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Purpose of the Workshop

In recent years, scientists and extension agencies have become much more aware of the
hig 1 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 on 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. By bringing together scientists who have actually studied some aspect of
phosphorus in Vertisols, this workshop aimed to develop a better understanding of
past work and future rescarch needs.

Note on Use of Elemental Phosphorus

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



Introduction

Inaugural Address

I.P. Abrol

Deputy Director Generat (Soils and Agronomy), Indian Council of Agricultural Research, New Delh!

Fam happy to be with your group for two reasons. One, T will have an opportunity to
acquaint myself with current research efforts on the important subject you are discuss-
ing:and two, Tconsider the holding of this meeting an important step towards the goal
of generating site-specific technologies for improving India’ agricultural productiv-
ity. It is my pleasure to be associated wit'y your efforts,

Both agriculturally and ceologically, Vertisols are important. According to esti-
mates by the National Burcau of Soil Survey and Land Use Planning, India has about
72 million ha of true Vertisols and related black soils constituting nearly 2264 of the
country’s geographical arca. Vertisols are concentrated in the states of Maharashtra,
Madhya Pradesh, Gujarat, Andhra Pradesh, and Karnataka, which accou .* for
roughly 36, 231210 and 97 respectively of India's total rrea under Vertisols. Nearly
847 of Maharashtra, 4967 of Gujarat, and 38¢; of Madhya Pradesh are occupied by
these soils.

Vertisols and related soils are subjeet to a wide range of elimatic conditions, annual
rainfail ranging from 500 mm to 1500 mm. Their depth varies from less than 50 ¢m
(shallow) in about 5 million ha, between S0 and 100 em (medium) in about 44.8 million
ha, to more than 100 em (deepyin 1 7.8 million ha. The soils have a high clay content (30
10704 ) and high water-holding capacity. Runoff can be high -42%¢ and more depend-
ing on rainfall volume and intensity, vegetation cover, and soil slope Vertisols are
highly prone to crosion, soil loss hiving been estimated at 6 to 80t ha'! a-! under
present agricultural practices,

At present, India’s cropped area under Vertisols is about 38 million ha, or nearly
27¢¢ of the country's total cropped arca. The future holds very little scope for
expanding the wtal cropped area, including that of Vertisols, Instead, efforts are
needed to return presently cultivated soils with ceological constraints to permanent
vegetation, using grassland and forestry, This is particularly true for shallow, erosion-
prone Vertisols where productivity is fast deteriorating.

Of the area under Vertisols, 5,86 million ha or about 15¢; are irrigated, comnared to
a figure of 30¢7 for the country’s cropped arca as a whole, Since the mid-1960s
increases in India'’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 and 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 arcas, 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-scason crops. In the low-rainfull areas, when canal water is made available, it
is used mainly for cash crops such as cotton and sugarcane. Overapplication of water,
poor on-farm management, and inadequate drainage have resulted in large areas
going out of production in the command area of several projects. In the Chambal
command area in Rajasthan and Madhya Pradesh, production in 20¢;. to 300 of the
irrigated area has been sharply reduced. Waterlogging and salinity are already serious
problems in the Jai Kwadi command avea in Maharashtra, in the Malprabha area in
Karnataka, and in several other projects. Future efforts inirrigated areas will need to
concentrate on consolidating production gains through improved on-farm water
management and the provision of drainage, rather than on expanding the arca under
irrigation.

Alarge proportion of Vertisols willcontinue to be farmed under rainfed conditions.
Rainfed Vertisols contribute significantly to the production of coarse grains, cotton,
otlseeds, and pulses. Black soil regions of Gujarar produce nearly 25¢; of India’s
groundnut crop. Madhya Pradesh contributes nearly 800 of the total soybean pro-
duction. Together the black soils contribute nearly 7907 of sorghum, 607 of cotton,
45¢% of pigeonpea, and 41¢: ot groundnut production in India. At present the produc-
tivity of these crops is very low. Improving productivity, particularly of oilseeds and
pulses, 15 a0 major challenge of the ceming decade.

In shallow black soils cropping is possible only during the rainy scason, as soil
moisture 1s insufficient in the postrainy season, In deep black soils with low and
anreliable raintall. monsoon fallowing is practised and a postrainy-scason crop is
grown on stored soil moisture, since this is less risky than attempting acrop during the
rainy season.

In deep soils in medium- and high-rainfall areas. both rainy-scason and postrainy-
scason crops can be grown, Deep black soils with reliable rainfall (- 750 mm) cover
larpe portions of Andhra Pradesh. Karnataka, and Maharash'ra. These arcas have the
widest gap between actual and potential crop vields of any rainfed farming region in
the country. They hold substantial promise for increased production, provided
farmers are supplied with appropriate technologies. 1 am aware of the significant
advances made by national and ICRISAT scientists in the past decade in understand-
ing how better to manage these soils. Efforts will need to be further strengthened in
order to develop technologies that are more finely tuned to the needs of each crop in
cach arca. Only then will a ynantum leap in production from these arcas be possible.

[t is well known that in many irrigated areas of India. there has been a direct
relationship between fertilizer consumption and crop production. At present, fertilizer
use 1 extremely limited in the rainfed arcas. However. there is now considerable
evidence that cconomic 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 required inputs
are frequently unavailable or too expensive. While research etforts will therefore need



to focus on the development of low-input technologics, these witl have to be combined
with management practices that ensure maximum efficiency in the use of inputs. This
means understanding soil-water-nutrient-plant relationships better than we do at
present.

We need to develop more reliable criteria for assessing fertilizer phosphorus (P)
defiviency, better methods of placement, and application frequencies that are better
matched to the cropping system, including intereropping practices, soil water storage,
previous history, and so on. The group here is well aware of the complex nature of the
interactions governing the short- and long-term availability of P in Vertisols. The
basic mechanisms controlling the solution phase in relation to soil physico-chemical
properties need to be understood. Rhizosphere biology and how the rhizosphere
affects nutrient dyviamics is another rescarch area that needs more attention. Broad
recommendations onthe use of fertilizer must, in time, give place to recommendations
tattored to individual erops or production systems. I consider the meeting of this group
mosttimely.and an important step in this direction. T am grateful for the opportunity
to be with vou.



Overview of Research on Phosphorus in Vertisols!

ILL. Sahrawat

International Crops Research Institute for the Semi-Arid Tropics, Patancheru, Andhra Pradesh

Introduction

Vertisols are potentially some of the most productive soils under dryland farming in
the semi-arid tropics (SAT). primarily because their high water-nolding capacity
sustains crops better during drought periods than other soils. However, in contrast to
their high potential productivity, their actual productivity is usually low under tradi-
tonal production systems. Achieving substantial increases in productivity reguires the
intreduction ot an improved management system which has four main components:
improved cultivars and cropping systems. nutrient inputs, improved agronomic prac-
tices, and improved water management.

Nutrient inputs play 1 particularly important role in the improved management
system. They are asimportant as improved cultivars, and much more important than
improved agronomic practices and water management (F1-Swaily et al. 1985). Of the
nutricnt ‘eficiencies (nitrogen, phosphorus, and zinc) known to be important in
Indian agriculture. phosphorus (P) is second in importance to nitrogen (N); its
deficieney is widespread.

This paper discusses the present status and scope of research on the behavior of P in
Vertisols in relation to the agroaomic response of crops to P in these soils, and
examines future research needs.

Phosphorus deficicirey in rodia

The extentof P deticiency in India has been assessed in the past by extensive surveys,
cither of the available P status of the soils or of the responses of crops to added P, The
most recent survey of available P status showed that, in the 372 districts covered by the
survey, the soils in 4560 of them were low in available PL50¢0 were medium, and only
5C. were high (Tandon 1987).

Such surveys, though usetul. have limited value because P responses vary not only
with crop but also withsoil type (Goswami and Sahrawat 1982: Venkateswarlu 1987),
One of the hindrances to the full use of survey data, and to the study of associations
between soil type and available P, has been the failure of rescarchers te fully character-
ize the soil at experimental and sampling sites.
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This uncertainty is further complicated in the case of Vertisols. The response of
different crops to P varies even more on Vertisols than it does on other soils. It is
usually greater at higher potential productivity where P becomes limiting (Venkates-
warlu 1987). Additionally, when grown on Vertisols some leguminous crops (e.g.,
chickpea and pigeonpea) appear to be much less responsive to fertilizer P than are such
cereals assorghum and pearl millet (ICRISAT 1981). The responses of crops to added
Pin Vertisols are generally reported to be lower than those obtained in other soil types
under similar agroclimatic conditions (Kanwar 1986; Probert etal. 1987). In his recent
literature survey, Kanwar (1986) sugpested that the response of crops to P fertilizer
diminished with soil types in the following order : Aitisol - Entisol - Vertisol. This
followed carlier suggestions by Arakeri (1979 that responses to Powere much less
likely on Vertisols than on Alfisols and Fntisols,

Responses to Phosphorus in Verdisols

Although cereals such as sorghum and pearl mitlet respond atmost universally to N
tertilizer on Vertisols, responses to added Pare unpredictable. In India, it is generally
thought thatit the 0.5 MONaHCO  extract: ble Pisless than S mgkyp 'soil, aresponse
toapphed Pclibelviindian Society of Sob Science 1979). However, recent research at
FORISAT Centerbas shown that these eritical limits are unlikely to hold true for grain
sorghum vrown on Vertisois, which responded little to applicd Punless the level of 0.5
MONGHCO Cextactable Powas less than 25 myp kg tseld Incontrast, a substantial
tesponse to added Pawas obteined onnearby Alfisols whe . the Olsens Pwas less than
Sug ke Dol (TORISA T Toss),

Phe apparent lack of P oresponses on Vertisols has been attributed to their high
tixation (adsorption) of added P cavsed by therr higu clay content (Venkateswarlu
PONT) Towas implhied that Lels of response iy retlect an iadequate amount of added
Poand that Vertisels mav require higher rares of tertilizer P than other soils, However,
this hypothesis iy not borne out by FCRISA TS (1985) results showing  from a
Vertisol (Typic Chromostert) low in Olsen’s P (2.5 mg Ke ) whighvield of sorghum
Zrain (5t ha ) high P ouptake (15 be 2 ha ), vet burely detectable response to P
apphied at rates of up 1o 30 kg P ha !

Theseresults show clearly thatsoil Pin Vertisols at LORISAT Center is more freely
avatiable to crops than s indicated by the soil test widely used in India (Olsen). They
alsoindicate the need to reexamine the eritical limits of extractable P in Vertisols for
different crops.

However the results were obtained on just one soil type. the benchmark Kasireddi-
pally series 1 Typic Chromustert). One of the purposes of this meeting is to determine
whether similar results hive been 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



desorption arc the key processes governing the availability of P to crops. The relative
sorption capucity of different clay minera's, such as kaolinite, illite, montraorillonite,
and others, have been characterized fuirly satisfactorily (Indian Society of Soil Science
1979). Most of the soil clay in the Indian Vertisols is of the swelling 2: 1 lattice type: the
dominant clay mineralis usnally montmorillonite, which does not adsorb appreciable
amounts of P (El-Swaify ct al. 1985). Tac only other soil constituents that could
adsorb PP are CaC O, and the exides of inon and aluminium. However, little attention
has been piven to these sesquioxides, and Jie cffective sorption by CaCO, is not well
understood. Ithas been tound that P sorption is not always closely related 10 CaCo;,
content (Goswami aud Sahrawat 1982); perhaps the critical factor is the quality of
CaCO5: that s s fineness of subdivision and crystal structure.

Recent work at FORIS AT supgested that, contrary to the existing belief, Vertisols
do not have high P adsorpiton capacity (Warren and Sahrawat, this workshop).
Further, all the adsorbed P is casily exchangeable by 2P and little P is adsorbed in a
non-exchangeable form. The benchmark Vertisol and Alfisol tested at ICRISAT
Centerditfered only alittle in their P adsorption behavior, except that high adsorption
occurred in the B horizon of the Alfisol. whereas adsorption in the Vertisol changed
little with depth. The amount of fertilizer P to be added to obtain 0.2 myg L+
cquilibrium P eoncentration atter incubation tor 6 days at 25°C vanried between 28 and
A8 mg PRg tsoibtoasoildepthof to0 em. The surface (0-15 em) soil reauired only 30
mg P kg P OHCRISAT 1985). Such results clearly indicate that I adsorption is not a
major problem in the Vertisols studied,

However, there isan urgent need to expand studies of this kind to include Vertisols
ol different pedogenic histories, Together with agronomic research on the P responses
of crops. such studies would greatly assist in developing a sound P muanagement
strategy Tor Vertisols,

Chemical characterization of differend forms of P in four benchmark Vertisois, with
arvange of extractable (0.5 M NaHCO,) P levels, showed that these soils have similar
amounts of the different forms of P to other Vertisols ir Tudia (Indian Society of Soil
Science 1979) These results indicated, as expected, that Ca-P was the dominant form,
tollowed by Fe-Powith very low amounts of Al-P. Interestingly, the levels of Fe-P in
the Vertisols were similar to those found in the Alfisols (ICRISAT 1985).

Some Questions for this Workshop

Tocorclude my presentation, Lwould like to pose the following questions to my fellow

participants in order to gauge our understanding of P behavior in the Vertisols of the

ditferent regions of India

I. Do crops (both cereals and legumes) grown on Vertisols in vour region respond to
added P 150, are their responses of similar magnitude to those obtained on other
soils?

2. What are the eritical P levels for different crops grown on Vertisols?

3. Do the P responses of crops on Vertisols differ 2 1f so, can this be attributed to
differences in pedogenic histories?



4. Do Vertisols fix (adsorb) appreciable amounts of P? Is there cnough research
evidencc to support this view or is it merely a hypothesis?

Several more questions could be added to this list, but those 1 have given are enough
to convey the problems currently facing research. I hope these questions will be
answered, at least in part, during this meeting, using our present knowledge of P in
Vertisols. Where they cannot be, we will need to define the unresoived issues more
closely so as to identify future rescarch needs.
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Summarics of Presented Papers

Session I. Soil Chemistry

Isotopically Exchangeable P in an ICRISAT Vertiscl

6P Wegren and K., Sahrawat

University of Reading, Berkshire, UX and Taternational Crops Rescarch Institute for the Semi-Arid
Tropics, Patancheru, Andhra Pradesh

The phosphate adsorption properties of Vertisols have raiely been measured,
although adsorption isotherms provide a means of soil characterization that can be
related to fertilizer requirement and other soil properties. Phosphate adsorpiion
isotherms were theretore determined for a Vertisol (Kasireddipalle series) nd an
Alfisol (Patancheru series) from ICRISAT Centet.,

Elevenrates of added P(including a zero) were chosen so that final P concentrations
imsupernatant solutions range 1 from 0 to approximately 2 mg L1, For cach rate of P,
samples of soil were shaken gently with KH, PO, solution in 0.01 M CaClyfor22 hat
30 °C. Carrier-frec labelled P, us 2P in octhophosphate, was then added in a small
volume. Shaking of the suspension continued for another 22 h, then soil and solution
were separated by centrifugation and filtration. Total P and radioactive P in solution
were measured. Isotopically exchangeable P was calculated using the dilution princi-
ple. Non-exchangeable P ie. P taken up during the first equilibration period but not
exchanging with fabelled P during the second period, was caleulated using the follow-
ing relationship:

P, = AP, + AP, + AP,

Subscript a = added,
I' = liquid (i.e. remaining dissolved),
¢ = exchanecable and
n = non-exchangeable P.

!

Previovs 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-
atle, so none of the 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.



Fitted isotherms for total adsorbed P ina runge of tropical soils were examined, and
the adsorption capacity of the Vertisol wus found to be modest by comparison with the
Oxisols and Inceptisols investigated. However, the sorption capacity (at | mg P L-Yof
the Vertisol was about twice that of the Alfisol, so the Vertisol would require larger
additions of fertilizer P to raise dissolved P to the same concentration.

Exchangeabie P remaining after some desorption wos examined. Afterdecantation
of the supernatant, labetled soil was reoispersed in a CaCl, solution, shaken for
another 22 honrs. and again separated from the supernatant. Desorption was then
repeated. In both sotls. after the secend desorption, exchangeable P 2xceeded toal
adsorbed P, suggesting that labelled P was becoming equilibrated with a fraction of
native soil P,

These results are consistent with the hypothesis that fertilizer £ is not permanently
fixed by this Vertisol. As in the Altisol, it remains available for desorption, but there is
alarger capacity for sovption. It is impossible, on the basis of a single experiment. to
draw any conclusions regarding eritical limits for Olsen’s extractable P, Nevertheless,
these data suggest that, for the sume amount of chemically extroctable P, there weuid
be more plant-available P in the Vertisol than in the Alfisol.

Soil Phosphorus in some Vertisols and Crop Responses
to Phosphorus in these Soils

G.S. Sckhon and S.K. Bansal

Potash Eesearch nstitute of India, Gurgaon, Harvana

Phosphorus (P), next to nitrogen, is regarded as the most limiting nutrient element in
Vertisols. However, analysis of 100 surface samples collzeted from each of six soil
series--three Chromusterts: Sarol (from Madhva Pradesh), Shendvada (from Maha-
rashtra), and Noyval (from Tamil Nadu); and three Vertic Ustochrepts: Kamaliakheri
(from Madhya Pradesh), Pithvajal (from Gujarat), and Pemberty (trom Andhra
Pradesi) - chowed that only Pemberty was low, while Noyval and Kamliakheri were
reehum, and Sarol, Fithvajal and Shendvada were high in Olsen’s extractable P, The
analysis also showed that Olsen’s extractable P varies widely in these soils, both
between and within soil series.

Calctum pbosphate is most abundant in these soils, although Fe-P and reductant-
soluble P arc also present in substantial arnousts,

Thedesorptionof Pin these soils difters, indicating differential rates of F supply to
crops at similar amounts of exiractable P. Hence, P Cesorption rates should be taken
into consideration when the eritical limits of P availability for crop growth are 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. P adsorptionin these soils essentially foliows a linear
Langmuir adsorption pattern. Two of the six soils suowed 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, at identical amounts
of extractable P, different amounts of fertilizer P may have to be added to obtain the
same crop response. More work s needed o characterize the properties which
distinguish different Vertisels in terms ol their ¢ sorption and desorption capacities.

Crop responses to Povary considerably with different soils and crops. Field trials
conducted ire Vertisais on farmers fields showed that rice grown in Maharashtra and
Madbva Pradesh, sorehum in Mudhva Pradesh, Maharashira, Andhra Pradesh and
Karnataka, cotton in Maharashtva, pigconpea in Andhra Pradesh and Gujarat,
groundnutin Gujarat and Maharashtra, sovbean in Madhva Pradesh and linseed in
Maharashiva all showed vers good responses to added P, However, pearl niliet in
Gujarat and Maharashtra, cotton in Gujarat, bleck gram and mung bean in Maha-
rashtracand Karnataka and sesame in Andhra Pradesh did not show much response.
Matching data on Pavailability in these soils would have greatly inereased the value of
this information.

Session I1. Soil Tests and Crop Responses

Calibration of Phosphorus Soii Tests for Targeted Yields of Crops
Grown on indian Vertisols

K.C.K. Reddy and G.R. Maruthi Sankar

All India Coordinated Soif Feat Crop Response Correlation Project, Central Research Institute for
Drviand Agriculture, Hyderabad, Andhia Pradesh

Sotltestingis essential tor increasing tertilizer use ¢ ficiency. The soil-testing service in
india started in 1956 57, Today, there are more than 459 soil-testing laboratories in
the country. with an annual capacity to analyze about 6 million samples. The All India
Coordinawed Soil Test Crop Response Correlation Project provides the necessary
research bucking for this advisory service, The project has developed the concept of
soil-test-bascd fertilizer apolication for targeted viclds (FATY) of crops. The FATY
approach ensures balanced nutrition. It takes into account the relationships not only
between soil nutrients and fertilizers but also among nutrients themselves. This paper
discusses soil test calibrations for phosphorus (1) together with those for nitrogen (N)
and potassium (K).

The relationship between grain vield and nutrient uptake is linear wirhin certain
conditions. Thus. to ohtain a specific vield, a specific quantity of nutrients must be
taken up by the crop. Onee this nutrient requirement for a given vield is known, the
{ertilizer needed can be estinated taking into account the percentage contribution of
soil-a» - “able nutrients as well as that of the fertilizers themselves, The required
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fertilizer dose of a given nutrient can be caleulated from tae following equation:
Fa= 200t Easty
CF CF
where Fd = fertilizer dose, kg ha''; NR = nuirient 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 ha'; and STV = soil test value, kg ha .

Crops differ in their requirement of P to produce a unit quantity of grain. Oilsceds
need more, pulses less, and cereals fess still. The average requirements are 0.98 kg P
100 kg ! seed for oilseed crops (mustard, safflower, linsced, niger, soybean, and
groundnut). 6.70 kg P 100 kg ! seed tor pulses (pigeonpea, chickpea, black gram, and
mung bean) and 0.34 kg P 100 kg T grainfor cereals (rice, wheat, sorghaum, pearl millet,
and maize). Among other crops, the requirements are 1.85 kg 100 kg ! of banana, 1.50
kg 100 kg ol dry chiliesand 0.07 kg 100 kgt of sugarcane. The nutrient requirement is
a crop characteristic and does not depend on the soil tvpe.

Crop species and varieties also difter significantly in their ability to use both
available and applied P, Except for long-duration crops, the pereentage contribution
of P from soil was around 5007, the average values being 48.2¢¢ for cereals, 50.9¢¢ for
pulses, and 50.0¢7 tor oilseeds. For long-duration crops it was 193.5¢7 for sugarcane,
IRT.0C for banana and 90.0¢¢ for cotton, The P contribution from fertilizer was
around 2597 forcereals, pulses, and oilseed craps. However, it was more in the case of
stigarcane (71.800), foltowed by cotton (44.8¢0), clulies (2%.317) and banana (9.0¢).
Fixation of added P insotl, which may reach levels as high as 81¢¢ . is one of the main
criteria limiting more etficient use of fertilizer P,

Olsen’s methed has been suitable for estimating the availuble P status of the black
soifs ot [ndia. This miethod was calibrated to provide fertilizer prescriptions for
targeted vickds of a large number of crop,, including rice, sorghum, pearl millet, maize,
wheat, pigeonpei. chickpea, mung bean, black gram, soybean. groundrut, mustard,
linseed. saftlower. niger seed, cotton, chilies, banana, and sugarcane grown in black
soils at Coimbatore (Tami! Nadu), Nandval, Hvderabad, Rudrur. Amaravati and
Guntur (Andhra Pradesh), Rahurt and Yawal (Maharashtra), Jabalpur, Indore,
Powerkheda, Chindwara, Sehore and Raipur (Madhya Pradesh). P application rates
based on sail testing for targeted cvop vields proved distinetly superior to general
recommendations as they resulted in a saving of not less than 207,

The residual effect of P, the ditferential availability of P during cold and warm
seasons, the ability of different crops to use soil and {ertilizer nutrients, and the
different P fractions are some of the important eriteria in the selection of suitable crops
and P management practices in crop rotations. A basis for calculating P fertilizer
schedules for whole cropping sequences has been developed. by predicting postharvest
soil-test values. The latter were predicted from initial soil P levels, crop yields
obtained, and quantitics 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

D.D. Kumbhar, K.S. Pharande, and S.Y. Daftardar

Mahatma Phuale Agricaltural Universitv, Rahuri, Maharashtra

Experiments were separately conducted at Rahuri on mung bean (cv S8) and
postrainy-scason sorghum (¢v CSH SR) ona Vertisol. The experiments used a fertility
gradient approach, and fertilizer adjustment equations were caleulated for subsequent
nse i a follow-up mung bean-sorghum sequence trial.

The soil belonged to the Otur series (Typic Chromustert) and its properties were:
pH. 8.2  organic carbon, 95277 Olsen’s P, 124 mg kg ' soil; phosphorus (P) fixation
capacity, 152 kg ha ' texture, silty clay,

Fertilizer applications for the standard ficld experiments were (N:P:K): 0:0:0.
SO2AZO 1004383, 200:87:167 and 400:174:333 kg ha'. In the follow-up trial, the
vield targets for mung bean were 600,900 and 1200 kg ha !, with fallow and control for
comparison. Crop vields were recorded and P ouptakes deteriained. After harvest of
mung bean, soil samples were collected an ' nalyzed for available N, P, and K. Each
harvested plotwas then divided nto four subplots and postrainy-seison sorghum was
grown withcontrol and vield targets o1 4000. 5000, and 6000 kg ha ' Sorghum vields
and P aptake were recerded.

Soib samples collected as part of the standard field experiments, before sowing
mung bean and sorghum, were anzivzed forditferent fractions of P and coefTicients of
correlation and regression with the vield and Pouptake of the respective crop were
determined.

P fractionation studies showed that more than 950 of total P was present in
inorganic forme, of which 5 to 120 was present in active P fractions (Al-P, Fe-P, and
sadoid Py, while Ca-P was the major form (35¢7) of inorganic P Except for residual P
and occluded Poall fractions of Powere significantly correlated with rmung bean and
sorglum yields. I uptake and Olsen’s P The partial regression cocetficients showed
that A1-P made asignificant positive contribution towards muag bean vield, Puptake
and Olsen’s PoSaloid Pand Ca-P contrivuted significantly to sorghum yield, while
saloid P contributed signiticanty to both P uptake of sorghum and Olsen’s P. The
AL-P fraction was found to be highly correiated with Olsen's P.



Prohlems of Phosphorus Availability in Vertisols
of the Semi-Arid Region

M.5. Rama Mohan Rao and N.S, Jayaram

Cenmtral Soil and Water Conservation Research and Training Institute, Research Centre, Bellary,
Karnataka

Vertisols are often deicient both in available phosphorus (P) and in nitrogen (N).
Experiments at the Bellary Research Centre showed that the combined use of both
nutrients increased crop vields in general and improved the efficiency with which each
nutrient was used. In the absence ot sufficient P, response to applied N could not be
obtained. Maize vields in particular (10 vears” data) improved from .54 t ha 't with N
alone to 4,43 tha 'with P and N.

The availability of applied P varied with the tvpe and amount of clay mineval in the
soil. The soils tested ranged from 0.2210 15,45 mp P kg 'eoil, as determined by Olsen’s
extriactant. The pereentage availability of added Pwas [100 (clay )] for black soils,
whereas it was [100 2(clay 7)) tor red and alluvial soiis. The reliability of this
relationship was corroborated by measurements obtained from an irrigated black
paddy soil near Nandval. This relationship helps when soil P has to be adjusted to a
predetermined level.

Other aspects such as response to applicd Ptogether with its residual efteets, were
alsostudied at Bellary underrainted and limited irrigation conditions with sorghum as
test crop. Under ranfed conditions, response was found to be associated with the
initial level of P oavailable in the soil. Under restricted vainfall conditions, when
available Pwasess than 215 mg P kg tsoil, vields did not cotitinue to rise in response
to applied P beyvond a level of 4.3 mg P kp ' soil. However, i a wet year, when
sutficient rainfall continued Gl tlowering, responses were observed up to a level of 13
mg P kg ! soil. The source of P was not found to have a significant eftect on P
utilization and crop response.

The appheation of P to a sorghum crop in a pearl millet-sorghum rotation under
Himited irrigation showed that residual effects of P persisted only for about 2 vears,
with sorghum benefiting more than pearl millet.

Evaluation of Soil Test Methods for Phosphorus ir the Vertisols
of Maharashtra for Wheat

K.R. Sonar and C.R. Palwe

Mahatma Phale Agnicedtural University, Rahuri, Moharashtra

A petexperiment was conducted on 16 Vertisols and Vertic Inceptisols with wheat (cv
HD 218Y) as atest crop to identify a suitable extractant for determining available soil
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phosphorus (P) and critical soil P levels. Fach pot contained 5 kg ot soilin which four
wheat plants were grown, Fertilizer Pwas applied at four rates equivalent to 0, 21.7,
43.5und 65.2 kg ha''. Nitrogen and potassium were applied at rates equivalent to 200
and 100 kg ha ' respectively to all pots. Soil properties were: pH, 8.2-8.7; organic
carbon, 0.34-0.78¢  caleium carbonate equivalent, 5.0-8.8¢7: Olsens P, 8.5-19.5 mg P
kg ' souliand texture, sandy clay loam to clay.

Six different extractants were used: Olsen (0.5 M NaHCO,, pH 8.5). Soltanpour
(INCNH HCO, 0,005 M DTPA pH 7.6). Morean (1077 NaOAc, pH 48, Bray(0.03
NNHE#0.025 N HCD. Frueg (0.002 N H,S0,. pH 3vand Nelson(0.05 N HCL+0.025
N H50,0. The Fruog method extracted the highest quantity ol Pfrom the soils, due to
its use ol sulturic acid, which dissolves more Ca-P than other extractants. The lowest
quantity ot Pwas extracted by Nelsonsextractant, which dissolves Fe-P. The extract-
mg power of difterent methods was in the following order: Fruog P Olsen P
Morgan P Bray P - Soltanpour P - Nelson P

Phe pereentage prain vield of wheat {(vield without P vicla with P) = 100] varied
from 19,40 1o 7Ly, The soils containing high P recorded higher pereentage grain and
straw vields, indicating more etticient utilization of 1 in low-P soils than in medium-
and high-P soils. Pereentage P oaptake (P uptiahe without added P P uptake with
added Py~ 100 wheat grain varied from 13310 67.3¢ and in w heat straw from 3.0
to 005" increasing with the available P content of soils,

Fhe Tughest correlation coefficients were observed between Olsen's P and pereen-
tage gram and percentage straw vields of wheat (r = 091 and .89 respectively). and
between Olsen’s Pand - reentage Pouptake by wheat grain and straw (r = .89 and
0910 These results ine - tOben’vmethod is the best for predicting the response
of wheat to applied P on Vertisols and associated soils: the critical limit of soil P for
wheat was found to be 14 mg P kgt soil.

Crop Responses to Phosphorus in Vertisols of Central India under
Rainfed Conditions

R.A. Sharma

Jawaharlal Nehru Agrculturad 1 nserany, Indore, Madhya Pradesh

Vertisols and associated soils, also hnovn as Black soils and bliack cotton soils, cover
about 40t of the total geographical arca (44,2 million ha) of the state of Madhya
Pradesh. Deep ¢ 100 cm). medium (30 to 100 ey, and shallow - 30 cm) black soils
oceupy 3.5, 37.0 and 7.0¢ respectively of the to. ! peographical area of the state.
Rainfed turming is practised on the major portion of these soils.

Available phosphorus (P) content in these soils is usually Tow to medium; only in
very few is it high, Wide variations in crop responses to P oapplication have been
observed, particularly under rainfed conditions. The limited crop response to applied
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Pis attributable to the high P-fixation cipacity (about 69.5 kg P ha 1), the deficiency
of other elements, and hmiting soil moisture, The development of shrinkage cracks,
that damage plant roots, checking their growth and limiting the efficiency with which
they extract nutrients and moisture, may also affect crop gro th.

Studies have been carried ot at various locations on Vertiscls and associated soils
to eviluate the response of various crops to apphed P Available P (determined by the
Olsen method) at the focations used ranged from § to [4 kg P ha ' The response of
rainted hyvbrd maize and corghum was observed to be around 7.1 and 17.5 kp grain
hg Tof Papplied through single superphosphate at the rates ot 3.5 kg P ha tor maize
and 287 kg P ha ! torsorghum, Although the grain vield of sorghum was inerzased by
15.7. 284 and 3260 over the control by the application of 43,5652 and 87 kp P ha !
respectively, the response was onlyv about 9.9 kg grain kg U ot applied P,

Inanother stady, higher doses of Poranging from 47.8 to 1435 kg P ha Yoresulied in
I8 o 239 mercases i sorghuny vield, but the response deereased from 12,7 10 5.8 kg
grain kg tot P with the increasing rate of fertibize: application,

sav response of wheat, chickpea and sattlower under receding soil moisture condi-
tions at 17,4 ke P hatrerthizer appheation was only 8.8, 7.4 and 3.0 kg piain kg! of
applied P The very Tow response of these postraimy- season crops to anpiied P owis
probably due to madequate soil moisture,

Good responses of ramnyv-season otlseeds and pulses were observed, hvwever, Soy-
bean seed vield responses ot toeand 12.7 kg kg tofapplied P vere obtained at added
Plevels ot 8.7and 17.4 kg P ha Yapplied as fertitizer in Vertisols at indore. A higher
dose of P38 ke ha Y eave anadditional vield increase of 8,307 compared with that at
[7.4 ke P ha 'obut the response vas only 9.7 kg seed kg P ol Papplied.

Apphication of farmvard manure (FYAD alone at the rate ol 4 ¢ ha ! enhanced
sorghum yvickt by 2700 and recovery ot P from soit by 100 over the control.
Combined use of FY'M at the rates of 15 tod tha P together with 47 8and 217 kg P
ha Pasfertilizer resulted in about 1207 and 27 more sorghum grain and 35¢ and 74¢;
more uptake of Pirom the sotl, compared with the same levels of Papplied as {erulizer
butwithout FYM. Increasing fevels of Prertitizer application in the range 0-34.8 kg P
ha Yinereased the fand-cquivalent ratio (land-use efficiencey) from 1,38 in the control
to Lo3at 348 ke P ha b Fhe total productivity ot a sovbean  pigeonpea intercropping
svstem rose by 36407,

Applving Pasfertilizer at the rate of 218 ke Pha Dimproved the water use efficiency
of rainfed sorghum by 13,007 which was further enhanced to 45¢7 with combined use
of FYM at the rate of 4 v ha ' Application of Pata rate of 17.4 kg ha-! increased the
water use efticiency by 5 to 2007 insovbean, 1007 1n chickpea and 2164 in saftlower
under rainted conditions.



Crop Responses to Applied Phosphorus in Vertisols

ALCS Rao and 1Y, Subba Rao

Andhra Pradesh Agricultural Universirs | Rajendranagar, Hvderabad, Andhra Pradesh

Potculture studies were carried out to investigate the reasons for lack of response to
applied phosphorus (1) in wix black soils (Vertisols) the were representative of the
semi-arid tropical regions of india and had Tow available P (2.8 (o 7.0 mg P kgtsoil).
Studies with pear millet and sorghunt in twe different seasons suggested that these
soils did in fact need additional P From regression analvsis. the optimum doses were
found to be above 30 my I ke T oil, For most soils, the responses were linear in the
range ot O to 43 mp applicd P kg ! soil,

Fhe requirement ot high doses o1 P for optimum vields was attributed to the high P
fixation capacities ol these soils, ranging from 43 to 757 of the amount of P applied.
Phe effect of single superphosphate and diammonium phosphate as sources of P was
notconsisteni over crops orsoils. Two conseeutive applications of large quantities of
P did not resolt i any buildup ot soil-available P,

Critical Level of Phosphorus in Vertisols in Relaticn
to Crop Responses

K. KM Nambiar and LP. Abrol

Indian Agricultuzal Research Instiute, New Delhn, and indhan Council of Agricultural Rescarch,
New Delhi

Vertisols and associated soil groups in India extend over 70 million ha. These soils
have a high productive potential which is seldom met at present. One of the problems
preventing them optimal use is phosphorus (P) deficieney .,

Toevaluite the Tong=term effect of continuous use of various fertilizers and: or
mrnures on sal productiviey and health, ficld experimients were designed during
P70 T at T research stations representing the major soil groups of India, including
Vertisols, The experiments, which tormed part of a project on long-term fertilizer use
organized by the Indian Connerl of Apricultural Research (ICAR), are still in pro-
gressc Theespermmental details are decumented in the project's Research Bulletin No. 1.
Critical sotbevels of Por given crops were determined following the Cate-Nelson
approach.

Quadratic response functions were fited be o ee:s vicld and available soil P(Olsen's
extractable Py for sovbean, wheat, and maize todder crops in @ Chromustert at
Jabalpur,and finger mujiet, maize. and cowpen in o Vertic Uistoerept at Coimbatore
during 1985 86. The quadratic functions were as tollows:



1

1058+ 7501 P - 0.632 P2 (R2 2 (.80%%)
= (424 16745 P 1740 P! (R2 = 0.69*%%)
Maize fodder: v 548+ 6448 P (.324 P2 (R = (,71*¥)
Finger mitlet; v = -1281 + 728.57 P -24.650 P? (R2 = 0.82%¥)
Maize: Vo408 + 54310 P -15.905 P2 (R = 0.88*%)

viiood53 e 17460 P 7.642 P2 (R = 0.81%%)

Soybean:
Wheat:

R )

Cowpe:

Where 'y = grain or todder vield in kg ha!
P = avatlable P (Olsen’s) in kg ha!

Yield responses were quite high in both the Vertic Ustoerept and the Chromustert,
but higher in the tormet tian in the Latter o the Chromastert, the highest grain yicld
response was noted for wheat, followed by soybean and maize fodder, The highest
grain yield response in the Vertic Ustocrept was noted for finger millet, followed
by maize and cowpes.

The increase in prain or fodder vield per keincrease inavailable P was about 75 kg
for sovbean, 167 kg for wiwat, and 63 kg for maize todder in the Chromustert at
Jabalpur whileitwas 72% ke ror finper ptlet, 543 hp formaze and 175 kg for cowpea
inthe Vertie Ustoerept at Cotabatore. This the ighest response to P application was
noted in the watter soil.

The eritical sotb fevels of Powere Thme kg Hforsovbean and 15 mwe ke Vior wheat on
the Chromustert, and 6.5 mg kg™ for tinger nellet, 6.5 mp kg ' tor maize, and 6.0 mg
kg™ sotlfor cowpea on the Vertie Ustocrept. Critical P levels thas vary between crops.,
The P release behavior also seems to vary, even within a taxonomic soil class.

Scope and Limitations of Phosphorus Fertilizer Use in Vertisols
and Associated Soils in the Semi-Arid Tropics of India

.. Singh

Central Research institute tor Drviand Aeniculture, Hyvderabad, Andhra Pradesh

Vertisols and associated soils oceur in the arid, semi-arid, and subhumid zones of
India. Our dryland research work is spread over 22 experimental stations, including
Akola, Bellary, Byapur, Indore, Kovilpatti, Raykot, Rewa, Sotapur, and Udaipur
(now Arjia), where Vertisols and associated soils are represented. Most of these
stations grow crops during the soushwest monsoon (Jun-Sep), except at Bellary and
Kovilpatii, where ciops are raised during the northeast monsoon (Oct-Jan).

I'he soils ranges from shallow to deep and have a high clay content (over 300;). These
sotls are stightly alkaline (pH around 8) and low to medium in available phosphorus
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(P). as determined by Olsen’s method (ranging from 0.45 mgkg'soil at Rajkot to 6.50
mg kgt soil at Akola).

Experiments were conducted at different stations to determine the response of erops
to P application. The results are inconsistent. No definite trand was ubserved, even
when the P status of soils was low. Main rainy-season {Jun-Sep) crops tended to show
sonie response to applicd P, but more often than aot the results were not statistically
significant. Postrainy-scason crops seldom responded at all to applied P. Application
of Pduring the rainy scason helped to build up soil I status, but this was not reflecte
i incrcased crop yields of postrainy-season crops grown on residual soil moisture,
Different sources of I’ nad little cffect on crop vields.

The reason for this lack of responses was investizated at CRIDA headquarters. It
was observed that the P fixation capacity of the soils rimged from43 to 754 The dose
of applied P was adjusted accordingly. This approach showed promise under both
controlled « ad field conditions. Addition of farmvard manure (FY M) together with P
also helped 1o obtain higher responses.

From the studies made so far, it appears that we have yet to understand the P
dynamics of Vertisols and associated soils. Until we do. the scope tor effective P
fertilizer vse in drvland Versisols wiil doubtless be limited.

Studies of P an Vertisols should be direeted towards answering the following
Juestions
® What are the critical limits for available P in soils with different moisture regimes?
& What is the minimum amount of £ reeuired for different levels of biological

productivity?
¢ Canweidentiry a more rehable extractant than Olsen's for determining available P

in soils in dryland situations?
@ What P management svsteme are needed 1o obtain optimum vields in different

Crops and cropping svstems?
¢ What should be the long-term strategy for P fertilizer use to ensure sustainable

production and productiviiy in dryland situations?

Session I1I. Non-legume Agronomy

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

N.K. Umrani and A.C. Joshi

Department of Agronomy, Mahatma Phule Agricultural University, Rahuri, Maharashtra

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 I availability also appeared low. With
the introduction of high-vielding hivbrids and increiised eroppingintensity . the picture
has changed: responses have become somewhat more predictable. The need for high
vields has increased phosphate requirements.

Studies on responses to phosphate application were conducted at Mahatma Phule
Agricultural University between 1977 and 1981 ona Vertisol with mediom P availabil-
1y (5. 75 mg P Rke tsoil), inwvhich sorghum-wheat sequences weire grown on afixed site.
Response to phosphate was noted i serghum, which vielded about 6.5 ¢ hat under
irrigated condiiions. The tollowing wheat crop showed a marked response (cumula-
tive) to the apphication of phosphate. which was thereby indicated as g eritical input,
The subsequent crops (both sorghum and wheat) showed practically no response to
nitrogen (NY cven at 120 kg Noha £ without an application of phosphate, With the
appheation ot 1740 ke P ha foresponse to Nwas substantial, However, inercasing the P
application to 3N ke P ha tdid not show any advantage over 17.4 kg P ha,

Phosphorus Management in Cropping Systems on Vertic Seils

S K. Das

Central Research Tostitwte tor Doviand Agdealiure, Hyvderabad, Andhra Pradesh

Lxperiments were conducted on farmers” ficlds in Koheda vitlage (Andhra Pradesh)
during i978-81 to study the response of saftlower to applicd fertilizer nitrogen (N and
phosphoras (P) in sole and sequential cropping svatems,

The sotls were alkaline (pH about 8.23, low to medium in available P (Olsen’s P
being 3.6 7.9 mg kg Usoil).and had a PAixaton capacity of 46 to 53¢ of the amount
appited. The sotldepthyvaried from 85 to 103 c, The soil contained 3977 coarse sand,
400 1ine sand, TEOE siltand S0 clav,

safflower tollowing rainv-scason tallowing did not respond to P anplication, even
when the available Peontent was S mg kg ! soil or less and the moisture content ot the
sotbwas relatively hugh. However, safflower responded to applied Pand had a higher P
aptake when it followed sorghum. The lack of response in the tallow-satflower system
15 attributed to the level of soil 2, which was adequate to support a safflower yield of
about LI thua ', Depletion of the P reserve by serghum (about § mg kg! soil) grown
during the ruiny season was offset by P application, which helped to increase the yield
of safflower i the sorghum-satower cropping system,

Deep placement (10-15 ey of N and Pincreased satflower seed yield (by 56¢8) and P
uptaxe (by Y160 over the vieids (750 kg ha By when fertilizers were placed in the seeding
turrows.

It s evident irom these studies that, at this site, a P application to salflower is
needed, particular'y when it follows sorghum. Deep pliacement of P (10-15 em) gives a
better return than the conventional shallow placement,
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Session 1V. Legume Agronemy

Estimation of Available Phosphorus in Vertisols in View of Root
Lffects on Rhizosphere Soil

N. Ae. . Arihara, and Y. Ohwaki

International Crops Research lnstitote for the Semi-And Propics, Patanchern, Andhra Pradesh

Olsen’s bicarbonate extraction method is the generally recommended method in India
torevaluating phosphorus (P availability to crops in calearcous and alkaline soils. In
the Vertisols at IORIS AT Center, chickpea and pigeonpea usually do notrespond to P
fertilizer application even though Pavailability is low according to Olsen’s method
(- Smg PR Usoib Moreover, ia an irrigated field experiment, using a maize hybrid
well supplied with nitrogen (N) and potassium (K) fertilizers, we have observed
P-deficieney syvmmtoms onan Alfisol but not on a Vertisol, even though the Olsen-
eattactabic Pacin 2.0 my ke Usoil for the Alfisol while the Vertisol had only 6.2 mg P
L“E“ "

Inarderta cum;nuc the Pruptake of dilferent crops grown on Altisols and Vertisols
At TCRES AT Center we conducted a pot experiment in which sovbean, pearl millet,
sorghum. chichpeas and pigeonpes were cach grown in 1o Alfisol samples and 19
Vertisol samples. ch Vertisol samples weee taken from a Vertisol at TCRISAT
Centersatadepth ot o IS em The Olsen P eontent ranged from 0.5 1o 30.9 mg, l\g :
sotl. Fssential nuwients other than P owere applied and P uptake was measured.
regression of Pyprake aginnst the Olsen’s Pvalues indicated that P availabi lity in th
Vertisol as compared 1o the Allisol was underestimated by the Olsen extraction
method.

Vertisols have amajor portion of their inorganic P in the torn ol Ca-P,and P can be
sotubilized by acidic extraction methods, such w the Fraog. Brav No. 2 and Ca-
lactate methods. orin the presence of chielating ugents (as in Olsen's Fihylene Diamine
Tetra-acetic Acid method). The major fraction of inorganic P in Altisols is Fe-1,

Rhizosphere soil collected fram cach of the Vertisol pots had ptl values 1.0 10 1.5
units lower then tie buik soil pH of 8.7 The rlizoplane pH. measured by an agar plate
method, ranged from 3.8 to &4, The lower pH of the rhizoplane was associated with
higher levels of available Padjacent to the root as compared with bulk soilin Vertisols.
Solution P levels i Alfisols are less affected by the soil pH level than in Vertisols,

Using the agar plate technique. it was shown that chickpea roots exude organic
acids. mainhy as malic and citric acid. to a greater extent than do the roots of soybean,
pigeonpei, groundnut, sorghum, or pearl millet. For this reason. there were better
correlations between Truog Pand Puptake for chick pei than for the other crops. The
Truog method extracted five times as mueh P from the Vertisol as it did from the
Alfisol, even though Olsen’s method predicted the Alisol to have more available P
than the Vertisol.
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Utilization of Mussoorie Rock Phosphate by Legume Sequences

S5.Y. Daftardar, D.ID. Kumbhar, and A.N. Deshpande

Mahatma Phule Apriculturad Uiivensite, Rahor, Maharashira

A pot culture experiment was conducted to determine the phosphorus (1) utilization
fromy Mussoorie Rock Phosphate (MRDP) by legume sequences involving five rainy-
seasoncrops, mong bear, black gram, horse gram, sovbean, and groundnut, followed
by two postrainy-scason crops, chickpea and pea. In addition to a contro! (Po) single
superphosphiste (SSPYwas used as a P souree for comparison with MR P on an cqual
total P hasis (1 mg ke Psoil). The Psources were applicd only to rainy-season legunices
atsowing, and residual effeets on postrainy-season Lrimes were studied. A Tateritic
soil (Hluisol. pH S.7) and a calearcous medium black soi (Vertisol, pll 8.3) from
Kolhapur district (Maharashiea) were used. Ten plants were grown in cach pot for 50
days.atter which they were harvested, dey matter (DM) was measured. and P uptake
determined. Obsen™ P in the soil of cach pot was also determined after cach harvest,

Pho futeritic sothwas superior to the medium black soil in producing dry matter and
promoting P aptake. For rainy-scason legumen, SSP was superior source of P to
MRP whichwas similar to the control in terms of DM production and P uptake. For
postratny-season lepumes, howesver, the order was SSP - MEDP - Po: that s, therock
rhosphate wis superior to the control. Among the rainy-season legunies, groundoat
produced the most ML tollowed by sovbean, horse gram,. muny vdean, and black
eram. The Pupial e followed the same trend except that the values forsovhean, horse
gram.and mung becaowere notsipnificantly ditterent from cach other. Groundnut was
superior to othee legames inusing P from MR in the lateritic as well as the medium
black soil Forposuainy-season pea. application of MRP resulted in highes P uptake
than the control on Tateritic soil only, For chickpea, however, the soil » P souree
interaction was not significant for P uptake. Oisen’s P values for both soils after the
harvest of all legumes were in the order SSP - MRP - o,

Response of Chickpea, Pigeonpea ana Sorghuin to Method
of Phosphorus Application in a Vertisol

J. Arihara and N. Ae

International Crops Rescacch Institute for the Semi-Arid 1 ropics, Patancheru, Andhra Pradesh

Theeffect of either banding phosphorus (P) tertilizer at 5 em or mixing itinthetop 15
cm of soil was compared {or chickpea (¢v K 850), pigeonpea (ev C 1), and sorghum
(cv CSH S) ina Vertisol with low P availability (1.5 mg P kgl determined by Olsen’s
method} at JCRISAT Center. The P was applied as single superphosphate at a rate
cquivalent te 50 ky P ha ',


http:itific..tl

In the first season (postrainy scason 1986/87), under irrigated conditions, mixing
was more cffective than banding in increasing total dry matter and grain vield of
chickpea and pigeonpea over a control that did not receive fertilizer. However, the itwo
application methods increased serghum growth and vield (o a similar extent. Without
irrigation, all three crops showed virtually no response to P fertilizer applicaiion,
clearly indicating that P fertilizer is only effective when soil moisture i adequate.

fn the second season (for pigeanpen and sorghum, rainy scason 1987, when the
short-duration ICPL 87 was used instead of the medium-duration C | I for chickpea,
postrainy season 1987 88), the residual effects o4 different application methods were
compired at the same site without irrigation. Mixing still resulted in a much higher
grain yield than the control. and sorghum and chickpea vields were similar with
mixing and banding. These rasults indicate that P fixation in this Verfisol dlocs not
seriously imit Pavailability for plant uptake.

ln order te further investigate the effect of availability of P fertilizer in relation to
placement depth and soil moisture, two barding depths (5 em and 15 em) were
compared with the nining treatment. for pigeonpea grown in the rainy scason (1987)
and chickpea in the postrainy season (1987 88). With irrigation, - pplication by
mixing resulbted in highest grain vield for both crops However, without irrigation, the
deep banding treatment resulted in the highest grain vield, especially in the case of
pigeonpea. Soil moisture at 15 cm depth remained reasonably constant and higher
than at Semthroughout the growing season for both crops. This was thought to confer
a vield advantage to the deep-banding treatment when irrigation is not used.

Responses of Chickpea to Phosphorus Application on a Vertisol
in a Semi-Arid Environment

N.P. Saxena, L. Krishnamurthy, and A.R. Sheldrake

International Crope Research Institute tor the Semi-Arid Tropics, Patancheru, Andhra Pradesh

Chickpea is an important pulse {grain legume) crop grown mainly on receding soil
moisture in Vertisols of the Indian subcontinent. the Mediterranean region, and
Ethiopia. Although the available Plevelsin these Vertisols are generally considered to
below. responses of chickpea to soil anplication of P are usually marginal compared
to other crops, such as postrainy-season sorghum,

A series of experiments were carried out with chickpea at ICRISAT Center on
Vertisols without addition of fertilizer and with soil-available P levels of 2 to Smgkg-t,
to determine the extent ot * limitation by using different methods of P application in
order to elicit a response to P,

In potexperiments, large responses to soil application of P fertilizers were observed
inshoot mass and. to a lesser extent, in grain yicld. However, no significant responses
to sotl-applicd P were obtained in the ficld in a series of experiments conducted over
several years. This lack of response does not seem to be due to the nonavailability of
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soil-applied P fertilizer in receding soil moisture conditions because there was no
response cither with or without the application of water.

Single superphosphate and/or rock phosphate dust applied to the foliage during the
late vegetative and carly reproductive stages of crop growth were also ineffective in
increasing the seed yield under field conditions. The main objective was to examine the
hypothesis that the highly acidic exudate on the foliage would solubilize large amounts
of P even from the relatively insoluble rock phosphate. Some response to foliar spray
applications of P was observed in @ few genotypes. However, these responsive geno-
types may not be of value because they do not outyic'd the nonresponsive types.

Chickpea has been reported to ereate a highly acidic rhizosphere, and has also been
shown to develop a good vesicular arbuscular mycorrhizal colonization in Vertisols at
ICRISAT. The lack of yield responsiveness to P in chick pea can be attributed to these
factors, which result inefficient mobilization of P to the shoot. The P concentration in
shoots of 30-day-old plants grown on the Vertisols which did not receive P fertilizers
was “- 0.6%. This is well above the eritical minimum level reported for chickpea
growth. This P concentration in shoots of chickpea is also quite high in comparison
with other legumes. The concentration of P rapidly declined with advaneing growth
and was only 0.207 at the time of maturity,

Chickpeais notonly efficientin mobilizing I to the shoot but is also very efficient in
producing shoot mass and seed yield per unit of P taken up from the soil. For cach kg
of P taken from the Vertisol, it produced around 400 kg of shoot mass and 200 kg of
sced yield. Both values are tauch higher than those obtained tor other food legumes
and cereal crops grown on Vertisols at ICRISAT Center.



Summary of Discussions
and Recommendations

Group discussions were held following the presentation of each paper. and at the end
of cach session of the workshop. We present here the major points arising from these
discussions,

Most of the previous research involving phoasphorus (P) i soils has focused on
irrigated production systems. As aresult, little is known about the behavior of P under
rainfed conditions, especilly in Vertisols. From the rescarch that has been done,
responses to P have been shown to be highly variable and inconsistant.

That there is inconclusive evidence as to whether crops are more or less respoisive
to added P on rainfed Vertisols than on other soils is due largely to the difficulty
encountered by researchers in excluding confounding factors. In future, crop
responses nust oe considered in relation to seil tests that cleariy establish the level of
available soil Prditterences between crops as well as between different Vertisols should
be taken into account; the effect of moisture content of the soil will need to be
consideredtand response to added P will have to be isolated from the response to other
mputs, including other sodl nutrients,

Renchmark Approach

Because sotls diffzr in their level of available P, comparisons between them must be
made on the basis of a response in refation to available P status. Within Vertisols, the
existing delincation of P-deficient soils is based on an inadequate sampling strategy
mvolving the use of samples that may not be truly representative, and whose origins
are sometimes unknown. More work is cicarly needed to define which s0il series are
very deficient, moderately deficient, and sufficient in P. The use of a benchmark
approach including accurate characterization is a prerequisite te such work.

Critical Limits

Participants were unable to provide conerete evidenee that eritical limits differed for
different Vertisol soil series The methods used for calculating and reporting critical
nmits varie ' In addition, confusion was caused by attempting to extrapolate critical
limits from pot experiments to field situations. However, one paper reported critical
fimits for individual crops at a single Vertisol site. This approach needs to be extended
to other Vertisol sites, and tien to other soil orders.

Soil Tests

There was general agreement 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 on 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 been found 1o be the most effective soil test method for alkaline
soils. Further work is needed to determine the accuracy of different soil test methods,
whose usefulness can then be compared with that of other, more sophisticated
methods.

The concentration o1 P in seil solution - because it can be rebted to the concentra-
tion known to be optimal tor plants growing in solution criture - has been suggested
as & more reliable indicator of avatlable P status than currently used soit tests.
Measurements ol the actual P concentraticns in soil setutions are rare for the tropics,
and more are needed. despite the apparent ditficulty of measuring low concentrations,

Adsorption/1Jesorption

Evidence was produced that some benechmark Vertisol soil series differ very consider-
ably in their adsorption and desorption of P The Vertisol at the ICRISAT site fixes
relatively litte Py oso that fixation cannot be considered as a mechanism explaining
apparent lack of response to added P in this seil. However, work elsewhere in India
has indicated that some Vertisols do fix appreciable amounts of P. The laboratory test
commonly used in India for establishing levels of P fixation needs closer definition,
Morcover, the coneepts of fixation and adsorption may need to be differentiated, and
more strategic rescarch is required to improve our understanding of the timing and
extent of P adsorption; desorption in relation to cropping needs. Percentage clay
content has been widely used in India as an index of fixation capacity, but the type of
clay minerals should also be taken into account.

Residual Effects

Residual effects of fertilizer 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 or 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, among which Ca-P is the dominant form. The Ca-P compounds usually
found in Vertisols are refatively insoluble because of the high pH of thesc soils. Little
rescarch has been done on the effect that this may have on the avail~hilitv of P to
plants.
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Interactions

Plant response to P is often confounded by the interaction of other environmental
factors. In particular, moisture affects both the demand of a crop for P and its
availability, and also the ability of roots to explore for P. Participants agreed thit
there will be different soil-test crop-response relationships for Vertisels with an
assured moisture regime compared with those on which crops are grown under a
receding moisture regime. The relationships for irrigated, rainfed. and receding soil
moisture regimes would all be ditferent. There was strong support for further research
in this area.

Problems in the nutrition of crops grovn on a receding moisture regime attracted
severalcomments, Because the availability of nutrients will be less as the soil dries out,
the role of nutrients (including Py in subsurface soil lavers wil become increasingly
important. One paper presented at this workshop, as well as other work reported
elsewhere, showed that deep placement of P ean be highlv advantageous under such
conditions.

Wedonotknow the extend to which limited responses to I are linked with other soil
factors. Interactions with oiher nutricnts, particularly nitrogen and zinc, have heen
identified. Several participants reported that the addition of farmyard manure pro-
moted the response to PP Fitdde attention was given at the meeting to the iafluence of
agrononic practices. such as time of sowing, discase and pest control, and so on,
although all these factors were decnred to be important. M ajor yield-reducing events
ot factors in experiments testing responses to P shoulo always be reported.

A groclimatic factors which intluence plant growth, and therefore the demand for P,
inc ude light and temperature, as well as moisture. These should be studied over the
fu range of climate in o region, and not just at one or two bencnmark sites.

Rhizosphere Research

Central to the need for more research on plants is the exploration of root form and
function. The rhizosphere is known to have properties differsnt from those of bulk
soil. inzluding alower pH, which would increase solubility of the Ca-P and other P
compounds, In the case of chickpea, the roets exude organie acids (malic or citric)
which dissolve P, making it more accessible to the plant.

Fertilizer Strategics

A combination of plant and soil studies is needed as the basis for developing astrategy
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 Pin the soil. Towill 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

Yarticipants agreed that, in designing and reporting their experiments, scientists
working on phosphorus (P) in Indian Vertisols should adopt a degree of standardiza-
tioninexperimental approech i order to make iteasier to compare their results and to
draw overall conclusions, Particular attention should be given to planning the condi-
tions nnder which expermments are conducted, and presenting them completely and
accurately when results are written up. The muaterials and methods section ol the
write-ip should include:

3 accurate soil classification (using Soil Taxonomy!), general soil propertie. (clay
pereentage. N opercentage. pHo depth, cavon exchange capacity, ete), and mea-
sarements specitic tor P iOlsen’s Poeguilibrium P oconcentrations, Chang and
Jackson fractionation. P hixaton or adsorption desorption characierization);

e detinition of crops grown cenliivansy and whether grown sole, or as intercrops. orin
sequence (together with sowing date and all agronomic operations):

6 dJetails of agrochmate, including ramtall faverage. actual, and scasonal distribu-
ton). temperature, and evaporation:

® irrigation (protective. tull o ity and or any other relevant details of moisture
regime.

Some additional points on mcthods and data should also be noted:

& pot experiments may be used to explore certain mechanisms in soil-nutrient rela-
ttonships, but nottor predicting eritical linits, which should be determined under
field conditions:

® the pereentage refanive vield used inestablishing eritical limits needs to be specified,
and preferably a standard value should be ade pted:

@ theavaikability of Pinthe sotl should be expressed as mp kg tsoil, not extrapolated
to kp P ha Pusing an assumed bulk density of soil:

® added Papplicd as tertilizer (or insoil) should be expressed as elemental Pin kg P
ha fonot as pentoxide, kg P.O¢ ha &

o any metihiod used for establishing P fixation capacities should be clearly described;

© any major vield reducing {actors should be reported, together with their effect on
the interpretation of results,

TUSDA (United States Department of Agriculture), Soit Conservation Serviee, Soil Survey Staff. 1975,
Soil taxonomy. a basic system of sail classification for making and interpreting soil surveys. Agriculture
Handbook No.436. Washington, D.C., USA: U.S. Government Printing Office. 754 pp.
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Program Proposal

Ata general group discussion, participants agreed on the need to formulate i collab-
orative research approach to study the phosphorus problems identified in the discus-
sions, The following program is praposed, based on suggestions put forward by
representatives of various institutions.

Title

Characterization 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
conditions.

Objectives

@ Tocharacterize the status and behavior of P in the important Vertisol benchmark
soil series found in India
® [ostudy the P requirements of major crops on Vertisols, especially in relation to
their phenology and 1o other environmental factors
® Tounderstand the mechanisms operating in Vertisols to cantroi P supply and crop
demand for both
- assured moisture regimes (rainy scason), and
= receding moisture regimes (Postrainy season)
o Toidentfy the bestpredictive soil testand associated eritical limits as a basis for P
tertilizer strategies for Vertisols under dryland farming conditions
& Todevelop Paertilizer strategies for the main crops and cropping systems ol ihe
agriculturally important benchmark Vertisols of India.

Collaborating Institutions

Institutions that have already indicated a major interest in collaborative research are
CRIDA (Centrad Research Institute for Drvland Agriculture) and ICRISAT (Re-
souree Management Program). CRIDA'S representatives indicated that their plans
for networking activities included collaborative rescarch at Mahatma Phule Agricul-
tural Universiys research stations at Rahuri and Sholapur, Jawaharlal Nehru Agri-
cultural Universits (INAT) at Indore, Iniversity of Agricultural Sciences (UAS)
Dharwad at Byapur, two stations (Jabalpur and Coimbatore) provided by the Long-
Term Fertilizer Fxperiments (LTFE) project, and one provided by the Soil-Test Crap
Response (STCR) coordinated research project. ICRISAT plans collaborative stra-
tegic research at ICRISAT Center, drawing on the specialized kKnowledge of a number
of other institutes, including the Potash Research Institate of India (Gurgaon).
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Completion of planning

Participants agiced that iitiai » mphasis will be given to soil characterization. and
studies un crop uptake and mechanisms determining responses. These studies will be
conducted at. CRIDA and ICRISAT, which will develop hypotheses on crop
responses and critical imits for testing in field experiments at collaborating research
stations of the national programs in India.

Progress will be quicker for rainy-scason crops than for POSLEdINy-scason ones,
since several veurs” research will be needed before an adequate understanding can be
giined of the interactions between nutrients, moisture, crops and soils, under receding
mansture conditions.

Participants agreed that a future meeting would be held to finalize the project
detatds, including an action plan.
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Annex

Crop Names used in this Report

Common name Latin binomial

Banana Musa spp

Bluck gram Vissna mungo (1) Hepper
Chickpea Cicer arietinum 1.

Chilies Capsicum trutescens 1.

Cotton Gossyprun spp

Cowpea Vigna unguiculara (1) Walp.
Finger millet Fleasine coracana (1)) Gaertn,
Oroundnat Arachis hvpogaea 1.

Horse pram Mecrocylonsa unitlorum (1am.) Verde.
I inseed Limum usuatissimum 1.,

Maise Zea s b

Murnp bean Viena radiara (1) Wilesek
Mustard Brassica spp

Niger seed Guizotia 2byssinica (1 1) Cass,
Peu Prisum sativum 1.

Pearl mitlet Pennisctum glaucum (1) R, Br.
Pigeonpea Caganas cajan (1) Millsp.

Rice Oryea sativa b,

Saftlower Carthamus tinctorius 1.
Sesame Sesamunn indicum 1.,

Sorghum Sorghum bicolor(1..) Moench
Sovbean Glveine max (1) Merr.
Sugarcane Saccharum ofticinarum 1.,
Wheat Triticun: spp
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