43.5 kg P ha 1 'r111a1t/C 
a nd 21.7 kg P ha foNsorehnn. Although the grii yield ofsor-hum was incr:ased by 
15.7, 2..4 and 3.3.6 o er the cont rol by the ippplication of,43.5. 65.2. iantd 87 kg 1 ha I 
respecti\lr, he ICspomic %\as on\ ibout l.1 kg grain kg I of applied P. 

In anothier study, higher d.,s of 1).ranging from 47. to 143.5 kg Pi, n rsulted inha 
ISto 25' inerascs in soigliim yicld. but th1e IrCLpon1sc d.cfcasCd from 12.7 to 5.8 kg 
grain kg I of P'"ith Owt increasing :ate of lcnii i/c; application. 

iiet.spoi-c ; \( heat, chike, and satfloscr undet receding soil moisture condi
tions at 7.A k P ha I ctilici application was only 5.8. 7.4 and 3.0 kg giain kg I of 
applied 1P.[lie %Cr loss icspotse of ticse postrainy season crops to anplied P was 
probably dii to inadCtIHate sOil ti~t,. 

(iood respotise', of laii -seison oilseeds and pulses werc obri (d. h s'Is er. Soy
bean ,ccd yicld respouses of 10.0 atd 12.7 kg kg Iof applied IPv,c obtained at added 
P)lcscl, of ,.7 and 17.4 kQ, I ha aapplied as fertilier in Vettisols at i ndore. A higher 
duse of Ph 34.8 k ha Igm v an additional eld increase ofl,.3q compared ssith that at 
174 k4 P ha I but lie rc-poise was onlyi9.7 kg sccd kg I of P applied. 

,\pficttiou oftIaftl\arld mnanure (IM) alone at the ate of 4 t ha enhanced 
soilhin ich 1hr 27'j and recoscr of P frot soil h 1-111over the control. 
(oimhi:w,.'d u,COf ANI at the ratcs of 3.5 toJ t ha I togcether \\ith 47.8 a,d 21.7 kg 1) 
ha Is uIt ill/cr lesultcd in about 1274 and 27' more sorghun grain and 35"i and 74"i 
iore ptakeo P iiij liesoil, comlnpared With the same IC\Cls of P applied as fCrtili/Cr 
but \%ithoiit I-VM. Iteasing lvs (if I' tcrtihi/er application in tlhe rtange 0-34.8 kg F 
haI rincreased the lAud-cjui \alent ratio (lat-uc efficiency) from 1.38 in tie control 
to 1.63a 31. K Piha .Ihcttal prodciiitr ot asov'bcan pigeonpea intcrcropping 
svstcnti rosc hs 36.4, . 

Appl.iig P as crtililcrat th rate oi21.N kg Pha irprov cd t iewater use efficiency 
(if r;,itfed solghti hr 13. 1. M, ich ufthCfenhanced to 451;ts \ith combined use 
of I.YM at the rate oIf4 t ha of P at aite of 17.4 k ha-' increased the'...Nppli:atitu 

water usc cliicincy h\ 5 to 21, in h'n 101,) in chickpea and 2!(7 in safflower 
under railtcfd conditions. 
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Crop Responses to Applied Phosphorus inVertisols 

A.(.S. Rao and I.N. Subbla Rao 

Alldhrat PI ICSII IL rI1 1 I Lj .,ic ll -1,-. I deiA h \ lrl t11t, i. w . abh ,..\id,ndhra I'radesh 

Pot culture studies 'were Calrried out to inVesigtctaicl t reasons for lack of' response to 
applied phospphorus W) in ,i black ,oil,( VcI'rt ioIS) t I r .'ceI prese-ntttive of tie 
scli-arid tropical rCioil, Ihad \d 

Studies \kit ear tI millct and tlriio in Iwc 


of lndia and lo ;ailailC 1)(2., to 7.0 ig P kg Isoil). 
diterctt s;asolis sntegICstCd that these 

Soils did in leWt need a!dditioulnl P. ,resiOn _ioscs1-r lli n ali, sis tile op0t ilmlli were 
olund to he abosx) ori I "oil. ForItiost soils. the respoiscs \,crc linear inl the30 "k 


laneg, of 0 to -1.Ing applid I' ie ',oil.
 
I lie retiluiicmclit ol hih doCs 
 P orlo;) initll.ilds Ssa attributed to the rich 1)

ti.\ation ca-aCit i, of thefs, soil-, inill IKill 43 to 75 of the amount of P aipplied. 
Ile effct of sinmdc sripcphosphalit;tiiIalndiliionllilll phosphate as sources of I was 
not cnititrl; oCIer clOps or ',oil'. I \\o corsCcuti \c applications of largCLjrlatiCS of 
P)did not re rit in ;ll\ buildiup of'soil-as.ilabl, P). 

Critical Level of lhosphorus in ;ertisols in Rehition 
to Crop Responses 

K.k.,\1. Natuiliar arid I.P. Alrol 

tnit l AgricuilIt tCsCIcI,1i [II-ii IC. ,c.\OCIi.I ld Iiiiii (i ncilof A\,riculti:al Rcsearc'h,' 
+Nn-%
Declhi 

\criisols, aid associaled soil groups iii India extend o',cr 70 Million ha. These Soils
 
haW e a high pr ductiv potential %%hichis seldom met at presnt. ()n o thoprolems
 
pl-vtIlline their ortiilld ruse is pho!sphoru s (1P) dcicire,


IIo the lone-tcrill eftect of Continuous use of \arious 
felrtili/ers and or
 
1inr_.,, on1l,ii1 il ii 
 and health, field eXpCrim~reint., sCe CesigICL during


!97f0 71 ilI I i cilch siltlici repre ntin 
 the raior soil groups of India, inciluding
\e'riisol. I he cxn'rinc'in,, " hieh ,ormned part of a pr~o~t on long-term fertilizer use 
organiieil h the lIdii (t'iicil ,I \ricultural Research II('AR, are still inpro
gIeCss. I he expecirnentri detils ,e<f;eiitid in the project's Research Ihulletin No. !. 
Critical soil ic"ls (of I' for i\u liip,,c determine.] tollowin,, the ('ate-Nelson 

,uii ra'tic IC ponselt:,t lictionls, ssere Iiitled h( I c. vield irtth xi:!ilable Soil 1 (Olse,:'s 
extractable P)tvor soyhcan., \Mheat, ;lld iaic Ifoddl crops ini a ('hrollistert at 
.Jabalpiur. and finer lliiiet, lnai/c, and cro,,pea iii a \'erlic I istotrupt at Coitbatore 
during 1)"5 86. The quadratic fuinctiirs wre as follo s : 
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Soybean: y 1058 -1 75.01 P -0.632 p2 ( =k02= **) 

Wheat: N, 142 + 167.45 P 1.7,10 p2 ( ,2 0.69**) 
Maize fodder: v 548 4 64.48 P 0.324 P2 (R 0.71 **) 
Finger millet: y -1281 + 728.57 1 -24.656 P2 ( 2 

2 0.82**) 
Maize: v- 468 543.10 P - 15.905 P2 (R2 0 .88**) 
Cowpe: - 453 174.60 P 7.6,42 P2 (R2 2 0.81"*) 

Where g or in ha = grai lodder Yield kg I 
-I
11 availablc P (O)lscn's) III kg ia

Yield rsponsSe:e,(rite h gli inboth the Vcrtic Ustocrept and the Chromustert, 
but higher in t 1" in 11- laiicrt)Irlct tha In the Cirmnmistert. the highest grain yield 
response k as noted f)! whe.,it, o(lloscd by soybean and maize fodder. The highest 
grain yield response in!he \'rt iI stocrcpt was notcd for finger mlliet, followed 
by to iZcalld Cw\Vt'W;i. 
'Ihiseinc iI.cmia l )r I)ddrC yid pcl k- inc-CasC in avilablr I)',\as about 75 kg 

for so caii, i6' ki' to!\\ii ;itl] (14 klio0 tniaiIC fotder in tie ('Il'()IllllSte['t atb.v 0, 
-
Jabalpur, while it \'Nils ' ioiur liwci iilh't . 13 k!! Im ] .i/cfr cowpea 

illthe Vcriic trstocl pi it (t,ilill;toic. I lili, tilt" lii tc,,l 1)appliliaiiol WaslespollC to 
noted inathe iatic s,)il. 

'heritical soil Ivcs of I' tre I I mk-, or sk)ybeal ildIS mn kl-I for wheat on 
the Chrominstert, and 6.S me keI1 for finger iillet, 6.5 mi,k Ir nmaii, anid 6.0 Ing 
kg-I soil for Cowpea o; lie Vertic lstocrCpt. Critical 1)levels thils vary betweell crops. 
lhiC P release behavior also seems to vary, evn within a taxolllllic Soil class. 

Scope and Limitations of Phosphorus Fertilizer Use in Vertisols 
and Associated Soils in the Seni..Arid Tropics of India 

R.IP. Sigh
 

('e.lltlRc12k>t[lt', lIm .\rICuLtuM11tydClithid. Andhraill'ilulC I'P i~lnd c', Pradesh 

Vertisols and associated soils occur in the arid, scmi-arid, and subhlimid zones of 
India. Our drvland research wrk is spread over 22 experimental stations, including 
Akola, Bellary, Bijaptrit, Indor-, Kovilpatti, Rajlot, Rewa, Sompur, and Udaipur 
(now Arjia), yierc Vcrtisols and associated soils are represented. Nost of these 
stations gro ,'crops during the soudi'vest monsoon (.lun-Sep), except at lellary and 
Kovilpatui, where ci ops art, raised during the northeast monsoon (Oct-tan). 

Ih soils r;ange fro in sithallow to deep and have a high clay content (over 30,).These 
soils arc slightl' alkaline (pli around 8) and low to medium in available phosphorus 
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(P), as determined by Olsen's method (ranging from 0.45 nig kg- Isoil at Ra.jkot to 6.50 
mg kg-I soil at Akola).

Experiments were conducted at different stations to determine the response of crops
to P application. The results are inconsistent. No definite trnd was observid, even 
when the P stat us of soils was low. Main rainy-seasoa (Jun-Sep) crops tended to show 
some response to applied P, but [nore oftrn than lot the results were not st' ti;ticall'significant. Postrainy-seaso n crops seldon responded at all to applied P. Applieation 
of Pduring the rainy season helpel to biild up soil P status, but this was not reflected 
iII itrcased crop yields of postrarny-seas on crops g-,rown on residual soil moisture. 
l)iffercnt sources of P na)il little effec on crop yields.

The reason for this lack oi respotnses was investi2ated at CR IIA headijuarters. It 
was obs,:rved that the 1)fixaition capacit-y ofthle soils ran>,cd fom143 to 75%'. The dose
of' applied 1) was adjusted accordingly. This approach slwed prornise under both 
controlled, Idfield conditions. Addition o'. farl iard Imanure (F. Ni) together with P 
alsok hclpcd 1o obta1i1 higher reso)nIsCs. 

[:r01i the studies ilde so ",r,it appears that wc have yet to understand the P
dmViM:IIes 0t Vertisl Illd assOciaLd sois. I ntil wc do, P)the scop,' for effective 
ferriliClr USe i' drIfand VC tisok wil doubtless be limited.
 

Studies t, P) in 
 cr tisols should be directcd towards answering the following 
•tiuestilus 
* Wht arc the c1 iticaLl liiiit lor ;avaihhlc P in+soils with different moisture regimes?
* What is the i ninir n aIm+otunt ()( P 1(:(tiiid l or diffe!cn levels of biological 

prodmucti, ity?
O 'al we ideiitiMiC a rihuC relcable cxtractaili thanl ( )hlcn's to dcteriuinir available P 

ill soils in drvl:iurd sitiuatioris?
 
O What 1) tntagiienctrt svsterr. a!rc 1t Obtai yields irr
mecdcd Olitiun different 

crops and Croppi ii.', s\'strs? 
* What shold hC tile lol.1-teri strategy for 1Pfertili/er use to ensure sustainable 

productiin id mproductivit\v inl drylrand situtnalmus? 

Session Ill. Non-legume Agronomy 

Response to Phosphate Application in Sorghum-Wheat Cropping
 
Sequences on Vertisols
 

N.K. Unrani and A.C. *Joshi 

Department of Agronom', Mahatma Phitile Agriculturat tniVrity, Rahumri, Maiarashtra 

Phosphorus (P) in Vertisols has until recently been seen as unpredictable in its
behavior. The response of traditional crop varieties to phosphate on these soils has 
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been very erratic and often very low, even when P availability also appeared low. With 
the introduction of hith-yielding hybrids and increased cropping intensity. the picture 
has changed: responses have become somewhat tiore predictable. Ilhe need or high 
yields has increased phosphate requirements. 

Studies on responses to phosphate application wore cotiducld it allatma Phule 
Agricuttiral I niversity betveen 1977 and 198l on a Vertisol \ith medium Pavailabil
it (5.75 me P kw I soil), in \vhich sorghtm-,hcat sequcntc., wcci grown on atfixed site. 
IRCsponse to pho"phat. k%,s noted in sorghum. which ic,.dd about 0.5 t haIt inder 
irrigated coidiiion. I he !olloviilg wheat ciop slowed aiimrked icspo nse (cuimu la
live) to th appliciltiot o1 phosphatc, Mutich \'its thereby indicated as acritical input. 
I lie slbseylilit clop', (both so-phtlilland whoe; ) showed practical"ly no response to 
linogel (\IN). :\ cit it I ,1 h a i, an app!ication of phosphate. \Vith thehe N Ilii ihout 
applicatiotn ot 17.14 1-,L Ispons-c to N \as substantial. Ilo\\ever, hlcrciasing the 1) 
applicatitn to 3.1.S K ' ha did not show any adivatage over 17. kg P ha". 

Phosphorus I'Manageaetent in Cropping Systems on Vertic Soils 

S.K. I)as 

('Clif RCICJ LA I u t~l )I lanII I c IItJ3 I it 11It d .\ ' icul t l II dCrIa Id, A,\ndhr radICSh 

[xperinlient, ,A rc conductCd ol flMers' fiClds, in Koheda illagc (Andhra Pradesh, 
during 1 78 I to stud' Ihc re spoitwe ofsafllowcr to appiicd Lhru iht/ci nitrogen (N) and 
phosphorus ( P) ill sole and sequctial cropping svt:lns. 

Ilic soils were :ill, ine (1)11 iltoul 8.2), low to ilicdtollt in available 1)((Olset's P 
being 3.6 7.9 ing g I soil.Lnd had a P-tixalion capacity of 46 to 53n7 of the aniount 
iplied. lb: soil depth va\ied from -5 to 115 n,.lIe soil contiiinct 30 coarse sanIlid, 

4"i tine sand. tiltI1 i and 4"'i clay. 
,
.'ffl tollo\inginri Iiy-se:s)n fallowing did t1oI reslondI to P appl licatim, even 

whll tie available I' cottLettI was 5in kg soil or lesn arcid the miotire content ofIhe 
soil was relatively high. However, safflower respondedSo 10 aOppled and had a higher 1) 
uptake whcn it followed sorghum. lie lack of response inthe fallow-safflower system 
is attributed to th lev,:l of soil) . which was adequate to stpport atsafflower yield of 

-about 1.I iha I I epleit n of lie ) ieser\c by sorghun (iOhotit 5 nug kg i soil) growni 
during the rittv seaso:t \vas oltstC, hy P application, ,wlhich helped to itctrease the yield 
of safflo' *r inthe sorgu.,n-sifl!lowcr cropping system. 

l)eep placetietIt (H- 15 vin) of Q ant I itPreased safflower seed yield (by 56W) and P 
uptike (by 9I1 o%,I tile yieldsI (750 kg hui1)when fertilizers were placed in the seeding 
Suri-ows. 

It is evident iromu these studies that, at this site, a 1 application to safflower is 
nceded. partictilar y when it follows sorghum. Deep placement of P ( 10-15 cm) gives a 
bette r return than tile conventional shallow placcmne nit. 
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Session IV. Legume Agronomy 

Estimation of Availal)le Phos)horus in'Vertisols in View of Root
 
Effects on Rhizosphcre Soil
 

N. Ae, J. Arihtara, and V. ()lwaki 
,
-rniati aIhtt it) I(' li, h),at I I!iL \riidiiop it_', jiliiitt, A nlh a, I i m h*t,![l iii- P',tIt Pradesh 

Olsen's bicarlbmntltc xiatltion mcithid is the UtlralIV receitmlteldCd lmthod in India 
for evaluating2 phossporus (l')a,ailahilitv to crops in calcareous and alkaline soils. In 
tie Veitisols :t l('R IS.VI ( 'ente. clhickpaC and pigcolpCa usually do not respond to P 
fertili/er application C,,'rl tlttiL , P atilabilitv is low according to Olsen's methodh i 
( 5 ni P) k I il %han)re ei- in anii irieated field experilent, using a maize hybrid 
\,Cil Slpplied ,ith nit o+,!,: and fertiliers, we have observed(N) potassium (K) 
P-dehietes ,.,ni'+Itiu-on a \lt isol hot not oil tVertisol, even thou,-h tile Olsen-

PP 'vas .n,exit table )t K I tol the Alisol 'hide h Wrtisol had only (.2 mg P 

lr tdrtocoi!la lt thhe uptake ]ditute utit Ctcps ;:otnl1 Oll ."+IfisolS and VCrtisols 
at IURIS: I (iiteri : condueted atpot c.c'xciilctl IlOcih soybean, pearl millet. 
sorTh ll.chil,. pua+ d pi,:etin , werer ail gfc,vit in i Afisol samples and 19 
\ertinol sampe>. Ii.W ,utist anolesks taken tcin a Vcrtisol at IWRISAT
 
('enter, at ,tJ()0 ,I,,t It:'e i hlk,Olse rilgCd front (.5
cm. P eo01ntCit to 30.9 Ig kg
 
sod, Fsseut al In !'iK';)1 Pit\P)t' applied anll( \a';Is
P Uptake neasured. A
 
lre,,siJon (! P ,pti l an' , tihte
(flsci',, P values indicated that P availability in the
 
V'rtiso, as .'0 u)dlk'dti( t!iiAlhiol wa.s) iudeiestillated by the ( )l.ei extraction
 
nuethod.
 

\V!ko-isul, base a ,najlur J'eltioll ol thuir ini)reanic I in th( Iiii i,)(Ci-h', and 1)canl he 
tu libilicd b acidic c.\tractio, vucthl di..,uch a. th1 I rig, lBra, No. 2, and ('a+. 
lactate methods, oilinl the esc .CofIel,.at ng,agents ('ir in (lMen', Fthlleite l)ianinc
letra-ao.tjic Acid method). 1li ineaior traction oi inoreanic 1) i!!Allisols is 1<e-i . 

Rhi/osphere soil collected front each of the \'ertistl pots had p1 valles 1.M to 1.5 
units lowcr t an tic btuil soil p1i oi ,".7.The rl'i/ololanc p1it,measured by an agar plate 
method, r from 8 to 5.4.Iatgl..
 lh.e lower p1l of the rli/oplane was iassociatcd with 
higher lcvcs oltavailale Padjacent to the root as conpared with bulk soil in Vertisols. 
'olttion 'Itel,, in Alfisols are less alfected by the soil pH-I level than in Vertisols. 

Uising the agar lIate technique, it was shown that chickpea roots exude organic 
acidO, mainly as malic and cit c acid, to a greater extemt than do the roots of soybean, 
pigeonpea. proiudutlilt. sorglum, or pearl millet. For this reason, there were better 
corrclatiotis betvcen lirog anI I' uptake for chic, pet Wan ,rthe other crops. "tie 
Trtog meLthod extrlactCd live times as much IP lron the crtisol as it did from the 
Alfisol, even though ()lsen's met hod predicted the A!liol t)ha\e more available P 
than the Vertisol. 
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Utilization of Mussoorie Rock Phosphate by Legume S5equences 

N.Y. i)aftardar, l).l). Kurnbhar, and A.N. DeshlIande 

Natiittir Ptn;It *\griciltur:ll Ihrivxrnitv, Ritwh ril;, ih;t>hri 

A pot culture experitient was Conducted to deterinre the phosphorus (P)utihl.ation 
flroll Niussoor'IC Rock I hosphiate (N\I RP) 1 'legtuiire seqceICTS iMolvin, rainyI'iVc 

SCra SOlI ClOps, IlrI!1' be_'11, hl:uck gtI]m. ho!'sC gralI. SO',,beanC , alld groundnut, folo d 
b, two postl aitui-,cason crops., chicC ea 1nd paC.. In addition to a control (PO),singlesuperhophate .,I') x\ as a P sourcea,used for c~inprison with I R P on an eual 
Iotal ' basis (I ) m. k, ' soil). IIhC)sources were applied only to rainyv-sCa,.o legutIes 
at "mwill[, ald cxIdual clfccts on postrailv-Seai.son I netIII.Swere stIlndlcd. A lateiic
soil (fitiso). pi 5.7) illdcalearcots black soii Vertisol, pil 8.5) froma1 metdititm 
Kolhaput disltictl (.Nlfthti.1slt ic d, each pot for 50)\\ e lCn plnts were crovn ill 

days., a lt ich ti barS Cted,
11,11rc di\ matter (l) ) was It lst(-urc, and P uptake

P III 1 soil oftdctel itinco. ( )i.CIe', ,li each pot v.as also determincd{ after each harx'Cst. 
Ihll ritiiclo.t waxuper or to the mtedimin bLck soil in producing dry matte- and 

PlnOlotirlg P,upt;lke. F rIniiiv-Sc"Asoll feICune,, "5' w.is a superiolo sotIrce of P to
f R '. hi~h x\a,siinjlal to thecitollrol iI ICrIls oil)I prodtCiOe ,iand 1'uptalke. For 

lill\ -season to,,es el, thpoI t CletMiN, 0der was, SS' - NI P lao: that is, ticr cek 
!'hpfhalt 
\\as superiorl to e co til. :\monthe raityn,-sca sori fegutles., lrotilodtut 
prodtucCd the t1:ist fNI,. tlio%:ed b sov heart, horse grain, run i tearin, arid black 

aIn. Itlie ilpt ll t \cd tele "".lC It 'ld except t'hatiht , ' c Il'd valles for.soybean, horse 
grat.cl, mteI) L it '\sccliot si itific..tl. dil'ecltit 1moill eIatch othcr. (irountdiut was 
supti)1i, tlue leeguies iinIlromusitie NIRI' in tbe ats theM,,t ritic as xve11 Nmediunl 
black Soi. Iol.t tst t i.lilly-st,SOI piCi. ;ippiiealnt:oil M,!I I ill P uptakeres tultdhighte,

thal the control on latleitiC soil onlY. 0r citickpca. tm vcr, the soil P
11sourcc 

1
inltcraction \as not ,iiiicant Io uptaike.I .isCi's P Vafucs fo both soils after the 
Itarv,-t Of all eurritCs were it lie rlI S' .I RI' IO. 

Response of Chickpea, Pigeonpea anii Sorghum to Method 
of Phosphorus Application in a Vertisol 

.1. Arihara and N. Ae 

In(ernaio)iCrop-rt( Resc,t,,h InstittreItoI tiC Sc Ini-ATid I 1opics, P';ltiIteIlnct,I , AIndhIa Piradeshi 

The effect of eit her band ing phosphorus (P) fert i izcr at 5 cm or mixing it in the top 15 
cm of soil was compared f'or chickpea (c, K 85), pigeonipea (cx, C 11). and sorghum
(c'CS f-5) iia Vert isol vit h low 1)availability (1.5 mg P kg-I determined by Olsen's 
method" at IC(I;S, ! (Center. Ilhe I' was applied as single superpthosplhate at a rate 
equivalctt to 50 )lx! IIa 
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In the first season (postrainy season 1986187), under irrigated conditions, mixing 
was more effective than handing in increasing total dry matter and grain yield of 
chickpea and pigeon pea over a control that did not receive lertilizer. However, the two
application nethods increased sorghiun growth and yield to a similar extent. Wit Lout 
irrigation,. all three crops shovkrd virtually no response to P fertilizer appficaiion,
clearly indicating that P fertilizer is only\ efcCtive when soil nloisture is adequate.

In the Second s,:;isoIl (for pgconpc:i and sorighull, ainy scason 197,when the 
short-duralion I(PI. 87 wais us;ed instead olthe mediul-duratiol ( I 1 for chickpea, 
post ra inv scasoli I9,7 88), the resid taileffects .,I'different application met hods wereto.llpaircd :.t saume1he site without it rigafion. Mixing still resulted in a much higher
g'aim yield than the control. ;id sorghuml and chickl,, yields were simi!ar with 
mixing and banding. These rstilts indicatc that P fixation In this V-A-isol focs nots'-ioush' Ililit
t availabilitv for plan! upttke. 

II order te furtlier investatc tile effect of availability of P fertilizer iII r:lation to 
placement depth and soil loistuire, banding depths (5 cm 15two and cm) wereconpaired with the nixing iteatmlent, for pigconpea grown il tile rairv season (1987)
and chick pea il tihe postrai\' season (19,8', With88). irrigatio, 'pplication by
urixine resulted in hiecst rtaMiyield for both crop However, without irrigation, the
dee.'p handing treltierrli resulled in tire hig 'est grain yield, especially iti the case of 
pigeonpea. oil loisturC it15 C111 depth remin1ed reasonably constant and higher
than at 5 cm tiougIout th,. growing seai.on for hot Ihr crops. This was thought to confer 
a yield advatitage to the deep-banding treatment whetn irrigation is not used. 

Responses of Chickpea to Phosphorus Application on a Vrtisol 
in a Setni-Arid Environnient 

N.P, Saxeni, L. Krislhamurtli, and A.R. Sheldrake 

International (' op Re',clrch 1t itreutc orthe Semi-Atl (Tropics. Pltancceru, Andhra Pradesh 

Chickpea is illinl!portainl pulse (grain legi tile) crop grown mainly on receding soil
 
moisture in Vertisols of the Indi arnsubcontineit, tile Mediterranean region, and
 
Fthiopia. Althoug h tile available 1)levels in these Vertisols are generally considered to 
be low, respoises ()Ichickpea to soil ap~plicatiot t1 of P are usually marginal compared 
!oother crops, sUCth ispostr.iiil-seasotn sorglrum1 .
 

A series of expe,-iments 
were carried out with chickpea at ICRISAT Center on 
Vertisols wit hout addition of fertilizer and with soil-available P levels of 2 to 5 lg kg-1, 
to determine the extent ot ' linitation by using different methods of P application in 
order to elicit a r,,spoilsc to P. 

In pot experiments, large responses to soil application o'f P fertilizers were observed 
in shoot mass atid, to a lesser extent, in grain yield. However, no significant responses
to soil-applied P were obtained intile field in a series of experinents conducted over
several years. This lack of response does not seem to be due to the ionavailability o 
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soil-applied P fertilizer in receding soil moisture conditions because there was no 
response either with or without the application of water. 

Single superphosphate and/or rock phosphate (lust applied to the foliage during tile 
late vegetative and early reproductive s':iges ofcrop growth were also ineffective in 
incieasing the seed yield under field conditions. The main objective was to examine the 
hypothesis that the highly acidic exudatc on the foliaeC would solubil ie large amounts 
of 1Peven from tile relativcly insoluble rock phosphate. Some response to foliar spray 
applications of P was observed in t few genotypes. llocer, thesc responsive geno
types may not be of value because tihey do not outit.y,..1 ti,. nonresponsive types. 

Chickpea has been reported to create a highly acidic riizosphere, and has also been 
shown to dcvelop a good vesicular arbuscular mycorrlizal colon izution in Vertisols at 
ICR ISAT. The lack of iCId responsive ness o 1)in chickpea can be attributed to these 
factors, which result in efficient mobilization offP to the shoot. The P'concentration in 
shoots of 30-day-old plants grown on the Vertisols wiich did not receive 11fertilizers 
was 0.6O.. This is well above tile critical minimum level reported for chickpea 
growth. This P)concentration in shoots of chickpea is also quite high in comparison 
with other leg umes. 'The concentration of P) rapidly declined with 'ldvancing growth 
and was ollly 0.2( at the tiric of imaturity. 

Chickpea is not onl\' efficierit in mobiliirig P to the shoot but is also very efficient in 
producing shoot Mass and seed yield per unit of takeri tip froll tile soil. For each kg 
of P taken fron the Veriisol, it produced around 400 kg of shoot inass and 200 kg of 
seed yield. Both \,alties are tmuch higher than those obtained lor other food legumes 
and cereal crops grown on Vertisols at ICRISAT Center. 
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Summary of Discussions 
and Recommendations 

Group discussions were held following the presentation of each paper. and at the end 
of each session ," the workshop. We present here the maj or poi ts arising from these 
discussion s. 

Most of the previ ,is rescarch involving phosphorus (P) in soils has focused on 
irrigaited production sysienis. As a jesult, little is nown about the behavior of l under 
rainfe'd conditions, especi -lv in \"ertisols. From the research that has been done, 
responses to P have been shown t',he hi ghly variab!e and inconsistent. 

That there is inconelui:;ive cvidence as to whether crops are more or less responsiVe 
to added P on1rainlfed \ertisois than oil other Soils is due largely, to the difficult' 
encoulitered b\ re.Carclheis in -xcluding conlfoinding factors. II Ittture, crop 
responses .IIUSI Ihe consiCCred in relaio1 to soil tests that cleai y establish the level of 
a'aiable soil I: d1 tceenccs between crops ats well as between different Veritisols should 
be takcn into aceottll : the effect of moisture content of the soil will need to be 
considered: and rc ponseI to added 1)will have to be isolated from the response to other 
inputs, includingp otle[. soI nutrients. 

Benchimiark A)proach 

Because soils diff.'r in their level of available P, comparisons between them must be 
mn1ade on the hasis of a response in relation to available P status. Within Vertisols, the 
existint delineation of P-deficient soils is based on an inadequate sanpling strategy
invo lviTnge the use of samples that may not be truly representative, and whose origins 
are .,(oinetines unknown. \Ilore work is cicarly needed to define which ;oil series are 
very deficient, moderately deficient, and sufficient in P. lhe tse ofita benchmark 
approacAh including :IcCurate characterization is a prerequisite to suchI work. 

Critical Linits 

Participants were unable to provide concrete evidence that critical limits differed for 
diferent Vertisol soil series The nethods used for calculating and reporting critical 
!Units varie '. In addition, confusion was caused by attempting to extrapolate critical 
limits from pot experiment:: to field sittiations. However, one paper reported critical 
limits for individual crops at a single Vertisol site. This approach needs to be extended 
to other Vertisol sites, and then to other soil orders. 

Soil Tests 

There was tgeneral agreemnent that Olsen's test was a satisfactory basis for predicting 
responses to added P in Vertisols, although critical limits in Vertisols may differ from 
those or, other soils. However, a few participants suggested that Olsen's was not the 
best method. One group of researchers proposed acidic extraction methods for 
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Vertisols. Nevertheless. elsewhere in the world, Olsen's method (or modifications 
thereof) has generally heen found to be the most effective soil test method for alkaline 
soils. Further work is needed to determine the acura2\ of different soil test methods, 
whose usefulness can then be compared with tht of other, more sophisticated 
met hods. 

I. coneritrat iol of l) in] soil solutiMn because it canIt be related to the Concer,nti-
Hon known to he optimalr pltoats g-exing In solution citure has been suggested 
as ai tIorc reliable indicator o aVaiablC P) status tlan currently used soil tests. 
NI easureCtnts of the actuAl 1)concentraticmi., in soil s,,utions are rare for the tropics, 
anid more arc needed, despi te tile apparent di'fieulIty me:tiring low concentrations. 

Adsorption/ l)esorption 

I'videi~cc \,as produced that some benchmark Vertisol soil series differ very consider
abl\ in their adsorption and dcsorptiontl of 1) The Vertisol at tlie ICRISAT site fixes 
relativel\ little 1), so tha! fixation cannot bc considered as a mechanism explaining 
apparent lack of respon., to added P in this scil. However, work elsewhere in India 
has indicated that some Vertisols do 1ix app-cciable amouinits ofT. The laboratory test 
comtionly used it India for establishing leves of P fixation needs closer definition. 
Moreover, the concepts of fixa tion and adsorption may need to be diflerentiated, and 
more stratcgic tcsearch is required to Improve out utdcrstainditg of the timing and 
CXtCnt of P adso,-ption dew rtuption in relation to crouping needs. Percentage clay 
content has been widely used in India as a.i index of fixat on capacity, but the type of 
clay minerals should also be taken into account. 

Residual Effects 

Residual effects of fer tilizer P attracted relatively little discussion during the work
shop, though it was widely agreed that further research on this topic was needed. Of 
particular importance is the characterization of residual effects for the different 
benchmark Vertisols. This needs to be achieved by the use of systematic, well-planned 
experiments, specifically designed to investigate residual effects both on yields of 
different crops as well as on the forms and behavior of P in the soil. 

Soil Phosphorus Fractionation 

A number of papers touched on the different forms of P found in the soil--Ca-P, Fe-P, 
Al-P, etc, anong which Ca-P is the dominant form. The Ca-P compounds usually 
found in Vertisols are relatively insoluble because of the high p1-I of these soils. Little 
research has been done on the effect that this may have on the availt'hilitv of P to 
plants. 
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Interactions 

Plant response to P is often confotnded by the interaction of other environmental 
factors. In particular, moistuire affects both the demand a crop forof P and its 
availability, and also the ability of roots to cxplore for P. Participants ageed that 
there will be different soil-test crop-responsc relationships for Vertv:ols with an 
assured moistuire regille COinpared Nitt those on hich crops are grown under a 
receding noisturc recgine. I hc relationships for irrigated, rainfcd, and receding soil 
moisture regilies wonld all b' difIlerC i. I here was strongie support for further research 
in this area. 

ProblemrFs ill ite Utritini ol Crop:; growfn on 'a rccedilg moistture regime attractedseveral cotinclts. Because the availability of nutrients ,rill he less as the soil dries out, 
the role of nutrients (inPudino f in ,tb;uitce soil laxors wll become increasingly 
ilportallt. ()lie paper pirsiihtcd tlhis asat workshop, well as ot her work reported 
elsewihere, slioed that decp pliCmlicli of be highly advant;gOUsl ) cal tinder suchI 
contdii olls. 

\Ve do not kno\%, the exten, ito 'Alich limited responses to ) are linked with other soil 
factors. lIteractions w1t1 Itihicr ltricnts. partictilarly nitrogen and zinc, have been 
identified. Several participanits icpo+ted that the addition of fatuvard manure pro-
Ioted tilte response to P. tittlc attention ',as civenl at the meeting to the influence of 

agrollonyC practices. scih is tine of so-x.ing, disease and pest control, and so on,
ailt hotight all these factors wcrC diCCcd to be inportant. Major yield-reducing events 
oi factors Ilt experitiIls te.t ill Cspouses to P sltou!o alwa.s be reported. 

/5grocliiatic factors whieh iml licncc plant growNth, and therefore the dcmand for 1),
in tide light and teinpurat lire,%%ellIas st udied over theits noist Ure. 'Ihese should b, 

ku range of' cllit:li ill i rciu i. and lo: Just at oine or two beicnmark sites.
 

Rhizosphere Research 

Central to tie need for more research oi plants is the exploration of root form and 
function. Ile rhlitosphere is known to have properties different from those of bulk 
soil, in'luding a lower p1i, which would increase solubility of the Ca-P and other P 
compounds. It tile case of chickpea. the roots exude organic icids (nialic or citric) 
which dissolve lP, making it more accessible to the plant. 

Fertilizer Strategies 

A combination of plant and soil studies is needed as the basis for developing a strategy
for the use of P fertilizer in both intercrops and crop sequences. This strategy will 
specify the different P requirements of different crops in relation to the availability of 
residual P in the soil. It will focus largely on rainted systems, taking into account both 
assured (rainy-season) and receding (postrainy-season) soil moisture regimes. 
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Experimental Approach
 

Participants aerced that, in desimiunw and rcpor'i u t[icir experiments, scientists 
workinj oil phoSIpho)rusIP it Indian ,el tIsols Should adopt a (u!'ricC of slandardiia
liol in expcillclltll apprai in ordcr to mIakC it Casier lo conpa.- their rcsults an1d to 
draw oetall ,conclusio~n.s. l'uitiilalr ttlition \lhotld hegpjL' n to planning the condi
tions lulder \ hih cXplillitlsl, are oict ed, and prce citing theiu completely and 

. ,ieiCCIIttIe\ 5',hen resulta Mete . itten up. Ilie tIriald and method', section of the 
\Irite-tip, 'shOuld iuCutI: 

a euCCMlc oil Ai ssuilicatuoi, h sn olt I axonoiml), vetciral Soil propertie, (clay 
prCICClta2c. N peit,iauwCt e pli, dp. cationi exehaliuLc capacity, etc), and mcI,+ 
siumuct'pl ICC tbr1 P1()ls ' P. CluilibriuttI P concelltationls:,, Chlng and 
.liCkson lfractioniatlon. Plixatittol ol ;tdsorption dt, otption Ch; tl, tci/,ation); 

1111 lo n 

scqttenec (toucthel \%ith i;.1 _,date aid all Lerolloillic operations):
 

* 	 detittitit (1\c ut is ;it , ). anid \\ htcrown sole. or as inttercrops., or itn 

* d'.aiis oftaroeliniutc. uihhluitie utnt,l ( i' ttane. actual, and casotlll distribu
ti ll). i a !t11tetitl[ti-", t lttp 

* 	 iimiation (proteccti t. ftll ol 1111), i!h r til',, oilir relevant (l.ctail5 o, tmoisture 
l+effillic. 

so'i;ic aditi lil plp,,its niimht > a d tittI t;11:t t d also he tited: 
o 	 pot cxpct iu'cntr, iii\ he used to Cphlore ec.:tain illechanlisnis insoil-nutilent rela

tionshtip., hit lt tol picdictin. e'ritial liit, which should be determined under 
field conditions: 

* 	 the peuricn!m1 \uC_relati IduiseL in e,talishibt, eritical limits needs to be specified. 
Mid pe'ralv atstadard \aluc Should he idl pied; 

Sthe ivailahilit\ ot P)ili tihe Soil shuuld he cxlresed is in. k.eI soil, not extrapolated 
to k P ha e of soil:it:an ,assuted bulk detsit, 

* 	 added P aipplicd as lertilir/C(orill soil) shold he cxpressed as eltmental P in kg P 
ha K ltint as pettoxide. k, P) ha 1: 

* 	an\ mlCtiod u.;Cd for establishing F fixation capacities ,hou.ld be clearly described
* any iaajol yield red ucini: factors should be reported, together with their effect on 

the interpictatioln of results. 

ItSI)D ( United Stats l)cpatirncnt of Agriculture). Soit (onsrsation Scivice, Soil Survey Staff. 1975. 
Soil tax on n v a hasic S,,'ter of soil classification for making and inic preting soil urvcys. Agriculture 
Handbook No.436. Washington, ).('., lISA: I.S. Gos eminent Printing Office. 754 pp. 
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Program Proposal
 

At a general group discus. on, participants agreed on the nced to fornmulate a collab
orative research approach to) study the phosphorus problems identified in the discus
sions. Ihe tfollowing progran is pioposed, based on suggestions put forward by 
representatives:, of varitis iistittILtiOlns. 

iile 

(haracterization of'the behavior of phosphorus (P) in Vertisols and associated soils in 
India and implications for the response of crops to P applied under dryland farming 
conditiOnis. 

Objectives 

* To cha racteri/c the status and behavior of P in the important Vertisol benchimark 
soil series found iii India 

* 	 1lo studv the P requireinents of la.jor crops on Vertisols, especially in relation to 
their phcinolorhg arnd to other elnvironlental factors 

* 	 1o undelrlstalld the ilcchanii'r operrtig in Vrtisols to .:ontroi Psupply and crop 
demand tor hoth 

- asutred rt L,tire reMics (raintl season), aind 
recedittg oioisrtrr c reinic, (postraits season) 

1 or idnli f\ llic cst pI dictivC soil test arnd associated critical limits as a basis for P 
1ctili,,cr stratecies for \crtisols under dr'laad fai.nig conditions 

0 	 I d,.v,.lop P ,citilimCr siratqCs for the llain crops and cropping systems of 'die 
;rg rICu!Itlllc iirpoi[tani bcrchilark Vertil ols of India. 

Collaborating Institutions 

Institrinwi,, tha hat c aicadv indicated a major interest incollaborativ( research are 
.'RI l):\ ((cltrli Rcs,;rcl Institute for l)ryland Agriculture) and ICRISAT (Re
soirce Iaragcrcrt I rogram). CRIDA's representatives indicated that their plans 

omr networking ,ct i\ities included collaborative research at Mahatma Phulc Agricul
tural riIersii';\ research stations at l'huri and Sholapur, .Jawaharlal Nehru Agri
cultural Oicrsirs at iniversitv of Agricultural Sciences (UAS)r.INAUt) Indorc, 
l)harwad at Bi laptir, tv'o stations Oiabalpur aId Coirlbatore) provided by the Long
'er Fcrtilier lx:iteirirts(IlIFE) project, and one provided by the Soil-Test Crop
Repsporse (STC ,) c ,ordinated rc. carch proJect. ICRISAl plans collaborative stia
tegic research at ICR ISAVI Center. drawing on the specialized knowledge of a number 
of other institutes, includimg the Potash Research Institrte of India (Gurgaon). 
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Completion of planning 

Participants agiecd that initiai , ,nphasis will be given to soil characterization, and 
st ud ies on crop uptake and m1c11Cbisms determining responses. These studies will be 
cond ucted at CRIIA)\ and ICR ISAT, which will develop hypotheses on cropresponses and critical limits fort csthng inl rIdh c.\periint~ at collabo~rating research 
stations ol the national proram in Inl ia. 

P [o'rcs ,,i! b quicker tor aInr-Sc:ason clops than for postr amty-season ones., 
,iilnCC sNCII retch will hC needed hlore an adequate tider,,tanding can ber;llss' 
gAineC Ot thL intetactioril h.tV, ce, ntients, iture, crops and soils, Under receding 
ub ist orC Col it ilons. 

l",itticiprit, ;ILgced that a future meeting would be held to finalize the project 
detuis,, inlclud i ;inI action p1ln. 

30
 



Annex 
C'rop)Names usedI in this Report 

C'ommron naizic ILalin I)illomjIa 

Banana Af .'a s )p 
Mlck gran? 1wa i ungo (L~) flepper
 

(Thickpoi (Lci alictin~IIIn L.
 

Cotton (ios.svpiuni spp 

Cowpd V',.qa ulpuC! c/ali (L.) WVall.
 
Finger milet 1L7IIS ifiC COLIC.10A ) (idrt n.
 
iroII) II (t -.- /117lp picIt.;
ch 
tws ra ra ALCn0C loma unillovrul (ILam.) Verdc. 

I instcd LinII I lI IIUUII1) 1) I.. 

.\I00C 2 ca mv.. A
 
%IIflC;beanI ljLgila IaiI ( 1,) \\ilc'cL 

Nige*r Seat (;uizutia 'l ,n, ( .1.) Cass. 
1% P1'jsun sa !J1l I)I' 

I'iarl illet I'Ofln1iscinni Llllctjf) (I .) R. fir. 
PiCconlpea ('aln, cai/an (I..) MI illsp. 

R~0 1c,,-1swaila,I 
SidI'lo l) 011rCar/1,i11u1s (/lhtI~ rIS I.. 
Scnamc SL.'1annjn inulicIIIn L. 

Soyhean uRIX (L.) NlVCrr. 
SugLarcan[I Saccharuin 4)Uiniarunl L 
Whe~at ijutjnn SPp 
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