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OBITUARY

Dr. K. Virupakshappa, Project Director, Directorate of Qilseeds Research,
Hyderabad passed away on 16 June, 1998 leaving behind his family, a score of admirers
and the oilseeds fraternity in deep sorrow.

He received his masters degree in Agriculture from the college of Agriculture,
Dharwad and obtained his Ph.D from the University of Agricultural Sciences, Bangalore
in 1983, He had a brilliant academic career and received Gold medals and Kamataka
State award. He served the UAS, Bangalore for fourteen vears as a researcher and
teacher before becoming project coorgdinator (Sunflower) in which capacity he worked
for more than 7years and took over as the project Director, DOR on 30 June 1997

He contributed immensely to the growth and development of sunflower in
the country through collection, conservation, evaluation and utilization of germplasm
which resulted in evolving ehite varieties and hybrids. Durning his tepure as project
coordinator (Sunflower), sunflower hybrids like LSH-1, LSH-3, KBSH- 1 were released
which became very popular. Dr. Viropakshappa had to his credit more than 100
research papers published in national and intemational journals of repute. He has
guded many MSc and Ph.D students in Agriculture.

The sudden and untimety demise of this distinguished Agricultural Scientist
15 a loss to the oilseeds family in particular and the Indian Agricultural Research
system in general. He leaves behind his wife and four daughters. The Indian Society
of Oilseeds Research conveys its deep condolences to the bereaved family of Dr. K. %?

Virupakshappa, an embodiment of simplicity, humility and dedication,

GO

A GO
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INTEGRATED NUTRIENT MANAGEMENT FOR
PRODUCTION SUSTAINABILITY OF OILSEEDS

DM HEGDE » /
Project Coordinating Unit (Safflower), 91 Bhavampeﬂ;,swx +41300 :ﬁfk /
L hel
S
ABSTRACT '~ (S
&
Intensive agriculture with very high nutrient ture over in scil plant system o . \‘ ?_,
ymhalanced fertilizer use results in deterioration of native soil fertility and pos - ) *
leng term sustainability of crop production. In India, although fertilizer consump 4. ! x i
million tonnes (N + P,6,+K.0) during 195495, it is still much below the estimatd@puirient removal ) !
of 22-24 million tounes leaving a gap of about 10 million tonnes. This gap is likelfFto Widen further S ]
to 18 million tonnes, by the tum of the century. Long term studies in many croppingsystems have [
clearly indicated that neither chemical fertilizers nor organic sources of nutrients cowld Atstain hl@ > 82) A

productivity of intensive cropping systems. Nevertheless, integrated use of fertilizere -ﬂpd orgalw\ Q B
sources has helped in maintaining vield stability through correction of marginal dettoi W
secondary and micro nutrients, enhuncing the efficiency of applied nutrients and providing favo

soil physical environment. This paper critically reviews the existing information on different com-
ponents of integrated nutrient supply and management in oilseeds and oilseeds based cropping systems
in India and indicates the possibilities of mobilising nontraditional nutrient sources towards increasing

oilseeds production.

Key words: Nutrient management, sustainability, oilseeds,

India has 20.8% of the world’s area under oilseeds
tut accounts for less than 10% of world’s
production to meet the needs of about 16% of the
world’s population. Qilseeds in India, form the
second largest agricultural commodity after
cereals sharing 13% of the country’s gross cropped
area and accounting for nearly 5% of gross
national product and 10% of the value of all
agricultural commodities.

The oilseeds scenario of India has
undergone a dramatic change in recent years due
to various incentives and institutional support
given by the Government for the development of
this sector, following the constitution of the
Technology Mission on Oilseeds (TMO). Between
1985-86 and 1996-97, the area under oilseeds
increased from 19.02 to 25.50 million hectares,
production increased from 10.83 to 22 50 million
tonnes, productivity increased from 570 to 882 kg/
ha and the level of self sufficiency increased from

69 to 87%. Despite such impressive achievements
in the oilseeds sector, the import of edible oils
during 1996-97 was nearly 15 Lakh tonnes costing
more than Rs. 3000 crores as against 10,79 Lakh
tonnes of oil imported during 1985-86 costing Rs.
789 crores. There seems to be a tremondous pent
up demand for edible oils which is turning into
effective demand with increasing purchasing
power. The Total edible oil consumption is
projected to increase at 5.5 to 6% per annum, of
which about 2% will be on account of rise in
population and the rest due to increase in
purchasing power. There is an urgent need to step
up oilseeds production on a sustainable basis to
meet the needs of increasing population and
expanding demands, However, with chances on
area expansion being limited, oilseeds production
increases have to come primarily from land saving,
technologies, highlighting a combination of high
yielding plant types, standard agronomic practices
and balanced plant nutrition attained through

Received for publication in May, 1997
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integrated nutrient supply systems.

Otlseeds crops are energy rich crops, and
obviously the requirement of major nutrients
inchuding secondary and micronutrients is very
high (Table-1). Considerable variations in nutsient
removal occur from situation to situation
depending on crop productivity, soil fertility,
amount of crop residues left over in the field and
their composition. The estimated nutrient (N + PO,
+ K_O) removal by nine annal cilseed crops during,
1994-95 comes to 2.562 muliton tonnes (Table 2).
Some of the cropping, systenis involving oilseeds
may remove as much as 400 to 300 kg nutrients (N
+ PO, K,O)ha/year under high productivity
conditions {Table 3). Unless the soils are
replenished with all the nuirients taken up by the
crops, there will be persistant nutrient exhaustion
posing a great threat to sustainable oilseeds
production. Since chemical fertilizer alone will not
be able to meet the total nutrient needs, integrated
use of all potential sources of plant nutrients seems
to be the only option to maintain soil fertility and
crop productivity.

Integrated Nutrient Supply and Management
(INSAM) in Oilseeds

INSAM is an age old practice but its
importance was not very much realised in pre-
green revolution era due to low nutrient demands
of traditionat agriculture. This approach aims at
efficient and judicious use of all the major sources
of plant nutrients in an integrated manmner, so 2s
to get maximum economic yield without any
deleterious effect on physico-chemical and
biological properties of the soil. Thus, the basic
concept underiying the principles of INSAM 15
the maintenance and possible improvement in soil
fertility for sustained crop production on a long-
term basis.

INSAM has assumed great importance in
recent years because with high nutrient turnover
in soil-plant system under intensive farming,
neither the chemical fertitizers nor organic/
biological sources alone can achteve production
sustainability. Long-term studies carried out mostly
in cereal based cropping systems have indicated

Table 1 : Average nutrient removal by eilseed crops/t yield under field conditions

Crop Ky uptaked produce g uptokeh produce

N PO, K0 s Ca Mg 7n Fe Mn Cu
Groundnut 58.1 19.6 301 7.9 205 133 109 2284 93 Y
Mustard 328 164 418 173 420 8.7 166 1123 gs 17
Raya 645 1206 534 160 565 9.5 58 635 165 11
Taramira 70,0 260 613 207  15.3 53 16 708 153 29
Soybean 797 309 517 6.7 14.0 76 77 346 23 30
Safflower 388 84 220 126 ; - - . . )
Sesame $1.7 229 640 117 375 158 ., 168 793 115 117
Sunflower 63.3 19.1 126 117 683 267 47 1075 - .
Linseed 60.0 18.6 54,0 5.6 31.2 13.1 46 664 177 3¢
Castor 40.0 9.0 16.0 - - - - - - -

Source : Tandan and Sekbon, 1988; Pastiche snd Tandon, 1993 o v
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Table 2 : Estimated nutrient remaval by silseed crops during 1994-95,

Nutrient uptake (0001)

Crop Production

{m.t.) N ons KEO . g
Groundnut ' B.26 480 . 162 149 65
Rapesced-mustard 5.88 - 193 . 96 : 246 103
Scsame 0.62 32 . 14 40 7
Soybean A&7 260 A 113 212 25
Linseed .32 “19 6 a7 N
Safflower 0.42 . 16 4 o . 9 5
Sunflower 1.20 T8 T2z T 4y 13
Castor 0.85 41 ) 18 . o . 57 11
Niger 0.20 14 ’ 3 13 )
Total 21.42 1131 ) 439 . 997 233
Source : Hegde, 1997, . r-.‘-

Table 3 : Nutrient uptaké laume ¢cropping systems involving oilseeds

Nutrient uptake (kgha)

Cropping System D —
(t/ha) - N P,0, K0 Total
Sorghum-Groundnut _ B 216 . . . 174 o 184 474
(3.6) (2.2) S : ,

Maize-Mustard N ) '/A_' 127 20 177 374
(3.0) (2.0) R o

Cotton-Sunflower ) P 203 \ ,‘ . .90 B 376 669
(2.0) (1.8} , s .

Soybean-Patato-Wheat . 305 o 177 : 345 827

(1.5)  (26.0)  (4.0) .
Sorghwn-Suatlower-Groundaut. 301 : 121 L 385 807
4.0 (1.5 (2.0) _ R ; .

Source : Hegde er al., 1992.



that even with so called balanced use of NPK
fertilizers, high yields could not be maintained over
years because of emergence of secondary and
micro-nutrient deficiencies and deterioration in soit
physical environmient (Nambiar and Abrot, 1984,
Hegde, 1992). Nevertheless, intagrated use of
fetilizers and organic manures/biological sources
helped in maintaining yield stability in most
agroecoregions through correction of marginal
deficiencies of secondary and mitro nutrients,
erthancing efficiency of applied nutrients and
providing favourable soil phiysical conditions. The
interactive advantages of combining organic and
inorganic sources of nutrients in INSAM have
proved superior to the use of its each component
separately (Roy, 1992).

The major components of INSAM are
fertilizers, organic manures (FYM/compost),
legumes, crop residues/recyclable wastes and
biofertilizers. These sources posses great diversity
in terms of chemical and physical properties,
nutrient release efficiencies, positional availability,
crop specificity and farmer acceptability. Therefore,
the combination of different components foensure
optimum supply of nutrient supply to a given
cropping system involving oilseeds depends on
several ecalogical and socic-economic factors.

Chemical fertilizers in INSAM

Fertilizer is the jmportant component of
INSAM in oilseeds. Inadequate and/or
imbalanced use of fertilizers has been identified
as one of the critical constraints holding oilseeds
production. Yield increases ranging from 26 to
300% wath fertilizer application alone have been
recorded in rainfed areas (Subba Rao, 1994) which
constitute about 75% of the total area under
oilseeds. With fertilizers, on an average
contributing upto 50% rise in productivity, their
importance in any strategy to meet the challenges
on rising demand for oilseeds can hardly be
emphasised. Cur dependence on fertitizers as a
source of nutrients even in oilseeds is increasing
because of the need to supply large amounts of
nutrients (Table 4). While the use of fertilizers is

Journal of Oilseeds Research

the quickest and surest way of boosting oilseeds
production, the following issues related to present
fertilizer scenario in the country needs special
attention.

Inadequate domestic availability

The fertilizer consumption during 1994-95
was 13.5 million tonnes (N + PO, + K O) with N:
P,0,:K,Oratio of 8.9:2.8:1.0 as against the ideal -
ratio of 4:2:1, The tota) plant nutrient uptake by all
agriculttural crops is estimated tobe 22 to 24 million
tonnes leaving a gap of nearly 10 million tonnes.
This gap is likely to tncrease to 16 million tonnes
by 2000 AD (Hegde and Drwavedi, 1993} Although
a part of this nutrient gap is bridged from non-
chemical sources like organic and biofertilizers, the
foreign exchange constraint will not permit 1mport
of fertilizers in large quantities. *

Low fertilizer use efficiency

Hardly 30-40% of nutrients applied
through fertilizers are utilized by the crops and
the remaining are lost through various pathways
such as leaching, volatalization, surface runoff, goil
erosion and fixation. Less than 15% of nutrients
absorbed by oilseed crops is contributed by
fertilizers while the rest is contributed from soil
reserves, organic manures, biological sources and
residues and wastes {Table 5). The declining
efficiency of fertilizers is of great concern. Ina '
country like India, where nearly 75% of the

farmers operate small and marginal holdings and - :

are resource poor, fertilizer nutrient wastage arising
from inefficient use will prove prohibitively
expensive, and thus can be ill afforded, Further,
any inefficient use of fertilizer nutrients can
produce adverse effects on the environment
casting additional doubt on the long-term
sustainability of cilseeds production. In-effictent
use of fertilizer nutrients is likely to be triggered
also by policies favouring lower prices of certain
nutrients and feaving others unattended. There
are several well-proven scientific practices through
which the efficiency of applied fertilizers can be
increased which need to be popularised among
oilseads farmers.
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Use of high analysis fertilizers

Traditional low analysis fertilizers like
ammonium sulphate, single super phosphate,
calcium ammenium nitrate, potassium sulphate
which used to supply NPK in past, also added
inadvertantly considerable amounts of secondary
and micronutrients. At present, emphasis is laid
on use of chemically pure, high analysis fertilizers
such as area, diammonium phosphate and muriate
of potash, which are practically devoid of nutrients
other than NPK. Continuous use of these fartilizers
coupled with heavy offtake of secondary and
micronutrients by exhaustive production systems
has led to emergence of multi-nutrient deficiencies.
Now, deficiency of secondary nutrient like S and
micronutrient like Zn are reported from [arge areas
besides deficiencies of NPK (Table 6).

Response of oilseeds to fertilizers

For leguminous oilseeds like groundnut
and soybean, the main nutrients from fertilizer
management point of view are P, 5, Ca and Zn,
as these crops can meet a large part of their
nitrogen needs through biological N fixation. For
rapeseed-mustard, application of N, P, § and in
increasing, cases Zn and to some extent B play a
key role in stepping up the yields. For safflower
and sunflower, the major requirements are N, P and
S in certain cases. In course textured soils at high
yield levels and where leaching is of major concern,
K application becomes critical. Iron assumes
importance in alkaline-calcareous soils and Mo in
very acid soils, particularly for groundnut and
soybean.

All oilseed crops have shown response to
fertilizer nntrients. Significant increases in yield
due to application of one or more nutrients in
different agro-ecoregions have been reported by
several workers (Tomar ef ol 1980; Daulay and
Singh, 1982; Ankineedu ef al., 1983; Takkar and
and Nayyar, 1984; Pasricha and Aulakh, 1986,
Pasricha et al., 1987; Agasimani and Hosmani, 1989,
Saini, et @l., 1989, Tandon 1990; Pasricha and
Tandon, 1993; Gangasaran and Rana, 1994). These

reports clearly indicate that in several parts of the
country, there are nutrient deficiencies and/or
responses (hidden hungers) of N, P, K, S and the
micronutrients like Zn, Mn, Fe and B (in a limited
way in a few pockets) in one or the other oilseed
crops. Thus, sustainability considerations demand
that these nutritional disorders should be taken
care of in the management of oilseeds crops.

Fertilizer management on a system basis

Cropping system rather than an individual
crop and the farming system rather than an
individual field, are the focus of attention in
INSAM. The low level of utilization of nutriants
supplied through fertilizers and manures calls for
choosing appropriate combination of sequence of
crops to effectively utilise the nutrients for long-
term sustainability. Specific attention needs to be
given to harness the residual effect of fertilizers
containing P (Table 7) and K so that application
of these nutrients can be phased to get maximum
benefit. In wheat-gronndnut, maize-groundnut
and raya-groundnut cropping systems, groundnut
crop was observed to thrive on residual effect when
wheat, maize and raya received recommended
fertilizers (Subba Rao, 1994). It is also possible
to get a changing pattern of response to applied
fertilizer nutrients even with balanced fertilization
due to buildup/depletion of several nutrients which
have a direct bearing on crop response and
productivity of oilseeds. Therefore, there is a
strong need to continuously monitor the soil for
possible changes in nutrient status so that those
nutrients which are in short supply can be
supplemented to increase overall nutrient use
efficiency.

Organic manures

Organic manures have been time tested
materials for improving the fertility and
productivity of soils. It is only during the last 15-
20 years that these have been incorporated into
INSAM for intensive cropping sequences in
contrast to the subsistence level production of
the past. Use of organic manures has been
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Table 4 :  Fertilizer nutrient requirements of oilseed crops during 1994-95 based an average fertilizer

recommendations

Crop Area Nutriemt uptake (0001)

(m.ha) N PO, K,0
Gronndnut 7.92 158 396 238
Rapeseed-musiard 6.23 : 312 187 187
Sesame 2.03 61 ! 41 20
Soybean 3.99 . 120 ‘ 239 120
Linseed 0.96 29 19 10
Safflower 0.77 - . 31 23 15

-

Sunflower - 1.97 79 118 59
Castor ¢.79 47 32 e 24
Niger 0.59 12 & ‘ ;
Total 2526 849 1061 . 673

Source - Hegde, 1997

Table 5 : Nuirient remwval by oilseed crops and net contribution of fertilizers to it in India (1994-95)

Nutrient Uptake Fertilizer Fertilizer use Contritiution to uptake
{C004) use (000%) efficiency (%)
: Fertilizers (%) Others (%)

N 1131 424 50 18.7 813
P,0, 439 318 30 [ 21.7 78.3
K,0 992 134 - 2. so 6.8 93.2

R 233 13 . 25 ;. 1.4 98.6
Total 2795 889 “ 135 6.5
Source : Hegde, 1997 - - } ' ‘-i,f‘ .

Table 6 : Nutrient status of Indian soils : B

Nutrient Status

N Low 228 districts, medium 118 districts, high 18 districts
I . Low 170 distocts, medium 184 districts, high 17 districis
K Low 47 districts, medium 192 distnicts, high 122 districts
8 . . Deficient in 50% of soils (125 districts)

Zn o Deficient in 50% of soils .

Mg All acidic soils

Fe Upland calcarecus soils R

B Parts of Bihar, Kamataka and West Bengal

Source : Tandom, 1992
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continuously declining in Indian agriculture due
to a variety of reasons. We have ignored the
exploitation of the potential of organic manures
and their synergistic etfect with chemical fertilizers
for increasing productivity, sustainability of
agriculture and tmproving soil health and
environmental security. The potential nutrient
availability from major organic sources is estimated
at 10.5 to 16.2 million tonnes, out of which only 3.9
to 5.7 million tonnes is available for agricultural
use (Table 8). Vast potential lies in the country for
production and use of FYM and composts. The
potentials of rural and urban compost in India is
estimated to be 600 and 16 million tonnes,
respectively, out of which only 279.7 and 6.6 million
tonnes was actually produced during 1991-92.
Thus, the average consumption has been about 2
tonnes/ha/year. Even this much 15 not available

for oilseeds as organic manures are mostly diverted

to high value crops like fruits, vegetables, potato,
sugarcane and plantation crops.

Despite limited data, the role of organic
manures in oilseeds production is being
increasingly recognised. [n groundnut, application
of FYM @ 7.5 t/ha increased the pod yield by
60% over control and 27% over 25:50:25 NPK
kg/ha (Agasimani and Hosmani, 1989).
Phosphorus enriched manure had significant
inflyence on the yield of groundnut (Das ef al.
1992). Poultry manure appeared to increase the pod
yields of groundnut much more than did FYM and
pig manure when applied along with SSP or SSP+
RP(Das etal 1992} Sagareet al (1992) reported
that highest pod yield of 1,65 t/ha and oil yield of
0.81 t/ha was obtained from application of 25 kg N
+ 50 KgP,O,/haas enriched FYM, With enriched
FYM, NPK uptake also increased. Sukhija er af.
{1985) found beneficial effect of application of 50
kg N+ FYM on sead yield and quality of mustard.
In sunflower, application of FYM @ 10 t/ha
increased the seed yield by 28.7 and 28.4% at
Bangalore and Coimbatore, respectively. At
Tikamgarh, Tiwari ef al. (1995) gbtained 28.7%
higher yield of sesame due to application of 2.5 ¢

FYM/ha along with recommended NPK, Castor
yields were comparable with the treatments of 25%
N through mustard cake + 75% N through urea
and 75% N through mustard cake + 25% N through
urea under irrigated conditions at Sardar
Krushinagar (DOR, 1992).

The results of All India Coordinated
Research Project on Long Term Fertilizer
Experiments at Jabalpur and Ranchi clearly
indicated the benefits of the application of FYM
{(supplying 38 N, 8 P.O,, 30 K,O, kg/ha) to
soybean superimposed over either 100 or 150%
recommended NPK over a 13 to 16/17 year period
(Anonymous, 1992).. The soybean yields with
100% recommended NPK + FYM were greater
than those obtained with even 150% NPK in all
the years of study.

Organic manures besides supplying
nutrients to the current crop, very often leave
substantial residual effect on the succeeding crops
in the system and this residual effect lasts often
for several seasons.

Organic manures are not just sources of
nutrients, they have profound, even sometimes
the dominant effect on soil physical properties
resulting in better structure, greater water retention,
more favourable environment for root and pod
growth and better infiltration of water. The beneficial
effects of such properties on crop yields has rarely
been given due economic importance.

The composition of organic manures vary
greatly. Current recommendations based on casual
evaluation of FYM/compost in terms of tonnes/ha
with very little or no emphasis on the quality aspect
are many times misleading. There are proven
scientific ways for improving the quality of organic
manures which need to be popularised amongst
the farmers, The quality can be substantially
enhanced by enrichment of the manure during
decomposition with cheaper indigenous materials.
Rock phosphate enriched compost, popularly
known as phospho-compost coitains more than



1% PO, as against 0.3 - 0.6% in usually prepared
rural compost.

Besides FYM and compost, there are
several other organic sources with good nutrient
potential. However, there is hardly any
information on their integration in oilseed
productionn. There is a need to integrate with
different organic manures available in specific agro
ecoregions with chemical fertilizers for cropping
systems involving oilseeds,

Crop Residues and Recyclable Wastes

The country has large potential of crop
residues and other farm/industrial wastes with
good manurial valne (Table 9). Although most of
the crop residues with feed value are needed to
support huge livestock population, some residues
available in specific locations/situations can be
made use of as a source of plant nutrients because
aither they are not preferred as animal feed or their
transport to needy areas is not economically
viable, Crop wastes and residues are renewable
and readily available but they are limited and
scattered. In addition to improving the soil
properties, conserving soil moisture and
suppressing, weads, application of crop residues
may partially substitute the chemical fertilizers. Of
the nutrients taken up by cereal crops, on an
average, 25% N and P, 50% S and 75% of K is
retained in crop residues making them valuable
nutrient sources. Gaur and Mukherjee (1979)
ooserved 95.5% increase in pod yields of
groundnut, over control, with the application of 5
t/ha of wheat strav'v, which also improved the seed
oil content. On acid soils, the incorporation of
biodigested sturry (@ tha and Rhizobium treatment
had augmented symbiotic efficiency and resulted
in 39.2% higher pod yield of groundnut over
control {Ponniah et al 1991). Application of
coirpith inoculated with Plewroteus sp. + NPK
increased the pod yield whereas uninoculated
coirpith was not effective (Nagarajan ef al. 1986).

In sunflower, incorporation of crop residues @ 5
t/ha on vertisols has been demonstrated. *
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Incorporation of pigeonpea stalks has resulted in
44% increase in yield over control and further,
there was improvement in the water holding
capacity of the soil (Reddy and Sudharkarababu.
1996).

Crop residues, besides supplying nutrients
to the current crop, leave substantiat residnal effect
on succeeding crops in the system (Table [0),
Organic N 1s slowly mineralised and about 30%
N is generally available to the first crop. About
60-70% P and 75% of K also is likely to become
available to the first crop and the rest to
subsequent crops (Gaur, 1992). Besides supplying
nutrients, crop residues and wastes favourably
influence physical, chemical and biological
properties of the seil.

The amount of stubbles left in the field after
the harvest of some of the cereals and pulses may
range from 0.2 to 1.5 t/ha. Before planting next
crop, 1n many cases, these stubbles are collected
and burnt as they are difficult to decompaose,
leading to a significant logs of nmutrients. There is
need to devise appropriate management practices
to make use of these stubbles in INSAM of
cropping systems.

The inconsistent crop responses to
incorporation of crop residues under different
situations may well be expected due to varying
pace of immobilizations-mineralization cycle,
particularly that of N.

There are many recyclable wasts of
agricultural and industrial origin such as sugarcane
trash, potato haulms, nonedible cakes, tobacco and
tea wastes, cotton wastes, press mud, forest litter,
water hyacinth, wastes from food processing
industries etc. However, practically there is no
information on their integration with fertilizers in

the oilseeds production. . - . »

Legumes T

Legumes have besn wmmmr s0il
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Table 7 : Residual effect of P applied to first crop of groundnut on pod yield and oil content of third crop
of groundnut in groundnut-maize-groundnut sequence.

PO, (kg/ha) Pod yield 0Oil content
{g/ha) (%)
0 156 42.8
20 ’7 . . v "*. 17.7 ’ . 443
40 iw "1 189 . 45.9
60 e T sk
CD(5%) ' “ o 0.9

Source ; Reddy et al,, 1990,

Table 8 : Potential and possible nutrient (NPK) availability from major organic resources

Resources Nutrients (m.t)
Potential For agriculture use
Crop residues 5.6-87 1.7-26
Animal dung a0 3.4-57 : - 1.0-17
Night Soil : . 1.5-18 . T 12-1.4
. fr - LT
Total oo T4 . 105 -162 - 3.8 -57

Source : NAAS. 1996

-

Table 9 : Nutrient p% of crop residues, agricultural and industrial wastes.

Nutrients/ year (0001)

Crop T Y Quantity

¥ {maillion tonnes) N P,0, K,0 Total
Crop residues - o 2733 12831 . 19656 . 3903.9 7152.6
Potato haulms S 1200 To 2940 . .. 120 - 2250 5310
Sugatcane trash o o0 7 56.0 7 - 150 .. 99.0 170.0 Y
Forest litter Ly 18.7 9.7 . 37.4 99.7 236.8
Nonedible oil cakes L 0.4 120 . 50 : 12.0 29.0
Sewage sludge . 0s 51 2.9 28 . 10.8
Press mud 3.2 33.3 794 55.4 168.1
Water hyacinth S T 720 14.0 24.0 176.0
Domestic waste water - - 6351.0% 3176 7 1397 190.5 647.8
Indusirial waste water | 66.2% 29 Y gy 1.3 5.1

*Million cubic metres per ansum
Source : Juwarkar er af., 1992, Hegde and Dwivedi, 1993.
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recuperation power since time immemorial.
Legumes can form an important component of
INSAM in oilseeds when grown as a sequence
crop, intercropped with non-leguminous oilseeds
of when introduced as a green manuring crop in
a cropping system.

Legumes grown in sequence

Nodulating legumes benefit the succeeding
nonlegume crops in terms of increased yields in
comparison with the yield of nonlegumes after
non legumes or non-nodulating lines of legumes
{(Wani and Lee, 1992). Such increased yields are
attributed to enrichment of soil N due to N2
fixation and the N conserving effect of legumes.
However, all such benefits can not be explained
by N effect alone, and several factors viz.,
improved soi! physical, chemical and biological
properties, reduced weed and diseases severity and
insect infestation, etc. are responsible. If a cereal
or a non-legume crop succeeds Kharif groundnut,
20-25 kg N/ha can be reduced and 1o phosphorus
application is required if groundnut has already
been supplied with P In case of legumes being
succeeding crops, only phosphorus @ 15-20 kg/
ha is suggested (Reddy and Sudhakarababu, 1996).
The nitrogen requirement of mustard in different
double cropping systems at Hisar revealed that
the highest yield was obtained with 120 kg N/ha.
However, the response to N application in mustard
declined after 40 kg kg N/ha if the preceding crops
were groundnut, castor, sesame and pigeonpea
while after pearlmillat, there was good response
upte 80 kg N/ha (Kumar and singh, 1988). A 50%
reduction (15-25 kg N/ha) in N application to
safflower was suggested if the proceeding crop is
a grain legume receiving its full complement of
fertilizers (Hegde, 1995).

The long-term fertilizer trial on sunflower
based sequences at Hyderabad revealed that
groundnut and castor crops are efficient in utilising
the residual fertility from proceeding sunflower.
After third cycle of different sunflower based crop

sequences, sunflower yields at 50% recommended
fertilizers, when rotated with groundnut, was
comparable with that at 150% recommended
fertilizers in sunflower-sunflower sequence (Reddy
and Sudhakarababu 1996),

Groundnut and soybean crops being
legumes, account for nearly 50% of the area under
ocilseeds in the country. These crops in sequence
with other nonlegumes, can help in saving N
fertilizer to the extent of 30 to 40 kg N/ha. In
other nonleguminous oilseeds, inclusion of
leguminous crop in the sequence may help to
economise N fertilizer requireinent to the extent
of 20-40 kg N/ha. In a country where the average
consumption of plant nutrients is very low and
still lower in oilseeds, the residual fertility build
up due to legumes is obviously a major
contribution which must be fully exploited for
increasing otlseeds production.

Legumes as intercrops

A leguminous crop like cowpea can be
grown as an intercrop for a 6 week period and
incorporated in sftu as green manure. Results of
such a study were reported by Vijayalakshmi
(1983) from Hyderabad for castor. The data indicate
that over years, 10 kg N + green manuring (5 t/ha)
was as good as 40 kg N/ha in red sandy loam soil.
The contribution of intercropped cowpea green
manured in sifu could be upto 30 kg N/ha.
Groundnut + pigeonpea inter-cropping produces
higher yields due to less competition for soil P
because pigeonpea as a sole crop or in
intercropping system with mungbean and maize
prefers Al-P while with groundnut, prefers Ca-P
{Subba Rao, 1994). There are also beneficial effects
of inter-cropping leguminous oilseeds like
groundnut and soybean in cereal crops (Hegde
and Pandey, 1992).

Nitrogen economy through intercropping
legumes is yet to be assessed in different
intercropping systems. Although many legumes
have been identified for intercropping in otlseed
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crops, no information is available on the N
economy achieved through these systems.

Legumes as green manures

Before introduction of chemical fertilizers,
green manuring with leguminous crops was
invariably practised with most crops. However, with
the easy availability of chemical fertilizers and crop
intensification, the practice of green manuring was
almost given up. Of late, there has been revival of
interest in green manuring with an indication of
unsusiainable yield levels due to continuous use
of only chemical fertilizers. At present, green
manuring is practised on about 6.7 million hectares.
Suynnhemp and sesbania are the most common
green-manure crops in India, while clusterbean,
Egyptian clover or berseem and cowpea are also
used occasionally. Large amount of green biomass
of narrow C:N ratio when incorporated into the
soil during green manuring definitely contributes
sizeable amounts of plant nutrients, particularly N
and brings improvement in soil physical conditions.

Green manuring significantly improved the
yields of toria at all the fertilizer N levels (Pasricha
et al., 1988). Addition of green mamure (3 t/ha)
resulted in foria vield (10.48 g/ha) equal to that
obtained with 60 kg N/ha (10.49 g/ha). Green
manuring along with inorganic N led to an
additional yield of toria ranging from 5.6 to 8.3 ¢/
ha. Beneficial effect of green manuring to raya was
also reported (Pasrichaef al., 1987). At Ludhiana,
clusterbean green manuring gave similar yield of
mustard as that of N alone @ 100 kg/ha. In maize-
mustard system, average direct effect of green
manuring on maize was ayield increase of 763 kg/
ha, equivalent to 42 kg N/ha through chemical
fertilizers and a further increase of 1435 kg N/hain
mustard yield through its residual effect {Pasricha
et gi., 1987). Incorporation of sunnhemp or
Leucaena loppings resulted in yield of safflower
similar to that obtained from 37.5: 25 NP, kyg/ha
and increased oil and protein content in seeds.

While green manuring practice has both

direct and residual benefit on ocilseeds, the point
for consideration is whether the farmers wouid be
willing to forego a crop merely for growing a green
manure crop. Many a times, farniers are not willing
to spare their meagre land resources and inputs
for raising a green manure crop as it neither
provides food nor immediate income. Where
intensive cultivation and growing more than one
ot two crops is aimed at, green manures will have
no scope in cropping systems. Instead, the
oilseeds crops are better intercropped or be
intercropped with other crops to achieve the same
objective of green mamaring atleast partially. Fresh
loppings of perennial leguminous trees such as
Leucaena grown on hedge rows and field bunds
may be used for incorporation into the soil as a
source of N for nonleguminous cilseeds,

Biofertilizers

Biofertilizers have an important role to play
in improving the nutrients supply and their
availability in crop productian. They help in
increasing the biologically fixed atmosphetic N
and enhancing native P availability to crops.
Among the biofertilizers for increasing N supply
to oilseeds crops, N-fixing bacteria viz., Rhizobium,
Azotobacter and Azospirillum are important. The
availability of P is improved by P solubilising
riicroorganistns (PSM) and mycorrhizae,

Rhizobium

There is scope for exploiting the ability of
leguminous oilseeds-groundnut (112 to 152 kg N/
ha) and soybean (49 to 130 kp N/ha) to fix
atmospheric N to meet in part or fully N
requirement (Wani and Lee, 1992). But these
crops too need starter doses of N (15-20 kg/ha)
through fertilizers to be effective as N fixer.
Inoculation with efficient Rhizobium strain specific
to each crop is very essential for the N gains and
better crop vields, In groundnut, new Rhizobium
strains [GR-6 and IGR-40 were found to be tolerant
to Thiram and hence seed treatment with fungicide
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and inoculation of Rhizobium can go together
(Reddy and Sudhakarababu, 1996). Rhizohium
inoculations have proved beneficial where these
crops are cultivated for the first time and every
time in rice-fallow situations. However, for the
Rhizobium 1o be effective, the soils should have
no deficiency of P, Ca and Mo.

Response of groundnut to Rhizabium
inoculation was 272 kg/ha averaged over 29 trials
(1CAR, 1987). Resulis from Jomagarh (Gojarat)
indicated 15 to 30% increase in summer
groundnut yields with Rhizobium inoculation
(NRCG, 1988). At Akola (Maharashtra), seed
inoculation with thizobium + 4 g Mo/kg seed
increased groundnut yield significantly
(Wankhade et al., 1992). In Kharif groundnut,
13 to 53% increase in yields were reported with
rhizobial inoculations (Anonymous, 1993} In
soybean, Rhizobium inoculation along with 30 kg
N/ha produced the highest yield and nitrogen dose
less or greater than 30 kg N/ha caused significant
reduction in yield {Tiwari e/ ¢/, 1988). Significant
response to rhizobial inoculation in soybean was
reported by many workers (Bisht and Chandel,
1991 Dehatonde and Shava, 1992; Varaet af., 1994).
Pelleting of Rhizobium inoculated seeds with
CaCo3 significantly increased the yield of soybean

_ (Prabhakaran and Sivasubramanian, 1991).

Responses to Riizobium inoculation under
field conditions have been quite variable
depending on soil conditions, quality of inoculum
and effectiveness of native population. Use of
Rhizobium cultures in groondnut and soybean has
not spread to the extent desired as there is no
quality control in commercially produced
inoculants and farmers are not fully convinced of
its usefulness. '

. A
Azotobacter and Azospirillum \
Among other important groups of bacteria,
Azotobactor is free-living N fixer while
Azospirillum fixes N in loose association with plant
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roots. Not many reports are available on the
usefulness of these microorganisms in augmenting,
N supplies to otlseeds. In mustard, seed inoculation
with Azotobacter and Azospririlfum increased the
seed yield equivalent to that obtained with 25 to
30kg/ha of fertilizer N and Azospirillum was slightly
more efficient than Azotobacter (Chauhan et al.,
1995 a,b). In groundnut, significant increase in pod
yield was reported due to seed inoculation with
Azospirillium (Balasubramanian and Palaniappan,
1994 and combined inoculation of Rhizobium and
Azospirillum had no additional advantage.
Azospirillum seed treatment in sesame and
Azotobacter in toria and sunflower might reduce
the N requirement of these crops by almost 50%
{Reddy and Sudhakarababu, 1996).

Inconsistency in crop responses to
Azotobacter and Azospirillum has been more
common than Rhizebium and the responses
depended on crops and their cultivars, locations,
season, crop management practices, bacterial
strains, soil fertility and native microbial
population.

Phosphate solubilizers

Most of the soil phosphorus is in
unavailable form while the P requirement of oilseed
crops is high. In recent years, several strains of P
solubilising bacteria and fungi have been isolated.
In groundnut significant increases in pod yield
due to seed inoculation of P solubilizers like
Pseudomonas striata and Paecilomyces

Jussispores have been reported (Mehta et al., 1995).

Combined application of PSB incculation with
FYM was better than PSB alone in irrigated
groundnut {Balasubramanian and Palaniappan, ~
1994). In sesame, use of PSB {100 g/kg seed) in
conjunction with neem cake, castor cake or FYM
gave higher yields (DOR, 1994).

Vescicular-arbuscular mycotrhizae (VAM), -
akind of symbiosis between plant roots and certain

fungi, substantially enhances P availability and
T A
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its uptake by the crops and found beneficial
particularly on P deficient soils. VAM inoculations
increased the yields of groundnut by 14.5% in
Kharif and 27.8% in rabi season in sandy loan soils
at Tirupati (Anonymous, 1993). In another study,
26.4% increase in soybean and 20.9% increase in
groundnut yields were reported with inoculation
of VAM, G. fasciculatum (Wani and Les, 1992).
However, this increase had decreased to 18.5 and
10.1% respectively when inoculated in
combination with Rhizabium. Because of problems
in isolation and multiplication of pure strains of
VAM fungi, it has not been possible yet to use
this potential biofertilizer on a large scale.

Wider acceptability of biofertilizers among
the oilseeds farmers is constrained because of
inconsistent responses and problems associated
with the availability, transport, storage and
handling. The production and distribution of
different biofertilizers in the country (Table 11)
can hardly meet the requirement of less than 10%
of the cropped area. The success rate in case of
any biofertilizer in terms of significant increase in
yield ranges from 30 to 65%. In order to improve
the consistancy in response, greater research
thrust is needed on isolation and multiplication of
strains which can compete with indigenous ones
and adapt to a wide range of soil and climatic
conditions. There is also need to bring biofertilizers
under quality control to ensure that the inoculums
farmers use conform to certain minimum standards.

Conclusions and Future Research Priorities

Integrated nutrient management holds great
promise in meeting the growing nutrient demands
of intensive agriculture. It can also help in
maintaining production sustainability without
deterioration in the quality of plant’s environment.
Despite many constraints like use of cattle dung
as fuel, increasing competitive value of crop
resicdues as animal feed, extra cost and time recuired
for raising green manure crop, poor and
inconsistent responses to biofertilizers etc, efforts

must be made to develop agro-ecoregion specific
practical recommendations for different oilseeds
and oilseeds based cropping systems utilizing the
already generated data on different components
of INSAM. An example of possible INSAM
package for meeting the nutrient needs of irrigated
sunflower during rabi season in Andhra Pradesh
is given in Table 12.

Nutrient application rates with most
oilseed formers are well below the optimum and
various organic sources and biofertilizers can help
to take these towards the optimum level and to
that extent supplement fertilizers. These sources
will be able to substitute part of the fertilizer,
particularly N, where farmers have reached the
optimum level of nutrient application. For most
farming conditions, packages of INSAM should
be assembled within the overall limits of
recommended nutrient application rates and not
in a haphazard manner. Blusprints for INSAM
need to be developed in a realistic manner and
little purpose will be served by loading all available
campanents into a package. The assembling of
package must be more in the form of alternative
options. The package must integrate the
comparative advantages of diverse sources of
nutrients for more efficient and cost-effective
nutrient management.

While possibilities for INSAM are real and
attractive, most nutrient packages for high yields
of oilseeds required to meet the needs of the
expanding population from non-expanding area,
will continue to be fertilizer driven. This assessment
in no way underestimates the importance of other
nutrient sources, most of which are gainfully
integrable. Many research gaps remain to be fitled
and the following are some of important future
research priorities ;

1. There is a need to prepare an inventory of
promising organic and biological sources
under different agro-ecoregions involving
diverse farming situations.
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Table 10: Residual effect of rice straw applied to first crop of groundnut on pod yield and oil content in
third crop of groundnut in groundnut-maize-groundnut sequence.

Rice straw Pod yield il content
(t/ha) {y/ha) (%)
0 16.2 43.4
2 17.8 44 3
4 18.6 45.2
[ 20.6 46.0 ‘
CD(5%) .- 1.0 ..., 09 -
Source : Reddy ef af., 1990, ': _"' ! e
Table 11: Production and distribution of biofertilizers fo India (1994-95)
Product Production Distribution
. (lonuoes) (Lonnes)
Rhizobium 1191.55 1355.17
Azotobacter 1352.42 971.58
Azospirillum 632.45 523.58
Blue Green Algae ™y 0.92 0.11
Acetobacter " 25.43 17.35
Phosphate Solubilisers 1917.07 1786.50
Total _ 5119.84 4654.29 y
kY S
" Y

Source : FAL 1996,

Table 12 : Some alternate stratégies for meeting nutrient needs through INSAM for rabi sunflower in

AP
Alternative Nutrients (kg/ha) Fertilizers privious legume FYM (4 t/ha)
N: PO, K0
1 60 :9%90:30 7 ) \\ 60 : 90 : 30 - -
2 €0:90:30 . 40:90:30 20:0:.0 -
3 60:90:30 . _' S 40:78:10 ; A _ 2012 20
4 60:90:30 2078 10 20:0 0 - S 2001220







