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Preface 

The semiarid tropics (SAT) cover large areas of sub-
Saharan Africa, parts of Asia and northern Australia, and 
large portions of several Latin American countries. The 
largest area of the SAT in Asia is located in India where it 
covers nearly 75% of the nation's cultivated land. It con-
tributes 40% to the total food production of the country
and supports almost one-third of the population. 

Historically, lack of moisture has been considered theofmoitur bee 
greatest limit to production in the SAT. In the recent past,
however, it has been increasingly recognized that these 
soils have significant requirements for fertilizer nutrients 
including nitrogen, phosphorus, and zinc. Ample evidence 
exists that fertilization increases yields of SAT crops with 
favorable economics. However, sharp contrasts in rainfall 
patterns across the years and seasons preclude uniform 
and firm recommendations on the use of fertilizers, their 
sources, and methods of application. The great diversity in 
the characteristics of soils occurring in the SAT adds fur-
ther to this complexity. Optimizing fertilization strategies,
given the uncertainties of climate and variability in soils, is 

Histriclly lak ha cosidredthe 

a challenge that confronts agricultural scientists working 
in this region. 

This colloquium, held at the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT) 
Center, October 10-11, 1988, was organized to bring
together scientists having firsthand knowledge and under
standing of the problems related to soil fertility in the In
dian SAT. It provided a forum in which agricultural scientists could share knowledge, explore possibilities for in

creasing fertilizer use efficiency in India, and establish 
research priorities. 

These proceedings contain the papers presented during 
the colloquium as well as the summaries of the discussion 
sessions. Although the contents of the papers are those of 
the individual authors, the papers have been edited for 
publication. The cooperation of the authors in this process
is gratefully acknowledged. By approaching the problems 
of sustainable agriculture from a variety of perspectives,
the proceedings should become an important bibliogra
phic resource for future research work in India. 
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World Fertilizer Market Review and Outlook
 

J. H. Allgood, Market Analyst, and L. L. Hammond, Director, Agro-Economic Division, !nternational Fertilizer 
Development Center 

Abstract 

The world fertilizer market has changed dramatically during the past two decades. The 1970s will be remembered as a 
growth era in terms of fertilizer production, consumption, and trade. In contrast, the 1980s has been a decade of in
stability, with total fertilizer consumption per year declining three times during the 1980-87 period. Since the mid-1970s,
'~,ere has been a basic restructuring of the market with the centrally planned economies and developing market economies 
accounting for an increasing share of world fertilizer production, trade, and consumption. The outlook for the world fer
tilizer market over the next few years is varied. Nitrogen fertilizer supply and demand are expected to be in close balance 
by 1990.' The potential for a surplus in phosphate and potash supply is expected to persist through 1992. 

Introduction 

The world fertilizer market of the 1980s offers a strik-
ing contrast to that of the 1970s. The 1970s will likely be 
remembered as the decade of growth in terms of fertilizer 
consumption, production, trade, and investment in new 
manufacturing facilities. Globally, fertilizer use increased 
every year during the 1970s (with the exception of 1975) 
and fertilizer production increased every year. For 
nitrogen, phosphate, and potash, production capacity in-
creased by 90%, 84%, and 24%, respectively, during the 
1970s, and much of the new capacity was located in the 
Developing Market Economies (DgME) and Centrally 
Planned Economies (CPE). In contrast, thus far the 1980s 
has been a decade of instability. World fertilizer consump-
tion per year declined three times during the period from 
1970 to 1987. Such fluctuations in world demand and the 
resultant unfavorable economic conditions for the world 
fertilizer industry contributed to a decline in fertilizer 
production in 2 of these years. In today's market environ-
ment, investment in new manufacturing facilities is down 
sharply from the 1970s. It is expected that during this 
decade nitrogen, phosphate, and potash capacity will in-
crease by only 22%, 33%, and 17%, respectively; most of 
this new capacity is already in place. As occurred during
the latter part of the 1970s, the bulk of the new capacity 
during the 1980s will be located in the DgME and CPE. In 

view of the relatively low level of investment in new 
capacity, the world fertilizer supply-demand outlook 
ranges from adequate supplies of phosphate and potash to 
a likely deficit for nitrogen Ly 1991. 

It is apparent that the world fertilizer market has 
changed dramatically during the past two decades. Three 
very significant market trends have become well estab
lished during this time. One is the reduced rate of growth
in world fertilizer demand and the resulting more conser
vative plant investment plans. A second is the increasing
role of government-controlled industries in world fertilizer 
production and trade. Third is the declining share of fer
tilizer consumption, production, and trade accounted for 
by the Developed Market Economies (DME). The CPE 
and DgME are primarily responsible for the recent 
growth in the world fertilizer market. Further, these two 
regions will be the main areas of future market expansion. 
The purpose of this paper is threefold: (1) to provide a 
brief review of the fertilizer market developments that oc
curred during the past two decades, (2) to provide an 
overview of the current market situation, and (3) to 
provide an indication of the near-term market outlook. 

A Review of the 1970s 
The world fertilizer market experienced a major ex

pansion during the 1970s. World fertilizer consumption
increased from 62.3 million tonnes of plant nutrients in 

1. Authors' note: During the past 12 months, the political uprising in 1970 to 111 million tonnes in 1980, thus yielding a com-
China and the weaker than expected demand for fertilizers in North pound growth rate of 6% per annum (Table 1). On a
America have contributed to a substantial inventory buildup in key
market areas, thereby shifting the projected tight supply situation for yearly basis, fertilizer use increased fairly consistently
nitrogen fertilizers to 1991 or possibly 1992. throughout the decade, except in 1975 when a number of 
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Table 1. World Fertilizer Consumption Trends 

Compound 
Rrowth Rate-Region/Year 	 1970 1980 1987 1970-80 1980-87 

(million tonnes nutrient)--------(%)-.. 

Developed 
North America 15.3 22.7 19.6 4 (2.1)
Western Europe 16.1 21.7 21.4 3 (0.2)
Other 4.4 5.2 4.4 1.7 (2.4) 
Total Developed 35.8 49.6 45.4 3.3 (1.3) 

Developing
Latin America 2.5 6.6 8.5 10.2 3.7 
Africa 0.6 1.1 1.8 6.2 7.3 
Near East 1.1 2.8 4.6 9.8 7.3
Far East 3.1 9.4 16.8 11.7 8.6 
Other a a S 

Total Developing 7.3 19.9 31.7 10.5 6.8 

Centrally Planned 
Economies (CPE) 

Eastern Europe 
& U.S.S.R. 15.1 27.4 36.2 6.1 4.1 

C.P. Asia 4.1 14.0 18.9 13.0 4.4
 

Total CPE 19.2 41.4 55.1 8.0 4.2 


World Total 62.3 b 111.1 b 
3 .3 b 6.0 2.5 

a. Consumption <100,000 tonnes. 
b. Totals may not add due to rounding. 
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factors (the 1973/74 oil crisis, panic stockpiling by some 
countries in the early 1970s to ensure adequate fertilizer 
supplies, insufficient market intelligence, etc.) contributed 
to -. record increase in fertilizer prices (Figure 1). 

Primarily as a result of the price escalation, fertilizer use 
declined by 3.3% in 1975. However, the period of high
prices and their impact or, demand was short-lived.
During the following year, fertilizer demand rebounded to 
the precrisis growth trend. 

On a .'egional basis, the CPE accounted for almost
one-half of the 	 growth in world fertilizer consumption 

during the 1970s, and use increased at a compound rate of
8% per annum (Table 1). China and the U.S.S.R. are the 
major fertilizer users in the CPE, and as a result of 
aggressive agriculture and fertilizer market development 
programs during the 1970s, use increased by 14.2% per 
annum and 7.5% per annum, respectively, in the two
countries. 

The DME and DgME each accounted for slightly over 
25% of the increase in world fertilizer use during the 
1970s. However, in terms of market growth, fertilizer use 
in the DgME increased at an impressive rate of 10.8% per 

Monthly 

Urea (bagged) 
f.o.b. W.Europe 

- Potassium C'hloride (Muriate) 
Vancouver 

--- Oiammonium phosphate 
f.o.b. U.S. 	 Gulf 

. ... 


I0 I I I 	 t I I l I I1r1VI II I I 1 I I 'l wil 9 1y I 1,l I l l I IMA M JI J A S O NN J F MJ J A SF 	 N oI r F M AM J J AI S NI
72 1915 13141 7 97 1978 1979 11 9818 98?1 931 984 1985 1986 1987 

Source: 	 World Bank, 1965 to October 1975. November 1975 to August 1987 based on information obtained from 

various sources. 

Figure 1. 	Export Price Trends for Some Major Fertilizer Materials (U.S. Dollars Per Tonne of Product). 
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year and reached almost 20 million tonnes of nutrients in fertilier production capacity and a basic restructuring of 
1980. Fertilizer use in the DME increased by 14 million the industry during the 1970s. Such investment decisions 
tonnes of nutrients during the 1970s, yielding a compound were based upon a number of criteria, the most notable of 
growth rate of 3.3% per year. which were the desire to (1) expand a potentially profit-

On a nutrient basis, nitrogen dominates the world 	 able business activity, (2) ensure stability of supply for 
critical agricultural inputs, (3) developmarkt.he n 170,orlwideN:POs:~O 	 a natural resourcertiowas base and thereby reduce foreign exchange requirements 

1:0.67:0.54. Owing to the rapid growth in fertilizer use in f p eand r (4) dierifforeign exchange
the PE partculrlyinnd DME Aia) byby 1980 the eannscpblt.Go ly, m oia aaiyicr sdthe CPE and DgME (particularly in Asia), 980the for importing fertilizers, and (4) diversify foreign exchange 

nutrient ratio shifted in favor of nitrogen to 1:0.52:0.42. earnings capability. Globally, ammonia capacity increasedfrom .50.7 million tonnes of N per year in 1970 to over 
The rapid and apparently sustained increase in fertil- 96.2 million tonnes of N per year in 1980 (Table 2). 

izer demand contributed to a massive investment in new During the same timeframe, phosphoric acid capacity 

Table 2. World Ammonia Capacity 

Region/Year 1970' 1973 1980 1985 1986 1987 1988 1989 1990 1992b 

----------------------------- ('000 tonnes of N) -----------------------------
Developed 

North America 
Western Europe 
Othcr 

13,814 
11,932 
3,431 

13,982 
14,020 
4,889 

17,652 
15,053 
3,995 

16,318 
14,321 
3,548 

16,268 
14,000 
3,004 

15,907 
13,906 
3,004 

15,891 
13,567 
3,082 

15,891 
13,892 
3,082 

15,891 
13,892 
3,082 

16,150 
15,230 
3,450 

Total Developed 29,177 32,891 36,700 34,187 33,272 32,817 32,540 32,865 32,865 34,850 

Developing 
Latin America 
Africa 
Near East 
Far East 

1,324 
25 

658 
2,639 

1,745 
347 

1,397 
3,545 

3,975 
75 

3,451 
8,002 

5,830 
404 

4,281 
10,681 

5,830 
429 

4,553 
12,568 

5,830 
404 

4,879 
12,731 

5,830 
948 

5,279 
13,117 

6,200 
1,266 
5,279 

14,728 

6,200 
1,266 
5,822 

14,972 

7,360 
1,290 
6,210 

16,170 
Other 

Total Developing 4,646 7,034 15,503 21,196 23,380 23,844 25,174 27,473 28,260 31,030 

Centrally Planned 
Economies (CPE) 

Eastern Europe 
U.S.S.R. 

5,383 
7,530 

6,419 
9,406 

9,762 
17,890 

10,787 
23,366 

11,304 
24,516 

11,512 
24,886 

11,512 
24,886 

11,512 
24,886 

11,512
24,886 35,520 

C. P. Asia 3,925 4,907 16,302 17,320 17,864 18,164 19,348 19,348 19,513 19,870 

Total CPE 16,838 20,732 43,954 51,473 53,684 54,562 55,746 55,746 55,911 55,380 

World Total 50,661 60,657 96,157 106,856 110,336 111,223 113,460 116,084 117,036 121,250 

a. Data for 1970-90 are from the National Fertilizer Development Center of the Tennessee Valley Authority.
b. FAO/UNIDO/World Bank Working Group on Fertilizers. June 1987. The capacity estimates for 1992 include plants 
that are currently idle and may resume operation. 
c. Oceania, Israel, Japan, and South Africa. 

http:1:0.52:0.42
http:eannscpblt.Go
http:1:0.67:0.54
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increased from 14.4 million tonnes of P205 per year to almost one-third to 2.8 million tonnes of N during the 
26.4 million tonnes of P205 per year (Table 3). The 1970s. Meanwhile, the U.S.S.R. developed a major
growth in potash production potential was less dramatic nitrogen export potential by increasing capacity from 
but still more than adequate to satisfy demand. During the 7.5 million tonnes of N in 1970 to nearly 18 million tonnes
1970s, world potash capacity increased from of N in 1980. The U.S.S.R. accounted for 23% of all 
26.1 million tonnes of K20 per year to 32.5 million tonnes ammonia capacity commissioned during the 1970s. 
(Table 4). 

As a result of the rapid increase in production
The investment in production capacity was not uniform capacity, along with improved operating rates in existing

worldwide. In fact, the 1970s was a period of industry plants, world fertilizer production exceeded demand every
restructuring; many former export-oriented industries year during the 1970s. As indicated in Table 5, world fer
(Western Europe, United States, and Japan) gave way to tilizer production increased from 66 million tonnes of
producers blessed with indigenous, low-cost raw material nutrients in 1970 to 118 million tonnes in 1980. Contrary
supplies (U.S.S.R., North Africa, and the Middle East). to the rumored shortages of 1974, world fertilizer produc-
For example, the Japanese nitrogen industry, which is tion exceeded use by a comfortable margin of 5% (N by
largely based upon imported naphtha, reduced capacity by 5%, P205 by 3.4%, and K20 by 7%). 

Table 3. World Phosphoric Acid Capacity 

Region/Year 19702 1973 1980 1985 1986 1987 1988 1989 1990 1992b 

--------------------------- (00 tonnes Of P205) 
Developed 

North America 
Western Europe 
Otherc 

6,667 
3,500 
1,347 

7,139 
3,685 
1,570 

10,273 
4,548 
1,914 

11,744 
4,286 
2,194 

11,221 
4,197 
2,170 

10,431 
4,024 
2,136 

10,318 
4,029 
2,136 

10,318 
4,029 
2,136 

1t,3i8 
4,029 
2,136 

11,930 
4,880 
2,130 

Total Devcloped 11,514 12,394 16,735 18,224 17,588 16,591 16,483 16,483 16,483 18,940 

Developing 
Latin America 
Africa 
Near East 
Far East 

521 
374 

99 
410 

595 
574 
356 
501 

796 
1,774 

712 
1,274 

1,233 
2,979 
1,594 
1,793 

1,233 
3,309 
1,594 
1,793 

1,486 
3,899 
1,594 
1,674 

1,734 
4,229 
1,634 
1,854 

1,734 
4,559 
1,634 
2,112 

1,734 
4,559 
1,634 
2,112 

1,970 
4,740 
1,950 
1,970 

Other 

Total Developing 1,404 2,026 4,556 7,599 7,929 8,653 9,451 10,039 10,039 10,620 

Centrally Planned 
Economies (CPE) 

Eastern Europe 
U.S.S.R. 
C. P. Asia 

547 
882 

40 

948 
1,529 

40 

1,850 
3,244 

40 

2,045 
5,379 

76 

2,045 
5,845 

76 

2,045 
6,265 

76 

2,045 
6,265 

76 

2,283 
6,265 

76 

2,283 
6,265 

136 

7,710 

300 

Total CPE 1,469 2,517 5,134 7,500 7,966 8,386 8,386 8,624 8,684 8,010 

World Total 14,387 16,937 26,425 33,323 33,483 33,630 34,320 35,146 35,206 37,580 

a. Data for 1970-90 are from the National Fertilizer Development Center of the Tennessee Valley Authority.
b. FAO/UNIDO/World Bank Working Group on Fertilizers. June 1987. The capacity estimates for 1992 include plants 
that arc currently idle and may resume operation. 
c. Oceania, Israel, Japan, and South Africa. 



5 

Table 4. World Potash Capacity 

Region/Year 1970Y 1973 1980 1985 1986 1987 1988 1989 1990 1992b 
---------------------------- ('000 tonnes of K20) ----------------------------

Developed 
North America 
Western Europe 
Otherc 

10,833 
6,340 

600 

10,679 
7,240 

600 

10,593 
6,550 

780 

11,390 
6,000 
1,260 

13,480 
6,250 
1,260 

13,480 
6,300 
1,260 

13,085 
6,000 
1,260 

13,085 
6,000 
1,260 

13,085 
6,050 
1,260 

13,810 
6,050 
1,800 

Total Developed 17,773 18,519 17,923 18,650 20,990 21,040 20,345 20,345 20,395 21,660 

Developing 
Latin America 
Africa 
Near East 
Far East 

30 
500 

-

30 
500 

-

- -

720 
-

-

-
720 

-

-
-

720 

300 
-

840 
-

300 
-

840 
-

300 
-

840 
-

300 
-

840 
-

Other - - - - - - - - -

Total Developing 530 530 - 720 720 720 1,140 1,140 1,140 1,140 

Centrally Planned 
Economies (CPE) 

Eastern Europe 
U.S.S.R. 
C. P. Asia 

1,920 
5,860 

50 

2,620 
6,070 

50 

3,450 
11,040 

50 

3,475 
12,590 

50 

3,475 
12,590 

50 

3,475 
11,130 

50 

3,475 
11,130 

50 

3,475 
11,880 

120 

3,475 
12,730 

120 
16,230 

120 

Total CPE 7,830 8,740 14,540 16,115 16,115 14,655 14,655 15,475 16,325 16,351) 

World Total 26,133 27,789 32,463 35,485 37,825 36,415 36,140 36,960 37,860 39,150 
a. Data for 1970-90 are from the National Fertilizer Development Center of the Tennessee Valley Authority. 
b. FAO/UNIDO/World Bank Working Group on Fertilizei Jane 1987. The capacity estimates for 1992 include plants 
that are currently idle and may resume operation. 
c. Oceania, Israel, Japan, and South Africa. 

Table 5. World Fertilizer Production Trends 	 During the 1970s, the bulk of the world's fertilizer 

Compound production occurred in the DME. The DME accounted
 
Growth Rate for 65% of world fertilizer production in 1970 (Figure 2).


Region/Year 1970 1980 1987 1970-80 1980-87 However, during the decade a definite trend was estab
(million tonnes nutrient) --------(%) lished toward a more balanced distribution of production.
 

Developed 	 As a result of the rapid industry development programs in 
North America 19.5 32.0 28.9 5.1 (1.4) L - CPE and DgME, by 1980 the DME's share of world 
Western Europe 18.5 23.4 20.6 2.4 (1.8) 
Other 5.2 5.5 4.9 0.6 (1.6) fertilizer production declined to 52%. The CPE's share of 

Total Developed 43.2 60.9 54.4 3S (1.6) 	 world production increased from 29% in 1970 to 38% in 
1980 and the DgME's share from 6% to 10% during the 

Developing decade. 
Latin America 1.0 3.0 4.8 11.6 6.9 
Africa .5 .7 1.7 3.4 13.5 
Near East .4 2.3 5.1 19.1 12.0 The 1980s 
Far East 1.8 6.0 12.9 12.8 11.6 The rapid pace and encouraging consistency in market 
Other - - development that characterized the world fertilizer market 
Total Developing 3.7 12.0 24.5 12.5 10.7 	 during the 1970s have been replaced by a more volatile 

Centrally Planned environt,,ent. As a result of a number of factors including
Economies (CPE) unfavorable crop:fertilizer price relationships, acreage

Eastern Europe
and U.S.S.R. 17.0 33.2 46.0 6.9 4.8 reduction programs in the United States, unfavorable 

C. P. Asia 2.4 11.7 15.4 17.2 4.0 	 weather conditions, etc., world fertilizer consumption 

Total CPE 19.4 44.9 61.4 8.8 4.6 	 declined three times during the 1980-87 period, including 
consecutive declines in 1982 and 1983. Fertilizer use also

World Total 66.3 117.8 140.3 5.9 2.5 declined in 1986 before staging a recovery in 1987. As a 
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1970 1980 

Centrally Planned (29.30/) Centrally Planned (38.1%/) 

,___.- Developed (51.7/a) 

Developed (65.1/a) 

Developing (5.6/-) 

Developing (10.2/a) 

1987 

Centrally Planned (43.8/) Developed (38.70/a) 

Developing (17.5%) 

Figure 2. Share of World Fertilizer Production by Region. 

result of the market instability, the compound growth rate encourage farmers to idle a portion of tteir cropland and 
in fertilizer consumption for the period 1980-87 was only have thereby restricted fertilizer use. A similar but less 
2.5% per annum. severe situation exists in Japan. As a result of government 

policy, rice acreage declined by an estimated 5% and 26% 
On a regional basis, the fertilizer use pattern is quite in 1986 and 1987, respectively. The total area planted to 

varied. The DME countries are clearly mature fertilizer rice in Japan is now about 2.17 million ha. 
markets. In such markets, fertilizer marketing systems
perform relatively efficiently, farmer of fer-knowledge Between 1980 and 1987, total fertilizer consumption in 
tilizer products and the potential benefits from their use is the DME declined in 5 of the 7 years. In 1987 fertilizer 
widespread, and fertilizer market information is readily use totaled 45.5 million tonnes of plant nutrients as 
available. In the DME, fertilizer demand is primarily a compared with the use record of 49.7 million tonnes of 
function of the anticipated profitability of fertilizer use plant nutrients achieved in 1980. Thus, fertilizer use 
and government policy decisions. Developments in the declined by about 1.3% per year during this period. Fut-
U.S. agricultural sector during the 1980s offer an excellent ther, and more importantly, the gradual
example of the influence of government policy on fertilizer decline/stagnation in fertilizer use in the DME is charac
use. In 1983 the U.S. Government's Payment In Kind teristic of each of the four individual regions that con
(PIK) program resulted in almost one-third of the planted stitute the DME (in North America, Western Europe, 
acreage in the United States being taken out of produc- Oceania, and other developed countries). 
tion. Therefore, even though per hectare application rates 
on such major crops as corn and wheat actually increased, On a nutrient basis, the DME's nitrogen market has
the net result in 1983 was that U.S. fertilizer use declined demonstrated more demand stability than either phos
by almost 16%. Various other acreage reduction programs phate or potash markets. Nitrogen use increased from
since that time, although less severe, have continued to 22.7 million tonnes in 1980 to 23 million tonnes in 1987 or 
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a compound growth rate of 0.2% per year. Conversely, 
both phosphate and potash use are down dramatically;, 
phosphate and potash consumption declined by 21% and 
13%, respectively, between 1980 and 1987. 

Fertilizer use in the DgME and CPE has continued to 
increase during the 1980s, albeit at a slower pace than that 
of the 1970s. 

Fertilizer use in the DgME increased from about 20 
million tonnes of plant nutrients in 1980 to 31.7 million 
tonnes in 1987, a compound growth rate of 6.8% per year. 
The Far East region, which includes such major fertilizer-
using countries as India, Indonesia, and Pakistan 
(consumption totaled 9.6 million, 2.1 million, and 1.7 mil-
lion tonnes of plant nutrients, respectively), accounts for 
over one-half of the fertilizers used in the DgME; with a 
compound growth rate of nearly 9% during this decade, it 
is also the world's fastest growing fertilizer market. At the 
other end of the spectrum is Africa where in 1987 farmers 

1970 

Centrally Planned (30.9/a)Cenlrally 

used only 1.8 million tonnes of plant nutrients or about 
6% of the total fertilizers consumed by the DgME. 
However, the fertilizer markets in most African countries 
are in an early stage of market deveiopment and offer an 
excellent opportunity for long-term growth. Africa is the 
only region in which the fertilizer consumption compound 
growth rate of the 1980s (7.3% per annum) exceeds that 
of the 1970s (6.2% per annum). 

In the CPE, fertilizer use increased by an average of 
4.2% per year between 1980 and 1987, and consumption 
exceeded 55 million tonnes in 1987. In the U.S.S.R. and 
China, by far the major CPE fertilizer users, consumption 
totaled 26.5 million tonnes and 17.2 million tonnes of 
plant nutrients, respectively, in 1987. 

The net effect of the market growth led by the DgME 
and CPE is that, in 1987, the CPE accounted for 42% of 
world fertilizer consumption, the DME for 34%, and the 
DgME for 24% (Figure 3). The nutrient use ratio has also 

1980 

Planned .CentallPlaned(37.3% 

Developed (44.7%) 

-'I Developed (57.5/) 
Developing (11.6%) 

Developing (18.0%) 

1987 

Developed(3.% 

Centrally Planned (41.6%) (3440) 

Developing (24.0%) 

Figure 3. Share of World Fertilizer Consumption by Region. 
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continued to change in favor of nitrogen (1:0.46:0.36) as trend in production has been very similar to that of conthe rice-dominated agriculture sectors of China, India, In- sumption. Fertilizer production in the DME declined from
donesia, etc., maintain very favorable growth trends for nearly 61 million tonnes of nutrient in 1980 to about
nitrogen fertilizers. 54 million tonnes in 1987. The drop in production was due 

to permanent plant closures as well as reduced operatingThe relatively slower growth in fertilizer demand thus rates. For example, in the profit-driven industry of North
far during the 1980s has precipitated a much more conser- America, reduced domestic demand and intense price
vative approach to investment in new production capacity. competition in export markets resulted in U.S. urea andDuring the period 1980-87, global capacities to produce diammonium phosphate (DAP) plants being operated at
anamonia, phosphoric acid, and potash increased by 16%, only 78% and 70% of capacity, respectively, in 198327%, and 12%, respectively. The new capacity thus is (Figure 4). Similarly, potash producers in the United 
being developed at a much slower pace than that of a
decade ago; moreover, the location of the new plants, par- -
ticularly in the case of nitrogen, is aftering the market 150KC2
 
structure. In 1980, the profit-oriented DME accounted for 
 " DAPI
 
38% of the world's ammonia capacity. lowever, because 120- - UREA1
 

of unfavorable market conditions (i.e., stagnant or declin
ing demand in domestic markets, low prices, and intense "0
price come)tition in export markets), their nameplate 9- .. 
ammonia capacity has declined by over 4 million fonnes of 
 ,
N (11%). Conversely, ammonia capacity in the DgME and 60-

CPE has increased by 8.3 million tonnes and
 
10.0 million tonnes of N, respectively. Almost 50% of the
 
world's animnonia capacity is now situated in the CPE; the 
 30 1.U.S. Producers
DME and I)gME account for 310% and 21%, respectively,

of world ammonia capacity. 
 O I 

1979 1980 1981 1982 1983 1984 1985 1986 1987the commcrcially suitable lhosphate rock and potash
deposits are not nearly as widely dispersed geographically Source: The Fertilizer Institute (TFI), Based Upon

as the nitrogen feedstocks. Therefore the trend in the Industry Average for TFI Members.
 
regional distribution of phosphate production capacity has
 
not been as severe as that for nitrogen capacity. The Figure 4. Fertilizer Plant Operating Rates, 1979-87.
 
DME, DgME, and CPE accounted for 63%, 17%, and
 
20%, respectively, of world phosphoric acid capacity in
 
1980. As a result of major capacity developments in such States and Canada operated their facilities at only 55%

countries as the U.S.S.R., Morocco, Jordan, Tunisia, and 
 of capacity. Conversely, in non-market-driven
lr'iq, by 1987 the DME's share of world phosphoric acid economies, production increased significantly during the
capacity had declined to 49%, and the DgME and CPE 1980s. Production in the DgME more than doubled,
each accounted for about 25% of world capacity. reaching 24.5 million tonnes of nutrient in 1987, and 

production in the CPE was up by 37% to 61.4 millionIn 1980, only 11 countries operated potash production tonnes. Thus, the CPE and DgME accounted for 42%
facilities; an additional producer emerged in 1983 with the and 17%, respectively, of world fertilizer production, and
commissioning of Jordan's production facility. The DME the DME's share declined to 39%. 
accounted for 55% of world potash capacity in 198C, and 
their share increased to 57% in 1987. The I.-ilk of the World fertilizer trade has continued to expand during
remaining potash capacity is located in the CPEs; Brazil the 1980s because a number of countries, _ncluding such
and Jordan are the only producers of potassium chloride major consumers as China, India, and the United States,
in the DgMEs. are required to rely on imports to ,neet farmer demand. 

At the same time, such countries as Kuwait, Morocco,Given the reduced growth rate in fertilizer consump- Jordan, Qatar, Saudi Arabia, and Tunisia have developed
tion and the more conservative approach to investment in indigenous low-cost fertilizer raw materials with export
capacity, it is not surprising that world fertilizer produc- markets in mind. The United States offers a good example
tion increased at a compound rate of only 1.8% per an- of a country that is heavily involved in both the 
num during the 1980-87 period. On a regional basis, the importation and export of fertilizers in accordance with 

http:1:0.46:0.36
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the seasonal requirements of farmers and international tilizer consumption will total 152 million tonnes of 
prices. nutrients in 1992. The N:P20s:K20 use ratio is expected to 

World fertilizer .xports have increased at a compound be 1:0.46:0.35 in 1992 or essentially the same as that of 

growth rate of 3.7% per year during this decade, reaching 1987. 
44.2 million tonnes of nutrient in 1987. This means that The CPE, which emerged during the 1980s as thcone-thirdhofCallfertilizersgrd'ducednworldwide8findsthei
one-third of all fertilizers prwitced worldwide find their major fertilizer use region, will maintain this status. Byway to international markets. As with fertilizer production 1992, it is expected that 42% of all fertilizers will be usedand consumption, the recent trend has been toward a in the CPE. The DME will continue to be the secondmore balanced regional distribution of shares n world ex
ports: for the DME, about 60% of all exports, and for the largest fertilizer-using area, accounting for 31% of the 
CPE and DgME, about 26% and 14%, respectively. On a world total. However, this is only because of the heavy use 
nutrient basis, potash and nitrogen each account for about of potash in the DME. The use of nitrogen and phosphate
39% ofw tr in the DgME will be approximately equld to that in theDME. 

On the other side of the trade ledger, fertilizer imports Although the commissioning of new capacity during
in 1987 were estimated at about 42 million tonnes of 1987-92 will be low in relation to previous years, total fer
nutrient. The DME imported 21 million tonnes of plant tilizer production potential is expected to increase at a 
nutrients in 1987 o.- about one-half of the world total. The compound growth rate of 2.14% per year during this 
DgME and CPE accounted for 31% and 19%, respec- period. World fertilizer production potential should reach 
tively, of total imports. On a nutrient basis, again nitrogen 156 million tonnes of plant nutrients in 1992. The CPE 
and potash fertilizerr, account for the largest share of total and DME will account for about 41% and 39%, respec
imports, which in 1987 was about 41% each of the world tively, of all fertilizers produced. 
total. 

Market Outlook Although, on the whole, the world fertilizer supply-
The world market outlook for the 1987-92 demand estimate offers little reason for concern, thefertilizer spcfcotokfrniogphpaendothar 

period offers signs of guarded but encouraging optimism. specific outlooks for nitrogen, phosphate, and potash are 
World fertilizer consumption registered a solid 3.5% in- quite varied. In fact, the nitrogen market is an area of 
crease :n 1987, and early indications suggest that use will major concern. World nitrogen fertilizer consumption is 
be up again in 1988. Buoyed by improved global demand, expected to increase at a compound growth rate of 2.95% 
international prices have increased to more reasonable per annum during the next few years and to reach 84.2 

million tonnes of N in 1992. During this sane period, onlylevels. For example, in early 1987, the international price about 10 million tonnes of new nitrogen capacity will be 
of DAP was about $135/tonne (bulk, f.o.b. vessel), about commissioned; hence, the compound growth rate will be 
10% below the estimated production cost for U.S. o ner anum Te 2).pound rowt, te wldproducers. In 1988, DAP rose to about $180/tonne on the only 1.7% per annum (Table 2). As a result, the world 

nitrogen market will likely approach a supply-demandinternational market. The past instability in the world balance by 1990, ard thereafter a deficit is likely to occur. 
marketplace has shocked decisionmakers into realizing The world nitrogen production potential in 1992 is esti
that fertilizer demand cannot continue at the high growth mated to be only 81.3 million tonnes of N; thus, a nitrogen 
rates achieved during the 1970s. This realization, coupled deficit of 2.9 million tonnes is projected (Table 6). 
with improved availability of world fertilizer market infor
mation, has contributed to a much more conservative On a regional basis, the CPE will be the only economic 
approach by industry toward investment in new manufac- region where nitrogen production potential will exceed 
turing facilities. However, with the possible exception of demand, and even this will decline substantially in the 
nitrogen, which is an area of growing concern, existing years ahead. During the period 1987-92, nitrogen demand 
plants plus those under construction and/or firmly in Centrally Planned Asia and Eastern Europe (including 
scheduled should be adequate to satisfy fertilizer demand the U.S.S.R.) is expected to increase at compound growth 
at least through 1992. rates of 3.1% and 2.7%, respectively. Meanwhile nitrogen 

capacity in the CPE will increase by less than 
Based upon 1987 estimates by Ihe FAO/ UNIDO/ 1.9 million tonnes of N. As a result, the CPE's potential 

World Bank Working Group cn i- tilizers, which have nitrogen surplus will decline from a projected record high 
been updated to reflect more c,,rrent market information, of 4.78 million tonnes of N in 1988 to only 2.0 million 
world fertilizer consumption is forecast to increase at an tonnes in 1992. Within the CPE, Eastern Europe 
average compound growth rate of 2.86% per annum (including the U.S.S.R.) is expected to have a nitrogen 
during the next few years. It is expected that world fer- fertilizer surplus of 5.4 million tonnes of N in 1992, 

http:1:0.46:0.35
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Table 6. Nitrogen Fertilizer Supply-Demand Situation and Outlook: 1986-92 

Region/Year 

Developed 
North America 

Western Europe 

Oceania 

Other 

Total 

Supply 

----------

12.28 

11.23 

0.27 

1.55 

25.33 

1!6 
De.mand 

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

10.68 

10.70 

0.37 

1.10 

22.85 

Balance 

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

1.60 

0.53 

-0.10 

0.45 

2.48 

Supply 

12.02 

11.04 

0.27 

1.47 

24.80 

1987b 

Demand 

10.54 

11.00 

0.38 

1.10 

23.02 

Balance 

(million 

1.48 

0.04 

-0.10 

0.37 

1.79 

Supply 

tonnes N)-------------------------------------

10.92 

10.35 

0.36 

0.79 

22.42 

1988c 

Demand 

10.60 

11.10 

0.04 

1.10 

22.84 

Balance 

0.32 

-0.75 

0.32 

-0.31 

-0.42 

Supply 

11.08 

10.51 

0.39 

0.77 

22.75 

1989 

Demand 

10.70 

11.10 

0.40 

1.10 

23.30 

Balance 

0.38 

-0.59 

-0.01 

-0.33 

-0.55 

Developing 

Africa 

Latin America 

Near E..t 

Far East 

Total 

0.40 

2.81 

3.21 

8.40 

14.82 

0.84 

3.42 

2.72 

9.92 

16.90 

-0.44 

-0.61 

0.49 

-1.52 

-2.08 

0.43 

2.96 

3.25 

9.83 

16.47 

0.88 

3.82 

2.89 

11.06 

18.65 

-0.45 

-0.86 

0.36 

-1.23 

-2.18 

0.27 

4.04 

3.48 

8.88 

16.67 

0.90 

4.10 

3.00 

11.70 

19.70 

-0.63 

-0.06 

0.48 

-2.82 

-3.03 

0.48 

4.15 

3.66 

9.71 

18.00 

1.00 

4.30 

3.20 

12.30 

20.80 

-0.52 

-0.15 

0.46 

-2.59 

-2.80 

Centrally Planned 
Asia 12.29 14.55 -2.26 13.04 15.05 -2.01 13.54 15.60 -2.06 13.96 16.10 -2.14 

Eastern Europe 
and U.S.S.R 

Total 

20.83 

33.12 

15.54 

30.09 

5.29 

3.03 

21.86 

34.90 

16.02 

31.07 

5.84 

3.83 

23.24 

36.78 

16.40 

32.00 

6.84 

4.78 

23.43 

37.39 

16.90 

33.00 

6.53 

4.39 

World Total 73.27 69.84 3.45 76.17 72.74 3.44 75.87 74.54 1.33 78.14 77.10 1.04 

1990 1991 1992 
Region/Ycar Supply Demand Balance Supply Demand Balance Supply Demand Balance 

(million tonnes N) ---------------------------------
Developed 

North America 11.09 10.90 0.19 11.08 11.00 0.08 11.05 11.10 -0.05 
Western Europe 10.62 11.20 -0.58 10.66 11.20 -0.54 10.67 11.30 -0.63 
Ocearia 0.39 0.40 -0.01 0.39 0.40 -0.01 0.51 0.50 0.01 
Other 0.75 1.10 -0.35 0.73 1.10 -0.37 0.71 1.10 -0.39 
Total 22.85 23.60 -0.75 22.86 23.70 -0.84 22.94 24.00 -1.06 

Developing 
Africa 0.57 1.00 -0.43 0.58 1.10 -0.52 0.58 1.10 -0.52 
Latin America 4.28 4.60 -0.32 4.53 5.00 -0.47 4.89 5.3r -0'.41 
Near East 3.82 3.30 0.52 4.00 3.40 0.60 4.14 3.60 0.5 
Far East 10.24 12.90 -2.66 10.46 13.60 -3.14 10.88 14.30 -3.42 
Total 18.91 21.80 -2.89 19.57 23.10 -3.53 20.49 24.30 -3.81 

Centrally Planned 
Asia 14.08 16.50 -2.42 14.18 17.10 -2.92 14.20 17.60 -3.40 
Eastern Europe & U.S.S.R. 23.48 17.30 6.18 23.58 17.80 5.78 23.70 18.30 5.40 
Total 37.56 33.80 3.76 37.76 34.90 2.86 37.90 35.90 2.00 

World Total 79.32 79.20 0.12 80.19 81.70 -1.51 81.33 84.20 -2.87 

;-. ;I86 da:a are actual FAO statistics. 

b. 1987 data are preliminary FAO statistics. 
c. 1988-92 figures are II)C estimates of demand, based upon forecasts by the FAO/UNIDO/World Bank Working Group on Fertilizers; supply es
timate, are from the Working Group. 
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whereas Centrally Planned Asia will see its nitrogen the DME is expected to increase at a compound growth 
deficit grow from 2.0 million tonnes of N in 1987 to rate of only 1.14%. Therefore, even in the absence of any
3.4 million tonnes in 1992. significant in'vestment in new facilities, plants that are cur-

In the DgME, the regions of Latin America, the Near rently in operation and those that may resume production, 
East, and the Far East are well into the growth stage of given improved market conditions, will allow the DME to 
market development, whereas most of the countries in maintain a sizable potential supply surplus. Largely 
Africa are still in an early stage of fertilizer market because of the vast phosphate rock reserves and competi
development. Collectively, nitrogen use in the DgME is tive downstream industry in the United States, the DME's 
projected to increase at a compound growth rate of 5.4% potential supply surplus is expected to be about 7 million 
per year through .1992. To satisfy this growing demand tonnes of P2O5 in 1992. North America will account for 
(some of the DgME will seek !o maintain an export about 85% of this surplus. 
potential), the DgME wdll bring an additional Phosphate colisuraption in the DgME is expected to 
7 million tonnes of N capacity on stream during the next increase at a compound growth rate of 5.29% per annum 
few years. Nonetheless, the region's nitrogen deficit %I'l! with consumption totaling 11.35 million tonnes of P205 in 
increase by over 75% to 3.8 million tonnes of N by 1992. 1992. Phosphoric acid capacity in the DgMEs will increase 

Nitrogen fertilizer use in the DME is expected to in- by 23% to 10.6 million tonnes of P205 in 1992. Despite this 
crease by an average of 0.85% per year or a total of substantial investment in new capacity, the current deficit 
1.0 million tonnes of N during 1987-92. Because of the of about 1.4 million tonnes of P205 will increase to 1.7 mil
generally unfavorable competitive position of most of the lion tonne5 by tI e end of the forecast period. 
DME in the international market, very little new capacity Phosphate fertilizer use in the CPE is expected to 
is planned. However, the DME's total potentially opera- increase at a compound growth rate of 3.05% per year 
tional nitrogen capacity, including that whih is currently during the next few years to a total of 15.57 million tonnes 
idle and may resume operation given suitable market con- of P205 in 1992. Meanwhile, no significant change in 
ditions, is expected to total 3.49 million tonnes of N in capacity is expected, and phosphate fertilizer production
1992 or 6% above the current level. A significant portion potential is estimated at 12.5 million tonnes of P205. 
of the DME's nitrogen capacity is directed to producing Therefore, the CPE's phosphate fertilizer deficit will reach 
ammonia for nonfertilizer purposes; therefore, even if the 3 million tonnes of P205 in 1992. 
idle capacity is returned to operation, the DME will likely Within the CPE classification, the phosphate markets 
have a nitrogen fertilizer deficit beginning in 1988. By in the two regions differ significantly. The phosphate
1992 the annual deficit in the DME is expected to total markets in the U.S.S.R. and Eastern Europe are ap1.0 million tonnes of N. mresi h .... adEsenErp r p

proaching a mature level, and as might be expected in the 
Although the market outlook for nitrogen fertilizers is short term, phosphate use in the region is expected to in

ominous from a buyer's viewpoint, the outlook for phos- crease at only 1.36% per annum; this is comparable to the 
phate and potash supplies is more favorable. World phos- expected growth in use in the DME. However, the ab
phate fertilizer supplies should be adequate to meet sence of any significant levels of new phosphate capacity
demand through 1992. During the next few years, world means that, collectively, the U.S.S.R. and Eastern Europe 
phosphate fertilizer usc is expected to increase at a com- are expected to experience a growing phosphate fertilizer 
pound growth rate of 3.04% per year, reaching a total of deficit that will reach 1.9 million tonnes of P205 in 1992. 
38.85 million tonnes of P205 in 1992. Phosphoric acid The CPE markets of Asia are expected to place n
capacity (including existing plants that are idle and may creased emphasis on more balanced fertilization 
return to opetation given the proper financial incentive) is 
estimated at 37.6 million tonnes of P20S or about 4 million programs. As a result, during the next few years, phos
tonnes of P205 more than the capacity in operation in phate use is forecast to increase at an average compound 
1987. Therefore, potential phosphate fertilizer supply will growth rate of 8.25% per annum. By 1992 farmers in the 
continue to exceed demand. The potential phosphate fer- CPE of Asia will use over 4.4 million tonnes of P205. Most 
tilizer surplus will peak in 1989 at 3.8 million tonnes of of the growth in demand will be met through imports be-
P205. By 1992 the potential supply surplus is expected to cause phosphoric acid capacity in Centrally Planned Asia 
total 2.15 million tonnes of P20)5 (Table 7). is due to increase by only 0.16 million tonnes of P20s.The net result of these market developments in Centrally 

On a regional basis, by 19)2 the DME will be the only Planned Asia is that the current phosphate fertilizer 
economic region with a potential phosphate fertilizer deficit will nearly double to 1.21 million tonnes of P20s by
surplus. During the next few years, phosphate demand in 1992. 
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Table 7. Phosphate Fertilizer Supply-Demand Situation and Outlook. 1986-92 

1986' 1987b 1988c 1989 
Region/Year Supply Demand Balance Supply Demand Balance Supply Demand Balance Supply Demand Balance 

-------------------------------------- (million tonnes P205)..................................... 

Developed 
North America 8.41 4.49 3.92 8.61 4.28 4.33 9.15 4.34 4.81 10.59 4.40 6.19 
Western Europe 4.76 5.14 -0.38 4.65 4.95 -0.30 5.32 4.96 0.36 5.33 4.97 0.36 
Oceania 0.82 0.99 -0.17 0.79 0.94 -0.15 1.39 0.97 0.42 1.39 1.00 0.39 
Other 1.16 1.12 0.04 1.05 1.10 -0.05 1.60 1.13 0.47 1.59 1.16 0.43 
Total 15.15 11.74 3.41 15.10 11.27 3.83 17.46 11.40 6.06 18.90 11.53 7.37 

Developing 

Africa 1.19 0.65 0.54 1.31 0.63 0.68 3.37 0.66 2.71 3.57 0.68 2.89 
Latin America 1.61 2.24 -0.63 1.85 2.71 -0.86 1.82 2.82 -1.00 1.98 2.94 -0.96 
Near East 1.29 1.47 -0.18 1.16 1.54 -0.38 1.31 1.64 -0.33 1.29 1.76 -0.47 
Far East 2.64 3.55 -0.91 3.06 3.90 -0.84 1.74 4.11 -2.37 1.87 4.34 -2A7 
Total 6.73 7.91 .1.18 7.38 8.78 -1.40 8.24 9.23 -0.99 8.71 9.72 -1.01 

Centrally Planned 

Asia 2.02 2.96 -0.94 2.32 2.97 -0.65 2.63 3.22 -0.59 2.72 3.48 -0.76 
Eastern Europe 

and U.S.S.R. 9.79 9.69 0.10 10.43 10.43 0.00 8.7 10.57 -1,87 8.89 10.72 -1.83 
Total 11.81 12.65 -0.84 12.75 13.40 -0.65 11.33 13.79 -2.46 11.61 14.20 -2.59 

World "lotal 33.69 32.30 1.39 35.23 33.44 1.78 37.03 34.42 2.61 39.22 35.45 3.77 

1990 1991 1992
 
Region/Year Supply Demand Balance Supply Demand Balance Supply Demand Balance 

(million tonnes P205) -------------------------------
Developed 

North America 10.59 4.45 6.14 10.59 4.51 6.08 10.58 4.57 6.01 
Western Europe 5.34 4.98 0.36 5.33 5.00 0.33 5.33 5.41 0.32 
Oceania 1.39 1.0. 0.36 1.39 1.06 0.33 1.39 1.10 0.29 
Other 1.59 1.19 0.40 1.59 1.22 0.37 1.59 1.25 0.34 
Total 18.91 11.65 7.26 18.90 11.79 7.11 18.89 12.33 6.96 

Developing 

Africa 3.89 0.71 3.18 3.94 0.75 3.19 3.95 0.78 3.17 
Latin America 2.01 3.07 -1.06 2.08 3.20 -1.12 2.16 3.34 -1.18 
Near East 1.3 1.88 -058 1.50 2.00 -0.50 1.50 2.14 -0.64 
Far East 1.96 4.57 -2.61 2.00 4.83 -2.83 2.02 5.09 -3.07 
'Total 9.16 10.23 -1.07 9.52 10.78 -1.26 9.63 11.35 -1.72 

Centrally Planned 

Asia 2.83 3.77 -0.94 2.97 4.08 -1.11 3.20 4.41 -1.21 
Eastern Europe & U.S.S.R. 9.16 10.86 -1.70 9.22 11.01 -1.79 9.28 11.16 -1.88 
Total 11.99 14.63 -2.64 12.19 15.09 -2.90 12.48 15.57 -3.09 

World Total 40.06 36.51 3.55 40.61 37.66 2.95 41.00 39.25 2.15 

a. 1986 data are actual FAO statistics. 

b. 1987 data are preliminary FAO statistics. 
c. 1988-92 figures are IFDC estimates of demand, based upon forecasts by the FAO/UNIDO/World Bank Work;ng Group on Fertilizers; supply esti
mates are from the Working Group and have been modified to deduct estimated production of ground rock used for direct application. 
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The outlook for the world potash market is similar Eight of the world's potash producers are classified as 
to that for phosphate; existing plus scheduledfirmly DME countries. Largely as a result of unfavorable market
production capacity should be adequate to meet demand conditions, they produced only 14.42 million tonnes of 
throughout the 1987-92 period. K20 in 1987; however, this still exceeded potash demand 

in the DME by 28%. Based upon existing capacity plus
World potash fertilizer consumption is expected to in- that which is scheduled to begin operation, potential 

crease from 26.13 million tonnes of K20 in 1987 to potash supply in the DME will total 18.47 million tonnes 
29.27 million tonnes in 1992, an average compound growth of K20 by 1992. Hence, the potential surplus is 
rate of 2.28% per year. During this same period, world 6.65 million tonnes of K20 or 56% of use in the DME. 
potash production capacity is expected to increase by 
almost 2.7 million tonncs of KI20. Assuming market condi- Farmers in the DgME used 4.31 million tonnes of I(20as potash fertilizers in 1987 or 15% of the world total.
tions encourage producers to maximize production, the 
potash fertilizer supply potential is expected to total 32.72 Despite this relatively low base, use is expected to grow at 
million tonnes of K20 in 1992. Therefore, supply potential a compound rate of only 4.73% per annum during the next 
willexceedexceed demand bybyalosalmost1%12% as compared with few years and to reach 5.43 million tonnes of K20 in 1992.will demands as omp1986aredwith ana Latin America and the Far East region each account foractual supply surplus ol 10% in both 1986 and 1987 abu45oftepasuedithDgE 

(Table 8). about 45% of the potash used in the DgME. 
Jordan and Brazil are the only two DgME countries 

On a regional basis, it is expected that the of that produce potash. Inuse 1987 their combined production
potash fertilizers in the CPE will increase at a compound totaled 0.67 million tonnes of K20. An additional produc
growth rate of 2.57% per annum through 1992. If this tion facility with a capacity of 0.12 million tc'rnes of K20 is 
growth rate materializes, the CPE will likely be the largest currently under construction in Jordan and should begin 
consumer of potash; use will reach 12 million tonnes of operation in 1992. As a result of this additional capacity
K20 or 41% of the world total in 1992. Within the CPE and the improved operating efficiency that is likely to
classification, the U.S.S.R. and Eastern Europe account occur in recently commissioned Brazilianthe facility,
for most (90%) of the potash used. However, the impor- potash supply potential will increase to 0.89 million tonnes 
tance of potassium in crop production has been recog- of K20. Therefore, the current potash deficit will increase 
nized by agriculturalists in Centrally Planned Asia and to about 4.5 million tonnes of KA) by 1992.2 
particularly China; in the future, development of these On the basis of the most current information available, 
potash markets will likely receive increased attention. the fertilizer market outlook through 1992 ranges from 

occurs o ialPotash fertilizer production in only three CPE whatsi appearshshtto be a comfortableoahtsupply-demandeiirelationn o 
countries. In 1987 the U.S.S.R., East Germany, and China ship for phosphate and potash to a sizable deficit for 
produced 10.2 million, 3.5 million, and 0.025 million nitrogen. However, as we havepodued 1fK0 mesectiion , on,andta f0. million seen in the past, thedemand for fertilizer is largely influenced by the expectedtonnes of 1(20, respectively, or a total of 13.7 million 
tonnes of K20). These three countries are expected to economic gain from fertilizer use and by government 
increase capacity by 1.67 million tonnes of K20 by 192. policy. A poor cropping season will likely lead to the ex-
Hlowever, because relatively low operating rates are pectation of higher crop prices and thus more intensive 
expected during the initial operation of the new facilities, use of fertilizer during the subsequent year. Conversely,
the region's potash fertilizer supply potential is forecast to we sawemtwtin 1975 that a significantead urturn in fertilizer pricesawl eue oenetplc

totlmiliooly 3.3 20 s areslt, will be mect with reduced demand. Government policy hastonesof n 12.total only 13.36 million tonnes of K20) in 1992. As a result, been and will continue to be one of the most significant 
the potential potash supply surplus in the CPE is forecast inun ntherauson ters'eroppngeptterssan

f K2. influencesto b 1.4 iiiiiontonesSeciicalyEasern on the farmers' cropping patterns and their useto be 1.34 million tonnes of K2(). Specifically, Eastern o etlzr;ti stu fCE gE n M 
Europe and the U.S.S.R. are expected to have a surplus of fertilizers; this is true of CPE, DgME, and DME 
potential of 2.57 million tonnes of K20, whereas the countries. Therefore, rather than overreact to this 
Centrally Planned Asian countries should have a deficit of analysis, we hould realize that any one of a number of 
about 1.2 million tonnes of K20. factors may alter either side of the supply-demand equa

tion. As analysts, we can only provide our best estimate of 
Potash fertilizer consumption in the DME is expected the future and hope that industry responds in a rational 

to increase from 11.23 million tonnes of (20 in 1987 to manner. 
11.82 million tonnes of K20 in 1992, thereby implying a 2. IFDC has received an unconfirmed report that the potash mine in 
compound growth rate of 1.3% per year. Western Europe Brazil has been closed due to flooding. If this report is accurate, Brazil 

would continue to rely on imports to meet domestic demand. The esand North America will each account for about 45% of timate of world potash production in 192 would decline by less thanthe potash used in the DME in 1992. 1%, thus having little impact on the world supply-demand situation. 
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Table 8. Potash Fertilizer Supply-Demand Situation and Outlook. 1986-92 
1980 1987' 1988e 	 1989 

Region/Year Supply Demand Balance Supply Demand Balance Supply Demand Balance Supply Demand Balance 
(million tonnes K20) --------------------------------------

Developed

North America 7.48 4.98 2.50 8.26 4.79 3.47 10.71 
 4.87 5.84 10.91 4.95 5.96
Western Europe 5.27 5.38 -0.11 4.90 5.50 -0.60 5.16 5.52 -0.36 5.16 5.54 -0.38
Oceania 0.00 0.23 -0.23 0.00 0.21 -0.21 0.00 0.22 -0.22 0.00 0.22 -0.22
Other 1.14 9.77 0.37 1.26 0.73 0.53 1.20 0.74 0.46 1.20 0.75 0.45
Total 13.89 11.36 2.53 14.42 11.23 3.19 17.07 11.35 5.72 17.27 11.46 5.81 

Developing
 
Africa 0.00 0.32 -0.32 0.00 0.29 
 -0.29 0.00 0.31 -0.31 0.00 0.32 -0.32 
Latin America 0.00 1.68 -1.68 0.01 2.02 -2.01 0.04 2.13 -2.09 0.06 2.22 -2.16 
Near East 0.54 0.13 0.41 0.66 0.15 0.51 0.73 0.16 0.58 0.80 0.17 0.63
 
Far East 0.00 1.73 -1.73 0.00 1.85 -1.85 0.00 1.94 -1.94 0.00 2.03 -2.03
 
Total 0.54 3.86 -3.32 0.67 4.31 -3.64 0.77 4.54 -3.76 0.86 4.74 -3.88
 

Centrally Planned 
Asia 0.02 0.55 -0.53 0.03 0.83 -0.80 0.03 0.91 -0.88 0.05 0.99 -0.94 
l 	 -tern Europe 

and U.S.S.R 13.83 9.84 3.99 13.69 9.76 3.93 12.04 9.94 2.10 12.34 10.13 2.21 
Total 13.85 10.39 3.46 13.72 10.59 3.13 12.07 10.85 1.22 12.39 11.12 1.27 

World Total 28.28 25.61 2.67 28.81 26.13 2.68 29.91 26.74 3.18 30.52 27.32 3.20 

1990 1991 1992 
Region/Year Supply Demand Balance Supply Demand Balance Supply Demand Balance 

(million tonnes K20)................................ 
Developed 

Nort h America 11.53 5.03 6.50 11.56 5.11 6.45 11.56 5.20 6.36 
Western Europe 5.18 5.56 -0.38 5.20 5.58 -0.38 5.20 5.59 -0.39 
Oceania 0.00 0.23 -0.23 0.00 0.24 -0.24 0.00 0.25 -0.25 
Other 1.20 0.76 0.44 1.45 0.77 0.68 1.71 0.78 0.93 
Total 	 1791 11.58 6.33 18.21 11.70 6.51 18.47 11.82 6.65 

Developing 
Africa 	 0.00 0.34 -0.34 0.00 0.36 -0.36 0.00 0.38 -0.38 
Latin America 0.07 2.31 -2.24 0.08 2.41 -2.33 0.0) 2.51 -2.42 
Near East 0.80 0.17 0.63 0.80 0.18 0.62 0.80 0.19 0.61 
Far East 0.00 2.13 -2.13 0.00 2.24 -2.24 0.00 2.35 -2.35 
Total 0.87 4.95 -4.08 0.88 5.19 -4.31 0.89 5.43 -4.54 

Centrally Planned 
Asia 0.07 1.0) -1.02 0.07 1.19 -1.12 0.07 1.30 -1.23
 
Eastern Europe & U.S.S.R. 12.96 10.32 2.64 13.29 10.52 2.77 13.29 10.72 2.57
 
Total 13.03 11.41 1.62 13.36 11.71 1.65 13.36 12.02 1.34 

World Total 31.81 27.94 3.87 32.45 28.60 3.85 32.72 29.27 3.45 

a. 1986 data are actual FAO statistics. 

b. !;7 data are preliminary FAO statistics. 
c. 1988-92 figures are IFDC estimates of demand, based upon forecasts by the FAO/UNII)O/World Bank Working Group on Fertilizers; supply 
estimates arc from the Working Group. 
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Fertilizer Production and Consumption Trends -India 

B. C. Biswas, Chief Agronomist, The Fertiliser Association of India 

Abstract 

The fertilizer production and consumption trends in India are discussed with special emphasis on the semiarid tropics
(SAT). India produces a wide range of fertilizers, and with the exception of K (which must all be imported) domestic
production provides 90% of the finished fertilizer nutrients consumed in India. Most of the phosphoric acid used in phos
phate fertilizer production is also imported. With the introduction of high-yielding varieties (HYV) in the late 1960s, the
demand for fertilizer rose rapidly and resulted in the establishment of a number of new production facilities in the 1960s
and 1970s. Urea is the most cc;mmonly produced N source, and diammonium phosphate (DAP) dominates the P market.
The emphasis on balanced nutrition has stimulated the production of a variety of NP and NPK complex fertilizers. 
Capacity utilization is high, and India is now the fourth and fifth largest producer of N and P, respectively, in the world.
Fertilizer consumption has risen rapidly since the introduction of HYVs; the major fraction of nutrients (80%), however,
is applied to irrigated crops despite the fact that rainfed agriculture occupies a much larger percentage of total land area. 
If moisture conservation is practiced, fertilizer use can play a key role in improving food production in the SAT. 

Introduction 

In India, the fertilizer industry is as old as agricultural
research. The fertilizer industry started in 19(Xk in Ranipet
in Tamil Nadu with the establishment of a single super-
phosphate (SSP) unit by E.I.D.-Parry, and agricultural
research st:.rted in 1905 in old Pusa (Bihar) with the es-
tablishment of the Imperial Agriculture Research Institute 
(IARI). Fertilizer use probably started at the close of the 
last century on tea and cofiee plantations. Presently, 
about 9.0 million tonncs of fertilizer (NPK) is used against
the total production of 7.0 million tonncs (N + P205). Per 
hectare consumption is only 51.3 kg. About 80% of the 
fertilizer is used in irrigated areas and only 20% in the 
rainfed areas, which represent 70% of the cropped area. 
Fertilizer use in rainfcd areas, particularly in the region of 
the SAT, has to be increased. Production technology is 
available, but proper adoption of technology at the farmer 
level is lacking. 

India produces a large number of fertilizers. Am-
monium sulfate and SSP were the main sources of N and 
P initially; now urea accounts for 80% of the N, and 84% 
of the P20.s is found in NP/NPK complexes. Muriate of 
potash (MIOP) makes up 99% of the potash used by 
farmers. Fertilizer diammonium phosphate (DAP) is the 
single largest source of P for the Indian farms, supplying 
52% of the P20.5. Direct use of ground rock P is becoming 

popular in southern and eastern India in plantation and 
acid soil conditions. 

Fertilizer Production 

A whole range of N, P, and NPK fertilizers is produced 
in India. The chronology of fertilizer production provides 
an idea of the developments that have taken place 
(Table 1). Nitrophosphates that are highly water soluble 
have significantly added to the range of fertilizers 
produced since 1968. In the absence of any commercial 
source of potash, the entire requirement of potassic fer
tilizer is imported. 

Nitrogen 
Production of small quantities of nitrogenous fertilizer 

in the form of ammonium sulfate as a byproduct from 
coke oven gas in steel plants of Bengal and Bihar started 
in 1931. But the first synthetic N factory was set up at 
Belagula in Karnataka by Mysore Chemicals and Fer
tilizers Ltd. (MCF) in 1941. It was followed by the estab
lishment of a large-scale production unit of ammonium 
sulfate by the erstwhile State Government of 
Travancore-The Fertilizers and Chemicals, Travancore 
Ltd. (FACT) plant-at Udyogamandal near Cochin in 
1947. The first large-size fertilizer plant (ammonium sul
fate) went into production in 1951 at Sindri (Bihar). 
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Table 1. Chronology of the Production of Fertilizer 
Materials in India 

One of the two grades (20-20-0) later upgraded to 

Units 

Year When 
Manufacturing 

as of 
First Produced Material April 1, 1988 

1906 Single superphosphate 80 
1906 Fertilizer mixtures 577 
1933 Ammonium sulfate 11 
1933 Byproduct of steel 

industry 6 
1941 Using sulfuric acid 2 
1947 Using gypsum 4 
1959 Ammonium sulfate 

nitrate 0 
1959 Urea 29 
1959 Animonium chloride 5 
1960 Ammonium phosphate 2 
1961 Calcium ammonium 

nitrate 2 
1965 Nitrophosphate (30 WS)' 1 
1967 Dianmmoniun phosphate 10 
1968 Urea ammonium phosphate 4 
1968 NI'K complex fertilizers 4 
1973 Pelophos 0 
1979 Urea supergranules b 
1980 Urea ammonium nitrate 

solution b 
19 8 Polyphosphatc b 
198's Partially acidulated 

phosplhatc rock b 
1989 Nitrophosphate 

(80%-85% WS) 
a. 

51%-601% water-soluble (WS) P205. 
b. 	 Trial pilot-scale production for experimental 

purposes. 

Source: FAI Fcrtiliscr Statistics for 1986/87. 

In the beginning, it was thought that one large-capacity 
plant at Sindri would be sufficient to meet the require-
mcnt of the country. It was soon realized, however, that 
many more such units would be needed to cope with the 
growing fertiliier requirements of Indian agriculture, and 
six additional fcrtilizer plants were constructed (Nangal, 
Tronmbay, Nainrup, Rourkcla, Gorakhpur, and Ncyveli). 

The impctus given to the use of fcrtilizer by the intro-
duction of high-yielding variety (IIYV) secd necessitated a 
suitable backup from indigenous sources to ensure 

stability and continuity in the supply of fertilizer. To en
courage setting up new capacity, the Government of India 
liberalized policies with regard to fertilizer production and 
marketing on the basis of a recommendation by the 
Sivaraman Committee (1965). The 1960s, therefore, saw a 
rapid growth in the fertilizer industry for the manufactur
ing of N and NP/NPK complex fertilizers (Table 1). 

A number of plants were also established in the private 
sector during this period, including E.I.D.-Parry in 
Madras (1963), Gujarat State Fertilizers Company Ltd. 
(GSFC) in Baroda (1967), Coromandal Fertilisers Ltd. 
(CFL) in Vizag (1967), Indian Explosive Ltd. (IEL) in 
Kanpur, and Shriram Fertilisers and Chemicals (SFC) in 
Kota (1969). 

The 	 oil crisis in the early 1970s and consequent 
problems of procuring the required amount of fertilizers 
from the international market, related to both limited 
availability and high prices, provided greater impetus for 
the 	 process of building up indigenous production 
capabilities. During the 1970s, a number of 
plants-Madras Fertilizers Ltd. (MFL); Zuari Agro 
Chemicals Ltd. (ZACL); The Fertilizer Corporation of 
India Ltd. (FCI), Barauni, Durgapur; Indian Farmers Fer
tiliser Cooperative Ltd. (IFFCO), Kandla and Kalol; 
Southern Petrochemical Industries Corporation Ltd. 
(SPIC), Tuticorin; Mangalore Chemicals and Fertilizers, 
Ltd. (MCFL), Mangalore; Sindri Modernisation, Nangal 
expansion, Bhatinda, Panipat, Ramagundam, Talcher, 
etc.-were set up; production was based on a wide array of 
feedstocks, including coal and fuel oil. Significantly, with 
IFFCO the cooperative sector made an entry into the 
production of fertilizers. 

Feedstock Policy 
A brief reference to the feedstock policy of the 

Government may not be out of place. In the 1960s, most 
of the capacity was based on naphtha from local refineries 
supplemented by imports. But towards the latter part of 
the 1960s, there was a worldwide concern about the long
term availability of petroleum feedstock. It was therefore 
decided to look at an alternative, such as coal. Two coal
based units (Talcher and Ramagundam) were 
commissioned. 

In the early 1970s, the likelihood of a shortage of naph
tha both worldwide and in India, accompanied by rela
tively easy availability of fuel oil, resulted in a steep rise in 
the price of naphtha and a lower price for fuel oil in the 
international market. The Government decided to base 
some new plants on fuel oil. In the latter half of the 1970s, 
large quantities of natural and associated gas were dis
covered offshore in various parts of the country. 
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Consequently, the feedstock policy was again changed, Narrowing the Gap 
and capacity during the 1980s has been mainly based on The development of an indigenous fertilizer industry 
gas. has enabled the country to meet an increasingly large per-

Phosphatic Fertilizers centage of its fertilizer needs from domestic production. 

Supcrphosphate (SSP) was th- first chemical fertilizer Consumption has increased from 0.3 million tonnes 
produced in India by E.I.D.-Parry at Ranipet in 1906. The (NPK) in 1960/61 to 5.5 million tonnes in 1980/81 and 
raw material raw ateialuse Over ththe years, about ewe9 million tonnes inn 1987/88. fNused then was The interesting fact is 

many new plants were added, and until 1960 the entire that between 1980/81 and 1987/88, the production of NP 
production of P fertilizers in the country consisted of SSP fertilizer as percentage of consumption has increased from 
only. Presently, 80 SSP units with an installed capacity of 61% to 90% (Narayan, 1988). No economically viable 

thn ws boebone meal.mal.Ove yers, ta 908 978,tepouto 

2.13 million tonnes of material exist in the country. SSP sources of K are known, and K requirements, therefore,are met entirely from imports. 
a very good fertilizer, and it can play an important role in ay 
also supplying sulfur, calcium, and some micronutrients, Future Trends 
particularly where soils and crops demand more of these To meet the increasing need for fertilizers in the years 
materials (Biswas et al., 1987). Some units of triple super- to me, thdiin ca ing re ated anthephosphate (TSP) were established, e.g., Dharamsi Morarji to come, additional capacity is being created, and the 
Chohate Copa Lereet.lishedeg.,)A capacity utilization of existing plants is being improved by( rnah 
Chemicals Company Ltd. (DMCC)-Ambernath, 1908; various means such as modernization and providing cap-Hindustan Copper Ltd. (14CL), Khctri; and FCI, Sindri; at tive power units. Two gas-based plants at Thai and 
present, however, all the units are closed because of acute Hazira (1.5 million tonnes urea capacity each) were com
marketing problems for this product. missioned during 1985/86. Three more projects (one 

Complex Fertilizers each in the public, cooperative, and private sectors), based 
nutrient on gas available from the IBJ pipeline, have already beenIn the 1900s, Icommissioned.it was realized that balanced Threesmorelprojectstbasednondthisrgas, 

dosages were necessary to sustain yields on a long-term commissioned. Three more projects based on this gas, 
basis, particularly when the uptake of all essential plant apart from the one based on naphtha in the south at 

arenutrients increased with intensive agriculture. Conse- Kakinada, Andhra Pradesh, are being developed and 
quently, production of NP and NPK complex fertilizers in expected to be completed in the next 3 years (Narayan, 
various standard ratios was encouraged. 1988). 

Indigenous production of complex fertilizers started in In phosphates, the addition to capacity has been 

1963 with FACT and E.I.D.-Parry manufacturing am- brought about through an ambitious program involving 
monium phosphate sulfate. This was followed by produc- three coastal plants and four expansion projects based on
tion of various grades, including nitrophosphats at FCI imported ammonia and phosphoric acid. Of the new DAP
(Trombay-1967), DAP at SFC (1 7), ur a ammonium plants, the GSFC, Sikka; Hindustan Lever, Haldia; and 
phosphaye FLDA(19 a d varC(1o7)urea amoniues a Godavari Fertilizers, Kakinada, have already been com
phosphate at CFL (1968), and various NPK complexes at iined. Besides the completed expansions of MCFL 
SPIC (1971), ZCori-1 , ACT (COhin-II-1977), and SPIC, two other expansions, both nitrophosphates,Trombay IV (1978/79). The production of complex fer- are presently under implementation by Gujarat Narmada

imeprorutedntrsisay bae upon8/79). pocmphoc ac Valley Fertilisers Co. Ltd. ((;NFC) and Deepak Fertiliserstilizcrs is largely based upon imported phosphoric acid. and are expected to be commissioned within 2 years. In 
Capacity Utilization addition, a project using ava ble resources of pyrites with 

The impetus for indigenous production has resulted in a total capacity of 33,M) tonnes of P205 per annum is 
significant improvement in the utilization of plant coming up at Amjhore (Bihar). The proposed addition in 
capacity. In the N sector, the national average increased both the sectors wil' lead to a total installed capacity of 
from 53% in 1980/81 to 79% in 1986/87 while the average 11.5 million tonnes by 1989/90, consisting of 8.4 million 
in phosphates went up from 65% to 80% during the same tonnes N and 3.1 million tonnes of P205 (Narayan, 1988). 
period. With a total installed capacity of 7.5 million 
tonncs N and 2.6 million tonncs P2Os and with capacity In addition to the fertilizer materials already discussed, 
utilization rates that are quite commendable by intcrna- a number of new materials or modified forms of known 
tional standards, India has the distinction of ranking fertilizers are under development (Table 2). Such 
fourth and fifth in the production of N and P205, respec- developmental work is largely undertaken by the research 
tively, in the world (Narayan, 1988). and development departments of different fertilizer 
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Table 2. 	 Some Fertilizer Materials Under Development 
in India and Associated Organizations 

Urea supergranules 	 Indian Farmers Fertiliser 
. Cooperative Ltd. 

Neem-treated urea IEL, Rashtriya Chemicals & 
Fertilizers Ltd., Maharashtra Agro 
Industries Corporation, Godrej 
Soaps 

Ureaform 	 The Fertilizers and Chemicals, 
Travancore Ltd. 

Urea-AN solution National Fertilizers Ltd. 
Urea-gypsum Madras Fertilizers Ltd.; Projects & 

Development (1)Ltd. 
Rock-P coated urea Madras Fertilizers Ltd. 
Coal-derived N Central Fuel Research Institute 

fertilizers 
Lac-coated urea Indian Lac Research Institute 
Partially acidulated Pyrites, Phosphates & Chemicals 
phosphate rock 	 Ltd. 

Polyphosphates Rashtriya Chemicals & Fertilizers 
Ltd., Indian Farmers Fertiliser 
Cooperative Ltd. 

Zincated-SSP Shriram Foods & Fertiliser 
Industries' 

Boronated-SSP Dharamsi Morarji Chemicals 
Co. Ltd. 

Zincated-urea Gujarat Narmada Valley Fertilisers 
Co. Ltd. 

a. Activity probably now stopped. 

Source: Tandon and 	Biswas (1988). 

companies and research institutes. Production of such 
new fertilizer aims at (1) the development of products that 
can improve nutrient use efficiency and (2) finding 
economic avenues for thc use of locally available materials(Tanon198).Thend Bswa,
(Tandon and Biswas, 19M). 

Fertilizer Consumption 

Use of fertilizer began in India at the close of the last 
century on tea and coffee plantations. The use of fertilizer 
for food crops expanded in the 1940s with free distribution 
of ammonium sulfate to farmers under the "Grow More 
Food Campaign." 

Although fertilizer consumption increased gradually 
over the next quarter of the century, the grow.h rate was 
not particularly spectacular. For example, consumption 
went up from (,(XX) tonnes in 1951/52 to 785,0(X) tonnes 
in 1965/66. The consumption per hectare of cropped area 
increased from 0.55 kg to 5.05 kg, a ninefold increase 

during the same period, but still very low in absolute 
terms. 

The introduction of fertilizer-responsive HYV seeds in 
the mid-1960s, coupled with the Government's favorable 
policy for fertilizer marketing, resulted in a rise in fer
tilizer consumption to 1.1 million tonnes in 1966/67, an 
increase of about 40% over the previous year. 

In the 1970s, the growth in consumption lost some of 
il.s momentum. To start with, availability was a constraint 
for about a year. Soon thereafter came the oil crisis, and 
the price of fertilizer consequently increased by 100%
150%. Farmers just would not accept the use of fertilizer 
at the price, and in 1974/75, fertilizer consumption went 
down 9.3% compared with the previous year, the first such 
decline in many years. The position was alarming. 
Various corrective measures, such as reduction cf fer
tilizer prices, introduction of price subsidies, and inten
sification of fertilizer promotion activities revived the up
surge in consumption. Consumption went up by 12.4% 
and 17.9% 	in 1975/76 and 1976/77, respectively. 

The years 1977/78 and 1978/79 were favorable for fer
tilizer consumption; growth rates of 25.7% and 19.4% 
were registered, and total consumption reached 5 million 
tonnes. The factors conducive to a favorable growth rate 
in consumption included better and more timely 
availability of fertilizer, higher benefit/cost ratio for the 
farmer because of the drop in fertilizer prices and increase 
in crop procurement price, increased area under irrigation
and HYV of crops, better planning and monitoring of in
put availability and use, and the sustained promotional 
work by the industry with necessary support provided by 
the Government. 

Consumption Ta-gets 
TonsumptionTargetsplanning with regard to consumption has, to a cer

tain extent, been vitiated by the experience in the recent 
past (Narayan, 1988). For almost seven seasons in succes
sion, starting from Rabi 1984/85, the weather conditions 
have been unfavorable and have resulted in a lower level 
of consumption in relation to the targets. It can thus be 
seen that since 1983/84, when India achieved a record 
consumption of 7.7 million tonnes (NPK), there has not 
been any appreciable increase in fertilizer use (Table 3). 
Recognizing the dominating role of weather and the fact 
that 70% of the cultivated area is under rainfed condi
tions, the Planning Commission in its mid-term appraisal 
revised the target of consumption from about 14 million 
tonnes envisaged earlier to 12 million tonnes for the ter
minal year of the 7th Plan (1989/00). Although fertilizer 
consumption is likely to increase this year because of good 
weather, it may be a difficult task to achieve the target 
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Table 3. Fertilizer Production and Consumption and Food-Grain Production 1962/63 to 1987/88 

Weather (for 
Fertilizer Fertilizer Gross Gross Purposes of 

Production Consumption Cropped Gross Under Irrigated Agriculture Food-Grain 
Year (N + P205) (All Nutrients) Area HYV Crops Area Production) Production 

----- ('000 tonnes) ------ --------- (million ha) -------- (million tonnes) 

1962/63 283 452 156.8 - 29.8 Average 80.1 
1963/64 327 544 157.0 29.7 Average 80.6 
1964/65 374 773 159.2 - 30.7 Very good 89.4 
1965/66 357 785 155.3 - 30.9 Very poor 72.4 
1966/67 455 1,101 157.4 1.9 32.7 Very poor 74.2 
1967/68 610 1,539 163.7 6.0 33.2 Good 95.1 
1968/69 776 1,761 159.5 9.3 35.5 Average 94.0 
1969/70 954 1,982 162.3 11.4 36.9 Good 99.5 
i970/71 1,061 2,256 165.8 15.4 38.0 Very good 108.4 
1971/72 1,240 2,656 155.2 18.2 38.4 Average 105.2 
1972/73 1,385 2,768 162.1 22.3 39.1 Very poor 97.0 
1973/74 1,374 2,839 169.9 86.0 40.3 Poor 104.7 
1974/75 1,517 2,573 164.2 26.3 41.7 Very poor 99.8 
1975/76 1,828 2,894 170.9 31.9 45.3 Good 121.2 
1976/77 2,341 3,411 167.2 33.6 43.2 Poor 111.2 
1977/78 2,669 4,286 172.3 38.9 45.9 Good 126.4 
1978/79 2,951 5,117 175.2 40.1 50.6 Good 137.9 
1979/80 2,987 6,255 167.2 38.4 52.6 Very poor 109.7 
1980/81 3,005 5,516 173.3 43.1 54.1 Poor 129.6 
1981/82 4,093 6,067 177.0 46.5 56.0 Poor 133.3 
1982/83 4,413 6,387 173.4 47.5 58.1 Poor 129.5 
1983/84 4,556 7,710 180.2' 53.7 58.6 Good 152.4 
1984/85 5,235 8,211 176.0 54.1 60.5 Average 145.5 
1985/86 5,753 8,474 55.4 62.2 Poor 150.4 
1986/87 7,079 8,738 56.1 - Poor 144.1 
1987/88 7,131 9,008- 51.2b Very poor 138.01 

a. Provisional. 
b. Anticipated achievement. 

Source: "Annual Review of Fertiliser Production and Consumption," Fert. News, 33(8):71-104. 

of 12 million tonnes in 1989/90 and about 20 million cereals, pulses, oilseeds, and other important crops of the 
tonnes by 2000 A.D. (Table 4), unless we are able to in- region under rainfed conditions should be based on the 
crease fertilizer consumption in the SAT region, par- use of improved technology, of which the key component 
ticularly in areas where rainfall and irrigation facilities are is use of N and P. The deficiency of P is limiting crop 
extremely low. production more seriously than is generally realized. 

Deficiency of zinc and sulfur is also being reported in 
Fertilizer Use In SAT Region these areas (Kanwar, 1986). 

In India, about 80% of the fertilizer is consumed in ir
rigated areas; the remaining 20% is consumed in the Fertilizer consumption data from a few selected SAT 
rainfed areas, which constitute 70% of the cropped area districts (Jodhpur, Bellary, Anantapur, Aurangabad, 
(Venkateswarlu, 1986). Fertilizer use in the SAT region is Banaskantha, and Mehindergarh) in states that have 
still lower. The strategy for increasing production of research institutes to provide necessary farm technology to 
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Table 4. 	 Some Projections of Production and 

Consumption of Fertilizers In India 


Item 1987/88 1989/90 1999/2000 
-------- (million tonnes) -------

Nitrogen (N) 
Capacity 7.0 9.2 
Production 5.5 6.5 11.4 
Demand 7.8 9.1-9.3Gap 	 2.3 2.5-2.7 

Phosphate (P205) 
Capacit) 2.3 2.9 
Production 1.9 2.2 4.2Demand 2.7 3.0-3.2 

Gap 	 0.8 0.8-1.0 

Potash (K20) 

Demand 1.2 1.4-1.5 

Gap 1.2 1.4-1.5 


Total (N + P205 
+K20) 
Capacity 9.3 12.1 
Production 7.4 8.7 15.6 
Demand 11.8 13.5-14.0 20.0 
Gap 	 4.4 4.8-5.3 4.4 

Source: 	 FAI Fertiliser Statistics for 1985/86, 

the farmers indicate that fertilizer consumption has in-
creased over the years (Table 5), but the yields have not 
been affected uniformly (Table 6). Productivity of dif-
ferent crops decreased in 1985/86 compared with 1980/81 
except for groundnut and sorghum in Anantapur, wheat in 
Jodhpur, and chick-pea in Mohindergarh. Rainfall was 

Tb5Frctzeonsuivn owRinfall SelederSom 
Districts Receiving Low Rainfall (< 750 mam) 

and Having Low Irrigated Area (<20%) 

Fertilizer Consumption 
District 1970/71 1975/76 1980/81 1985/80 

-----------	(tonnes) ------------

Jodhpur 937 997 1,396 3,911 
Bellary 10,3) 22,001 35,133 64,232 
Aurangabad 8,598 9,770 22,400 23,329 
Anantapur 4,188 6,261 10,161 10,351 
Banaskantha 2,881 3,937 9,944 18,311 
Mohindergarh 1,111 4,182 4,744 10,495 
Source: FAI Fertiliser Statistics for different years. 

Table 6. 	 Productivity of Some Selected Districts 
Receiving Low Rainfall (<750 mm) and Having 
Low Irrigated Areas (<20%) 

Productivity,
 
District Crop' 1980/81 1985/86
 

------ (kg ha*)-------


Jodhpur Parl millet 6w
 
ea tNormal 23 Low
Wheat 	 969 1,427Bellary 	 K. sorghum 1,430 }(477) 1,073 )(434) 

R. sorghum 822 627 
Aurangabad Pearl millet 472 }(802) 335)(579)

R. sorghum 	 446 183Anantapur 	 Groundnut 369 }(429) 647 (387) 

Banaskantha 	 R. sorghum 681 1,556Cotton 	 220 )(512) 124 }(322) 

Wheat 2,186 1,916 
Mohindergarh 	 Pearl millet 320 }Normal 28 )Low


Chick-pea 568 696
 

a. K = Kharif and R = Rabi. 
b. Figures in parentheses indicate annual rainfall in 
millimeters. 

Source: FAI Regional Statistics for 1980/81 and 1985/86. 

low and uneven in 1985/86 except in Anantapur, where
well-distributed rainfall resulted in higher 	 productivity. 

The increase in wheat (Jodhpur) and gram 
(Mohindergarh) yield might be due to the supply of life
saving irrigation. 

These data imply that well-distributed rainfall is the 
mos important factor in enhancing the crop productivity 

ithe SAT region. Therefore, moisture conservation and 
its efficient use are the most important factors in crop 
management. Use of fertilizer can also play a key 
role in enhancing the productivity of the SAT region unthe condition of required moisture availability
(al ) 
(Table 7). 

The nutrient requirement to produce a tonne of grain 
is quite high; crops grown in the SAT region are also 
removing a huge amount of nutrients, and they are expected to remove much more nutrient (Table 8) by 2000 

A.D. to achieve the food production target. Therefore, 
these areas must also be properly fertilized to obtain the 
desired results. Fertilizer is a valuable input. Therefore, 
its use efficiency needs to be increased. Balanced use of 
plant nutrients increases the fertilizer use efficiency. Use 
of fertilizer-efficient crops and cropping systems, applica
tion of fertilizer through proper methods, and the 
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Table 7. 	 The Average Yields of Some Important Crops in the SAT and Potential Yield Obtainable Under Rainfed 
Conditions With Improved Technology and Fertilizer Input 

Yield Obtained at ICRISAT Center Under Rainfed Conditions 
Average Yield in SAT Low Fertility High Fertility 

Crop (30-Year Average) and Average Management' and Average Managementb 

(kg ha' ) 	 ------------------- (kg ha") --------------------

Sorghum 842 2,627 4,900 
Pearl millet 509 1,636 3,482 
Chick-pea 745 1,400 3,000 
Pigeon pea 600 1,000 2,000 
Groundnut 794 1,712 2,572 
a. Nutrients added for sorghum and pearl millet, 43 kg N ha' and 20 kg P205 ha'; for pigeon pea and groundnut, 20 kg N 
ha'1 and 20 kg P205 ha-'. 

"
b. Nutrients added for sorghum and pearl millet, 86 kg N ha and 40 kg P20s ha; for chick-pea and pigeon pea 18 kg N 
ha*' and 46 kg P205 ha'; and for groundnut 60 kg P20s ha*'. 

Source: Kanwar (1986). 

Table 8. 	 Production and Nutrient Removal (NPK) Table 9. Contribution of Fertilizers and Other 
Estimates of Some Rainfed Crops (by Components of Improved Technology to 
2000 A.D.) Increase in Yield Over Traditional Systems 

in Dryland Agriculture 
Production Nutrient Removal 

Crop 1986/87 2000 1986/87 2000 Increase in Yield Over 
(million tonnes) (million tonnes) Practice Traditional System 

(%)
Sorghum 8.87 20.40 0.44 1.00 
Pearl millet 4.49 15.00 0.13 0.44 Management 14 
Chick-pea 4.46 12.75 0.33 0.94 Seed 40 
Pigeon pea 2.32 4.50 0.30 0.44 Fertilizer 50 
Groundnut 5.42 13.50 0.95 2.36 Seed + fertilizer 95 
Sources: 	 Agriculture Situation in India, June, 1988 and Seed + fertilizer + management 130 

National Commission on Agriculture, 1976. Source: Singh and Venkateswarlu (1985). 

integrated use of all sources of plant nutrients are all fac- In the future, we will have to increase fertilizer con
tors that increase fertilizer use efficiency by increasing sumption in the SAT region, and for that, weather-based 
crop productivity. agrotechniqueE need to be developed and adopted at the 

farm level. This will require adoption of the systems ap-
Crop responses to fertilizer in the SAT region are proach, as well as cooperation and coordination at all 

quite high and also economical. Adoption of a full levels. 
package of practices gives the best result (Table 9) and 
therefore needs to be encouraged. 
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Soil Fertility and Fertilizer Management in Semiarid 
Tropical India-A Historical Perspective 

I. P. Abrol, Deputy Director General (SAE), Indian Council of Agricultural Research 

Abstract 

The development of agricultural research in India is discussed from the period before British rule to the present. Early 
research focused on the use of manures and other organic amendments, and though yields were moderate, sustainable 
production was achieved. In the post-independence era, fertilizer use increased greatly as new fertilizer-responsive 
varieties were introduced. Yield improvements due to fertilizer application resulted in a neglect of man,ire use for fertility 
maintenance. Fertilizer use tended to be concentrated in irrigated agriculture to the exclusion of rainfed crops. In the 
1970s, high fertilizer prices caused research efforts to focus on defining and refining nutrient recommendations, including 
consideration of the direct and residual effects of the fertilizers. In addition, research programs have addressed the need 
for sulfur and micronutrient fertilizers for the major crops. Future research must follow an integrated approach involving 
scientists of diverse disciplines and must address the problems of the soil-plant-animal system. 

Soil is a critical natural resource for supporting the life 
systems. Agricultural production and productivity have a 
direct link with the maintenance of soil productivity, 
Management of nutrients is an important aspect of main
taining soil productivity. This presentation attempts to give 
a historical perspective of research efforts towards main-
taining the fertility of soils of semiarid tropical India. 

Although significant advances in the scientific manage-
ment of soil fertility have been made only in the past few 
decades, extensive references to maintenance of soil fer-
tility were made and detailed accounts presented in an-
cient Indian scriptures. Reference to the manuring of soils 
for the enrichment of plants can b found as early as 
1500-500 B.C. in a verse inrAnharva Veda. The ancient In-
dian cultivator possessed a fair knowledge of soils, rota-
tion and production of crops, different types of manures, 
etc. Indeed, one is filled with astonishmer: and admiration 
if he looks irto the elaborate injunctions that are found in 
Ardha.hastra, Brhat-Samhita (500 A.D.), and Agnipurana 
(500-700 A.D.) regarding the selection and treatment of 
seeds and use of animal excreta, fish and bones, beef and 
fishwashings, minute fishes, and various kinds of mixtures 
and decoctions as fertilizers. An excellent account of 
knowledge gained in ancient India on enrichment of crops 
through manuring has been presented by Raychaudhury 
(1964). However, the ancient wisdom in the management 
of soil fertility was gradually forgotten with the lapse of 
time. This was largely due to the exploitive agriculture fol-

lowed by successive rulers. Thus, the Turkish ruler 
Allaudin Khilji was strongly of the view "If an Empire has 
to stay, farmers should be exploited." 

The British Period 
Organized research on soil fertility had its beginning 

following the realization in England and other parts of 
Europe of the significance of crushed bones as plant 
nutrients. Von Liebig, a German chemist, was reportedly 
provoked to accuse the British for extracting, from the 
battlefields and ancient burial grounds, bones of three and 
a half million men for production of manure. In India, or
ganized research in the area of soil fertility can be traced 
to early years of the present century. Following recom
mendations of the Famine Commission in 1880, Imperial 
and provincial agricultural departments were formed, 
which stimulated agricultural research. Dr. J. A. Voelckar, 
Consulting Chemist, Royal Agricultural Society, London, 
joined the Imperial Department in 1889 and stayed till 
1891. On his advice, the post of Agricultural Chemist was 
created; Dr. J. W. Leather was the first to assume this 
position in 1892. Dr. Leather made in-depth studies on the 
soils of the country and was responsible for establishing 
permanent manurial experiments at Pusa in Bihar, Kan
pur in Uttar Pradesh, and Coimbatore in Tamil Nadu 
based on the Rothamsted model. 

The first serious effort to examine the question of 
maintenance of soil fertility was that of the Royal Com
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mission on Agriculture (RCA), which submitted its report 
in 1928. The Commission made several important obser
vations. With regard to the nutrient status of different 
soils, it observed that red soils, as a rule, are deficient in 
nitrogen, phosphorus, and humus, but potassium and lime 
are generally sufficient. Similar observations were re-
corded for black cotton soils. For alluvial soils, however,
the report mentions that the amount of organic matter 
and nitrogen in these soils varies but is usua!!y low, that 
potassium is adequate, and that phosphorus, though not 
plentiful, is generally less deficient than in the other In
dian states. 

The report also examined in detail the possibility that, 
on long-cultivated agricultural lands in India, the capacity 
to yield crops diminished continually because more 
nutrients in the form of produce were removed than were 
replaced by nature and the practice of cultivation. Relying 
on historical information, the report concluded, "while the 
paucity of records of crop production throughout India 
over any long period of time make the matter impossible 
of exact proof, we are of the opinion . . . that an over-
whelming portion of the agricultural lands of India long 
ago reached the condition to which experimental data 
point. A balance has been established and no fuiher 
deteriorationis likely to take place under existing conditions 
ofcultivation." 

Between the years 1913/14 and 1925/26, the average 
yield of rice ranged between 700 and 1,000 kg ha " and that 
of wheat from 600 to 780 kg ha'. A comparison with yields 
of a few crops currently grown in rainfed conditions is 
made in Tables 1 and 2 and brings out the contention that 
sustained yields at low levels can be achieved because of 
the natural recuperative processes prevriling in the tropi-
cal soils. 

Table 1. Yield of Rice \1984/85) 

Percentage of 
India's Total Irrigated 

State Land Area Area Yield 
-------- (%) ------- (kg ha-') 

Orissa 10.7 28.4 969 
Madhya Pradesh 12.1 17.7 759 
Bihar 13.2 32.7 1039 
All India 42.1 1417 

Source: Ministry of Agriculture (1986). 

Table 2. Yield of Wheat (1984/85) 

Percentage of 
India's Total Irrigated 

State Land Area Area Yield 
-------- (%) ------- (kg ha " ) 

Maharashtra 3.8 48.7 866 
Madhya Pradesh 15.6 33.7 1,094 
All India 	 72.4 1,870 

Source: Ministry of Agriculture (1986). 

The Royal Commission on Agriculture made several 
other significant recommendations. Those relevant to this 
presentation include the following: 

* 	 Ihe agricultural departments in India are not, at 
present, in a position to give the farmers definite ad
vice in regard to the economic use of fertilizers. 

* 	 The evidence has not suggested any alternative to the 
use of farmyard manure as fuel where coal and wood 
are expensive. 

* 	 Steps should &Ctaken to promote better preservation 
of farmyard manure. 

* 	 The Indian cultivator has much to learn from the 
Chinese and the Japanese in regard to the use of 
compost. 

* 	 Greater research is needed on the role of legumes 
(including those for green manuring) in increasing soil 
fertility. 

* 	 No further investigation under Government auspices
of the possibilities of manufacturing synthetic nitrogen 
in India is at present required. 

In the early decades of the 1900s, the British exported 
large quantities of bones and oilseeds from India to 
England (Tables 3 and 4). Some people advocoted before 
the Royal Commission that this involved a heavy druin of 
phosphate and combined nitrogen and left the Indian soils 
impoverished. They, therefore, pleaded that the large ex
port of these items from the country should be ended by 
total prohibition of exports or imposition of an export tax. 
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Table 3. Export of Bones to England from India The Post Independence Era 
In the fifties, though the consumption of nutrients in-

Period Annual Export Value creased from about 65,000 tonnes in 1951/52 to about 
(tonnes) (million Rs) 	 300,000 tonnes in 1961/62, the overall consumption

remained very low, and the increased food-grain produc/ 1 9tion was largely due to an increase in cultivated areas.20/21-1924/25 87,297 8.91 This was the period when the area covered under irriga-

Source: Royal Commission (1928). 	 tion remained nearly constant. 

The introduction of an intensive agriculture district 
program in 12 districts in 1960/61 was the first serious at-

Table 4. Export of Oilseeds to England from India tempt for intensive cultivation based on fertilizers. In the 
mid-sixties, the availability of dwarf varieties of wheat and 

Period Total Yield rice as well as hybrids of maize, sorghum (iowar), and mil-Period. ExportYeld(t -----E. let (bajra), all of which were fertilizer responsive, caused a 
spurt in the demand for fertilizers. Thus, between 1960/61 

1910/11-1924/25 72,518 13,053 and 1970/71, nutrient consumption increased nearly
sevenfold (Table 5). The increase continued into the next 

Source: Royal Commission (1928). decade when the consumption increased another threefold 
by 1982/83. The Government responded with various 
measures including establishment of a high-level team to 
promote both the production and consumption of fer-

These suggestions 	were, however, not agreed to because, tilizers. Since then, there has been a steady increase in 
according to the Commission, they would deprive one of consumption, which rose to 9 million tonnes of nutrients 
the poorest sections of society of a source of income and in 1986/87. 
use of bonemeal in general had not shown any increase 
over the years in India. 

Table 5. Growth of Nutrient Consumption Through
The history of fertilizer use in the country is short. Fer- Fertilizers 

tilizers were introduced in the early part of this century.
During 1906 single superphosphate was produced in Year Nutrient Consumption
Ranipet and was followed by production of ammonium (million tonnes) 
.3ulfate by Tata Iron and Steel Co. in 1919. Only about 
10% of the total production of 4,436 tonnes of ammonium 1955/56 0.131 
sulfate was used in India, and the rest was exported. The 1960/61 0.292 
proportion rose to 40% in 1925. Subsequently, with rising 1965/66 0.785 
demand, ammonium suifate had to be imported. 1970/71 2.177 

1975/76 2.894
Efforts in the Thirties apd Forties 1980/81 5.515
 

Realizing that greater attention must be given to the 1985/86 8.737
 
problems of cultivation of crops that are entirely depend
ent upon rainfall, the Imperial Council of Agricultural Source: Ministry of Agriculture (1986).
Research financed a scheme launched at five centers in 
the country. The centers were located at Sholapur,
Bijapur, Hagari, Raichur, and Rohtak. The project con- The early sixties was also the period of rapid expansion
tinued for 10 years and made recommendations for im- of research infrastructure through the setting up of state
proving agriculture in these areas. Among other recom- agricultural universities. The research programs provided
mendations, application of farmyard manure at the rate of full support to the development programs by making
five cartloads every alternate year or once in 3 years was recommendations for fertilizer needs of different crops
recommended. Smaller doses were not effective, and and newly emerging cropping systems. Research efforts 
higher doses became relatively uneconomical. The role of were largely confined to defining the optimum dose of 
legumes in crop rotation for maintaining soil fertility was nutrients for individual crops, particularly for rice and
also emphasized in these investigations, wheat and their newly released varieties. Scientists and 



----------

26 

farmers achieving maximum yields were credited. Spec-
tacular yield increases due to application of fertilizers 
resulted in farmers ignoring the use of small quantities of 
manure which they were earlier applying for maintenance 
of soil fertility. The research efforts in the sixties laid little 
emphasis on the organics and ignored the long-term 
aspects in arriving at recommendations for new crops.. 
Further, these efforts were largely concentrated in areas 
with assured supply of irrigation water. Rainfed agricul-
ture, including problems of managing soil fertility, 
remained largely unattended. In the early years, major
emphasis, as would be expected, was directed towards use 
of nitrogenous fertilizer. However, it was soon realized 
that for sustained high yields, balanced fertilization was 
essential. It was further recognized that, in making recom-
mendations, the cropping systems as a whole must be con-
sidered and that there was need to carry out fertility 
experiments over a long period of time to be able to gen
erate results that should be meaningful for maintaining 
long-term iertility of soils. As a result, the Indian Council 
of Agricultural Research (ICAR) initiated several coor
dinated research projects (Table 6). In recognition of the 
importance of increasing productivity of rainfed areas, an 
All India Coordinated Research Project on Dryland 
Agriculture was started in 1970. 

Table 6. All India Coordinated Research Projects 

All India Coordinated 
Research Project Areas Year of Start 

Microbioiogical decomposition and 
recycling of organics 1967 

Soil-test-crop response correlation 1969 
Micronutrients in soils and plants 1969 
Long-term fertilizer experiments 1970 
Dryland agriculture 1970 

The Seventies 
During the seventies, the net sown area remained al-

most constant 't 140 million ha, but because of improved 
irrigation facilities, the area sown more than once per year 
increased from 23.5 million ha in 1969/70 to 
32.8 million ha in 1980/81 and 37.6 million ha in 1983/84. 
Increased cropping intensity resulted in a heavier demand 
for nutrients, which was reflected in more pronounced 
nutrient deficiencies. Research efforts were therefore 
directed to defining and refining nutrient recommenda-
tions considering the direct and residual effects (Table 7). 
Defining management practices including time and 
method of application for improving efficiency of applied
nutrients received more attention. Studies under the All 

Table 7. P Effects InCropping Sequence 

Grain Yield 
Average Average 
3 Years 10 Years 

Treatment Rice Wheat Maize Wheat 
---------- (t ha") 

P applied to rice/ 6.6 4.2 3.0 4.7 
maize and wheat 

P applied to wheat 6.6 4.1 3.0 4.5 
only 

P applied to rice/ 6.5 2.4 3.1 3.8 
maize only 

Source: Gill and Meelu (1983). 

India Coordinated Research Project on micronutrients 
made significant contributions in bringing out the limiting 

r f eing micronurintececie intandardizing practices for overcoming these. The interaction 
effects amongst the nutrients and of nutrients with such 
factors as water supply were increasingly appreciated and 
efforts made to quantify these. These efforts were 

reflected in more balanced use of nutrients, as is reflected 
in the increased use of P and K fertilizer (Table 8). 

Table 8. Relative Consumption of N and P Fertilizers 

Year N/P2Os N/K20 
1951/52 8.5 
1961/62 4.1 8.9 
191/2 .2 .0 
1971/72 3.2 6.0 
1981/821985/86 3.02.8 6.06.8 

Source: Ministry of Agriculture (1986). 

A sudden rise in prices of fertilizers in 1974/75 follow
ing a rise in oil prices was a reminder of the need for in
tensifying research to improve fertilizer efficiency and to 
develop systems of integrated nutrient management 
involving the use of organics, particularly crop 
residues and farm wastes. Researchers also looked for 
plant materials/cultivars that could withstand nutrient 
deficiencies and toxicities of specific soil disorders. Under 
the All India Coordinated Research Project on Soil Test 
Plant Correlations, the concept of achieving targeted 
yields based on soil test data was evolved. Towards this, 
quantitative relationships were developed to relate soil 
test values for important nutrients to the fertilizer 
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requirements for predefined yield targets of important In the area of rainfed farming, nutrient management 
crops. Although the results of these studies have been recommendations for promising intercropping systems 
verified on a large number of farmers' fields, the use of were worked out. Field studies aiming to integrate 
soil tests as a basis for fe-tilizer recommendations in our nutrient management in agroforestry-based systems were 
country has largely remained a neglected technology, initiated. The role of organics and balanced nutrient ap

plication and the need for long-term fertility studies as a 
In the area of rainfed agriculture, increasing efforts basis for recommendations were increasingly realized 

were made to define the nutrient requirements of crops, (Tables 10-12). 
and response functions were worked out for different 
agroclimatic conditions (Table 9). These studies provided Future Needs 
convincing evidence for the need to increase fertilizer use India's population continues to grow and is expected to 
under rainfed conditions. touch the 1 billion mark towards the end of the present 

century and to stabilize only at 1.6 billion sometime in the 

Table 9. Crop Response to N and P Fertilizer Under next century. The per capita availability of land for cultiva-
Rainfed Conditions 	 tion has been continuously decreasing, and in the futurethere is no likelihood whatsoever of expanding the cul-

Fertilizer Dose Average Response tivated area. In fact, all-out efforts are needed to divert(kg haFl) (kg grain kg' nutrient) 	 some of the marginal soils to alternative uses to check 
their degradation and to achieve ecological harmony. 

Nitrogen Response 	 These projections would emphasize the need for highly 
Pearl millet (40) 19.2 Table 10. Effect of Maize Residue Incorporation on 
Sorghum (40) 26.7 
Maize (40) 15.5 
Mustard (20) 13.6 Average Grain Yield 

Treatment (1975-79)
Phosphorus Response (t ha-')
Sorghum (30-50) 9.0 	 18Porlum (30-50)Pearl millet (30-50) 7.2 No residue incorporated 	 1.887.2 
Mustard (30-50) 5.7 Residue incorporated 2.35
 
Chick-pea (30-50) 10.9 at 4 t ha" yr 1
 

Safflower (30-50) 3.2 Source: Hadimani et al. (1982).
 
Source: Singh and Venkateswarlu (1985).
 

Recent EffortsRcentEffortsi eTable
Efforts in recent years have continued to refine 11. Crop Responses to Applied Nutrients 

nutrient management recommendations based on increas-	 Pearl Millet Finger Millet 
ing research information from short- and long-term fer- Treatment Agra Hissar Bhubaneshwar 
tility experiments. The nutrient management needs of oil- Treatment ( har --------
seeds and pulses and of cropping systems that include-..........-(t ha')-------
these crops became increasingly more important. Sulfur 
has been reported to be deficient in over 90 districts of the 
country, particularly where sulfur-free fertilizers have 2. Recommended 
been used over the years (Tandon, 1986). For overcoming fertilizers 1.71 2.01 1.33 
the deficiencies, several studies were directed toward 3. 1/2 recommended 
defining the sulfur relations of soils and crops for op- fertilizers 1.35 1.78 1.06 
timum management of nutrients. There has been a 
renewed interest in economizing fertilizer nutrients 4. Farmyard manure 
through the us,; of nitrogen-fixing organisms including (to compensate N 
blue green algae and Azolla and through improved in Treatment 3) 1.30 1.94 0.87 
Rhizobial strains for inoculation of important legumes. 5. Treatment 3 plus 
Similarly, research efforts have been directmd toward max- Treatment 4 1.62 1.90 1.26 
imizing the use of dinitrogen fixed through green manure 
crops. Number of years 4 4 3 
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Table 12. Long-Term Effect of Selected Treatments 
on the Yield of Maize Grown in Maize-
Wheat Rotation in an Alfisol 

Average Yield 
Years Years Years Years 

Treatment 1-12 13-18 19-24 25-28 
----------- (kg ha' )------------

NoPoKo 0.83 0.83 0.55 0.53 
N 1.70 1.15 0.04 0.00 
NP 2.40 2.85 0.48 0.00 
NPK 3.17 3.23 0.82 0.12 
FYM (=N)* 2.27 2.59 2.75 2.59 
NPK+iime 3.37 3.97 3.79 3.67 
Noies: Following year 12, the variety was changed and 

the N-I'20-K20 dose increased from 40-40-40 to 

100-80-6(. 

Following year 18, the N-P2Os-K20 dose was in-

creased to 110-90-70.
 

*Farmyard manure- applied at a level such that the N rate 
was equivalent to that of the fertilizer treatments. 

Source: Lal and Mathur (1988). 

intensive agriculture and the need for improving and 
maintaining high productivity of our resources. 

Problems of maintaining and improving soil fertility 
will get increasingly complex; a high degree of experQt-e 
will be required to foresee the problems and to plan and 

conduct experiments carefully monitoring all relevant en
vironmental changes. Various interactions will need to be 
quantified so that best use can be made of the favorable 
ones. Sustainability aspects will need high priority. To 
achieve these objectives, soil fertility specialists will need 
to increasingly interact with specialists in other branches, 
including sc.l physicists, the mikrobiologists, the 
pedologists, and particularly the cconemists. Long-term 
field studies will need to be carried out on representative
benchmark soils so as to form a sound basis for the trans
fer of technologies. The problems of whole farming sys
tems will need to be appreciated in planning long-term 
fertility studies. Thus, soil fertility studics will need to in
creasingly address the soil-plant-animal system. Rhizo
sphere biology improvement is another promising area 
that needs urgent attention from the scientific community. 
The problems of evolving more profitable nutrient 
management systems will continue to be the aim of our fu
ture research. 

I am conscious that, in this presentation, ! have 
tou conteois hichI thog re ost Impor
touched only the points which Ithought were most impor
tant. I should like to quote what Hans Jenny wrote in 1961
when reviewing half a century of research in soil acidity. 
Comparing this to a merry-go-round, Dr. Jenny corn
mented, "When a turn is completed the sight, though 
familiar, is vastly different from the starting point." We 
are, more or less, in a similar situation. Although we have 
made significant advances in understanding and develop
ing solutions to the problems of managinf, the fertility of 
our soils, we have, yet, a long way to go. 
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Soil Fertility Problems in the Semiarid Tropics of Africa 

Paul L. G. Vlek, Director, and A. Uzo Mokwunye, Coordinator-Agronomic Research, International Fertilizer Develop
ment Center-Africa, Lom6, Togo 

Abstract 

The region of the African semiarid tropics (SAT) covers an area of approximately 485 million ha and is characterized 
by a monornodal rainfall distribution as well as a rainy season of 3-4.5 months. Millet and sorghum are the principal crops. 
Crop yields are very low, due in part to minimal successes in work on varietal improvement and to soil fertility limitations, 
low organic matter content, and low available N, S,and P -all of which pose serious constraints to sustained crop produc
tion. Research underiaken by IFDC,ICRISAT, and their national collaborators suggests that use of fertilizers in combina
tion with organic residues can promote increased crop yields. Howcvcr, the use of purchased inputs, including chemical 
fertilizers, in an ecologically fragile environment such itsis characteristic of the SAT is highly risk prone. Data are needed 
to define the right types and amounts of fertilizers for each soil/crop/cropping system combination. Such studies must 
also define the management practices, including soil conservation measures, needed to maximize nutrient use efficiency 
and promote sustainable crop production while protecting the environment. 

Introduction The combination of rainfall reliability and total rainfall 
dictates the predominant crops and cropping systems

The definition of the semiarid tropics (SAT) varies employed in the region. The principal food crops are mil
with the classification system of climates. Broadly let, sorghum, cowpca, groundnut, and cotton, frequently 
defined, SAT refers to the region with 2 to 7 w-t months intcrcropped with the leguminous crops. The millet and 
(precipitation exceeding potential evapotranspiration) a sorghum production areas have remained essentially con
year. However, for the purpose of this paper we will stant for the past 5 years and in 1981 were approximately 
restrict ourselves to the dry semiarid tropics as defincd by as follows: in West Africa, 15.2 million ha for millet and 
Troll (1966) and essentially characterized by a 13.2 million ha for sorghum, along with 5.5 million ha for 
nionomodal rainfall distribution with a rainy season of groundnut; in East and Southern Africa, 2.7 million ha for 
3-4.5 months. Total rainfall may range from 250 mm to sorghum and 1.4 million ha for millet, along with 
tXX)mim, but amounts vary greatly from year to year 0.9 million ha for groundnut (FAO, 1984). 
(Figure 1). Although a broader rainfall range is some
times used to define the SAT (Kumar, 1977), by our Millet is grown in the zone with less than 650 mm of 
definition the semiarid tropical regions of Africa cover an rainfall, and sorghum is grown in a zone with 650-900 mm 
area of about 485 million ha (Sanchez, 1970). This of rainfall. Yields of these crops in Africa averaged 700 

"agroclimatic zone includes the Sahclian belt stretching and 650 kg ha for sorghum and millet, respectively. The 
from Senegal to Sudan, extending into Ethiopia and low yields are a reflection of a host of biotic and 
Somalia and southward into Kenya and Tanzania, and en- socioccological factors. Varietal improvements have been 
compassing a region bordering north of the Kalahari negligible for the SAT crops. Soil fertility limitations are 
Desert (Figure 2). Ilowevcr, this area is reported to be increasingly recognized as a major constraint to increased 
changing rapidly as a result of dcscrtifcation, whidi in productivity of the SAT. It is widely speculated that the 
some areas is progressing at a rate of 5 kin/year. In scvcrity of this soil fertility constraint is increasing because 
Africa, an estiniated 65 million ha of productive land has fallow periods arc being decreased as a result of popula
been lost to desert in the past -50years. According to the tion pressure. tlowcvcr, such a contention is difficult to 
United Nations Environment Program, the livelihood of substantiate. Current millet and sorghum yields as 
as many as 50 mill~on people in sub-Saharan Africa has reported by FAO (1987) are equal to or better than those 
been affected. of 10 years back and are substantially better than those 
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Figure I. Metan Annual Rainfall and Rainfall Variahility of Tropical Africa. 

reported for thle drought years, 1'92-8-I. Most, of the vicld 
variation ap~pears related to weal her conditions, and long-

dertilitv toterm stll trends are diflicuh discern. The best 

evidcnce of the importance of imp~roving soil fertility in 
the SAT is gleaned from research information accumu-
lated over the years. This paper reviews the soil fertility 
research for N, I', . and micronutrients in the SAT, par-
ticularty lbr the Sathelian /one where IFIC and ICRISAT 
have condlucted joint research since 1982. lPotassium hats 
been oi litted because it has rarely beecn found to be lirnit-
ing in these regions, even though it is recogni/ed that K 
fertiliiation will be required if intensive agriculture is 
practiced in the SAT (iwuafor ctal., 180; ( )gunlcla and 

Yusuf, 19,8). 

Soil Fertility of the SAT 

T he principal sol Raiof theayesWest African SAT ar. 
the ('amborthids of the dryer ones and the Lstalfs of the 
more iinaie regions in tle souieh (('harrau, 1977). 

Similar soils as well as less differentiated i t isols are rep-
resentativ of the SAlT fringing the Kalahari lcsert. Us-
tails and Ustults are common in the SAi t of Eastern 

crtis. pre basin,Africa. V Tisfoun in thle ('had Sudan 

(20%, of the country), and Kenya (5%). Tihe distribution 
of the princip~al soil types for Tropical Africa is presented
in Figure 3. As a general rule, thc soils of the African 

SAT are not excessively acid. H-owever, most are derived 
from acidic parent materials and are low in clay and or
ganic matter content, leading to po~or buffering capacities 
and fragile ecosystems (Pichot et al., 1981). In a sampling 
of 30) soils from West Africa, most o~fwhich are from the 
millet and sorghum growing areas, the organic matter 
(()MI) content wats related to rainfall as follows: 

015 (S.E.OM tI. ± 0.(X)085 rainfall =0.20; R2 = 0.48) 

with ()I contents rarely exceeding 1%. '[he effective cat
ion exchange capacity (WCEC) is strongly affected by the 
OM content as shown by the following equation: 

ECC= (1.14 4 3.52 ()M (S.E. =1.21; R2 = 0.75) 

CotinuoUS cropping can rapidly degrade the soils of 
the SATp through nulrient depletio and acidilication ifno 
neasures are taken to counter these processes. Charreau 
(1972) noted that it took 7 , of fallow to restore a soil 
in Senegal that was exhaunsld asa result of continuous 
cultivation in a nillet /groundnut rot ation. Soil fertility 
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maintenance measures might consist of intcrcropping 
residue conservation, soil amendments, or 

manuring. 

Maintenance of soil fertility as a means to achieve sus
tained land productivity has become an important issue in 

tropics, particularly for the fragile soils of the SAT. 
Research at the ICRISAT Sahelian Center in Niger has 

shown that millet yields drastically declined (from about 
kg hat to 100 kg ha") as a result of continuous crop

ping. However, when crop residues were consistently
returned, the yields improved gradually to reach
800 kg ha* by the third and fourth years (1985 and 1986). 

High yields (around 1,00 kg ha-') were obtained from the 
first year with thL use of mineral fertilizer. The most 
promising results were reached with a combination of fer
tilizer use and residue conservation (Figure 4). Similar 
results were summarized by Pieri (1985) for various sor
ghum- and millet-based cropping systems. Because of the 
value of crop residues for fuel and feed purposes, the res
titution of part of the crop residue to the soil combined 

with the use of moderate amounts of mineral fertilizer 
may be the best strategy for sustained production. 

Source: After Aubert and Tavernier (1972). In addition, the inclusion of legumes in the cropping 
system may help maintain soil fertility. Pichot et al. (1981)

Figure 3. Principal Soil Types of Africa. studied the effect of sorghum/peanut rotation on sorghum 
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Millet Yield (kg ha"1) 

2 .. Y000 . .. ... .problem. The effects of various soil fertility management
1,800 ---- systems on the acidity of the soil, which were reported by
1,600 Gigou (1982) for the long-term sorghum experiment 
1.400 referred to in Figure 5, are summarized in Table 1. 
1.200 

1,00 . . -- Table 1. Effect or Fertilizer, Crop Residue, and Manure 
.
800 on Soil pH in Long-Term Sorghum Production 

600 ,i l CropResidue & Fertilizer
 

400 T 
 Fertilizer Only pH (KCI) of 
200 - T ['-'7 CropResidue Only Topsoil After
 

0 A -
 Control Treatment 6 Years 18 Years 
1983 1984 1985 1986
 

Years 1. Control 4.2 4.3Figure 4. Effect of Combined Fertilizer and Residue 2. Light doses of P and N 4.0 3.8

Management on Yield (Niger). 3. Heavy doses of P and N 3.8 3.7
 

4. As 2 + residues 4.0 3.9 
5. As 4 + manure (5 t ha " ) 4.4 4.4yields in Burkina Faso (Figure 5). The effect of the
 

peanut crop on the subsequent sorghum crop was negli
gible in the case of the control treatment that received 
neither fertilizer nor organic amendments. With Unfortunately, pH1 values at the onset of the experi
moderate fertilization, some benefits of the legume crop ment were not recorded. But by 1%6, the control yields
accrued after five rotational cycles. With the annual or had dropped from 1,(M) kg ha' to less than 100 kg ha " 
biannual addition of moderate amounts (5 t hat) of (Figure 5), even though there was no indication of a drop
manure in addition to the mineral fertilizer, beneficial ef- in pH. Similarly, results of the first 4 years of the millet
fects of the peanul crop were evident from the second experiment at Sadore (Niger) indicate no change in pH
cycle onwards. (KCI) in the control treatment, which held stable at 4.1, 

whereas yields steadily declined (Figure 4). In the sameVarious long-term experiments have l)een conducted experiment, the effect of mineral fertilizer on soil pH was 
to determine the principal reason for the decline in soil negligible, whereas the return of crop residues tended to
productivity. Increasing soil acidity was one suspected increase pt to around 4.4. 

11Sorghum GrainYield(i ha3 --.. eld t.. .. ... .Because soil acidity wa; )t !.ited importance, atten

tion was turned to the problem of soil izrtility depletion. 
Siband (1972) demonstrated that both the organic matter 
content and sum of exchangeable bases diminished con

2tinuously over a 90-year period of cultivation of a soil in 
Fetlze/P southern Senegal. The effect of continuous cropping on 

-i Fertilized SPR availabe P, one of the most limiting elements in the 
-4-Frerlilzed ss African SAT, has been documented (Traore, 1972). Data 

Ferlillzed &Manured SPR from Sadore demonstrate the critical role of P in the mil
_ , - Fertilized &Manured SS let growing areas of Niger. After four cropping cycles, the 

• '. *.*-. . Control SPa Bray P1 level slightly changed from its initial (low) value 
- control SS of 3.2 ppm to 2.6 ppm in the control treatment. With ina 

60 62 64 66 68 70 72 74 76 78 practice of returning crop residue, the Bray P1 remained 
Years at about 3.0 ppm. Only with fertilization or a combination 

Source: Pichot ct al. (1981). of fertilization and returning of crop residue did the P 
status of the soil improve to 7.1 and 8.1 ppm, respectivelyFigure 5. The Effect of Rotation and Fertil*zation and (Bationo, unpublished). Clearly, continuous cropping

Manuring on Sorghum Yields in Burkina Faso tends to dcplete the phosphorus reserves of the soil and
(SPR = sorglum/peanut rotation; SS = sole may be the principal cause for the rapid decline in soil 
sorghum). productivity. 
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One of the first things to be done in a new environ- Table 2. Effect of Various Soil Fertility Management 
ment is to use available soil and fertilizer infornmation to Practices on Grain Yield in Long-Term Trial at
 
assess the principal nutrients limiting crop growth in that Sadore, Niger
 
environment. The results of one such trial in its second
 
year at Sadore are presented in Table 2. It is obvious that Treatments Grain Yield
 
phosphorus is the most limiting nutrient. The rate of (kg ha " )
 
phosphorus used was 30 kg P205 ha-'. One notes, however,
 
that in spite of the importance of phosphorus, there is 1. Control 355
 
something to be said for the practice of balanced fertiliza- 2. P only (SSP) 855
 
tion, including the use of manures and soil amendments. 3. P only (TSP) 838
 

Various long-term experiments were conducted in the 4. SSP + N + K 	 1,0715. SSP + N + K + lime every 3 years 1,130 
West African SAT to study the effect of organic matter 6 SSP + N + K + m + Zn 1,0 
and fertilizer management on nutrient balances in the soil. 
Gigou (1982) reports a serious reduction in exchangeable 7. SSP +N + Mg + Zn 1,097 
K, Ca, and Mg after 4 years in fertilized cotton/sorghum 8. Crop residue (2 tonnes ha*') each year 778 
rotation when straw was not returned. Returning the straw 9. Crop residue (2 tonnes ha") each year 

+ 2SSP + N 	 1,134substantially improved the nutrient balances (Table 3). 
10. Manure (10 tonnes ha-) every 3 years 1,035 

Estimates 	by Poulain (1980) of the amount of nutrients 11. SSP+ N+ K+ Mg+Zn+ lime 
returned to the soil under various management systems every 3 years 974 

showed that straw from 1 tonne of a millet crop may add 12. SSP + N + K + Mg + Zn + crop 
20 kg N, 10 kg P205, 5 kg S, 10 kg K2O, 22 kg CaO, and 13. SSc + NM n c e 
30 kg MgO if incorporated without burning. These num- 13. SSP + N ma g e+ Zn + crop residue 
bers for sorghum are 60, 20, 7.5, 70, 10, and 7.5 kg, each year + manure every 3 years + 

lime every 3 years 	 1,283respectively. 

Thus, in contrast to soil moisture limitations, which af- SE ± 109 
fect yields in the SAT in a stochastic fashion, soil fertility 

Table 3. 	 Gains and Losses of Nutrients During 4 Years of Cotton/Sorghum Rotation in Northern Cameroon on 
Alluvial Soil (0.7% C, 10% Clay) 

N 	 P205 K20 CaO MgO 
P2 F3 F5 F2 F3 5 P2 F3 P5 1P2 F3 F5 F2 F3 F5 

------------------------------------- (kg of nutricnt ha*' ------------------------------------

Crop removal -140 -268 -186 -91 -1V8 -112 -258 -499 -403 -76 -130 -102 -51 -87 -62 
Leaching -18 -27 -22 -Tr -Tr -'rr -7 -7 -7 -103 -104 -131 -14 -29 -32 
Fertilizer 
additions +200 +400 +200 +270 +270 +270 +300 +300 +300 +150 +150 +150 0 0 0 

Sorghum straw 
additions 0 0 +111 0 0 +45 0 0 +393 0 0 +74 0 0 +51 

Balance +42 +105 +103 +175 +122 +203 +35 -206 +283 -29 -84 -9 -65 -115 -43 

112 = 50 kg urea ha'; 3 = 100 kg urea ha'; Fs = 50 kg urea ha* + 10 tonnes sorghum straw every 2 years. 

All treatments for cotton received 45 kg TSP and 60 kg KCI ha'; those for sorghum received 90 kg TSP and 90 kg KCI ha' . 
F3 gave best yields each year followed by P's. 

Source: Gigou (1982). 
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constraints are a major impediment to sustained crop 
production. The fragility of the environment necessitates 
the use of soil and crop management practices that con-
serve the 	native soil fertility, supplemented by measures 
that will enhance the nutritional status of the soils where 
nutrient supplies are inadequate. The role of fertilizers in 
this regard is discussed below, 

Nitrogen 

Response of millet and sorghum in the SAT to 
nitrogen varies with the weather conditions during the 
growing season. In 1985, a favorable year in Niger, 
response to applied urea-N (U) in Sadore was represented 
by the following regression equation: 

Grain yield = 940 + 23 U - 0.37 U2 


R' = 0.27 S.E. = 101 


whereas for sorghum in Gaya the following equation 
applied: 

Grain yield = 2,(XX) + 40 U - 0.28 U' 
R' = 0.39 S.E. = 340 

Sorghum, grown in the higher rainfall zones, has a higher 
yield capacity than millet, as reflected by the higher grain 

"Millet Grain Yield (kg ha1) 
1,800 	 

......... 


' ' / %
I """" -- .
.	 ' 
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S30m 
". 350 mm 

. I 	 -- 210 mm 

600-_ ... _ -- -- 100 mmj-
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0 18 27 36 45
 

Nitrogen Rate (kg ha1) 

Source: 	 Christianson et al.(1990). 


Figure 6. 	 Nitrogen Response or Millet as a Function of 
Critical Rainfall as Defined in the Text. 

yield of the control plots. Moreover, in the linear portion 
of the response curve, grain yield response was 
24 kg kg" N for sorghum and only 14 kg kg' N for millet. 
Finally, because of greater year-to-year variability in rain
fall, the response to N for millet is less assured. 

Analysis of millet yield versus rainfall distribution over 
the period 1982-85 showed that grain and stover yield 

were most significantly affected by "critical rainfall"-the 
total rainfall over a 7-week period in mid-season, starting 

the second week of July (Rp). A model was developed by 
Christianson et al. (1990) Of the following form: 

= 70 + -Rp + -2Ni + -3Ni 2 + -y4Ni Rp + ei 
where Yi is yield of millet grain, 70 is control yield, yi is 

the rai:'<'all coefficient, 72 the nitrogen coefficient, 73 the 
quadratic N coefficient, and -74the interaction coefficientfor nitrogen and rainfall. The model predicts a response 

to N at low rates in years of poor rainfall and negative 
response at higher rates due to "haying off." However,
during good years, a strong response to nitrogen is to be 
expected (Figure 6). The response to N in 1985, a year
with high mid-season rainfall, was closely in line with the 

prediction based on the model. Regression estimates for 
the model were significant at the 0.01 level (Table 4). 

Table 4. 	 Regression Estimates for the Effect of Critical 
Rainfall and Nitrogen Rates on Millet Grain 

and Stover Yield at Sadore, Niger 

Estimate Grain' Stover 
Intercept "7o 300.0 1400.0 

Rainfall 71i 1.70* 2.70** 
(0.10) (0.27)
 

N rate 	 72 10.36* 17.31'*
(2.30) (6.75) 

(N rate)2 
7'3 -0.41"* -0.38"* 

(0.05) (0.14) 

(N rate) x Rainfall -f4 0.07** 0.05** 
(0.005) (0.01) 

n 267 164 
R 2 Adjusted 0.82 0.63 
Sy/x (kg ha") 	 183.0 

* Significant at 0.05 level; **Significant at 0.01 level. 

a.Numbers inbrackets are standard errors of estimates.
 

Source: Christianson et al. (1990). 

442 
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Table 5. Recovery of 15N by the Crop and Estimated Losses From Soil Plant System 

Country Soil Crop N Source N Rate 

(kg Nha " ') 

Plant 15N 
Recovery 

(%) 
15N Loss 

(%) 

Senegal Entisol Millet Urea 90 

150 
32 

30 
39 

45 

90+straw 

150+straw 
17 

21 
51 

52 

Cameroon Alfisol Sorghum (NH4)2SO4 50,100 40-45 40-50 

Source: Ganry and Guiraud (1979); Gigou and Dub,:rnard (979). 

Results from 3 years of experimentation in Niger with 
millet provided some insight into the best N fertilizer 
management practices (Mughogho et al., 1986). Because 
urea and calcium ammonium nitrate (CAN) are the most 
common sources found in the Sahelian region, these 
sources were compared repeatedly. At rates below 30 kg

"
N ha,CAN yielded higher than urea, whereas the reverse 
was true 	at rates beyond 30 kg; the differences between 
the two sources, however, were not significant. Similarly, 
no significant difference was found between broadcast ap-
plication 	 versus banding at planting. A comparison of 
split-applied N with basally applied N showed a slight 
(15%) advantage in favor of splitting N. Given the uncer-
tainties of the weather in the SAT, the practice of splitting 
N seems a prudent way of averting risk. 

The fate of applied N in the African SAT was studied 
in Senegal for millet and in Cameroon for sorghum. Find-
ings are summarized in Table 5. Some rates of urea 
recovery by cotton and sorghum grown on a Vertisol in 
Sudan were reported by Ayoub (1986). Recoveries by
sorghum were low, ranging from 18% to 24%. Recovery 
by cotton was equally poor unless urea was placed at 
depths of 10-20 cm, which increased recovery to 37%-45% 
of the applied 5N. The susceptibility of surface-applied 
urea in these soils to volatilization of ammonia has been 
well documented by Musa (1968). 

The data in Table 5 indicate that losses can be exces-
sive. Moreover, restitution of plant residues tends to ag-
gravate losses at the expense of plant uptake. Fertilizer N 
remaining in the soil at the end of the season is surpris
ingly low. In order to supplement the limited database on 
the fate of applied N in the SAT, IFDC undertook a series 
of studies in the Sahel using 5N. The experiments in-
volved sole crop millet (hi m spacing) on an extremely 

sandy (94%) soil in Niger similar to the one in Senegal,
and the urea split-banded treatment was used as a 
reference. The "5N recoveries observed in the 3 years of 
study are shown in Table 6. These nitrogen balances con
firm the high rate of N loss reported by Ganry (Table 5) 
in Senegal even at the much lower rate of application of 
30 kg N ha-1. The mechanism of N loss has not been iden
tified directly. However, in Niger the N distribution in the 
soil profile at harvest suggests that leaching of applied N is 
insignificant even in a relatively wet year such as 1983 
(Figure 7). Whether the recorded losses are due to wind 
erosion, volatilization of ammonia, or denitrification 
remains to be determined. Losses due to denitrification 
have been reported from desert-type environments follow
ing rainfall events (Westerman and Tucker, 1979). 
Comparison of CAN losses in 1983 (wet) and 1984 (dry),
shown in Figure 8, indeed suggests higher losses from 
CAN in wet years, whereas the losses of urea were rela
tively unaffected by weather conditions. Because half of 
the N in CAN is nitrate from the onset and there is no 
marked tendency of nitrate leachin, (Figure 7), an in
crease in loss tends to indicate that d,aitrification may act 
as a loss mechanism. Ammonia loss was identified as the 
sole cause of N loss in the sandy soils of Senegal (Ganry, 

Table 6. 	 Recovery of 15N From Spl'.Banded Urea 
Appiconso Mle in neApplications to Millet in Niger 

15N Recovery 
Yield Grain Plant Soil Loss 

(kg ha') -------- (%) ------- (%) 

1982 1,070 19.0 31.0 37.3 31.7 
1983 1,040 9.8 22.8 39.2 38.0 
1984 470 5.5 20.0 40.1 39.9 
Source: Christianson et al. (1990). 
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'5NRecovery in the Soil (/) personal communication). It is likely that the principal es
0 5 10 15 20 25 .0 35 40 cape route in the acidic soils of Niger was also ammonia 

0 - volatilization, which was due to localized pH increases 
- - - -resulting from urea hydrolysis to ammonium and bicar

25 bonate or from the CaCO3 present in the CAN. More 
research on the actuai fate of applied N in these environ

0o ments is urgently needed in order to help design improved 
management practices for fertilizer N. 

7 It is clear from Figure 8 that deep placement of urea 
CCL 100 as supergranules (USG) was no safeguard against N loss. 

--.- + CAN split band Deep point placement of N is sometimes recommended in 
• Urea split band this environment for crops as widely spaced as millet to 

125 G- -o USG split increase the availability of N to the crop. There appears 
to be no justification for this practice in terms of ef

150 	 ficiency, in that it resulted in a significant yield reduction 

and increased loss of N. 
175 

200 	 Phosphorus 

For over 50 years, soil scientists and plant nutrition 
Note: Datum points represent the percent of the applied specialists in the African SAT have recognized that 

N recovered in each respective soil layer. deficiency of phosphorus in the soils is the major con
straint to crop growth. In some soils of the West African 

Source: Mughogho et al. (1986). savannas, the phosphorus deficiency is so acute that plant 

Figure 7. Soil '5N Distribution, Niger, 1983. 	 growth virtually ceases as soon as the phosphorus in the 
seed isexhausted (Hauck, 1966; Pichot and Roche, 1972). 
The results of 37 trials involving sorghum in the savanna 
zones of Nigeria are summarized in Table 7. Even though 
local sorghum varieties were grown, there was positive 
response to phosphorus in 92% of the trials. 

80 L] 15NRecovered inStover 
1 5 Table 7. Response of Sorghum to P in Savanna SoilsleN Recovered inGrain 


M '5N Recovered in Soil
 

60 
Mean Yield Number of 

,- Number at L.owest Trials With 
Ecological Zone of Trials Nutrient Level Positive Results 

*Z 40 	
(kg ha" ) 

Sudan 11 1,229 8 
201 Northern Guinea 22 1,710 22 

Southern Guinea 4 1,559 4 

Source: Mokwunye (1979).
 
0
 

P.,. -o Total phosphorus levels in the Entisols 	and some of 

,', 5 the Alfisols of the West African SAT rarely exceed 100 pg 
,,,, ,, p g't soil. Available P as measured by Bray P1 in the dune

sands is usually below 2 pg P g' soil (Bationo, personal 

Source: Adapted from Mughogho et al. (1986). communication). In the wetter zones of the tropics, asub
stantial amount of phosphorus utilized by a crop in any

Figure 8. 15N Balances in Niger, 1983 and 1984. given year comes from the mineralization of phosphorus 
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contained 	in soil organic matter. However, organic matter Deba Habe soils, respectively (Mokwunye et al., 1986).
levels in the SAT arc exccdingly low, and thus levels of These relatively low phosphorus sorption maxima imply
phosphorus from this source are defici,,t for food crops. that the immobilization of phosphorus (P-fixation) in 

these soils is minimal. Thus, at Gobery, field experiments
The phosphorus in soil solution that is available for shcw that the critical level for 95% of maximum yield of

plant uptake is in equilibrium with that adsorbed onto the millet as measured by Bray P1 was 12.5 pg P g-t soil 
surfaces of soil colloids. The ability of this adsorbed phos- (Figure 10). This value is usually attained with the ap
phorus to replenish soil solution phosphorus depleted plication of less than 35 kg P205 ha-'.
 
through plant uptake is a measure of the soil's phosphorus
 
buffering capacity. In a limited number of cases in the
 
African SAT, this principle has been applied in studies to Grain Yield (kg ha"1)
 
detc-rmine the phosphorus fertilizer requirements of crops

and in the establishment of phosphorus fertilization prac
tices (Mokwunye, 1977).
 

The results of a phosphorus sorption study carried out
 
with soils from different areas of the West African SAT
 
are shown in Figure 9. For the very sandy soils such as the 1,000 
 . ...
 
Sadore (Niger) soil, maximum phosphorus adsorption oc
curred at about 100 ag P g-l soil or lower. For most of the
 
soils, phosphorus sorption can be adequately described by
 
the Freundlich, Langmuir, and Temkin equations. Phos
phorus sorpt~on n'axima for the soils depicted in Figure 9,
 
as calculated from the Langmuir equation, were 36, 112, 500 -/-.......
 

and 133 pg P g" soil for Sadore, Kaura Namoda, and
 

PSorbed (,g 	 g-1 soil)
140.. 

120 	 .... . .... ._ _ _0__.. 

0 	 5 10 15 20 25 

100 Available Phosphorus, Bray P (pg P g-1 soil) 

• y = 327 + 	136.9 P. 4.1"2P2R = 0.75 RSE = 301 
8 0 	 .. .. .. . . De b a a b e ( Nige r ia )
 

-- Kaura Namoda (Nigeria) Source: Bationo et al. (1989).
 
60 Sadore (Niger) Figure 10. Relationship Between Millet Grain Yield


/(variety CIVT) and Available Phosphorus in 
40 .Soil at Flowering (Gobery 1987). 

20 -A 	 second consequence of the low P-immobilization 
capacity of sandLy soils is the low values of P-buffering 
capacity associated with those soils. For example, the

0 5phosphorus buffering capacity of a sandy loam Alfisol0 50 100 150 200 250 from the northern Guinea savanna zone of Nigeria was 
PAdded (pg g-1 soil) 	 more than twice as high as that of an Ustipsamment from 

the Sudan savanna (13.4 kg P ha " per 0.1 mg P L" com-Source: 	 Adapted from Mokwunye et al. (1986). pared wilh 5.6 kg P ha " per 0.1 mg P 1) (Mokwunye, 
1979). A soil with low P-buffering capacity is usuallyFigure 9. 	 Phosphorus Sorption by Some West African characterized by relatively high soil solution P levels 

SAT Soils. needed for optimum growth of crops, and this is true for 
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soils of the West African semiarid tropics (Fox and Kang, 
1978). 

As noted above, low phosphorus buffering capacity is a 

direct result of the low capacity of the soils to sorb phos-
phorus. Although this low fixation capacity is useful in 
promoting good residual response from applied fertilizers, 
it has the potential to result in problems associated with 
development of economic fertilization practices. Good 
residual responses encourage the use of phosphorus fer
tilizers as a long-term investment. Conversely, the low 
buffering capacity limits benefits from the use of large 
corrective doses of phosphate by limiting the quantities of 
phosphorus available to replace that taken up by a crop in 
a given year. For a soil at Ti-r.ia (i;.?,), Bertrand et al 
(1972) found that the application of 75 kg P205 ha-
saturated the soil with respect to phosphorus. The results 
also suggested that approximately 1 kg of phosphorus per 
100 kg of grain was exported from the soil each year if the 
stalks olmillet were removed from the fiold. Thus, for a 
yield of 2 tonnes ha' it would be necessary to apply about 
20 kg P205 ha' the f[COwing year, simply to avoid exces-
sive depletion Jf the soil's phosphorus level. In such a 
situation, the corrective (lose of 75 kg P205 ha' would not 
last a long time, and annual application of maintenance 
doses would be necessary. 

Bationo, Mughogho, and Mokwunye (1986) reported 
that application of the first 10 kg P205 ha' as single super-
phosphate increased millet yield by an average of 17% for 
each of 3 years at Sadore. Ninety-eight pcr'-ent of maxi-
mum millet yield was obtained at a phosphorus rate of 
30 kg P205 ha " . Early work in Nigeria (Goldsworthy, 
1967) led to the recommendation of 25 kg P205 ha'i as 
economic fertilizer rates for sorghum and millet in the 
Nigerian savannas. Results of carefully supervised field 
trials and "minikit" trials under Nigeria's National Ac-
celerated Food Production Programme (NAFPP) suggest 
that improved varieties would respond profitably to higher 
phosphorus rates (Tables 8 and 9). In Burkina Faso, max-
imum yield of sorghum was obtained at the phosphorus 
rate of 60 kg P205 ha-' (Bationo, Mughogho, and 
Mokwunye, 1986). 

Table 8. 	 Response of Millet in Samaru, Nigeria, to 
Four Levels of P 

Yield 
)gP0Ras 1973.. 197 19 M. 

Table 9. 	 Response of Two Sorghum Varieties (L187 and 
SK5912) to Varying Rates of P at Samaru, 
Nigeria 

Phosphorus Rates (kg POs ha ) 

0 25 50 75 100 
-0----------- (kg ha )-7 

L187 1,371 2,692 2,896 4,020 4,695 

Source: Mokwunye (1979). 

To satisfy the phosphorus needs of the soils and crops 
of the West African SAT, a number of phosphate fer
tilizers have been tested. Single superphosphate has been 
the traditional source of phosphorus. There are, however, 
several phosphate rock deposits in the West African SAT 
(Figure 11), and numerous laboratory studies and field tri
als have been conducted to evaluate the agronomic effec
tivenes of these phosphate rocks. Fardeau et al. (1983) 
showed that phosphate rock was effective in soils with pH 
below 6.1 in Senegal. Both moderately and strongly acid 
conditions are present in the West African SAT, which 
should encourage the use of phosphate rock. The work of 

Binh et al. (1978) suggested that Tilemsi Valley phosphate 
rock from Mali and Tahoua phosphate rock from Niger 
possessed chemical and mineralogical characteristics that 
would permit their use for direct application. This finding 
was confirmed by scientists at IFDC (Roy and McClellan, 
1986) who added Matam phosphate rock from Senegal to 
the list. The results of several field trials (Nabos et al., 
1974; Thibout eL al., 1980; Bationo, Mughogho, and Mok
wunye, 1986) showed that these rocks serve as efficient 
sources of phosphorus for crops. For example, in a trial at 
Gobery (Niger) where Parc W phosphate rock and 
Tahoua phosphate rock were compared with single super
phosphate, the less reactive Parc W phosphate rock was 
48% as effective agronomically as single superphosphate, 
and the Tahoua phosphate rock was 76% as effective as 
SSP (Figure 12). 

In cases where the local phosphate rock is so low in 
reactivity that it cannot be used for direct application, at

tempts have been made to improve the solubility of the 
rock through the chemical process of partial acidulation.The term 	"partially acidulated phosphate rock (PAPR)" 

(kg P205ha)------------(kg ha)-------------refers to phosphate rock that has been treated with only a 

0 1,045 
66 1,789 
99 1,632 

132 1,643 
Source: Egharevba (1978). 

1,163 1,648 1,285 
2,129 2,459 2,126 
1,968 2,042 1,881 
1,891 1,842 1,792 

portion of the sulfuric or phosphoric acid required to fully 
convert the insoluble tricalcium phosphate to water
soluble monocalcium phosphate monohydrate (MCP). 
Sulfuric acid-based partially acidulated phosphate rocks of 
Niger and Burkina Faso have been extensively tested in 
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Phosphate 	Rock 

Deposits 
Benin 

1 Mekrou 
2 Pobe 

Burkina Faso 
3 Arly 

Guinea Bissau 
5 Farim-Saliquinhe 

Ghan? 
6 Sekondi
 

LiberiaMauritania 
8 Niger 7Bambuta-Bomi Hill 

Mali 
10 Mali 11 8Assakerei 

9 e9 Tilemsi"17 Senegal 16 Mauritania 
10 Bofal-Loubboira 

Gambi 18 5 13Niger 
11Aschia Tinamou 
12 Tahoua3 4 


Guina Fao Brkin113 	 TaPoa 
NigeriaGuinea-Bissaui 	 Nigeria 

14 Abeokula 
S.negal
 

Sierra Leone I15 	 Gambia-Namel 
19 2e 14  
Coast (Ghana 	 16 Matam

17 Talba-Thles 
Liberia 6 To'.ga Benin 18 Ziguinchrr (Casamance)Togo 

19 Ako',mape-Haholoe 

Figure 11. 	 Phosphate Rock Deposits in West Africa. 

1,000 field trials. Results from 5 years of testing at Sadore and 
900 - Millet Gobery show that 50% partially acidulated Parc W phos

phate rock 	 was agronomically as effective on millet as800 single superpbosphate (Table 10). Similar results have 

70 been obtained from trials in Burkina Faso with maize and 
.- 7sorghum (Table 11). 

600 "" .Table 10. Agronomic Efficiency Index of Millet at
5 - Parc WPR Sadore and Gobery, Niger 

/.. 	 . ....... Tahoua PR
 
-"SSP 1 P Source Agronomic Efficiency Index 

0 15 30 45 Parc W phosphate rock 60.3* 
"P205 Rate (kg 	 ha1) PAPR25 76.5* 

Source: A. Bationo (unpublished data). PAPR50 	 93.4TSP 	 106.1 

Figure 12. 	 Millet Grain Yield Obtained With Two SSP 100.0 
Phosphate Rocks (PR) and Single * Significant at the 0.05 level. 
Superphosphate (SSP) at Gobery in Niger. Source: Bationo, Mughogho, and Mokwunye (1986). 
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Table 11. 	 Relative Agronomic Effectiveness (RAE) of 
Phosphorus Sources Applied to Maize and 
Sorghum at Farako-ba in Burkina Faso 

Relative Agronomic 
Effectiveness (RAE)" 

P Source Maize Sorghum 

Kodjari PR 59.8 34.3 
Kodjari PAPR 50 84.1 81.3 
SSP 100.0 100.0 

Yield of'Test Fertilizer - Control Yield 
a. RAE 	 xl100.

Yield of Standard Fertilizer - Control Yield 

A; mentioned earlier, a direct result of the low phos
pha~e sorption capacity of the soils is the high residual ef-
fectiveness of phosphalc fertilizers. Data in Table 12, 
from work done at Sadorc in Niger, illustrate that the ad-
dition of small amounts of phosphate fertilizers can, in the 
long run, result in a gradual but steady buildup of the 
phosphorus fertility of' the soils. One way to take ad-
vantage of the excellent residual effectiveness of phos-
phorus fertilizers is t,devise a cropping system that would
require a single application of phosphorus fertilizers for a 

number of crops or for a rolation involving several crops. 
The concept of "corrective fertilization" whereby a large 
dose of phosphorus fertilizer was initially added to the soil 
followed by annual additions of smaller doses 
(maintenance fertilization) was developed by French 
agronomists in the West African SAT (Bertrand et al., 
1972). Several efforts are still underway to refine this 
methodology. For example, in a trial at Sadore, Niger, 
small annual doses of the unreactive Pare W phosphate 

Table 12. 	 Available Phosphorus (Bray 11) in Soil After 
Repeated Annual Applications of Phosphate 
Rock at Sadore, Niger 

Annual 
Rate of Application Bray IP Measured 
of Phosphate Rock After 1982 Crop After 1984 Crop 

(kg P205 ha") ---------- (g P g" soil) --------

0 3.) 3.40 
10 3.65 4.80 
20 4.50 5.21 
30 4.50 6.05 
40 4.85 7.22 

Source: Bationo, Mokwunye, Henao, and Hlellums (1986). 

rock were compared with rates that were three times the 
annual doses over a 3-year period. Millet yields 
(Figure 13) were significantly higher for the annual ap
plication; however, where the large single doses were ap
plied, substantial quantities of phosphorus were still in the 
soil 3 years after the initial application. Preliminary 
economic analysis after 3 years indicated that added net 
return was the same for both systems of fertilization 
(Table 13). An observation during the life of this trial was 
that, although the single large phosphorus fertilizer ap
plication produced a steady and sustainable yield level for 
the 3 years, at no time was this level superior to that 
achieved with the smaller annual applications. 

650
 

600 	 

_____ 

'7 550 
m /-......... 

R 500 
-

/ 
/ . ...... 

12 450 A 
'.' --- PR BAS 

400 Mean (SE=42.0) 

350 , 
0 30 60 90 120 

Rate P205 (kg hal) 

Figu"e 13. 	 Response or Millet to Annually and Basally 
Applied Phosphate Rock A!'ter 3 Years, 
Sadore, Niger. 

Sulfur 

Sulfur, a nutrient that was given scant attention in the 
past, has gradually become recognized as a limiting
nutrient in the tropics. Sulfur levels are commonly related 
to the organic matter content of soils, and the SAT is 
generally poorly endowed. Yet, because of the limited ex
perience in 	 the temperate zones with S deficiency, the 
critical role of sulfur in the tropics was recognized only
recently. The acuteness of the problem has become more 
obvious with recent efforts to boost agricultural produc
tion in some parts of the SAT while relyng on high
analysis, S-free carriers of NPK. 

The early reports on S deficiency in the SAT came 
from studies of cash crops such as groundnuts and cotton 
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Table 13. 	 Net Added Return to Application of Phosphate Rock Annually or Basally at Sadore, Niger 

Present
 
Value of NetApplication Added Return, 1982 

Rate 	 Yearly Net Added Return Net Net
Treatment Annual Basal 1982 Annual 1984 Annual 1982 Basal 1984 Basal Return Annual Return Basal 

(kg P205 ha' ) ---------------- (US $ ha")---------------------- (US $ ha-')- -

1 	 0 0 0.00 0.00 0.00 0.00 0.00 0.00 
2 10 30 31.62 20.75 45.11 9.57 52.37 54.68 
3 20 60 39.93 25.73 53.28 11.46 64.66 64.74 
4 30 90 44.82 27.03 57.75 71.8512.58 70.33 
5 40 120 48.24 28.63 60.66 76.8713.37 	 74.03 

Source: IFDC (unpublished data). 

(Greenwood, 1951). Richard (1972) grouped the A research 	program was initiated by IFDC to improve
S-deficient 	areas in West Africa as follows: the understanding of the S constraints in West Africa. In 
1.High S deficiency Burkina Faso,C6te d'Ivoire, 1985 experiments were set up at three sites. The two trialsNortheast Benin 
 located in the SAT of Niger failed to respond to S,whereas a maize experiment in the subhumid zone of 
2. Medium S deficiency Camereon, Central African Togo gave a strong response. In 1986 the program was 

Republic, Central Togo extended to six sites along a north-south rainfall gradient 
3. Low S deficiency Mali, Chad,Southern Togo from the SAT of Niger and Burkina Faso down to the subhumid regions of Togo. Significant grain and/or straw dry
Later, the savanna areas of Nigeria were identified as matter responses were found in five of the six sites with 
medium to highly deficient (Kang and Osiname, 1976). A increases of 22% to 66% (IFDC, 1987). Some of the sites 
summary of some S experiments in selected West African in the SAT that did 	not respond in 1985 showed a marked 
countries on crops typical for the SAT is given in Table 14. response to residual S in 1986 (Figure 14, Gobery). In
Inf, rmation on S from the East and Southeast African 1987, the program continued; however, the experiments
region covers mostly the more humid zones. Bolle-Jones with sorghum and millet seriously affected bywere 
(1964) concluded that 50% of the sub-Saharan plateau drought, and deficiencies of S were masked. 
soils are deficient in sulfur. He considered soils in regions
receiving less than 600 mm rainfall to be less affected. In addition 	to studying the long-term S requirements 

of various ecosystems, the IFDC program uses radioactiveTable 14. 	 Effect of Sulfur Fertilization on Crop Yield in tracing techniques to assess the efficiency of applied S 
Selected Countries of West Africa (Friesen, unpublished results). Data from Niger show 

% Yield that from 6% to 25% of the applied S was taken up by the 
Increase Due to aboveground parts when S was applied as single super-

Country Crop S Fertilization phosphate to millet (at Sadore) and sorghum (at Gaya),
respectively (IFDC, 19&S). Higher recoveries were as-

Senegal Groundnuts 6 sociated with the more densely planted sorghum crop in a
Burkina Faso Sorghum 14 higher rainfall environment. In that environment,
 

Cowpea 38 recovery of fertilizer S in the soil-plant system was

Niger Groundnuts 6 approximately 78% when applied as sulfate (Table 15).


Pearl millet 11 The sulfate lost from the system (about 20%) is un-

Togo 	 Groundnuts 45 explained but could be due to wind erosion in that sources
Benin 	 Groundnuts 35 were only lightly incorporated and early season storms in 

Maize 32 the region are often accompanied by high winds.
Nigeria Maize 45 Nevertheless, with 53% of the applied sulfate remaining in 
Source: Kanwar and Mudahar (1986). the soil, substantial residual effects may be expected. 
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Farako-la (Maize) 1986 Table 15. 	 35S-Balance Under Sorghum at Gaya, Niger 
(1986) 

6 30 % + 0, 	 3S -Recovery 

16" Sulfur Pool SSP, SGTS 1 

4 - (% applied)----

30", 23'" 7' Plants: 	 Grain 3.9 1.8 

-O 	 Stover 21.3 7.8 
2-z i I 
 Roots 	 

25.2 	 9.6 

Grain Yield Stover Yield Soil: Organic-S 29.9 24.7 
M Control ED SSP M"SGTSP M Urea-S 	 Sulfate-S 22.7 2.7 

52.6 27.4 
Gaya (Sorghum) 1986 

77.8 37.0 
5 

a. Single superphosphate. 
16 b. Elemental sulfur-fortified triple superphosphate. 

3 	 Source: Friesen, D. K. (unpublished results). 

2 	 ,30. '30" 

In contrast to recovery from single superphosphate,
1plant 	 recovery was only 9% when fertilizer S was applied 

in elemental form to sorghum (Table 15). The recovery of 
Gthe applied elemental S in the soil was 27%, of which 24%Grain Stover it ha1I x 101 was as organic S and 3% as sulfate S. Apparently, a sub-

Control ~SSP MSGTSP 	 stantial portion of the elemental S was not oxidized. An 

analysis of the rema.ning elemental S will have to be made 

Gobery (Millet) 1986 to complete the S balance in this treatment. 

Further research is needed to evaluate long-term S 
'641 needs in the SAT and address such issues as the rate of 

.0 -..... oxidation of elemental S as a function of soil ecological 
.0 .. parameters, S immobilization and remineralization, mini

mum S requirements, and optimizing S availability. 

Z 0.5 
Micronutrients 

0.0 \. As pointed out in an extensive review of 
micronutrients in tropical food crop production (Viek, 

1Control Sulfates Elemental S 1985), it appears impossible to assess the seriousness of 
micronutrient deficiencies in the semiarid tropics on the 
basis of presently available data. The data available are 

Figure 14. Response to Residual S at (a) Farako-Ba, too scanty to delineate trends in order to predict areas 
Burkina Faso, (b) Gaya, Niger, and where problems are likely to arise in the future. Yet, the 
(c) Gobery, Niger (D.K. Friesen, increases in micronutrient harvesting that are predicted as 
unpublished), higher yields are realized (Kanwar and Youngdahl, 1985) 
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may substantially alter existing nutrient balances and may 
increase the incidence of deficiency symptoms (Table 16). 

Some micronutrient deficiencies are common in the 
semiarid tropics of Africa and are primarily related to the 
parent materials. Boron deficiency is often reported in 
cotton. Copper deficiency symptoms have been found in 
East Africa in wheat, and mnolybdenum deficiency is a 
widespread problem in groundnut production in West 
Africa. Zinc responses are common on the Vertisols of 
the Chad basin and of the Gezira region in the Sudan 
(Kang and Osiname, 1985). 

The Problems Ahead 

If the rural population of the African SAT is to feed it-
in these regions will have toleelshence 

increase drastically. The FAO estimates that fully 70% of 
self fod podutio 

this increase will come from more intensivc agriculture in-
chiudingrethe ul cofi fe rtites ie aic ce o-
cruinte preoletwillzundoutey mtip heno 

these changes areffected, 

Much time and effort are often spent on debate as to 
whether more resources should be devoted to water 
management studies or to soil fertility studies. This 
argument as to which is more important-water or 
fertilizers-need not take place. In a way, lack of water 
and reduced capacity of the land to produce (reduced fer-
tility) are two sides of the same coin. Where the land is 
fertile and productive, water-use cfficiency is generally 
high and the natural resource base is preserved. Where 
the land is unproductive, water is not efficiently captured 
and used, and marginal lands are brought under cultiva
tion to obtain needed food. This furth; accelerates the 
degradation of the soil resource base. Tere is therefore a 
strong need to coordinate studies that promote efficient 
management of both water and fertilizer nutrients, 

The use of a purchased input such as fertilizers is 
highly risk-prone in the SAT. Yet, it is obvious that fer
tilizers have an important role in promoting land produc
tivity and arresting soil degradation. Studies geared 
towards a more efficient use of fertilizers are therefore 
critical. Such studies must define the right types and 
quantities of fertilizers to use for each crop and cropping 
system. They must also define what management prac
tices, including soil conservation practices, must be 
adopted to maximize efficiency. Finally, such studies must 
examine the long-term effects of the fertilizer treatments 
on the environment. 

In semiarid regions, rapid and deep root establishment 
is essential to crop establishment. Seve:al studies have 
demonstrated the strong relationship between root den
sity, weight of roots, and crop yield. There is also a direct 
relationship between total porosity and root density andcrop yield. Measures that tend to increase total 

porosity provide favorable environments for root develop
ment. Effective root development translates into more ef
ficicnt use of the resources of water and nutrients. There 
is an urgent necessity in the region for intensive studies onfactors that improve root development, particularly on the 
rooting habits of crops in an intercrop. 

The bulk of the nitrogen, phosphorus, and sulfur con
tent in soils, crop residue, and manure is bound to carbon. 
The decomposition of plant (and animal) residue in soil 
constitutes a basic biological process involving the break
down of carbon, the release of C02 into the atmosphere, 
and the mineralization of nitrogen (as N03 and NH4'), 
phosphorus, sulfur, and various micronutrients contained 
in the plant (or animal) material. The rate of carbon loss 
closely determines the rate of release of these nutrients. 

Several studies (Pichot et ai., iv9l) have demonstrated 
the value of organic materials in maintaining the 
productive capacity of the sandy soils of the SAT. The 
decomposition of added crop residue is generally 

Table 16. Estimates of Micronutrient Removal Rates at Current Yield Levels and at Potential Yield Levels 

Crop Yield 
(t ha")  

Sorghum 0.9(5.0)' 
Millet 0.6(4.0) 
(;roundnuts 0.8(5.0) 
a. Potential high yield levels 

Current and Projected Micronutricnt Removal 
Fe Mn B Zn Cu Mo 

.---------------------------- (g ha") --------------------------

64,S((X))t) 49(270) 49(270) 65(360) 5(28) 2(11) 
102(US0) 12(80) 24(160) 5(33) 

1200(7500) 94(5%K)) 16("0) 22(140) 12(75) 3(18) 

b. Projected micronutrient removal rates at high yield levels. 

Source: Kanwar and Youngdahl (1985). 
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accompanied by a concurrent mineralization of native 
humus. Therefore, additions of large quantities of residue 
after harvest may not necessarily result in increased or-
ganic matter content (Stevenson, 1986). Thus, it may be 
that the objective of crop residue addition is not to raise 
the level of soil organic matter but rather to derive 
benefits (perhaps in the form of the mineralized nutrients) 
from the decay of organic materials. The rate at which 
this goal is achieved is important to know. 

The research areas discussed are very closely related, 
and they provide a basis for a meaningful team effort to 

help the farmer in the SAT. Because of the fragile nature 
of his soil resource base, this farmer has but one option: 
to find a way :o maintain, if not improve, the productivity 
of his land. It must be recognized that, given current 
knowledge and the population growth rate, use of land 
resources for rainfed agriculture in the region has already
exceeded a sustainable level. The scientific community,
working with the farmer, must find ways to foster develop
ment while maintaining the productivity of these non
renewable resources. 
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Elements of Climate -Their Relevance to Crop Productivity 
and Fertilizer Use Planning in the Semiarid Tropics1 

S. M. Virmani, Principal Agroclimatologist, A.K.S. Huda, Agroclimatologist, R. P. Singh, Economist, T. J. Rego, Soil 
Scientist, and K. V. Subba Rao, Senior Research Associate, International Crops Research Institute for the Semi-Arid 
Tropics 

Abstract 

High-yielding varieties, balanced fertilizer application, and adequate water supply are the three important factors for 
higher crop production. In the semiarid tropics (SAT), water is the primary constraint for crop production mainly in shal
lower soils having low water-holding capacity. The problem is further aggravated by variability in quantity and distribution 
of rainfall and by high evaporative demand. Based on the experiments conducted at ICRISAT Center, we have developed 
a program for N fertilizer application for cereals. Split application of N fertilizer is useful for both Vertisols and Alfisols. 
In Vertisols, water does not become a limiting factor for N response because of their high water-holding capacity, whereas 
in Alfisols, water is the main factor dictating crop response to N. Based on an analysis of long-term (1901-87) rainfall 
received during the crop growing season, the probability of fertilizer N required to optimize sorghum production has been 
estimated. These dala can be used to assess risks to fertilizer N application and differences in fertilizer N needs from year 
to year in a semiarid tropical environment. 

Introduction Climatic Characteristics of SAT 
In many parts of the semiarid tropics (SAT), great ad

vances in agricultural productivity along with the introduc
tion of modern in te lst ew adancs hve SAT regions areecaes.Thes eenThe 
in the last few decades. These advances have been pos- fall. The rainy season varies from 2 to 4.5 months in the 
sible mainly because of a remarkable fusion of the intro

agronomic practices have been witnessed Seasonality of Rainfall characterized by a seasonal rain

duction of high-yicelding varieties (ItYVs) and improved dry SAT and from 4.5 to 7 months in the wet-dry SAT.
ducton o highy, in varietioes seand imrgod The distribution of rainfall is generally unimodal in areasagrotchnology. In particular, controlled use of irrigation lying > 15' north and > 15° south of the equator; it is 
and application of balanced amnounts of fertilizers have bimodal in equatorial regions. The SAT exhibits a wet
contributed significantlytin oee, to increased agriculturalottknpaeproduc- r n l reg in Th e Ahsipesvegot a ai s fo ct bitrainy season fo~llowed by a distinct dry season. About 90%90% 
tion. However, this ipressive growth has not taken place of the total annual rainfall is received during the rainyacross all of the semiarid tropics. Unirrigated, dryland season (Figure 1). 
areas, which are characterized by uncertain rainfall and a 
poor resource base, have largely remained neglected. The 
adoption of improved practices such as the use of HYVs, Variability or Rainfall 
application of balanced doses of fertilizers, and crop The amount of annual rainfall received in SAT areas 
protection measures is fairly low across the SAT. This vae 
paper atlempts to exauine the climatic constraints of sareaty from ya to ea t c e n ofsome typiical SAT locations in relation to their current and variability (CV) is 2O%-3O0%. For example, the mean an
sotnctyial Stlc acties, relatnual rainfall at Hyderabad based on 1901 to 1987 rainfallpotential fertilizer use practices. records is 781 mm with a standard deviation of ±212 mm 

1. S-ibmitlcd as CP #523 by the International Crops Research Institute and a CV of 27%. At Hisar, the mean annual rainfall is 
for the Semi-Arid Tropics (ICRISAT). 456 mm (1930-70) with a standard deviation of ± 149 mm 
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Figure 1. 	 Rainfall Distribution at ICRISAT Center, 

1975 to 1977. 


and a CV of 33%. Thus, large variations in interannual 
rainfall are observed. The range of annual rainfall ob-
served at Hyderabad is 950 mm for the period 1901-87. 
The annual rainfall may be as low as 450 mm or as high as 
1,400 mm-about 90% of which is received during the 
4-month rainy season, 

Another characteristic of tropical rainfall is that the 
bulk of the seasonal rainfall is received during a few 
(generally 5-10) rainy days. The 24-hour total rainfall on 
each of such torrential rainy days may exceed 100 or 
150 mm (Figure 1). At ICRISAT Center, it has been ob-
served that in 43% of the rainy days, the rainfall storm in-
tensity exceeded 20 mm hour 1 . In Niamey, this charac-
teristic was observed in 72% of the rainy days. In about 
10% of the days, rainstorm intensities as high as 120-1() 
mm hour' are not uncommon (loogmoed, 1981). Hence 
there is a considerable loss of water due to surface runoff 
and soil erosion. Miranda ct al. (1982) observed that at 
the ICRISAT Center in traditionally managed Vertisols, 
28% of the total seasonal rainfall was lost as surface 
runoff. This runoff carried away 7 tonnes of surface soil 
per hectare. 

The convective nature of rain-producing storms in the 

tropics means that the rainy periods are interspersed with 
dry periods. During the rainy periods, when the soil 
profile is fully charged, a portion of the soil water is lost as 
deep drainage. The proportion of total seasonal rainfall 

by this pathway ranges from about 20% in light
textured soils to 10% in heavier soils. Thus the amount of 

seasonal rainfall in the tropics is about 50%-00% 
of the total annual precipitation. 

Evaporation 
The SAT areas are characterized by a high water

demand due to intense radiation and uniformly high tem
peratures throughout the year. Sivakumar and Virmani 
(1987) calculated potential evapotranspiration (PE) statis
tics for 169 locations in rainfed India and found that the 
total annual PE was about 1,550 mm with a standard 
deviation of 1%mm and a CV of 13%. The PE in the 
months just prior to the rainy season is relatively 
high-about 2(X) mm month'; sometimes the PE exceeds15 mm day'. The climatic 'lata for the SAT regions show 
that the variability in PE is much lower than the rainfall 
variability and that the atmospheric demand for water is 

consistently high. 

Length and Characteristics of the 
Growing Season in the SAT 

Length of the growing season is defined as the period 
during which the availability of moisture in the root zone 
of the crop is adequate to meet the crop's water needs. 
Because the soil is practically dry prior to the onset of the 
rainy season, almost all activities related to land prepara
tion for seeding are undertaken when the surface soil is 
moist enough for ploughing. As a rule of thumb, sowing is 
done within a week of the onset of the main rainy season 
in sandy soils and within 2-4 weeks in heavier soils. 

The moisture in the soil is enough to sustain crop 
growth for about 4 weeks after the cessation of rains in 
lighter soils and about 8-12 weeks in the heavier soils. 
Thus the length of the growing season in SAT areas 
receiving rainfall for 2 months will be o; the order of 
80 days in light-textured soils and about 100 days in soils 
with clay or clay loam textures. Similarly, in areas with 
5 rainy months, the growing season varies between 
180 days in light-textured soils and 210 days in clayey soils. 
Because the amount and distribution of rainfall vary con
siderably from year to year, the length of the growing 
season also varies. This variability is higher in the dry 
SAT than in the wet-dry SAT. The risk to dependable 
crop production is least for short-duration crops like pearl 
millet, mung beans in lighter textured soils, and sorghum 
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or maize in heavier soils. The length of the growing 50% of the intercropped plots. The practice of intercrop
season exceeds the average in at least half the years, and ping cereals with legume crops leads to the buildup of soil 
the soil water remains relatively underutilized after the nitrogen. Because intercropping leads to a substantial 
harvest of the short-duration crops. In the SAT, reduction in risk to dependable crops, the adoption of in
therefore, intercropping of short-duration and long- tercropping encourages fertilizer use for cereal production 
duration crops is recommended. This practice helps stabi- (Table 1). 
lize the yield (Willey et al., 1982) and increase rainfall use 
efficiency (Virmani, 1982). 

Table 1. Some Important Indicators of Fertilizer Use in 
Climate Analysis and Fertilizer Three Villages of India's Semiarid Tropics 

Use Development (Average of 1981-83) 

Climate analysis is an essential part of technology Particulars Nonirrigated Irrigated Total 
development and the technology transfer process in the 
semiarid tropics. For example, by classifying a set of % of total cropped 
climatic parameters relevant to the definition of adequacy area 81.1 18.9 100 
of soil moisture for crop establishment, a region can be % share of total 
defined in which it is assumed that basal dressing of fer- nutrient (NPK) used 33.7 66.3 100 
tilizers would be relatively safe. Virmani et al. (1982) 
have demarcated the Vertisol region of India into regions Fertilizer Use by Crop 
with a dependable onset of seasonal rainfall and those (%) 
with a relatively undcpendable onset. 

Cotton 39.5 15.3 23.4 
The SAT climates ctcourage surface runoff of rain- Wheat 2.7 32.5 22.4 

water, deep drainage losses, and soil erosion. All of these Paddy 5.2 19.8 14.9 
losses of water lead to fertilizer losses-in particular, Sorghum 34.0 1.4 12.4 
losses of applied N. In the SAT, it is best to apply split Pearl millet 4.0 13.0 10.0 
doses of fertilizers and to adapt the fertilizer applications Castor 6.7 7.5 7.3 
to the moisture storage capacity of the soil profile and the Groundnut 3.0 2.7 2.8 
progress of the seasonal rainfall. The information on rain- Others 4.9 7.8 6.8 
fall probabilities could be used with advantage in schedul
ing fertilizer application. Total 100.0 100.0 100.0 

Use of Nutrients (NPK) in Relation to Farm Size 
Suggested Fertilizer Use Practices (kg ha-) 

for SAT Dryland Areas 
Small farm 6.1 29.1 8.5 

The risks to dependable crop production in the SAT Medium farm 4.8 48.5 14.6 
are high. Because fertilizers are costly, the farmers do not Large farm 6.7 56.8 15.9 
use applied nutrients in sufficient quantities. Water is the All farms 6.3 53.5 15.1 
main limiting factor in the dryland areas of the SAT; 
therefore, the application of fertilizers will be most advan- Source: Data collected from ICRISAT's village-level 
tageous where water conservation methods are used. In studies. 
the Indian SAT, fertilizer use is currently limited to cash 
crops like cotton, groundnuts, chilies, etc., and, to some 
extent, post-rainy-season sorghum. Fertilizer use ef
ficiency, however, islow. The production of short-duration pigeon peas is be

coming popular. The crop needs application of phos-
The practice of intercropping is common in the SAT, phorus; however, critical soil test values for available P 

where about 44% of the cropped area is devoted to inter- have not been well defined for 'he various soil orders in 
cropping. Legume is one of the important crops in about India. This is an important area of future research. 
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Rainfall Amount and 

Possible Fertilizer Use 


Huda et al. (1988) demonstrated the use of 
agroclimatic analysis for improved soil and water manage-
ment and efficient fertilizer use in semiarid India. These 
researchers analyzed seasonal rainfall (June to October) 
data of Hyderabad from 1901 to 1987 to relate rainfall and 
possible past fertilizer use. Nitrogen response data at 
ICRISAT Center from both Vcrtisols (1977-82) and Al-
fisols (1979-81) were used (Figures 2a and 2b). In Ver-
tisols, grain yields of rainy-season sorghum (CSH 6) 
grown in small-plot research experiments at ICRISAT 
Center exceeded 5,000 kg ha1 in each of the six rainy 
seasons from 1977 to 1982, provided adequate N was ap-
plied. In the absence of added N, grain yields were as low 
as 1,300 kg ha1. Seasonal rainfall varied from 474 mm to 
907 mm. This did not markedly affect yields, nor were the 
responses of yields without N closely related to rainfall. 
For example, the two seasons in which responses were 
highest (1977 and 1978) were those with extremes in 

1977 1978 1979 

y (411 mm) y (862 mm) y (628 mm) 

6 

c 2 

0. ,x x 

0 100 0 100 0 100 

seasonal rainfall. These experiments were conducted on 
Vertisols nearly 1.5 m deep, which thus had a high water
holding capacity. Variations in nutrient supply ap
parently are much more important than variability in 
seasonal rainfall in determining the yields of improved 
rainy-season sorghum on Vertisols. 

The ICRISAT data base for Alfisols is smaller than 
that for Vertisols. In the years of moderate and high
seasonal rainfall (1980 and 1981), maximum exyields
ceeded 5,000 kg grain hat . But in droughty 1979, the maxi
mum was only 3,400 kg ha*', and yields were further 
depressed when applied N exceeded 40 kg ha*1 . It seems 
that maximum yields (when N supplies are adequate) will 
vary more on Alfisols than on Vertisols. On these Alfisols,
which have low water-holding capacity, and on similar 
soils (in terms of water storage), maximum yields are 
determined by both rainfall and nutrient supplies. Thus 
the critical factor determining differences between Ver
tisols and Alfisols in responsiveness to added N is the 
moisture-holding capacity of the soil. Alfisols, as well 
as similar shallow soils, store insufficient moisture to 

1980 1981 1982 

y (592 mm) y (911 mm) y (403 mm) 

x x 

0 100 0 100 0 100 
"Fertilizer Nitrogen (kg ha1) 

Regression Equations: 

1977: y = 1,S?0 + 62.4x . 0.28x2 R = 0.81 rse = 1,063
 
1978: y = 1,310 + 53.3x -0.19x 2 R = 0.97 rse = 386
 
1979: y = 3,920 + 37.8x -0.23x 2 R = 0.92 rse = 280
 
1980: y = 3,340 + 19.6x - 0.59x 2 R = 0.99 rse = 123
 
1981: y = 2,580 + 44.3x - 0.17x2 R = 0.97 rse = 358
 
1982: y = 2,340 + 40.8x - 0.15x 2 R = 0.91 rse = 510
 

Figure 2a. Response of Sole Cropped llybrid Sorghum (CSII 6) to Applied Non Deep Vertisols, ICRISAT Center,
Rainy Seasons 1977-82. Seasonal Rainrall Given in Parentheses After Year. 

x 
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(628 mm) (592 mm) (911 mm) 

6- Y Y 
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f -	 -maximum cm 

0cm 2-

0 1 0 x 
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Fertilizer Nitrogen (kg ha-1) 

Regression Equations: 

1979: y = 2,950 + 12.9x- 0.11x 2
R = 0.51 rse 351 

1980: y = 3,590 + 36.2x - 0.18x 2 


R - 0.90 rse = 400 

1981: y = 1,620 + 54.9x - 0.18x 2 


R = 0.99 rse = 187 


Figure 2b. 	 Response of Sole-Cropped Sorghum (CSH 6) 
to Fertilizer N on Alfisols, ICRISAT Center, 
Rainy Seasons 1979-81. Seasonal Rainfall 
(sowing-harvest) Given In Parentheses After 
Each Year. 
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maintain plant growth during droughty, rainless periods,
especially when growth is stimulated by addition of fer
tilizer N. Therefore, if the rainfall is < 500 mm, fertilizer
N application is a great risk in these types of soils. For 

yield of sorghum, the recommended rate of 
nitrogen application is about 40 kg N ha " if rainfall is

"
500-700 mm, about 80 kg N ha if rainfall is 700-900 mm, 
and 120 kg N ha*' if rainfall exceeds 900 mm (ICRISAT,1984). Analysis showed (Figure; 3) that from 1900 to 1941 
there were many years when nitrogen would not have 
been added because of low rainfall, whereas from 1942 to 
1987 there was only one such year (1972). 

Conclusions 

The climatic environment of the semiarid tropics ischaracterized by variability of amount and distribution of 

rainfall from year to year. This leads to variations in the 
length and quality of the growing season. It is suggested
that a basal dose of fertilizers be applied in those regions
of the SAT where the onset of the rainy season is depend
able. Fertilizers should be applied in split doses -not on a 
fixed schedule but according to the progress of the rainfall
and the crop. Practices like intercropping, growing of 
legumes, and application of fertilizers on the basis of soil 
test and rainfall probability estimates are likely to lead to 
the efficient use of applied nutrients in the dryland areas 
of the SAT. 

1950 1960 1970 1980
 

Figure 3. Amount of Nitrogen Fertilizer That Should Have Been Added (based on rainfall analysis) for Sorghum In 
Hyderabad During 1901-87. 
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Nitrogen Availability in SAT Soils: 
Environmental Effects on Soil Processes 

J. R. Burford, Principal Soil Chemist, and K. L. Sahrawat, Senior Soil Scientist, International Crops Research Institute for 
the Semi-Arid Tropics 

Abstract 

In the past, fertilizer needs of crops in India have been assessed by conducting numerous fertilizer response experi
ments. Recent advances in crop modeling have led to suggestions that the models based on physical environmental factors may be extended to include descriptions of nutrient behavior. One difficulty in this approarh is the harsh environ
ment of the semiarid tropics (SAT) and the effect of this environment on processes affecting nitrogen availability in the
soil. Another constraint is the dearth of direct measurements and quantitative descriptions of many processes in the field
(e.g., mineralization, urea hydrolysis, leaching, denitrification, and ammonia volatilization). Such measurements are ur
gently needed, with appropriate attention to methodology, to provide information needed for models that include nutrient 
terms. 

Introduction experiments could have been greatly reduced if modeling 
approaches had been used.

Nitrogen deficiency is the most important of the 
nutrient disorders in India (Prasad and Subbiah, 1982; The accurate assessment of the fertilizer nitrogen
Randhawa and Tandon, 1922), as shown clearly by the needs of crops requires much greater effort, however, un
dominance of nitrogen in the fertilizer nutrients used der the variable moisture regimes of dryland agriculture
(Biswas, 1989). Although most Indian soils are usually than under assured moisture regimes. The major
deficient in nitrogen for nonlegume crops, widespread fer- difficulty is that overall effects of moisture and nutrient 
tilizer N use has been confined primarily to irrigated crops

and dryland cash crops. Dryland cereals have received
 
relatively little nitrogen, despite examples of large and ap-
 Table 1. Summary of Response of Rainy Season Crops
parently highly economic responses (Tandon and Kanwar, to Fertilizer N 
1984). One reason for this is the variability in responses
(Table 1) presumably caused in large part by variations in Crop Range of Response
rainfall or its intraseasonal distribution (Jha and Sarin, (kg grain kg' N)
1984). Cereal responses to nitrogen are noted for their 
dependence on an adequate moisture regime (Russell, Sorghum 3.4-43.4
1984). How to delineate nonresponsive from responsive Pearl millet 2.1- 24.8
locations is thus a major question, deserving perhaps the Finger millet 5.0 - 42.4
highest priority. Maize 4.1-67.4 

Rice 4.5 - 33.9
Under irrigated agriculture, the development of sound Setaria 5.9 - 17.9

fertilizer application recommendations (which, judging Sunflower 1.5-22.6
from the use of fertilizer in India, have been generally well Castor 2.9 - 7.2 
accepted by farmers) was based on the combination of Groundnut 1.3-6.0
two main factors: the certainty of responses under as- Linseed 1.2-11.5
sured moisture regimes and the results of many hundreds Sesamum 1.3-5.0
of empirical nitrogen response experiments. However, itwould seem that the number of empirical field Source: Rao and Das (1982). 
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interactions are not known, and their probable complexity 
indicates that modeling should be a much more efficient 
means of predicting fertilizer needs. The approaches used 
in modeling, however, require careful consideration to en-
sure that major factors in the semiarid tropical environ-
ment are fully understood. 

Aspects that need particular consideration in the 
development of models are the harshness of the SAT en-
vironment and the marked variations in agroclimate that 
occur-both through the year and within seasons. Many of 
the modeling approaches have been developed under tem
perate climates, with an emphasis on the relationships be-
tween crop growth and yield and the physical 
environment - especially water, light, and temperature. In 
extending such models to include nutrients, we need to 
consider the effect of the relatively harsh environment in 
the SAT not only on plant growth but also on soil 
processes that influence nitrogen supply. Regrettably, 
some of these soil processes are somewhat intransigent, 
Many involve microbiological activity, which is less early to 
characterize than physical factors in the environment, and 
additionally a number of processes present considerable 
difficulty in the development of quantitative relationships 
to describe the operation of the process in the field, 

The purpose of our paper is not to review the great 
number of fertilizer response experiments, but instead to 
indicate some of the past work on processes that affect the 
supply of nitrogen to plants, especially those processes 
that may be particularly affected by the SAT environment. 
These must be considered in any modeling approaches in 
dryland agriculture where nutrient-water interactions are 
expected. 

Predicting Nitrogen Supply 

Organic N commonly accounts for over 90% of the to-
tal N in most soils, and this N is made available to plants 
through the mineralizationito process. This process, whichconvrtsorgnicNmmonumis arred ut y a 
converts organic N into armonium, is carried out by a 
diverse population of heterotrophic soil microorganisms.
Only a very small fraction of the total soil nitrogen is 
mineralized and thus becomes available to a crop during a 
growing season. In upland soils, ammonium formed via 
mineralization is further converted to nitrate, which is 
subject to several loss mechanisms. Fertilizer N that has 
been incorporated into soil organic N is also subject to 
these general processes of mineralization and loss. 

The amount of nitr.o)gen available for crop uptake is 
the total N supplied by soil or fertilizer less that which has 
been subjected to various loss processes. For convenience 

we shall describe this amount as the net supply. In India, 
the predominant data available are numerous estimates of 
the net supply, obtained by the simple method of measur
ing crop N uptake. Useful as this information has been 
for providing a general view of the net N-supplying 
capacity of Indian soils, it has limitations for the develop
ment of models; for these, we may need to consider the 
major factors that influence each of the important 
processes that contribute appreciably to the net nitrogen 
supply. These two approaches are discussed for both soil 
N and fertilizer N supply. 

Net Soil N Supply 
Determination of soil N uptake by crops is perhaps the 

most convenient approach for assessing net soil N supply. 
Crop uptake of N from non-N-fertilized treatments is 
determined over a number of years to get a reasonable es
timate of the average N-supplying capacity of the soil at 
one particular location. Measurements based on crop up
take should encompass a range of different seasons in 
relation to seasonal rainfall and its distribution and the ef
fects of temperature on soil processes. From the amount 
of soil N taken up by the crop, the net amount of mineral
ized N could be estimated as a fraction of the total N or 
organic N content of the soil. 

Estimates of the N-supplying capacity of soil using this 
approach would include allowance for the cropping history 
of the soil, especially the use of legumes in the croppingsystem, in addition to seasonal effects -such as soil mois
tetempeatn o his yef appach is
ture, temperature, and crop. This type of approach is par
ticularly useful for eventual extension applications. 
modeer y su e xension aicosaithfor 
models necessary for such extension applications, it has 
severe limitations. The major problem is that the causes 
of the variations in N supply between years will njt be 
known (and usually are assumed by correlation with 
"likely" environmental factors) unless studies are made to 

specifically identify them. 

Total Soil N Supply 
tEstimatingotal the totalN soil N supply, i.e., seasonal or an-Suppny soil 

nual mineralization of soil organic N, is much more dif
ficult than assessing the net supply. Nevertheless, in association with estimates of nitrogen losses, these estimates 
offer a much better understanding of the factors influenc

ingsoil N supplies. 
The simplest approach is to predict the amount of 

nitrogen mineralized on the basis of the total nitrogen 
content of a soil and the known decomposition rates of 
organic matter, as given by the equation commonly used 
to describe the annual changes in soil nitrogen: 

dN/dt = -kN + A 
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where k is the decomposition rate. measurements of fied ammonium. For at least someN is the total amount of soil nitrogen. Vertisols, fixed ammonium contents are sufficiently
A is the annual return of nitrogen. high- 22% in the surface soil, increasing to 40% at depth 

(Table 2)- that the presence of N in this form needs to beThis equation, of course, is the simplest. Modifications recognized. The role of such fixed ammonium is notinvolve the introduction of terms to include the contribu- known, despite many laboratory measurements of fixed
tions by fertilizer and changes in the annual return of ammonium in soil. We presume that this nitrogen is notnitrogen with different crops (Russell, 1975). easily released and that organic N is the source that 

should be used for calculating mineralization rates.
The use of this basic approach is hindered by the
 

present level of knowledge for SAT soils. Few measure
ments of the decomposition constant have been made. By 
 Table2 Fixed Ammonium in the Kasi;ddipally
examining nine long-term experiments in India, we could Benchmark Profile at ICRISAT Center 
get data from only one-the classic Coimbatore Old Per
manent Manurial experiment - for making the appropriate Soil Depth Fixed Ammonium N Organic N 
calcu lations (K au alya, 1982): the result, k = 0.054, ap- Soil ----------m - gN Or-anic -N 
pears reasonable for a continuously cultivated soil in the (cm)-...........-(mg kg")--------
semiarid tropics, but the error term (±0.145) leaves us 0-15 113 371
with no doubt as to the confidence that we can place on 1530 107 278
this value (Figure 1). Th!' only other serious study in 30-0 100 231
the semiarid tropics (or subtropics) appears to be the 0-0 99 205 
recent work of Dalai and Mayer (1986) who obtained 10-009 208
good results for a number of soils including Black Earths 90-150 102 174
(Vertisols) in the subtropical Darling Downs area of 150-170 100 145 
Australia. 

The second impediment is that most measurements of Source: ICRISAT (1983). 
total soil nitrogen are not accompanied by ancillary 

The third impediment is only an apparent hindrance.k = 0.054 + 0.145 
"1 

The factors that determine N mineralization rates in soilsNE 414 + 87 tg g include soil moisture, temperature, drying, nature of or-A (NE x k) 22.28 ug g-1 ganic matter (fresh residues, C/N ratio, etc.), and soil 
500 ±N depth (and distribution of organic matter with depth). 

Unfortunately all these factors act simultaneously to in-
IF' fluence the amount of mineral N that is released and thus 
,400- available to plants. Any soil N nodeling exercise has to 

consider the overall effect of these factors on the release"0 of mir -ral N. There is a dearth of data on the release of
* 0mineral N, not only in the field but also under controlled0-

conditions, as well as on how these factors affect 
mineralization. Unless such data are obtained, researchers200 may need to resort to the use of laboratory methods for 
assessing the N mineralization capacity of soils. Such soil190 1test methods-mainly those based on organic C deter

1900 1920 1940 196 1980 mination, the amounts of ammonium released from soil 
Yeais organic matter by the oxidative action of alkaline perman

ganate, and aerobic and anaerobic incubation tests-haveSource: Kausalya (1982). been useful for predicting nitrogen supply under control
led conditions (e.g., in the greenhouse or under irrigatedFigure 1. N Content of Soil (0-15 cm) Inthe Old agriculture). They have generally been less successful for

Permanent Manurial Trial (unirrigated) at rainfed agriculture (Indidn Society of Soil Science, 1984)
Tamii Nadu Agricultural University (TNAU), where the effects of variable moisture on crop growth and 
Coimbatore. N mineralization have not been adequately characterized. 
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Although these impediments present a daunting task, 
selective studies on some aspects will be quite worthwhile. 
Regardless of whether relatively empirical or basic ap-
proaches are used to assess soil N supply, some informa
tion will be needed on environmental effects that cause 
major changes in soil N levels. A good example is our 
studies on !he "Birch effect"-the flush of microbial activity 
that occurs on the wetting of soil that has been severely
desiccated. Such a situation occurs in SAT India at the 
beginning of the rainy season in June, after the very hot
 
(commonly 40'C maximum) and very dry (to <10% mini-

mum humidity) summer season. The most interesting fea-

ture is the marked difference between our two benchmark 

soils-an Alfisol and Vertisol-in their mineralization fol
lowing rewetting (Figure 2). The difference is reflected in 

their biomass (Table 3).
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Figure 2. 	Seasonal Fluctuations in the Nitrate-N 
Contents of Surface 0-15 cm (A)and 
Subsurface 15-30 cm (B) Depths of an Alfisol 
and a Vertisol, ICRISAT Center, 1980/81. 

Table 3. Comparison of Biomass-C Contents of Surface 
Soil (0-15 cm) of an Alfisol and a Vertisol, 
ICRISAT Center, 1981* 

Measurement Alfisol Vertisol 

Biomass (pg C g" soil) 11.4±1.6 3.4±0.3 
Total C (%) 0.35 0.60 
Biomass-C (% of total C) 0.326 0.056 

a. Sampling dates: Alfisol, August 28; Vertisol, 
August 25. Values are means from uncultivated and 
deep-cultivated plots. 

Source: 	 ICRISAT (1983). 

Fertilizer NSupply 
The fertilizer N supply term is a much easier one tocalculate 	because we know the total supply (which is the 

amount that we add). Under favorable environmental 
conditions, the use of fertilizer by a crop can be relatively
efficient because the farmer or researcher can decide 
when and 	how to add fertilizer. 

Nevertheless, appreciable losses of fertilizer N can oc
cur, and studies of such losses are useful for indicating not 
only the causes of fertilizer N losses but also the losses ofnitrogen derived from soil organic N. These loss 
mechanisms will be discussed in the next section. 

One aspect of fertilizer use needs particular considera

tion. Urea is the dominant form of fertilizer N used, but 
use by plants depends upon the hydrolysis of urea to

ammonium and subsequent oxidation to nitrate. Littleserious characterization of the rates of these reactions has 

been made in the field, and such characterization is espe
cially important in developing fertilizer application

Urea and nitrate are readily leached, but am
monium is not; heavy rainfall would cause substantial 
losses if it occurred immediately after urea application or 
after conversion of urea entirely to nitrate. 

Surprisingly, relatively little information is available on 
specific environmental conditions that determine therate of urea hydrolysis in the field. In the laboratory, urea 

hydrolysis was found to have a particularly high optimum 
temperature, 60°-70°C (Figure 3), and the rate was 
surprisingly constant with increase in moisture content 
beyond field capacity (Figure 4). Preliminary studies have 
indicated that laboratory measurements of the hydrolysis 
rate can be applied to field situations, provided that the 
soil temperature and moisture conditions in the field are 
correctly monitored (Jayakumar, unpublished data). The 
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50 

.....- Buffer surprising feature has been the particularly high rate of 
130_ Nonbuffer hycholysis; 100 kg urea-N ha' can be hydrolyzed to ammonium within 24 hours. The urea hydrolysis rate is de
110- pendent upon the level of urea in the soil up to very highgo- Vertisol / , \ concentrations, i.e., about 2,000 mg urea-N kg" soil. 

. 70-/ Factors Reducing Nitrogen Supply 

Around the world, the various loss processes have in
30_ ,termittently attracted enthusiastic attention, primarily be

cause, in some special situations, each of these loss10_ _ _ _ _ _processes can cause substantial reductions in the amount 
z 

01 of nitrogen available for crop growth. However, in India,the vast body of literature on crop responses to nitrogen 
S0contrasts3 1J with the minute number of reports showing :hatAlfisol 

20- ..-- a loss process is impor-:. While the importance of a20.--- " particular agronomic yield result is frequently attributed 
10. to one or more of the soil nitrogen loss processes, almost01.,invariably tihe evidence is indirect. There is an urgent 
0 need for direct measurements of particular loss processes0 10 20 30 40 50 60 70 80 90 100 and quantification of the relationships between such losses 

and environmental and/or agronomic factors. Some ofTemperature (0C) the known data are given below. For these, we draw 
heavily upon the review by Goswami and Sahrawat (1982) 
and our own research at ICRISAT Center. 

Source: Sahrawat (1984). Leaching
 
Leaching, perhaps the oldest recognized cause of NFigure 3. Effect of Temperature on Soil Urease Activity loss, can result in substantial losses of nitrogen that are

in a Vertisol and an Alfisol. Standard neutral (urea) or anionic (nitrite and nitrate) in form. ForError for Comparisons at the Same Level of dryland agriculture in the SAT, losses by leaching depend
Temperature and Method = 1.9 pg N g"'Soil upon the coincidence of heavy rainfall and the occurrence
Per Hour. of high concentrations of such soluble N in the soil. 

Clearly, the use of some type of probability analysis, in as
sociation with knowledge of the forms of soil nitrogen, is
required. Of note, however, is the absence of data onleaching losses from dryland agriculture in India. For ex
ample, all ten studies cited by Goswami and Sahrawat 
(1982) on leaching relate to irrigated agriculture )r
greenhouse studies; not one reported field measurements 
of leaching under dryland agriculture.

S20, FC Vertisol
 
"M_1 FC-Alliso Allisol
FC Highly relevant for dryland agriculture is the result of 

-M -1 ---------- -- - our simple study at ICRISAT Center (Figure 5). The 
poor structure of Alfisols is well known. Although im

"I I I I - provement in structure may increase infiltration, with pos0 20 40 66 809 100 120 140 180 sible beneficial effects on crops because of better water 
Soil Moisture (/) resources, this additional entry into the soil may cause 

leaching of nitrate to a greater depth and thus place itSource: Sahrawat (1984). beyond the reach of plant roots. 

Figure 4. Effect of Moisture Content on Soil Urease Denitrification 
Activity at 37°C. Field Capacity (FC) of Each No direct measurements of denitrification have been
Soil Indicated by an Arrow. reported under dryland agriculture in India; this contrasts 
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Nitrate-N (ug g-1 sail) 	 1981) or estimated by deficits in 'N recovery (Craswell
0 5 10 15 and Strong, 1976) from similar heavy clay soils in England

I and Australia. Because the indirect methods of assessing 

10 
10 such losses are associated with considerable uncertainty,

." 	 direct measurements of denitrification losses are urgently 

20 	 needed for the development of models. 

E" 30_- -"' Ammonia Volatilization 
A priori, many researchers have expected losses by

S. 40_ ammonia volatilization to be large in soils of the Indian 
a 50- SAT, especially if urea was applied by spreading granules50_ onto the soil surface. Some Alfisols have a light-textured 

60- ,surface soil, and the increase in pH associated with urea60 I c-- -.o Untreated hydrolysis would be expected to promote quite substantial
70- , -o PVA-Treated losses, especially if the surface dried. Although Vertisols

/ are heavy textured and have a high cation exchange
80 capacity, and thus would be expected to absorb ammonia, 

their soil surface is alkaline and would be expected toSource: 	 ICRISAT (1983). promote ammonia volatilization. Yet few losses by am
monia volatilization have so far bc.n clearly identified

Figure 5. Movement of Nitrate-N in Nontreated and over the past 8 years of research in the IFDC/ICRISAT
PVA-Treated Alfisol Under Natural Rainfall, collaborative project at ICRISAT Center. 
ICRISAT Center, 1982. To quote from Goswami and Sahrawat's (1982) review, 

"It should 	be emphasized that there have been few studieson ammonia loss under field conditions, and these have
with several reports demonstrating appreciable losses un- bn hi lack of cndiis, and that, 
der paddy rice culture (De Datta and Patrick, been hindered by lack of technialuess .. We can add that,1986). 	 t"Deficits in the recovery of "SN-labe-led fertilizer N are a of these few studies of ammonia loss, most have examinedDcitsm n of lsed; flier Nfterecovry na 	 ar flooded soils. Further, in addition to stressing the need for
30%-from a Vertiso in a particularly wet year-can studies on dryland soils with typical variations of moisture
probably be attributed to denitrification (Table 4). and temperature, we emphasize the need for selecting cor

rect techniques because of the reactivity of ammonia gas. 

Substantial losses by biological denitrification can be Direct measurements of ammonia volatilization are
expected 	on heavy-textured soils (such as Vertisols) in the needed to determine the importance of this mechanism of 
higher rainfall areas of India, based on comparisons of nitrogen loss 
this environment with others in which 	gaseous losses of is shown l.clsowThe relevancediurnalto the semiarid environmentearly by the fluctuations in lossesnitrogen have been directly measured (Burford et al., (MGarity and Rajaratnam, 1973). 

Table 4. 	 Effect of Method of Urea Application on 
Recovery or 1N-Labeled Fertilizer N; Vertisol, ImmobilizationIt is only in recent years that immobilization has beenICRISAT Center, Rainy Season, 1981 recognized clearly as a major source of N inefficiency in 

Method of Recovery of the immediate utilization of fertilizer N added to the soil. 
Fertilizer Fertilizer N The proportion of fertilizer N immobilized can be as high 

Application' Plant Soil Loss as 40% (Table 4; Jansson and Fersson, 1982), which is in
agreement with the results of many N-uptake experiments.MM About 50%-60% of fertilizer N is recovered in a crop 

Broadcast 31 42 27 where losses are not suspected. Of course such immobi-
Broadcast 	+ lized N will be subsequently mineralized, but at a slow 
incorporated 30 45 25 rate as with other organic N. 

Split-band 55 39 6 Interactions 
SE ± 1.6 2.7 The quantification of the extent and nature of nitrogen 
a. 72 kg N ha-'applied to sorghum (CSH 6). 	 mineralization and losses in agricultural soils has been so 
Source: Moraghan et al. (1984). limited that direct measurement of the various processes 
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must be a first priority for any soil research in this area. Concluding Comments 
Until this has been done and the operation of processes
clearly understood in the field situations, hypotheses can- In this paper, we draw attention to the urgent need for 
not be developed about the many interactions that we direct measurements of a number of processes in field 
suspect will be very important. situations, including mineralization, urea hydrolysis, am-

One example of the types of interactions that will re- monia volatilization, denitrification, and leaching. Failure 
quire careful consideration involves the mineralization and to quantify these soil processes will result in the inability
leaching of nitrogen in an Alfisol at the beginning of the to build accurate models for describing responses of crops
rainy season. The firs- rain will cause a flush of nitrogen to nitrogen. 
mineralization-the "Birch" effect-resulting in rapid ac
cumulation of nitrate in the surface soil (Figure 2). The One of the reasons for lack of information on nitrogen
next rain, depending upon its amount and timing, may processes in SAT soils is an emphasis in recent research 
result in some leaching of nitrate. The entry of subse- on agronomic studies or on laboratory studies alone. In
quent rainfall into the soil, and leaching, will depend adequate emphasis has been given to the need for linking 
on the soil surface structure as modified by treatment with laboratory research to field experiments so that descrip
the soil conditioner polyvinyl alcohol (PVA) (Figure 5), tions of soil processes are available to explain various 
which in turn will depend upon whether the initial cultiva- aspects of responses (or lack of responses) to fertilizer N. 
tion of the soil has commenced. 

In proposing a sharper focus of research so that we canIdelly threfreanymodl e- understand soil mechanisms, there is a need too clcuateferilier better 
quirements will take into account the structure of the sur
face soil in order to determine whether such mineralized stress the importance of attention to methodology. Past 
N will be accessed by roots growing downwards or research on nitrogen has produced some notable examples 
whether it will be leached beyond the depth of root Uf the use of incorrect methods giving results that misled 
exploration. researchers for quite a few years afterwards. For the ap

proaches needed in the future-the quantitative descrip-
Many other examples could be given, but that given tion of processes important for modeling nitrogen-failure

above provides an indication of the complexity of the in- to address the issue of methodology could be disastrous. 
teractions involved in modeling nitrogen in the SAT en- Given an appropriate emphasis on direct measurements of 
vironment. It requires very little imagination to picture processes, and attention to methodology, a great gap in 
the range of wetLhcr conditions at the beginning of the our current knowledge of the soils of the SAT will be 
rainy season and to ponder the effects that these have on filled. This knowledge is, of course, essential for the 
components of the soil N supply inaddition to the ex- development of models of crop behavior in response to 
amples given in Figures 2 and 5. the soil, water, and atmospheric environment. 
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Nitrogen Fertilizers -
Their Use and Management in the Indian Semiarid Tropics 

J.C. Katyal, Senior Soil Scientist, Indian Agricultural Research Institute 

Abstract 

This paper reviews the status of N use in the Indian semiarid tropics (SAT). The main focus of the paper is N use 
efficiency by crops in the SAT vis-A-vis diversity in the characteristics of the soils and striking inconsistencies in rainfall 
across the years and the seasons. Historically, N fertilization of crops in the SAT has been considered to be a risky invest
ment. Research over the last 15 years has dispelled this belief. Now it is clearly established that fertilization of soils in the
SAT with N is highly profitablc. The extent of benefits from the use of N fertilizers fluctuates with soil depth and seasonal
rainfall. With deep soils which exhibit good moisture-holding characteristics, response to N is higher, and it is stable 
across contrasting rainfalls. With shallow soils, which exhibit poor moisture-holding characteristics, rcspons ! to N is low,
and it decreases with increasing rainfall. The decrease in N use efficiency with the latter group of soils is a result of N loss,
mainly through denitriication. A high N loss from shallow soils is accompanied by a low crop N recovery. Split applica
tions of N over the growing scason and their placcment at a depth in bands are management strategies that can maximize 
N use efficiency and minimize risks of total fertilizer loss during years with aberrant weather. 

Introduction 

Fertilizers have played an undisputed dominant role in 
the burgeoning of India's food-grain production from 
71 million tonnes during 1965/66 to nearly 150 million 
tonnes during 1985/86 (FAI, 198). Among the major 
plant nutrients, nitrogen has had a principal influence on 
this impressive record in food-grain production, ap-
parently because crop needs for N are high and it is 
universally deficient in Indian soils. With a consumption of 
5.7 million tonnes of N during 1986, India ranks fourth in 
N consumption only after China (13.4 mililon tonncs), 
U.S.S.R. (11 million tonnes), and the United States 
(9.5 million tonnes) (FAO, 1987). Uninterrupted expan-
sion in fertilizer N use is crucial in maintaining agricul-
tural productivity because (1)high yields of modern crop
varieties remove more nutrients from soil, particularly N, 
and (2) many Indian soils are incapable of maintaining N 
in adequate amounts without fertilization. Semiarid tropi-
cal soils are exceptionally low in organic matter, the main 
source of soil-available N. Compared with the 2% to 4% 
organlic carbon conte',t of semiarid soils of the temperate 
environments (Dudai, 1965), SAT soils contain less than 
1% organic carbon, and their total N content seldom cx-

Different elements of the SAT environment and their in
teraction with N use and efficiency are discussed. Manage
ment options are viewed from the point of diversity in the 
characteristics of soils and contrasts in rainfall across the 
years and the seasons. 

Current Status of N Use in SAT 

With the currently available fertilizer consumption 
statistics, it is not possible to pinpoint the rate of fertilizer 
N use by rainfed SAT crops in that fertilizer use figures do 
not distinguish fertilizer use between rainfed and irrigated 
crops. Thus, fertilizer use data on rainfed crops are 
severely vitiated by the fertilizer use data on the preferen
tially fertilized irrigated crops grown within the unir
rigated districts. According to a survey by Jha and 
Sarin (1980), mean consumption of major plant nutrients 
(NPK) in 112 rainfed SAT districts with less than 25% ir
rigated area was 18.5 kg ha-'. The corresponding mean 
nutrient consumption was 57.5 kg in 78 irrigated SAT dis
tricts. At a given level of irrigation, fertilizer use fluctuates 
with the amount of seasonal rainfall and type of crops 
grown. For example, fertilizer N use in the Kutch district 

cceds 0.1% (Tandon and Kanwar, 1984). Fertilization with with a mean annual rainfall of less than 322 mm and ir-
N is therefore necessary for efficient use of SAT soils. rigated area less than 10% has been static at between 4
This paper reviews the status of N use in the Indian SAT. and 6 kg N hal over the last 18 years (FAI fertilizer use 
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statistics for Western India). The corresponding fertilizer Table 1. Agronomic Efficiency of Urea-N as Influenced

N use in Amreli district (irrigated area also less than 10%) by N Rate, Rainfall, and Depth of SAT Soils
 
with a mean annual rainfall of 511 mm ranged between 15 (kg sorghum grain kg N)


1and 25 kg N ha " . Because of the high value of cash crops Agronomic

(cotton), fertilizer N use on these crops generally exceeds Effic
 
that on noncash crops (Parmar, 1979). As a result of the 
 Efficiency
existing apathy towards fertilizer use, the soils of the SAT Soil Check 30-40N ha'kgtRainfall Yield 60-80 kgN ha"' are being continuously depleted of their nutrient reserves, (mm) (kg ha)

including N. In order to attain the projected improve
ments in levels of productivity, expansion in fertilizer N Deep Vertisol 
 913 1,500 26 29
 
use in the Indian SAT isnecessary. 
 907 2,720 24 34 

674 3,380 14 14 
516 2,870 0 40Response of Crops to N Application 322 3,270 33 31 

Historically, benefits from applications of organic Deep Alfisol 907 1,590 51 38
 
manures (farmyard manure [FYM], compost, and green 6 3,240 4 28
 
manure) to rainfed crops were explored (Kanitkar et
 
al., 1960). A series of experiments on rainfed crops involv- 322 1,490 15 25
 

"
ing organic manures (5.0 tonnes ha FYM or 2.0 tonnes Shallow Vertisol 913 670 14 21

ha-' fresh green manure) was conducted over a decade 485 1,310 31 37
 
(1928-38) at the five then-established dryland research 
 322 3,390 30 18
stations-Sholapur, Raichur, Hagari, Bijapur, and Rohtak. Shallow Alfisol 485 1,440 23 17
As a consequence of organic manure treatment, crop 322 2,120 19 9 
yields improved by 20% to 50% (over no manure grain Source: IFDC/ICRISAT Jo it Project.1

yield of 150 to 400 kg ha"). Mineral fertilizers were
 
neglected because their application was considered inef
fective in yield improvement ,,n several soil types and 7,000 
across most of the seasons. During the 1950s, the attention D
in dryland regions focused on soil conservation measures. - Deep Verlisol 300 mm 
It was only in the late 1960s or early 1970s that serious ef
forts on fertilizer use research in dryland regions started. . 5,000 ---
Since then, a positive and significant response to fertilizer Z-
N (generally in conjunction with P) with rainfed crops has - - " 
been reported from the Indian SAT (IARI, 1970; Kanwar '
 
et al., 1973; Mahapatra et al., 1973; Venkateswarlu and a 3,000Spratt, 1977; Spratt and Chowdhury, 1978; Randhawa and E 
Venkateswarlu, 1980; Kanwar and Rego, 1983; Tandon 
and Kanwar, 1984; and EI-Swaify et al., 1985). Sorghum, a 
millet, oilseeds, cotton, and wheat were the test crops of 0 1,000 
this research. Each kilogram of fertilizer N was able to 
produce an additional grain yield of 10 to 30 kg across ' 120 
sharply differing rainfall environments and variable soil 0 30 60 90 120 
types. "Urea N Rate (kg ha1) 

Results of a 7-year research study conducted jointly by Source: IFDC/ICRISAT Joint Project.
the International Fertilizer Development Center (IFDC) Figure 1. Grain Yield Response of Sorghum to Nitrogen
and the International Crops Rese3rch Institute for the on Deep Vertisols as Affected by Rainfall. 
Semi-Arid Tropics (ICRISAT), conclusively established 
that fertilizer N offers considerable potential for increased 
yield of sorghum on Vertisols and Alfisols in dryland In these studies, as shown in Figures 1 and 2, crops
regions (Table 1). Invariably, rainfed crops with fertilizer responded to applications of up to 60 kg N ha " , and yields
application could withstand drought longer because of leveled off at about 90 kg N ha" . Shallow soils (depth
healthy growth and a more extensive root system. <50 cm) were exceptions in that grain yields leveled off at 
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5,000. 	 Table 2. Agronomic Efficiency of Urea-N In Wet 
- - - - Shallow Verlisol, 300 mm (SE-570) " " (Kharif) and Dry (Rabi) Seasons (kg sorghum

"He 4,000- Shallow Verlisol, 900 mm - grain kg N) 
. 4,0 .- " NKharif Rabi 

3,000- NRate Yield Response N Rate Yield Response 
3,00,_ .(kg N ha 1) (kg grain kg N) (kg N ha" ) (kg grain kg ' N) " 

40 27 30 14 
M 2,000- 80 24 60 15 

E 
-- 1,000_1,Source: 	 Venkateswarlu (1979). 

C/ 	 1 , , Fallowing, an age-old practice in the Indian SAT, is an0 30 60 90 12C important strategy to conserve soil fertility and moisture. 
"Urea N Rate (kg ha1 ) 	 As aconsequence of fallowing, the productivity of crops is 

generally augmented. Recent research (Table 3 and
Source: IFDC/ICRISAT Joint Project. Katyal et al., 1987) confirmed the benefits of fallowing to a 

post-rainy-season crop provided the rainfall during the
Figure 2. Grain Yield Response of Sorghum to Nitrogen rainy season was normal to low. Excessive rainfall during 

on Shallow Vertisols as Affected by Rainfall. the rainy season severely limited the benefits of fallowing. 
During high-rainfall years, erosion, runoff, percolation, 
and NH- volatilization led to a considerable loss of topsoil"1N application rates higher than 30 kg N ha (Katyal et and nutrients (Kanwar and Rego, 1983). The implication

al., 1987). With post-rainy-season crops (Rabi season), the is that the of advantages from fallowing is notextent 
levels of application and response are governed by the universal and will vary with the rainfall during the rainy
moisture stored in the soil (Figure 3) (Prihar et al., 1981). season. 
Computations relating stored water with fertilizer use 
were provided by Singh et al. (1975). In general, post
rainy-season crops produced less response to N fertilizers Table 3. Seed Yield of Rabi Season Safflower as 
than that obtained in the rainy season (Table 2). and N Rate 

Grain Yield 
1,700 Kharif Fallow- Sorghum-

Rainfall N Rate Safflower Safflower"80 kg N ha1 (mm) (kg N ha1) ------- (kg ha-1)---
="1,300 

516 0 1,470 630 
60 1,260 

SEM 90 .- 900
 
.M 	 "140 kg Nha 913 0 530 690
 
W 60 1,460 
i 500 	 SEM 108 
C. 

Source: IFDC/ICRISAT Collaborative Research Project. 
100 

240 320 400 480 	 Fertilizer N Use Efficiency 

-300 - Available Water Supply (mm) 
Fertilizer N use efficiency assumes different meanings

Source: Prihar et al. (1981). for different purposes. From a practical standpoint, fer
tilizer N use efficiency is defined as the capacity of the

Figure 3. Response of Rainfed Wheat to Added Nitrogen fertilizer N to increase yield over that of plots with no N 
as a Function of Available Water Supply. application. This is also referred to as "agronomic 
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efficiency" and is usually expressed as kilogram grain yield
(more appropriately economic yield) increase per
kilogram of fertilizer N. Agronomic efficiency refers to a
particular 	rate of N application. 

Because N is capable of permanently escaping from 
the soil-plant system, soil scientists are often interested in
quantifying the proportion of fertilizer N (1) absorbed by
the crop and (2) lost from the crop's point of use. The fer-
tilizer N fraction absorbed by the crop connotes fertilizer
N recovery, or apparent N recovery (ANR) if the 
"difference method"' is the basis for computation. ANR 
includes a part of soil N that is absorbed because applied 
N can influence the transformation of native soil N and 
because it also improves plant growth, leading to a higher 
recovery of soil N. In order to exclude the contribution of 
soil-N to the growing crop, '5N-labeled fertilizers are
employed. With that approach, it is possible to ascertain 
more exactly the fertilizer N recovered by a crop ("5N 
recovery). The ability of the fertilizer N absorbed by the 
crop to increase yield is referred to as physiological ef-
ficiency. Physiological efficiency reflects the efficiency with 
which fertilizer N absorbed by a crop is translated into 
grain yield. In effect, agronomic efficiency is a function of 
N recovery and physiol,,gical efficiency (Novoa and 
Loomis, 1981). Factors influencing 0, plant's ability to 
recover N and its ability to utilize this N for grain forma-
tion exert a major control on agronomic efficiency. 

Chemical 	makeup of N fertilizers (whether the N is in 
the form of nitrate, ammonium, amide, or a combination 
of these) and the p!ant-usable forms arising from their 
transformations in soil strongly influence the fertilizer N 
recovery by a crop. The site in the soil where the fertilizer 
N transformations take place determines (1) the acces-
sibility of usable forms of N to plant roots and 
(2) exposure of those forms to various N loss processes.
Precipitation, the only source of water in the SAT,
moderates N uptake and recovery by influencing plant
growth. It also plays a dominant role in fertilizer N 
recovery via fertilizer N transformations (urea hydrolysis 
and nitrification), mobility, and loss. Soil temperature
regulates the rate of these processes. 

Thus, the following essential elements predominantly
control N use efficiency by crops grown in the SAT: 
1. Precipitation and, associated with it, the soil's 

moisture-holding characteristics, which are influenced 
by soil texture and depth (Table 4). 

2 . Fo r m of N so urce . 
3. Method of application. 

N uptake wth nitrogen fertiizer-N uptakewithouttenizert 
Fertilizer N applie 

Table 4. 	 Moisture Storage Capacity of Different SAT 
Soils 

Soil Group Subgroup Storage 

(depth in cm) (mm) 

Vertisols Shallow (<45) 35-145/45cm 
Deep (>90) 300/r 

Alfisols (Luvisols) Shallow (<45) 40-70/45cm 
Deep (>90) 200-220/i

Sierozam Medium to deep 80-90/90 cm 
(u to98 0 

Source: Randhawa and Sinha (1985). 

The SAT soils are extremely dry before the onset of 
the southwest monsoon. Urea, the principal N fertilizer in 
India (FAI, 1987), does not hydrolyze when applied to 
air-dry soils (Sahrawat, 1984). As moisture and tempera
ture increase, the rate of hydrolysis increases. This sug
gests that urea application coinciding with dry sceding-a 
management practice recommended by ICRISAT for SAT 
Vertisols (Virmani et al., 1981)-will not lead to sig
nificant N loss in that urea has to hydrolyze to NH'-N 
before it is subject to loss (unhydrolyzed urea can leach,
though this is a remote possibility in the SAT). 

Results from studies conducted jointly by IFDC and 
ICRISAT (Table 5) suggest that high recoveries of 
'5N-laoeled urea can be achieved by the plad (55%) with 

Table 5. 	 Fate of Fertilizer N ('SN-Labeled Urea Placed
 
by Split 'JandMethod) in SAT Soils
 
(Crop: Sorghum)
 

5N1

Apparent Recovery isN 
Soil Rainfail N Recovery Plant Soil Loss 

(mm) (%) - - (%)--- (%) 

Deep Vertisol %7 58 56 37 7 
516 74 56 35 9 
322 78 56 37 7 

Dee Air I 907 88 64 29 7 
piso 

Shallow 
Vertisol 913 36 2937 35 

4 8 5 5 4 4 1 23 0 

Shallow 

Alfisol 485 44 46 25 29
Source: IFDC/ICRISAT Collaborative Research Project. 
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Table 6. Effect of Urea-N Application Methods on Grain Yield of Sorghum, 15N Recovery by Sorghum Crop, and 
15N Loss (Deep Vertisol) 

Treatment Grain Yiel
(kg ha " )  

Rainfall = 516 mm" 
d "N Recovery 

------- (%) -------
"N Loss Grain Yield 

(kg ha " ')-

Rainfall = 907 mmb 
15N Recovery 

---------- (%) -
N Loss 

------

Control 
Split band 
All basal broadcast 
Surface incorporation 
SEM 

2,870 
5,270 
5,650 

-

180 

-

56 
44 

-

-

9 
18 

-

2,720 
5,220 
4,260 
4,110 

225 

-

56 
31 
29 

-

6 
28 
26 

a. IFDC/ICRISAT Collaborative Research Project. 
b. Moraghan, Rego, Buresh, Viek, Burford, Singh, and Sahrawat (1984). 

limited losses of N (<10%). This trend was particularly surface of the soil. A similar argument was advanced to 
pronounced in the deep soils when urea was applied in explain the lack of ammonia (NH3) volatilization from 
split bands (half of the N applied at the time of seeding surface-applied urea in Northern Australia (Myers, 1978).
and the remaining half I month later; each N split placed In variance with dry soils, surface placement of urea on 
in bands 5-7 cm deep and 5-7 cm away from the seed row wet soils aggravates NH3 volatilization. Despite limited 
and covered with soil). urea hydrolysis, leading to low N loss, there is little jus

tification for recommending broadcasting of fertilizers on 
Methods of Application the surface of drylands. In a sole cereal system with wide 

As shown in Table 6, in a year of average rainfall row spacing, broadcasting of fertilizers will allow weeds 
(seasonal rainfall 516 mm), urea application on the sur- better access to the fertilizer. In the cereal/legume inter
face did not lead to excessive N loss when compared with cropping situations, which are very common in the tropics, 
its placement in bands (18% versus 9%). In contrast, in a broadcasting of N fertilizers will provide N to the legume
good-rainfall year (rainfall 907 mm), surface-broadcast component, which is unnecessary. Subsurface banding 
urea suffered a heavy N loss (28%), whereas the N loss near the crop row will increase the N efficiency because of 
from urea placed in bands continued to be low (6%). It is better access to the roots and less chance of losses via 
possible that low soil moisture in an average-rainfall year NH3 volatilization, runoff, and immobilization. The bulk 
restricted urease activity (Sahrawat, 1984) and conse- of the evidence genLrated thus far favors the soundness of 
quent buildup of NH4-N and its volatilization at the placing N fertilizers in the moist subsurface (Table 7). 

Table 7. Placement Versus Broadcast: Grain Yield Gains 

Yield 
Crop Gain Source Remarks 

(kg ha') 

Pearl millet 
Sorghum 
Sorghum 

668 
1,130 
1,100 

IARI (1970) 
Venkateswarlu (1979) 
Moraghan, Rego, Buresh, Viek, Burford, Singh, 

Sandy loam (774 mm)' 
Mean of five experiments 
Vertisol (786 mm) 

Sorghum 1,500 
and Sahrawat (1984) 

Moraghan, Rego, and Buresh (1984) Alfisol (766 mm) 
Sorghum 660 IFDC/ICRISAT Vertisol (512 mm) 
Sorghum 340 IFDC/ICRISAT Shallow Vertiso (397 mm) 

a. Figures in parentheses indicate seasonal rainfall. 
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Deep placement of fertilizers is of utmost significance 
in a receding moistvre situation (post-rainy-season crop-
ping) where the root activity declines in the rapidly drying
surface layers. Chaudhary and Prihar (1974) reported that,
compared with broadcast application, placement of fer-
tilizers 20 cm below the seed rows produced more than a 
twofold increase in wheat yield. Deep placement also led 
to greater extraction of water from layers below 60 cm 
(Prihar et al., 1977). Katyal et al. (1987) reported a sig-
nificant improvement in agronomic efficiency with 
decreasing distance of the fertilizer row from the seed 
row. 

Past research on N use efficiency reviewed by Katyal et 
al. (1987) showed that the situation with shallow soils (soil 
depth <50 cm) was strikingly different from that with 
deep soils. Nitrogen-15 recovery was low (=40%), and losswas high (=.30%) (Table 5). Differences in soil moistureregimes (J. C. Katyal and LS. Holt,r unpublished report),
following a rainfall event, predominantly explain the vari-
able N loss from shallow and deep soils. Because of poor
water-retention characteristics (Table 4) arising from tex-

tural discontinuity, i.e., hard pan, (Pratt et al., 1972), a 
shallow soil is likely to become saturated more often, and 
with that, anoxic conditions set in (Firestone, 1982). Con-
sequently, (1) nitrification-an aerobic process-is
obstructed and (2) denitrification-a process of anaerobic 
environment-is likely to be promoted. Thus, shallow soils 
are more likely to lose N through denitrification. 
Denitrification in SAT soils, which are deficient in organic 
carbon (1.0%), may be sustained by crop root exudates
(Firestone, 1982). A high N loss from shallow soil parallels
the lower agronomic efficiency with which N is used 

(Tables 1 and 5). Apparently, the contribution of 
denitrification to N loss is likely to increase with increas
ing rainfall, and thus agronomic efficiency will decline. 
Agronomic efficiency (Figure 1) in a high-rainfall year was 
significantly lower than in a low-rainfall year. In contrast,
fluctuations in rainfall had less influence on agronomic ef
ficiency (Figure 2) in deep soils. 

Sources of N 
The forms of fertilizer and their transformation 

products respond differently to moisture fluctuations in 
SAT soils. It has already been mentioned that urea 
hydrolysis does not proceed under air-dry conditions. 
Contrarily, nitrification of ammonium, the hydrolysis 
product of urea, will be decelerated when saturated 
(anaerobic) conditions prevail. Under those circumstances, nitrate-containing fertilizers will tend todenitrify, whereas urea may be protected. As explained
earlier, denitrification is less likely a problem with deep
soils, which exhibit better water-holding characteristics. 
Therefore, it is logical to believe that the efficiency of urea 

and potassium nitrate (KNw3)-a source vulnerable to 
denitrification- will not vary with rainfall when both these 
N sources are tested on deep soils. Results presented in 
Table 8 confirm this contention in an average-rainfall year 
(rainfall 516 mm), and further support to this hypothesis is 
provided by the findings that even in a good-rainfall year 
(rainfall 733 mm) agronomic efficiency and SN recovery 
were identical for urea and sodium nitrate. 

Urea and KNO3, however, performed differently when 
tested on shallow soils (Table 8). Results of a 2-year study 

Table 8. Effect of Source of NApplication to Sorghum on Grain Yield, "'N Recovery by Crop, and "'NLoss 

Rainfall = 516mm' Rainfall = 733mm b
 

Source of N Grain Yield 'N Recovery 1SN Loss Grain Yield 
 '3N Recovery 15N Loss 
(kg ha *') ---- -(%) -------- (kg ha")------------ -(%)-.......
 

Deep Vertisol 
Control 2,870 b - - 3,380 b -
Urea 5,280 a 56 9 4,470 a 53 a
KNO3 5,390 a 66 8 4,480 a 61 a 

Rainfall = 485 mm' Rainfall= 370 mm' 
Shallow Vertisol 
Control 1,310 c - - 1,690 b -Urea 3,560 a 41 36 4,060 a 39 b 21 aKNO3 2 870 b 26 64 4,340 a 55 a 18 a 
a. IFDC/ICRISAT Collaborative Research Project.
b. Moraghan, Rego, Buresh, Viek, Burford, Singh, and Sahrawat (1984) - NaNO3 substituted for KNO3. 
Note: Means followed by the same letter are not significantly different (P = 0.05). 
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involving urea and KNO3 explicitly explain the interaction Rainfall events, specifically those coinciding with fer
of moisture and form of fertilizer. tilization, explain the inconsistent performance of 

KNO3 or urea (Figure 4). During 1984, a heavy rainfallThe rainfall during the two cropping seasons varied: followed fertilization both at seeding and at topdressing
485 mm during 1984 and 370 mm during 1987. The 1 month later. With that, conditions necessary for
rainfall distribution also differed between the 2 y ars denitrification developed, and KNO3-a source vulnerable
(Figure 4). During the high-rainfall year, urea outper- to denitrification-suffered an excessive N loss. In
formed KNO3, whether the criterion was agronomic ef- variance, it is possible that, because of the low and evenly
ficiency or "5N recovery (Table 8). Potassium nitrate-N distributed rainfall during 1987, the soil did not become
suffered a loss of 64%; the corresponding loss of urea-N saturated. Consequently, KNO3 did not become prone to was 36%. In the low-rainfall year, total N loss and the pat- denitrification, which explains the parity between KNO3 
tern of N loss diverged markedly from those observed in and urea in agronomic efficiency, "5N recovery, and loss. 
the high-rainfall year; agronomic efficiency, 15N recovery,
and loss were at par for KNO3 and urea (Table 8). Research under controlled conditions (J. C. Katyal and
Regardless of source, the N loss was lower in the year of L. S. Holt, unpublished report) has established denitrifica
below average rainfall. tion as the principal mechanism of N loss from saturated 

SAT soils. The contribution of ammonia volatilization to 
90.. overall N loss is minimized with placement. The possibility 

C First Sowing, Basal N: June 14 Rainfall 1984 of runoff also decreases when N fertilizer is placed at a80 . Resowing: June 29 depth in bands. Present evidence, though limited, does not 
Topdress N: July 26 support leaching as a significant70 c,Harvest:Ocoe2 avenue of N loss from 

SAT soils. 

50! Time of Application 
- I I Because of sharp contrasts in rainfall patterns across40t the years and seasons and the unstable and risky nature of30 agriculture in the SAT regions, there is no justification for 

20 a single application of N fertilizers to rainy-season crops.Furthermore, the bu." of the evidence supports the supe1o/ j riority of divided applications of N in two or three splits 
0 / K!> / (Table 9)to a single application. Apart from agronomic10 20 30 20 D 0 30 200 10 0 0 t1


April May June JuOy Aug 

0 30 1 30 0 20 30 

Sept Ot 

Table 9. Effect of Time or NApplication (One-Time 
Application Versus Split Applications) on 

0 Sowing, Basal N: June 15 Rainfall 1987 Grain Yield of SAT Crops 
o Topdress N: July 16 
o Harvest: September 27 Time u"f 

so Crop N Application Grain Yield 
4(t ha ')z,40 

30 
I.Finger millet All at planting 2.5I (Eleusine coracana Three splits 2.8 

20 Goertn.) 

I \Maize All at planting 3.510r A \ (Zeamays L.) Three splits 3.8 

. .. ...
10 20 30 201030 30 to 20 

Sorghum All at planting 0.9201O 30 10 20 30 10 20 30 10 20 (TApril May June July Spt o, (Sorghumn bicolor L.) Two splits 1.3 

Source: IFDC/ICRISAT Joint Project. Pearl millet(Pennisetun All at planting 0.9 
Figure 4. Rainfall Distribution (April-October) During americanurn L.) Three splits 1.4 

1984 and 1987. Source: Spratt and Chowdhury (1978). 
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superiority, split application is a viable fertilizer manage-
ment strategy because it allows the farmer to make mid-
season adjustments: (1) in a year with poor rainfall to 
withhold further fertilizer application and (2) in a season 
with good rainfall to apply an additional dose to make use 
of the rainfall that was not foreseen at planting time. 
Standard Agronomic PracticesS rdrsp iomfthepraceri luces

Irrespective of the proper selection of ferti!iTer sources 
a nd the ir m e thods an d tim ings of app licatio n, N u se ef-shficincycanntb maimizd wthou prperattetio tofi ciency ca nn ot be maxim ized wi thout pro per attentio n toto 
a standard set of agronomic practices. These include 
proper tillage methods, application of other limiting 
nutrients, choice of disease- and pest-resistant modern 
varieties, maintenance of intra- and interrow plant spac
ing, weed control and moisture conservation practices 
(mulching). 

Conclusion 
In conclusion, N fertilization of SAT crops is a sound 

practice because it minimizes the element of uncertainty 

by improving crop growth and promoting better use of 
limited water. Fertilization of SAT crops, in fact, is highly 
economical (Katyal et al., 1987) in that fertilizer use ef
ficiency is high and losses are low. Placement of fertilizers 
and their split application are necessary elements of good 
fertilizer management. Because of variability in rainfall 
and the associated wide spectrum of moisture regimes,choice of fertilizer N sources will depend upon the depth 

of soil. Nitrate-containing fertilizers are a poor choice forl o s i s , w ch t n t o d v op o d t o s c n u i eshallow soils, which tend to develop conditions conduciveN l s thto N loss throughug denitrification.e i r f c i n. U a ( r a m n u -Urea (or ammonium
containing fertilizers) should be the preferred N source 
for shallow soils. For deep soils, the choice of fertilizers is 
less important The role of nitrification inhibitors in 

preventing denitrtication of fertilizer N is an important 
area of research for the future. 

An intensive cultivation approach, involving a package 
of improved crop husbandry, is essential to maximize 
benefits from N fertilization. 
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Management of Fertilizer Nutrients Other Than 
Nitrogen in the Semiarid Tropics of India 

H.L.S. Tandon, Director, Fertiliser Development and Consultation Orgarisation; T. J. Rego, Soil Scientist, International 
Crops Research Institute for the Semi-Arid Tropics 

Abstract 

Available information on the management of fertilizer nutrients other than nitrogen in the semiarid tropics (SAT) of
hIdia (about 96 million ha) is reviewed. Crop responses to fertilizer nutrients are high under dryland conditions.
Phosphorus and then zinc are of major importance for the nonirrigated SAT, but significant yield responses to potassium
and sulfur, in addition to P and Zn, are also obtained under dryland conditions in the reddish brown lateritic soils of the
Bangalore area. Iron chlorosis is increasingly being mentioned as a problem in the SAT. Available information on P, K, S,
Zn, and Fe has been reviewed by continuously searching for information applicable to rainfed systems in 
irrigation-oriented overall research in nutrient management and soil fertility even for major dryland crops. Suggestions for 
further research have been made for the nutrients reviewed. 

Introduction 

The SAT cover nearly two-thirds of the 143 million ha 
net cropped area in India. Two-thirds of the SAT area 
does not have access to conventional irrigation, and 
farming systems are mostly rainfed/dryland. The SAT 
areas are spread over ten states (Andhra Pradesh, 
Gujarat, Haryana, Karnataka, Madhya Pradesh,
Maharashtra, Punjab, Rajasthan, Tamil Nadu, and Uttar 
Pradesh). The nonirrigated SAT area occur primarily in 
central Andhra Pradesh, Gujarat, Karnataka, Madhya
Pradesh, Maharashtra, and eastern Rajasthan. 

Improving the productivity of the nonirrigated SAT is 
crucial for the future development of Indian agriculture, 
the well-being of millions of farmers who live off these 
lands, and the production of high-value crops such as 
pulses, oilseeds, and cotton. Three statements concerning 
the SAT/drylands are often made: (1) the drylands are 
more hungry than thirsty; (2) lack of water management, 
not lack of water, is a key constraint in many areas; and 
(3) by growing suitable varieties and adopting improved 
soil-water-fertilizer management practices, crop yields can 
be increased substantially without irrigation, 

This paper reviews available research on the 
management of fertilizer nutrients other than nitrogen in 
the semiarid tropics of India. The nutrients covered are 
phosphorus, potassium, sulfur, zinc, and iron because 

these are considered to be of sufficient practical 
importance at present and/or in the near future. Results 
discussed pertain mostly to nonirrigated conditions. 
Discussion on N is included only where it is a component 
of nutrient interactions or for the complete description of 
a system. 

Research Scenario and the
 
Development of Fertilizer Use
 

Soil fertility and fertilizer use have been important 
components of agricultural research in India. However,
specifically for rainfed/dryland systems, apart from field 
experiments to study fertilizer responses, research has 
always been and continues to be glaringly weak. This is 
because research on SAT soils or crops grown on them 
often includes liberal application of water. Research 
programs that have studied crop responses to nutrients 
under nonirrigated conditions have not gone into nutrient 
dynamics, balances, or soil fertility/crop response 
correlations. Virtually the entire research effort of 
otherwise well-developed, coordinated research programs 
such as on soil test/crop response correlations, long-term 
fertilizer experiments, and secondary and micronutrients 
is under irrigated conditions. 

The net result of the above scenario is that, except for 
data on field responses to nutrient applications, detailed 
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information on nutrient management, transformations, 
balances, and :Interactions is either lacking, piecemeal, or 
derived from data pertaining to fully or partially irrigated 
conditions. It is important to recognize this feature in 
order to initiate realistic, in-depth research programs 
aimed at providing answers to questions on nutrient 
management that are specific to the unirrigated SAT 
agriculture. 

It is a well-known fact that fertilizer use in India, which 
is at present 9 million tonnes nutrients, continues to be 
confined largely to irrigated areas or to nonirrigated cash 
crops. Fifty percent of the total fertilizer is consumed in 
only 69 of the more than 350 districts. In a general 
analysis, the mean fertilizer consumption in predominantly 
nonirrigated SAT districts was 31% of that in the 
predominantly irrigated SAT districts (Jha and Sarin, 
1984). Since irrigated and nonirrigated holdings coexist in 
a given district or village, small pockets of irrigated lands 
in predominantly rainfed areas can dominate the 
fertilizer-use pattern. 

Dryland cereals, millets, pulses, and oilseeds probably 
receive very little fertilizer other than sonic N on the 
high-yielding varieties (HYVs) and sonic P on groundnut. 
A fertilizer demand study had projected that the share of 
sorghum and pearl millet in the "effective demand" in 
1986/87 could be 3.0% of the total demand for N, 2.2% 
for P, and 1.7% for K, even though these two crops occupy 
15% of the gross cropped area (NCAER, 1978). 

There is a lack of systematic surveys and monitoring of 
fertilizer application rates and management practices 
actually used by the farmers. The application of P 
is recommended for most dryland crops while 

recommendations for K, S, and Zn are gradually emerging 
for specific soil-crop conditions. 

Role of Nutrients in
 
Dryland Crop Production
 

At the research level, the importance of fertilizer 
nutrients is well recognized for increasing the yields of 
dryland crops. With improved technology, including the 
use of N and P in Vertisols, Alfisols, and Inceptisols, crop 
production in the SAT can be substantially increased 
(Kanwar, 1986). Crop responses to fertilizer are high 
under dryland conditions (CRIDA, 1987). Deficiencies of 
P and Zn are quite widespread, whereas those of K, S, and 
Fe occur on a much smaller scale; where they do occur, 
however, the application of these fertilizer nutrients 
results in significant yield increases, as discussed later. 

Nutrient uptake and removal by crops per unit yield 
may not be much different under irrigated and 
nonirrigated conditions. An idea of the amounts of 
nutrients absorbed by important crops to produce a tonne 
of economic yield is provided in Table 1, primarily as 
background information. The nutrient drain caused by 
common dryland crops is no less than the drain by 
irrigated crops. Application of fertilizer plus improved 
management techniques can increase the yield of dryland 
crops three- to sevenfold (Table 2). 

To understand the importance of fertilizer, it must be 
seen as a component of the package of improved practices 
and not in isolation. Under well-managed conditions, 
using proven sorghum hybiids, grain yields of 5-6 tonnes 
ha " and dry-matter yields of 11-12 tonnes ha " can be 

Table 1. General Estimates of Total Uptake or Nutrients Per Tonne Economic Yield 

Crop N P205 K20 

Rice 2) .1 30 
Maize 26 14 36 
Wheat 25 9 33 
Sorghum 22 13 34 
Pearl millet 42 23 91 
Chick-pea 46 8 50 
Pigeon pea 64 18 42 
Groundnut 58 20 30 

Ca Mg S Zn Fe Mn Cu B Mo 
(kg) ------------------------------- (g) ---------------

7.0 	 3.0 3.0 40 153 675 18 15 2 
5.4 	 7.8 3.8 130 1,200 320 130 - 
5.3 	 4.7 4.7 56 624 70 24 48 2 
6.4 	 4.8 2.8 72 720 54 6 54 2 

- - 40 170 20 8 - 
- - 38 58 30 14 - 

- 4.0 3.3 24 40 14 14 - 
28.0 7.3 5.7 28 1,500 118 15 133 4 

Source: Compilations by Kanwar and Youngdahl (1985), Kemmler and Hobt (1987), Munson (1982), Tandon and 
Sekhon (1988). 
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Table 2. Impact of Fertilizer Application on Grain Yields Under Rainfed Conditions at the ICRISAT Center 

Average SAT 
Yield (30 Years) Fertilizer Level A Fertilizer Level B"Crop kg ha' Base kg ha Relative to Base kg ha Relative to Base 

Sorghum 842 100 2,627 312 4,900
Pearl millet 509 1,636 

582 
100 321 3,842 755

Chick-pea 745 100 1881,400 3,000 403
Pigeon pea 600 100 1,000 167 2,000 333
Groundnut 794 100 1,712 216 2,572 324 

Fertilizer Level A: 43 kg N + 20 kg P205 ha " for sorghum and millet, 20 kg N + 20 kg P205 ha-' for other crops.
Fertilizer Level B: 86 kg N + 40 kg P205 ha " for sorghum and millet, 18 kg N + 46 kg P20, ha-1 for chick-pea and pigeon 

pea, 60 kg P205 ha-' for groundnut. 

Source: Kanwar (1986). 

attained without irrigation (Sivakumar and Huda, 1983). Table 3. Generalized P and K Fertility Status of Some
Taking sorghum again, multi-location research has shown SAT Areas
 
that the yield gap between the crop planted early and that
 
planted during the traditional (late) period can 
 be as Available Phosphorus Available Potassium
much as 1.1-3.7 tonnes ha " , with obvious impact on Numberof Districts Number of Distri1s
fertilizer efficiency (Spratt and Chowdhury, 1978). Trials State Low Medium Hligh Low Medium High
with grain legumes show that 25%-35% of achievable 
yield can be lost if fertilizer is not applied (Chandra and Andhra Pradesh 17 4 0 2 13 6
Ali, 1986). Gujarat 5 13 1 0 0 19 

Karnataka 15 4 0 3 9 6The importance of nutrients in dryland agriculture Madhya Pradesh 15 30 0 3 9 30
needs to be seen from several angles, such as the role of P Maharashtra 15 10 0 0 13 12
in enabling crops to grow deeper roots and absorb water Rajasthan 1 22 3 0 5 14
from the subsoil during periods of drought, the role cf K
in regulating transpiration losses and bringing about water Source: Ghosh and Hlasan (1976, 1979). 
economy, the role of S in increasing total oil yield per unit 
area by improving seed yield as well as oil content, to cite 
a few examples. 15 districts and medium in 9 districts (Tandon and 

Kanwar, 1984). 

Phosphorus In survey statusa of the P of standing crops, the 
percentage of samples found deficient in P was as follows: Phosphorus Status of Soils and Crops 98% for groundnut, 24%-52% for sorghum, 28% for

Widespread phosphorus deficiency in the Indian SAT maize, 94% for finger millet, and 6% for pearl milletis one of the most limiting factors for producing high (Singh and Venkateswarlu, 1985). In Maharashtra State, a
yields (De, 1988; Kanwar, 1986; Rao and Das, 1982; survey of 74 sorghum fields showed that the percentage ofTandon, 1987; Venkateswarlu, 1987). In six states that P-deficient (<0.2% P) samples was 58% in shallow soils,
together have a cropped area of 98 million ha, 80% of 42% in medium deep soils, and 27% in deep black soilswhich is rainfed, soils in 44% of the districts have been (Narkhede et al., 1981). Some workers from the same
categorized as low in available P and those in 55% of the state have reported that P responses are obtained only on
districts as medium in available P (Table 3). An analysis of shallow black soils (Patil et al., 1981), whereas others have24 districts, which accounted for 50% of the total sorghum reported significant responses to P on medium black soils 
area, showed that the P-fertility rating was low in (Nagre, 1982). 
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The relative abundance of common forms of inorganic 
P is governed largely by the degree and intensity of 
weathering and can be reasonably predicted by the 
prevailing pH. In neutral-alkaline soils, Ca-bound forms of 
P dominate, whereas in very acid soils, Al- and Fe-bound 
forms are more abundant along with the reductant-soluble 
and occluded forms. In a Vertisol of pH 7.5-8.2 and 
containing 60%-69% clay, the Al-, Fe-, and Ca-bound 
forms accounted for 56% of the total P and individually 
for 5%, 15%, and 36% of total P (Bapat et al., 1965). In 
the Alfisols, the order of dominance can be Fe-P > 
Ca-P > Al-P (Goswami and Sahrawat, 1982). The 
chemical/surface reactivity of the Al- and Fe-P forms has 
been shown to be greater than that of Ca-P, and thus the 
Al- and Fe-P forms are capable of making a contribution 
to available P that is greater than their relative abundance. 
Lack of data on P transformations as affected by soil and 
crop systems under field conditions is a missing link 
(Goswami and Sahrawat, 1982). 

Crop Responses to Phosphorus 
There is a considerable volume of data on the 

responses of crops to P application under a wide range of 
soil-climatic conditions in India (Tandon, 1987). It is 
necessary to mention at the outset that (1) field response 
data arc 	 available from both "on-station" and "on-farm" 
experiments and (2) yield responses by themselves may 
not provide the complete picture because dryland crops 
vary threefod i-. their unit market value, and thus an 
agrocconomic perspe,,ctive is necessary while evaluating 
fertilizer responses. This is illustrated in Table 4. 

Table 4. 	 Break-Even Response Ratios for Some 
Important SAT Crops to the Application of P, 
K, Zn, and S 

Official Kilogram Grain Needed 
Profcialmen Kogram frInkne 

Procurement to Payfor 1 kg Input
Crop Price P2O5 K:O) S ZnSOA 

(Rs/tonne) 

Sorghum 1,321) 4.5 1.7 1.5 4.6 

Chick-pea 2,80 2.1 0.8 0.7 2.1 

Pigeon pea 3,250 1.8 0.7 0.6 1.8 

Groundnut pods 3,9(X) 1.5 0.6 0.5 1.5 

Mustard 4,150 1.4 0.5 0.5 1.4 


Procurement prices announced for 1980/87. 

US $1 = Rs 14 approximately. 

Prices of input: Rs 6.0 per kg P205 through SSP/DAP, 

Rs 2.2 per kg K20 through MOP; Rs 2 per kg S and 

Rs 6 per kg zinc sulfate. 


Cereals and Millets- Experiments by the All India 
Coordinated Research Project on Dryland Agriculture 
(AICRPDA) show that 30-50 kg P205 ha " increased 
sorghum grain yield by 9 kg per kg P205 (Singh and 
Venkateswarlu, 1985), and trials by the Coordinated 
Sorghum Project suggest a mean optimum level of 40 kg 
P205 ha*' for sorghum HYVs in the rainy season (Singh 
et al., 1981). In a review of fertilizer research on sorghum, 
responses to P at the research stations in the rainy season 
were found to range between 7.3 kg and 34.3 kg grain per 
kg P205 (Tandon and Kanwar, 1984). The magnitude of 
response was generally in the order red soils > alluvial 
soils > black clay soils. It was also observed that (1) at 
similar levels of available P, a black soil could support a 
higher yield level than a red soil; (2) sorghum varieties 
exhibited differential response to P application, and their 
ranking for responsiveness to P was similar to their 
ranking for yield potential; and (3) P application increased 
-rain yield by producing 16%-46% more grain per ear and 
a,s', resulted in a 5%-22% improvement in the harvest 
index. 

Estimates of nutrient responses based on a large 
number of "on-farm" fertilizer experiments without 
irrigation have been periodically summarized. Table 5 is 

Table 5. 	 Average Crop Responses to the Application of 
P and K in a Large Number of"On-Farm" 
Experiments in India During 1977-82, Under 
Unirrigated Conditions 

Kilogram 
Grain Response 
Per Kilogram of 

Cro Season P205 K20 
Sorghum Kharif 7.0-10.6 5.1-8.8 
Sorghum Rabi 5.3-11.1 3.7-6.9 
Pearl millet Kharif 3.2-8.1 2.1-8.2 

Blackgram Kharif 3.0-6.2 0.8-8.4 
Blackgram Rabi 3.9-6.6 2.9-4.7 
Chick-pea Rabi 3.7-11.4 0.7-5.7 
Pigeon pea Kharif 4.6-10.7 0.3-5.6 

Responses are average values of experiments in a state. 
Responses for P are to 30 kg P205 ha' over 90 kg N for 
cereals and millets and to 40 kg P205 ha' over 20 kg N for 

legumes.
 
Responses to K are to 30 kg K20 ha*' over 60 N and
60 P20s for cereals and millets and to 20 kg K20O hat over

N0 P205 for legmes 
20 N and 40 P2,O for legumes. 

Source: Randhawa et al. (1985). 
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based on data reported by Randhawa et al. (1985). Unit 
responses to P range from 3 to 11 kg grain per kg P205. 
This wide range includes many dryland crops. Yields of 
finper millet and maize in the P-deficient reddish brown 
latt. itic soils of Bangalore can be increased by 1-2 tonnes 
ha' without irrigation as a result of P application 
(AICRPDA, 1983b). 

Pulses-Chick-pea and pigeon pea together occupy 
about 11 	 million ha, that is, nearly half of the total area 
under pulse crops. Low soil fertility and lack of weed 
control have been identified as two major constraints to 
improving the yield of pulses (Chandra and Ali, 1986). 
Among nutrients, P-deficiency is stated to be the major 
cause for low yields (Saraf ind Ganga Saran, 1986). Grain 
yields of 2.5-4 tonncs ha can be obtained with optimum 
fertilizer use when combined with other improved 
practices. Reviewing the results of about 2,2(X) trials, 
Tai don (1987) reported an average response of 7.8 kg 
grain per kg P2(). In addition to response data 
summarized in Table 5, some responses of chick-pea to P 
application under rainfcd conditions are given in 'rable 6. 
Phosphorus application incrcascd yield by 13%-42%. 
Optimum rates of P application for rainfcd chick-pea 
range from 20 kg to 75 kg PA).s ha" (AICRPDA, 1983a). 

Table 6. 	 Responses of Chick-Pea to Fertilizers Under 
Dryland Conditions in Rajasthan 

Response to Treatment 
Application Rate Chittorgarh 
N P20s K20 Alwar District District 
---- (kg ha1 )--- (kg ha') (%) (kg ha') (%) 

0 0 0 (1,338) - (927) 
20 0 0 +470 35 +215 23 
20 40 0 +638 48 +598 65 
20 40 20 +954 71 +689 74 

Number of trials 48 (1975-77) 58 (1978-82) 

Sources: 	 Rawal and Yadava (19M,), Rawal and 
Bansal (1986). 

Responses of pigeon pea to P application have been 
obtained both at research stations (Ahlawat et al., 1985)
and on farmers' fields (Table 5). These are, in general, 
similar in magnitude to those for chick-pea, and optimum
application rates recommended are in the range of 

"
40-60 kg PzOs ha (AICRPDA, 1983a). In certain 
situations, such as the Vertisols at the ICRISAT Center, 

responses of pigeon pea to P application have not been 
obtained (Kanwar, 1986). Possible reasons stated for this 
nonresponsiveness include role of mycorrhiza, low P 
requirement of the crop, and ability of the crop to absorb 
P from very low concentrations. 

Oilseeds-The P requirement per unit yield is highest 
for oilseeds as compared with other field crops. Yield 
responses 	 of oilseeds to P have been summarized by 
several workers (Ankineedu et al., 1983; DOR, 1984, 1985; 
Kanwar et al., 1983; Kulkarni et al., 1980b; Singh and 
Venkateswarlu, 1985; Tandon, 1987). Results of 2,462 
fertilizer 	experiments on the response of groundnut to P 
in 11 soil 	types are given in Table 7. The unit response 
ratios varied from 4 to 15 kg pod per kg P205. Responses 
were highly significant in the red, red and yellow, coastal 
aliuvial, red loamy, and laterite soils. At research stations 

"
 as well as in trials on farmers' fields, 20-60 kg P205 ha 
has been found remunerative for oilseeds under a variety 
of conditins (AICRPDA, 1983a; Ankineedu et al., 1983; 
Kulkarni et al., 1980b). In some situations, either no or 
little response of groundnut to P has been observed. 
Restricted soil moisture has been reported to be the 
prime factor for low/erratic response in such cases (Patel 
and Kanzaria, 1985). Correlation of available P with pod 
yield and nutrient uptake indicated that subsoil fertility 
made an important contribution to nutrient uptake by
groundnut (Patil and Patel, 1982). 

Table 7. 	 Response of Groundnut to Phosphorus 
Application in "On-Farm"Experiments 
Conducted Between 1959 and 1970 

Number Mean 
Soil Group of Trials Response 

" (kg kg P2)5) 

Red and yellow (Vertisol) 226 15.4 
Coastal alluvial (Entisol) 39 9.8 
Red loams (Oxisol) 62 9.6 
Alluvial soil (Inceptisol) 1,065 8.3 
Red sandy soil (Alfisol) 842 5.6 
Medium black soil (Vertisol) 381 5.5 
Deep black soils (Vertisol) 313 4.8 

Response needed to pay for P 1.5 

Source: Kanwar et al. (1983), Kanwar (1986). 

From 1,014 farm field trials, Pillai et al. (1984) 
reported an average increase of 300 kg seed ha-' for 
rapeseed mustard in response to 40 kg P205 ha". Based on 
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a large number of "on-farm" trials, the economical P205 
rates for various oilseeds were reported to be 30-40 kg ha-' 
for mustard, 40 kg ha' for safflower, and 15 kg ha' for 
niger (Kulkarni et al., 1980b). 

Factors Affecting Crop Responses to Phosphorus 
The importance of crop variety in affecting the 

quantum 	 of yield response to P has been stated. The 
following factors are also briefly discussed. 

Available P Status of Soil- It is a common observation 
that higher responses are obtained in soils that are low in 
available P than in high-P soils. This general trend is 
evident also in the drylands (Tandon and Kanwar, 1984).
Much of the soil test/crop response correlation research 
in India is applicable to irrigated systems. Results with 
dryland wheat in Punjab show that the response to applied 
P was determined largely by the soil's available P status 
and the stored soil moisture (Singh et al.. 1979). Grain 
response was 10 kg per kg P205 where available P205 was 
31-47 kg ha" and 18 kg per kg P205 in soils testing

"13-15 kg ha available P205. Based on the ICRISAT 
experience, critical levels of P are reported to be lower in 
the Vertisols than in the Alfisols (EI-Swaify et al., 1985).
Mycorrhiza has been shown to modify the critical level of 
P for pearl millet (Krishna and Dart, 1984). 

Methods of P Application- Drilling or placement of 
fertilizer P below the soil surface is a proven practice for 
improving the efficiency of P. It is almost universally 
recommended for the dryland crops (AICRPDA, 1983a;
De, 1988; Kanwar, 1986; Singh and Vcrikateswarlu, 1985).
Subsurface drilling of P brings about 23%-69% increase in 
yield as compared with a broadcast application (Tandon,
1987). Results with finger millet show that drilling of seed 
+ DAP mixture to provide 40-50 kg P20 5 ha -' was a 
feasible practice (Hegde and Reddy, 1984). In rainfed 
soybean, mixing of DAP with seed was satisfactory at 
40 kg P205 ha" but caused loss in yield at higher rates of P 
application (Singh and Singh, 1986). 

Interactions of Phosphorus 
Three major interactions involving P are those with 

genotype, nitrogen, and moisture. In commonly conducted 
field experiments, it is reasonable to assume that a part of 
the response attributed to P is in fact due to the positive
N x P interaction. The N x P interaction is very important 
for dryland agriculture. It can account for 50%-60% of the 
combined response to an NP application, as shown in 
Table 8 for sorghum and finger millet. Nutrient 
interactions have also been discussed by Kanwar (1986) in 
general and by Tandon and Kanwar (1984) fer sorghum in 
particular. 

Table 8. 	 The Significance of N x P Interaction in
 
Dryland Agriculture
 

Response Estimated Contribution of 
Crop N P N+P N P NP Interaction 

----- (kg ha' ) ------------- (%) --------

Sorghum ll0 490 1,570 7 31 62
 
Finger milct 390 170 1,300 30 13 57
 

Source: Singh and Vnkatswarlu (19M). 

The interaction effect of P with plant population 
produced a yield advantage of 26% in pigeon pea
(Ahlawat and Saraf, 1981). Interaction of P with weed 
control also added 26% to chick-pea yields (Saraf and 
Ganga Saran, 1986). 

Seurces of Phosphorus 
In general, fertilizers containing most of their P in 

water-soluble form are preferred for field crops in the 
SAT (Kanwar, 1986). In the acidic P-deficieni soils of 
Bihar, powdered rock P has been found useful for pulses 
and oilseeds if (1) applied 20-25 days before seeding,
(2) at double the usual rates at seeding, or (3) in suitable 
combination with a water-soluble source (Mohsin et al., 
1984). About 95% of all fertilizer P distributed in India is 
in water-soluble form. Single superphosphate, by virtue of 
its having S and Ca in addition to P, is usually favored for 
groundnut (Reddy, 1985). 

Phosphorus and Water Use Efficiency 
Efficient use of available water deserves as high a 

priority as efficient use of nutrients in dryland agriculture. 
A number of findings on the role of P in improving water 
use efficiency (WUE) are given in Table 9. The 
application of P increased water use efficiency by
15%-20% in dryland wheat, 22%-25% in finger millet, 
41%-99% in chick-pea, 17% in linseed, and np to 19% in 
mixed chick-pea + wheat stands. Increase in water use 
efficiency due to P application is greater on 
coarse-textured soils than on fine-textured soils (Singh 
et al., 1985). This characteristic is quite important because 
it provides extra production support to soils that have low 
moisture storage capacity. Such results also underscore 
the role of P in promoting extensive and deeper root 
growth, which makes the water stored in deeper soil layers 
accessible to them. This can be very important during
droughty periods when the surface soil dries up. Work 
with transpiration suppressants has shown that spraying of 
CCC or Atrazine on spring sorghum increased water use 
efficiency by 31%-53% and P uptake by 17%-21% 
(Boobathi Babu and Singh, 1984a, 1984b). 
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Table 9. Effect of Phosphorus Application on the Water Use Efficiency (WUE) of Dryland Crops 

Crop (Soil) Input Grain Yield 	 WUECWU Reference 
(kg P205 ha " ) (kg ha") (cm) (kg grain cm") 

Finger millet 0 1,336 29 46 AICRPDA (1983b)

(Red) 50' 2,223 31 72
 

Chick-pea 
 0 72 Singh and Tiwari (1985)
(Alluvial) 40 143
 

Wheat 0 1,630 22 76 Singh et al. (1983)

(Alluvial) 40 2,140 24 91
 

Wheat + chick-pea 0 1,697 26 65 Singh et al. (1985)

(Alluvial) 20 2,057 27 77
 

a. Combined NP effect due to the application of 50 kg ha" of N and P20s. 

CWU = Consumptive water use; WUE = Water use efficiency. 

Phosphorus Management in Cropping Systems 30-60 kg for pigeon pea, 25-50 kg for groundnut, 15-60 kg
Research on nutrient management in cropping systems for mustard, 15-40 kg for wheat, 25-50 kg for finger millet,

focuses mostly on N and very little on other nutrients. A and 40-60 kg for soybean.
number of recent reviews underscore this general lack of 
research on nutrient management in systems involving Areas for Future Research 
major crops of the SAT (ISA, 1985). 1. 	 Strengthening of soil fertility research in dryland 

research programs and of dryland research in soil 
A sorghum/pigeon pea intercropping system removed fertility-oriented projects operating in the dryland

31% more P than did a stand of sole sorghum (Kanwar, areas. 
1986). Results obtained by AICRPDA suggest that in 2. Establishment of long-term fertilizer experiments on 
cereal-legume intercropping, application of P to the cereal adequately characteri.,ed sites under rainfed 
components is satisfactory (Singh and Venkateswarlu, conditions and detailed monitoring of the fertility
1985). A 6-year research study of sorghum/pigeon pea dynamics and balances. 
intercrop followed by castor shows that the total 3. Field verification of critical lin,its of soils and .tops
productivity of the system was highest when 50 kg that originated from pot experiments. 
P20 5 ha' was applied to the main system and castor was 4. Nutrient-indexing surveys of standing crops and 
raised on residual fertility (Venkateswarlu et al., 1986). relating the results to soil fertility status. 
Other reports emphasize that, in inlercropping systems, P 5. Extension of soil test/crop response correlation work 
recommendations should be able to meet the needs of all to rainfed areas. 
the component crops (Ahlawat et al., 1985; Mohsin et al., 6. Evaluation of the P fertility status of high-clay soils 
1984; Singh and Upadhyay, 1985). There is a dearth of on the basis of effective root zone and specific
long-term experiments in this area. surface area of the soil rather than on a per-hectare 

basis. 
Phosphorus Recommendations for Drylnd Crops 7. Expansion of research on interactions of P with N 

Phosphorus application is recommended for most and water. 
dryland crops (AICRPDA, 1983a). Tandon (1987) 8. Initiation of field-based research on mycorrhiza, its 
analyzed the P recommendations generated by the 2.3 contribution to the P nutrition of SAT crops, and its 
research centers of AICRPDA and found that, of 113 role in solubilizing the relatively less available 
soil-crop situations, the quantities of P205 recommended fractions of soil P. 
per hectare were 15-30 kg for 35%, 30-45 kg for 56%, and 9. Expansion of research on P management in 
45- kg for 9%. Some general recommendations per intercropping systems.

hectare for P205 were in the range of 20-50 kg for 10. Strengthening the plant physiology input in soil
 
sorghum, 20-40 kg for millet, 20-75 kg for chick-pea, fertility research.
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Potassium brown lateritic soils of the Bangalore area are most 
interesting from the point of view of multiple nutrient 

Potassium Status of Soils and Crops deficiencies. The surface soils have a pH of 5.0, available 
Soil deficiencies of potassium in the unirrigated SAT K.0 of 150 kg ha', and cation exchange capacity (CEC) of 

are important only in certain coarse-textured soils, in 7.1 me/100 g. Yield responses of dryland maize and finger 
some red soils, and at high yield levels obtained without K millet to potassium, along with other nutrients in these 
application for a period of time (AICRPDA, 1983b, 1988; soils, are summarized in Table 10. Yield increases per unit 
Venkateswarlu, 1987). Some possible areas of K K20 were 7.3-8.7 for finger millet and 15-21 for maize. 
deficiencies are soils of the Anantapur and Karimnagar 
area in Andhra Pradesh (Venkateswarlu, 1984), red soils
 
of the Bangalore area (AICRPDA, 1983b), and several Table 10. The Nutrient Response Profile of Acidic
 
alluvial soils in Uttar Pradesh (Ghosh and Hasan, 1976). 
 Reddish Brown Lateritic Soils (Oxic
Soil test ratings may not always agree with the K status of Haplustalf), Bangalore, Under Dryland
standing cr ,ps. In Kurnool and West Godavari districts of Agriculture
Andhra Pradesh, rated as aitedium-high in available K,
29%-60% of the groundnut crop samples were reported to Years 
be deficient in K (Subba Rao, 1975). Nutrient Crop Studied Input Yield Response 

" (kg ha*]) (kg ha " ) (kg kg
According to Sekhon (1985), much of the work on K input)

has concentrated on determination of forms of K and that
 
too in soils which cannot be properly correlated because N Finger millet 4 0 1,820

information on soil classification and mineralogy is 
 25 2,620 32.0 
generally lacking. In soils of the semiarid and arid areas, 50 2,850 20.6 
the K-bearing minerals may be relatively less weathered 75 3,060 16.5 
and therefore potentially capable of releasing more K into N Maize 2 0 1,950
the system. Ilowevet, moisture stress during the crop 50 4,170 44.4 
season may impose a limitation on the extent of actual K 75 4,460 33.5 
release (Sekhon, 1983). P20 Finger millet 4 0 1,960 

30 2,450 16.3As an average over 19 benchmark soils, of the 1.82% 60 2,840 14.7 
total K20 in surface soils, 92% was found to be present as P205 Maize 2 0 2,900
mineral K, 6.3% as nonexchangeable K, 1.6% as 30 3,390 16.3 
exchangeable K, and 0.2% as solution K (Tandon and 60 4,170 21.2 
Sekhon, 1988). By now, it is also well recognized by P205 Pigeon pea 2 0 1,550
research workers that the nonexchangeable fraction 30 1,750 6.7
makes a significant contribution to the K taken up by 60 2,040 8.2 
crops and that some measure of this fraction should be K2O Finger millet 3 0 2,860
included in K-fertility evaluation. 30 3,080 7.3 

60 3,380 8.7Crop Responses to Potassium K2,O Maize 3 0 3,770
Conclusions about the response of dryland crops to 30 4,220 15.0 

potassium application based upon "on-station" research 60 5,030 21.0 
can be markedly different from those based on "on-farm" ZnSO4 Maize 4 0 4,120
experiments. Although responses to K at the research 5 4,490 74 
station are indeed not common, responses on farmers' 10 4,630 51 
fields are common enough to merit attention (Table 5). It S Groundnut 3 0 1,310
is irrelevant that these are lower than the responses to 10 1,547 23.7 
other major nutrients because the per-unit price of potash S Sunflower 2 0 910 
is also 30%-40% that of N and P. 10 1,165 25.5 

Cereals and Millets- Unit responses to K in a large Compiled from data inAICRi'DA (1983b). Response to the 
number of on-farm trials were 2-10 for cereals and millets application of the indicated input is over the general application of 
(Table 5). Among major dryland systems, the reddish other major nutrients at recommended ra.:s. 
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Kharif sorghum responded significantly to 30 kg research in this area might be very valuable for increasing 
ha" K20 in 697 trials conducted in Andhra Pradesh, and stabilizing production. 

Madhya Pradesh, and Maharashtra States. Responses to 
potash were inferior in the post-rainy season in all states Potassium Dynamics Under Continuous Cropping 
(Tandon and Sekhon, 1988). Rainfed finger millet There is a real dearth of long-term fertilizer 
responded to 30 kg K20 ha" in Karnataka and Orissa with experiments under nonirrigated conditions. In the Alfisols 
a mean response of 10 kg grain per kg K20. Of 247 trials at ICRISAT Center, an 8-year experiment was conducted 
with pearl millet, responses were obtained only in Andhra using a 2-year rotation of improved cropping system 
Pradesh. Th3 yield increase was 7 kg grain per kg K20. (T. J. Rego, 1987, personal communication). The 

exchangeable K at the site was 59 ppm initially. It was 
Pulses -In fertilizer experiments on farmers' fields, the found that sorghum grain, sorghum stalk, millet stalk, 

responses to potash were variable, but application of 20 kg groundnut pods, and pigeon pea grain did respond to 
K20 ha' was beneficial in a large number of cases for applied K but the responses were small. In sorghum grain, 
chick-pea, pigeon pea, and blackgram in the presence of these ranged from 10% to 28%. The experiment indicated 
20 kg N and 40 kg P205 (Kulkarni et al., 1980a). In a set of that, though the site was marginally deficient in available 
16 field trials, highest yields of chick-pea were obtained K for all the crops, the severity of K deficiency did not 
wxith an application per hectare of 18 kg N, 46 kg P205, increase with time. Further, the exchangeable K in the soil 
and 20 kg K20 (Chandra and Ali, 1986). In soils rated as changed very little alter 8 years indicating significant
high in available K, potassium application increased supplies from the nonexchangeable pool. Because the 
chick-pea grain yield by 9%-23% (Table 6). It is important nonexchangeable pool is large, one may not expect a big 
to view the yield responses of high-value crops in terms of response to applied K in the near future in spite of 
economics in order to have the correct picture. As an harvesting moderately good yields. 
example, a physical yield increase of 9 kg grain per kg 
P20s for sorghum is as profitable as a yield increase of In contrast to the ICRISAT site, the exchangeable 
1.6 kg grain per kg K20 for chick-pea, as illustrated in potassium status of the red soil at Bangalore dropped 
Table 4. In Andhra Pradesh, responses of pigeon pea to from 160 kg K20 ha*' to about 65 as a result of continuous 
potassium application in on-farm trials were 5.5 kg grain cropping without K application from 1977 to 1987 
per kg 1K20 (Tandon and Sekhon, 1988). (AICRPDA, 1988). In response t- a range of K levels 

applied in 1987, grain yield of fing. millet increased by 
ha "1 Oilseeds-The remunerative doses of potassium for 994 kg as an average of three varieties at an 

various oilseeds varied from 20 kg to 40 kg K20 ha*' in a application rate of 75 kg K2 ha" . Both the local and the 
largt. .umber of "on-farm" trials with groundnut, mustard, improved varieties of finger millet responded significantly 
sunflower, safflower, and castor (Kulkarni et al., 1980b). to potassium application. Potash application is 
Responses of groundnut to potassium both in Kharif a-.d recommended for dryland cereals in Bangalore. 
Rabi were significant in Andhra Pradesh, Karnataka, and 
Tamil Nadu with an average of 3 kg pods per kg K20 Areas for Future Research 
applied at 40 kg ha -'. 1. Establishment of long-term experiments on 

well-characteriz'.d sites under rainfed conditions, with 
Method of Potassium Application priority on red soil areas. 

The most commonly advocated method of applying 2. Research on the role of K in drought tolerance of 
K20 is to apply the recommended rate by drilling or crops, its effect on water economy, and its impact on 
placement as a part of the basal dose before planting. water use efficiency (with adequate plant physiology 

input). 
Potassium and Moisture Stress 3. Assessment of the contribution of leaf fall and other 

Potassium may improve water use efficiency and help recycled residues in adding K to the SAT soils. 
to maintain crop yields under moisture stress or reduce 4. Development of methodologies for evaluating the 
the extent of crop loss under such conditions (Saxena, K-fertilizer status of soils by integrating the 
1985). The mechanism of the role of K may be osmotic exchangeable and nonexchangeable fractions. 
adjustment, 'nd it is different from that of P, which largely 5. Effect of different rainfall patterns on the distribution 
influences root development. Because drought of various forms of potassium in soils of varying 
occurrences are quite common in the SAT, intensive texture and mineralogical composition. 
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Sulfur 	 production have been given as 3-4 kg for cereals, 5-8 kg 
for millets, 8 kg for pulses, and 12 kg for oilseeds (KanwarSulfur Status of Soils and Crops and Mudahar, 1986).


Research on sulfur is much less than that 
on other
important nutrients (N, P, K, Zn). Sulfur has recently Significant responses of groundnut to the application
been included in the mandate of the coordinated research of S either through gypsum or elemental S have been program of the Indian Council 6f Agricultural Research reported from Andhra Pradesh (Raman and Subba Rao,(ICAR), which was earlier confined to rn;-ronutrients. It 1979). For rainfed groundnut in coarse-textured
is now being recognized that sulfur deficiencies ai'e widely well-drained, neutral to slightly alkaline soils, applicationscattered and not confined to the coarse-textured alluvial of 40 kg S ha " through gypsum has been found useful
soils as traditionally thought. Although these may occur to (Pasricha and Rana, 1985). In a medium black soil a varying degree in 90 districts, the available database is analyzing 8.7 ppm available S and 0.38 ppm available B,grossly inadequate to delineate S-deficient areas (Takkar, groundnut responded up to 120 kg S ha " . Sulfur
1988; Tandon, 1986). The following assessments are application increased pod yield by 927 kg ha', which was
particularly relevant for the SAT: further increased by 387 kg ha" 	 as a result of the1. On an average, 17% of the soils in Gujara! State are application of 15 kg borax ha-' (Karle and Babula, 1985).considered to be deficient in :.ulfur (Patel, 1988). In this single-season trial, the S + B application increased
2. 	Sulfur deficieucies are considered to be limiting crop groundnut yield by 1.5 times and oil yield by 1.8 times. In

production in many parts of Karnataka (Badiger and the red soils of Bangalore, 	 application of 10 kg S ha"
Shivraj, 1988). increased pod yield of groundnut by 237 kg ha" or 18%

3. 	 In Madhya Pradesh, res,. of 1 )0 soil analyses from (Table 10).
12 districts indicated tha. ..'o-88% of the samples in
 
different districts were deficient in sulfur (Shinde, 
 Some responses of rainfed mustard 	 to S have been
1984). summarized by Ankineedu et al. (1983) and by Aulakh4. 	 In Mabarashtra, very meager information is available and Pasricha (1988). Sulfur increased seed yields by
on the sulfur status of soils under different climatic 17%-28% at moderate yield levels (Table 11). Resultsconditions (Karle et al., 1985). with rainfed mustard that received preplanting irrigation 

show that a combined P + S application increased grainAlthough 10 ppm available S is commonly employed as yield by 564 kg ha', of which 49% could be attributed tothe critical 'mnit for delineating S-deficient/responsive P, 41% to S,and 10% to the P x S interaction (Rauth and
sites, these levels can vary from 8 ppm to 30 ppm Ali, 1985).
 
depending upon the soil, crop, and the analytical method
 
used (Goswami, 1988; Takkar, 1988). Field-based critical
 
limits and field verification of pot-based critical limits are Table 11. 
 Response of Mustard to Sulfur Application

fit subjects for future research. In the Kurnool and West 
 Under Nonirrigated Conditions 
Godavari districts of Andhra Pradesh, 70%-90% of the 
groundnut plants were reported to be deficient in S in a ,;rain Yield Increase 
survey conducted during the 1970s (Subba Rao, 1975). State Input W;ihout S With S 

(kg S ha') (kg haI) (%)There is lack of information on sulfur transformations,
particularly under dryland conditions. In general, these Orissa 20 	 17960 
may re.-mble nitrogen transformations. Mineralization of Punjab 	 40030 124
organic S may lead to a flush of sulfate S in soils after a Rajasthan 20 1,090 28prolonged drought or during normal 	dry periods (Kanwar Rajasthan 50 1,420 25
and Mudahar, 1986). Depending upon soil texture anu Uttar Pradesh 30 1,600 18intensity of rainfall, part of this mineralized S can leach. 

Sources: Ankineedu et al. (1983), Aulakh andCrop Responses to Sulfur Pasricha (1988).
Although responses to sulfur application have been 

reported for over 30 ciops under field conditions, most of 
these arc obtained under irrigation (Tandon, 1986). Five years of field experimcents with taramira (ErucaWithout irrigation, some information is available for sativa) on a soil testing 7 ppm available S in Haryana
oilseeds. As a broad indication for the tropics and showed that S application increased seed yield by
subtropics, amounts of S absorbed 	 per tonne of yield 400 kg ha', primarily by increasing the number of silique 
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per main shoot from 16 to 22. It also increased water use 
efficiency by 60% (B. P. Singh, 1983). In assessing the 
practical value of S responses, it was computed that each 
unit of S applied to S-deficient soils could augment by 
three units the supply of edible oils, a commodity in which 
India is facing a severe deficit (Tandon, 1986). 

Recent agronomic studies have demonstrated that S 
application can improve the yield and quality of pulses 
(Saraf,1988). Much of the evidence for this at present is
ba, 198) Muchgohexp eidence fplantsbased on irrigated experiments. 

Sources of Sulfur 
There is very little research on the comparati"e 

evaluation of sulfur sources for the unirrigated SAT. Tne 
most commonly recommended sources for groundnut are 
either gypsum or single superphosphate. For nonlegumes, 
ammonium sulfate can provide N as well as S while 
ammonium phosphate sulfate (APS) can provide N, P,
and S. 

Sulfur Recommendations 
The most common recommendation is for the 

application of gypsum or of N and P through S-contaning 
sources. On S-deficient soils, the application of 20-40 kg 
S ha' from most of the S-containing fertilizers is highly 
economical and essential for boosting crop production, 
particularly of oilseeds and pulses (Takkar, 1987). In the 
red soils of Bangalore, 10 kg S ha-' is now recommended 
for rainfed groundnut. For rapeseed and mustard, 20 kg 
S ha- is recommended in S-deficient soils (DOR, 1984). 

Areas for Future Research 
1. Delineation of S-deficient/responsive areas by a 


two-pronged approach of soil analysis and plant 

analysis. 


2. 	 Determination of the S requirement of SAT crops in 
relation to productivity under Indian conditions. 

3. 	Monitoring of the S input through rainfall and 
residues. 

4. Study of sulfur responses in dryland cropping systems, 
particularly ones that include pulses and oilseeds. 

5. 	Standardization of plant composition parameters to 
generate data applicable to Indian SAT conditions. 

6. Study of sulfur transformations in SAT soils in relation 
to changes in moisture status. 

7. 	Field verification of critical levels of S in soils andbased on pot experiments.8. 	Initiation of fertilizer experiments on cultivators' fields 

with an S treatment, as has been done for NPK for a 
quarter of a century. A small beginning in this 
direction has been made by the FAO sulfur network. 

Zinc 

Zinc Status of Soils and Crops 
Am)ng the micronutrients, research on zinc has 

received aiaximum attention, for which the major input 
has been provided by ICAR's coordinated scheme on 
secondary and micronutrients. Zinc deficiencies have been 
found to be widespread. These are considered to be more 
frequent in .'Iand semiarid soils than in the humid or 
subhumid zones (Katyal and Viek, 1985). 

A summary of about 93,000 soil analyses shows that 
47% of the soil samples contained less than 0.6 ppm 
DTPA-extractable Zn and were therefore categorized as 
deficient in Zn (Table 12). The proportion of Zn-deficient 
samples in major states of the SAT varies from 26% in 
Gujarat to 77% in Haryana. In general, the extent ef Zn 
deficiency increased with increase in soil pH and 
decreased with a decrease in organic matter and clay 
content (Takkar and Nayyar, 1986). 

Table 12. Distribution of Soil Samples Deficient In Micronutrients in Major SAT Areas 

Zinc Copper 
State TSA PSD TSA PSD 

Andhra Pradesh 4,405 51 3,197 0 
Gujarat 21,994 26 21,994 4 
Haryana 14,472 77 13,739 4 
Karnataka 2,318 24 2,318 4 
Madhya Pradesh 7,643 63 6,786 1 
Punjab 13,341 53 12,531 4 
Tamil Nadu 7,540 36 7,545 10 
Uttar Pradesh 6,093 69 5,098 1 

Manganese Iron Boron Molybdenum 
TSA PSD TSA PSD TSA PSD TSA PSD 

3,197 1 3,197 1 
21,994 1 21,994 8 1,715 1 1,715 11 
12,435 7 12,778 33 

2,318 1 2,318 1 
6,801 4 7,070 5 1,249 3 927 18 

12,421 1 12,564 15 
7,254 11 7,064 19 
4,774 1 5,710 8 

TSA = Total soil samples analyzed; PSD = Percent samples deficient.
 

Data Source: ICAR Micronutrient Project Results compiled by Katyal (1985).
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Critical limits for DTPA-extractable Zn may range
from 0.35 for chick-pea to 1.2 for sorghum (Table 13). 
The impressive number of soil analyses carried out, 
however, does aot provide an all-India picture. For 
example, it cannot be concluded that because 47% of the 
samples analyzed were deficient in Zn 47% of India's 
cropland is zinc-deficient. This is primarily because 
micronutrient research continues to be concentrated in 
nine states, and within these, 54% of all soil analyses
originate from three states that account for 12% of the 
agricultural area, that is, Gujarat, Haryana, and Punjab 
(Tandon, 1988). In Maharashtra, a major SAT state, it has 
recently been concluded that studies on Zn are restricted 
to a few areas and most of the conclusions drawn are 
based on pot experiments (Malewar, 1987). 

Table 13. 	 Critical Levels of Available Zinc Used in India 

DTPA-Extractable Zn Crop Soil State 
(ppm) 

0.35 Chick-pea Red and black Madhya Pradesh 
0.40 Groundnut Alluvial Andhra Pradesh 
0.50 Raya Alluvial Haryana 
0.50 Pigeon pea Alluvial laryana 

0.50-0.60 Groundnut Red Andhra Pradesh 
0.52 Finger millet Alluvial Madhya Pradesh 
0.60 Chick-pea Alluvial Bihar 

1.0-1.2 Sorghum Red and black Tamil Nadu 

a.Raya is Brasricajuncea. 

Source: ICAR Micronutrient Project data from Takkar and Nayyar 

(1986). 

The two main climatic factors affecting micronutrient 
transformations are temperature and moisture. Little 
work on their effect on the SAT crops has been reported. 
Dry soil conditions can reduce the uptake of 
micronutrients (Kanwar and Youngdahl, 1985). The 
reactions of Zn added to soil proceed rapidly, and a 
substantial proportion may be converted into relatively 
unavailable forms. The absorption/desorption reactions of 
Zn are pronounced in fine-tevured alkaline soils and least 
in coarse-textured acid soils (Katyal and Deb, 1982). 

Crop Responses to Zinc 
On a gross basis, there is a considerable volume of 

field data on crop responses to Zn (Katyal, 1985; Takkar 
and Nayyar, 1986; Randhawa and Nayyar, 1982). 
However, for the major crops of the SAT, there is very 

little information without irrigation. In Madhya Pradesh, 
for example, 80% of the 204 experiments on the response 
to Zn were on rice and wheat (Rai and Rathore, 1987). In 
Andhra Pradesh, application of 5 kg Zn ha "' (25 kg zinc 
sulfate) increased the grain yield of rainfed sorghum by
80-410 kg ha-' (Subba Rao, 1975). In the red soils of 
Bangalore having an initial 0.33 ppm available Zn, 
application of 10 kg zinc sulfate ha' increased the yield of 
dryland maize by 510 kg ha-, returning Rs 12.8 for every 
rupee invested in Zn (Table 10). According to Joshi et al. 
(1987), there is immense scope to increase groundnut 
yields through correction of micronutrient deficiencies. 

Differential Response of Genotypes to Zinc 
It is well known that varieties of the same crop may 

respond differentially to a given level of soil or applied Zn. 
Several crop varieties have been listed for their relative 
tolerance or susceptibility to Zn deficiency by Kanwar and 
Youngdahl (1985) and by Kaur (1987). The review by
Kaur (1987) lists chick-pea genotypes P 6628 and N 59 and 
groundnut genotypes M-13 and TG-3 as relatively tolerant 
to zinc deficiency. Very little work has been conducted 
under field conditions, and the hazards of screening under 
protected environments are depicted in Table 14, taking 
wheat as an example. Sorghum hybrid CSH-1 has been 
reported to be more susceptible to zinc deficiency than 
Swarna (Subba Rao, 1975). A field experiment with six 
finger millet varieties in Bihar has shown that yield 
responses to 5 ppm Zn varied from 2% to 59% among 
varieties. Zinc uptake per tonne of grain production varied 
from 101 	g to 151 g Zn, but the ranking of genotypes for 
this parameter remained the same with or without the 
application of Zn (Sakal et al., 1985). 

Table 14. 	 Susceptibility of Wheat Varieties to Zinc 
Deficiency According to Screening System Used 

Susceptibility to Zn Deficiency 
System VarietyKalyan Sona Variety WG 357 

Sand culture High Low 
Pot culture (soil) Medium Medium 
Field Low High 
Sources: 	 Randhawa and Takkar (1976), Kaur (1987). 

Sources of Zinc 
The most commonly tested, advocated, and available 

source of Zn in India is zinc sulfate heptahydrate 
conLining about 21% Zn. Mahendra Singh (1983) has 
dealt with the desirability of incorporating Zn into suitable 
phosphatic carriers in view of the widespread deficiencies 
of P and Zn in Indian soils. 
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Zinc Recommendations 	 district-level data shows that, in many areas, these may be 
General recommendations are to apply zinc sulfate as as important as Zn (Table 12). 

a bL-al soil application at the rate of 25 kg ha' in 
coarse-textured soils and 50 kg ha" in fine-textured soils In the highly alkaline soil, under drought conditions 
once in 1-3 years in Zn-deficient roils. Recommendations and long dry spells, iron deficiency is a possibility in 
specific to dryland conditions are still to emerge Andhra Pradesh (Subba Rao, 1975). Recent reports show 
(AICRPDA, 1983a) except for the application of 10 kg that groundnut variety TMV-2, which is extensively grown 
zinc sulfate ha' for rainfed maize at Bangalore. For in the state, is particularly sensitive to iron deficiency
groundnut, the Directorate of Oilseed Research under dryland conditions even in red soils (Venkat Raju

"
recommends 25 kg zinc sulfate ha once in 3 years (DOR, et al., 1987). It was reported that the iron content of leaves 
1985). did not reveal any deficiency, but the yield Wds increased 

as a result of spraying iron compounds. 
Areas for Future Research 

1. 	 Characterization of the available zinc status of SAT The commonly used critical levels of available iron in 
soils in relation to soil properties and climatic soils vary from 3.2 to 7.2 ppm of DTPA-extractable Fe 
parameters. (Table 15). In the Vertisols of Karnataka,

2. 	 Research on transformation of Zn and other DTPA-extractable iron was significantly and negatively 
micronutrients under typical dryland conditions. correlated with calcium carbonate content (Murthy and 

3. 	 Investigations on important interactions involving Zn Viswanath, 1987). These workers suggested that 
such as with N, P, S,and moisture. Fe-deficiency in these soils could be due to the 

4. 	 Field verification of critical limits for soils and crops. precipitation of iron on the carbonate surfaces. The 
5. 	 Field-based research on the differential response of problem of iron chlorosis has manifested itself on several 

crop varieties to micronutrient stresses. To make crops in large areas of Maharashtra (Daftardar, 1987).
such research productive, coordination with seed Although research on Fe is well behind that on Zn, the 
production agencies will be necessary. nutrient is worth watching in the coming years. 

6. 	 Field data on the uptake and removal of 
micronutrients in relation to yield under dryland 
conditions. Table 15. Critical Limits of Available Iron Used in India 

7. 	 Studies on the role of root systems of different crops
 
in responding to micronutrient stresses. DTPA

8. 	 Correlation of on-farm data with soil test data. Extractable Fe Crop Soil State 
Although a large number of on-farm experiments are (ppm) 
conducted, the yields obtained are not correated 
with 	soil test data. Such correlations can provide 3.2 Wheat Alluvial Haryana 
field-tested critical levels. 	 4.0 Maize Black Gujarat

9. 	 Effe2 of climatic features that are characteristic of 4.4 Sorghum Alluvial Haryana 
the SAT (wet spells, droughty periods) on changes in 6.0 Sorghum Black Madhya Pradesh 
micronutrient availability in the soils. 7.2 Chick-pea Alluvial Bihar 

10. 	 Information on the residual effects of Zn in order to Source: ICAR Micronutrient Project data from Takkar 
determine the optimum rats and periodicity of and Nayyar (1986). 
application. 

Although research on iron application to unirrigated

Iron SAT crops is yet to be fully undertaken, iron shoald not be
 

allowed to be unduly overshadowed by zinc. Kaur (1987)

Iron Status of Soils has listed some genotypes of chick-pea (T-1, BD-9-3,
 

Iron is the most abundant micronutrient in soils a"d Chaffa, G-20) and groundnut (TG-I, TG-7, TG-iT, 
also the one taken up by most crops in largest amouints Kadiri) reportt.d to be relatively tolerant of iron chlorosis. 
(Tab'e 1). Yet iron deficiencies are next only to those of Research on combating iron deficiencies needs to be 
Zn. In general, iron deficiencies may be one-fourth as pursued. This will require the joint efforts of plant 
extensive as those of Zn, but an examination of physiologists, breeders, and agronomists/soil scientists. 
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Significance of Biological Nitrogen Fixation and Organic 
Manures in Soil Fertility Management1 

K. K. Lee, Principal Microbiologist, and S. P. Wani, Microbiologist, International Crops Research Institute for the 
Semi-Arid Tropics 

Abstract 

A review of the literature on the role of leguminous crops and organic manures in soil fertility management confirmed
that they can enhance soil productivity. The leguminous crops, either intercropped or in rotation, benefited the associated 
or succeeding crops. N2 fixation by leguminous crops is one of the most beneficial effects; the amount of N2 fixed by a few
legume species has been estimated by various measurement methods. 

The effect of legume crops is discussed primarily from the viewpoint of the transfer of N to associated and succeeding 
crops. Evidence obtained by using 1

5N-labeled legumes suggests that the amount of N transferred from the legume crop
to an associated crop is not substantial and that a major part of N in legume residue is not made available to the succeeding crop. The beneficial effect of legume could not be ascribed solely to N mineralization, and the acidifying effect of
legume roots may be an additional benefit. 

The extent of crop response to organic manure, i.e., farmyard manure (FYM), undecomposed crop residue, and green
manure, varies with locations, time and method of application, and environmental conditions. Organic manure influences
soil productivity through its effect on physical, chemical, and biological soil properties. Several long-term experiments inIndia have shown that organic manure improved the soil physical properties by reducing bulk density, increasing water
stable aggregates, and increasing field capacity. Continued application of organic manure increased organic carbon andnitrogen content and cation exchange capacity, as well as the population of bacteria, fungi, and actinomycetes. Increased 
N2 fixation by associative N2-fixing bacteria was noticeable. 

Introduction 

Biological N2 fixation and organic manures occupy an 
important place in the soil N cycle. Under arable upland 
conditions, legumes are a major source of N2 fixation; the 
source of organic manure is plant residue and FYM. The 
growing of crops that fix N2 and the application of organic 
manures maintain soil fertility by minimizing the loss of N 
and other nutrients from the soil. 

The beneficial effect of a legume crop on soil fertility 
or on other nonleguminous crops in association or in rota-
tion with the legume has been a subject of interest among 
research workers. It is generally accepted that N2 fixation 
by legumes reduces the rates of soil N depletion and that a 
major part of N2 fixed by a legume crop becomes available 

1.Submitted as CP #500 by the International Crops Research Institute 
for the Semi-Arid Tropics (ICRISAT). 

directly or indirectly to the associated or succeeding crops. 
However, there is much variation in assessing the extent of 
these benefits and much controversy concerning the 
mechanism of N transfer from the legume to associated or 
succeeding crops. 

Organic manures are generally applied to the land in 
order to recycle nutrients, improve soil structure, and ac
cumulate organic matter in the soil. It has been recog
nized that efficient and effective use of organic manures 
provides benefits to crop productivity by immobilizing 
nutrients that are otherwise susceptible to leaching and by
enhancing the activity of soil microorganisms and fauna. 

The use of legumes and organic manures as a means 
of returning nutrients to the soil and enhancing soil 
productivity has declined in the countries with intensive 
agriculture and in the areas where chemical fertilizers are 
abundantly applied. However, in the humid tropics and 
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the semiarid tropics (SAT) where the use of chemical fer-
tilizer is limited, biological N2 fixation by legumes, grown 
in rotation or intercroppcd with cereals, and addition of 
organic manures are very important factors in achieving 
good crop yields and in maintaining adequate nutrient 
levels in the soil. 

The emphasis in this review is on the improvement of 
the nutrient status of the soil; therefore, the review will 
focus mainly on the quantity of N2 fixed and the fate of 
that N2 fixed by legumes and in legume resido:, as well as 
the effects of organic manures on improving productivity 
of the soil and the soil properties. 

Biological Nitrogen Fixation 

Benefits of Legumes 
The fact that legumes are a common component of 

crop rotation, intercropping, or mixed cropping has led to 
the thought that N2 fixed by legumes contributes to main-
taining soil fertility, particularly soil N, and that it may be 
directly or indirectly used by associated or succeeding 
crops. There are several reports and reviews on the ad-
vantages of including legumes in a cropping system over 
sole cropping of nonlcgumcs; however, only some of the 
recent results obtained in India are discussed here. 

Legumc-wheat and fallow-wheat sequences have been 
compared with a sorghum-wheat sequence for 3 years 
(Shinde et al., 1984). Generally, the former two sequences 
performed better than did the latter one at a medium level 
of N fertility management, but at a higher level of fertility 
management, the advantages of legumes on succee>:ag 
wheat were not clearly evident. Pearl millet (Pennisetum 
glaucum) yielded more when sown after fallow, cowpea 
(igna unguiculata), or grcengrani (lVigna radiata) than 
af'-r maize (Zea ,nays IL.1) (Narwal and Malik, 1987). 
After 4 years of continuous crop rotation, the total N in-
creased in soil under all rotations in which legume was in-
cluded but not in a maize-wheat-fallow system, with the 
maximum buildup of N observed in rotations with 
groundnut (Arachis hypogaca 1L.I) (Thind et al., 1979). 
Rainy-season grain legumes showed appreciable residual 
and cumulative effects on N concentration in an unfertil-
ized wheat crop when phosphorus was applied (Dhama 
and Sinha, 1985). Winter grain legumes increased the N 
and P status of the soil compared with cereal or fahow and 
increased the yield and N uptake of maize following 
legumes (Ahlawat et al., 1981). 

Yield was significantly increased when wheat was 
grown following sorghum intercropped with cowpea or 

groundnut compared with following sole sorghum in the 
previous season (Waghmare and Singh, 1984). Grain yield 
was significantly increased for maize intercropped with 
blackgram (Ilgna nmungo [L.1), cowpea, and mungbean 
(Phaseolus aureus) as compared with sole maize and 
maize intercropped with groundnut (Das and Mathur, 
1980). Intercropping of maize with blackgram, 
greengram, groundnut, or cowpea was found to increase 
the soil N content more than did maize alone; in general, 
in soils with lower levels of N, inclusion of legumes 
resulted in increased soil N content (Gangwar and Kalr;,. 
1980). The All India Coordinated Millet Improvement 
Project compiled the results of intercropping pearl millet 
with pulses and oilseeds from 1974-80, and the con
solidated data showed that the pearl millet-greengram sys
tem was consistently more productive than pure pearl mil
let (Borse et al., 1983). 

Estimation of Nitrogen Fixation 
A leguminous crop acquires N through absorption of 

soil N and through fixation of atmospheric N2. The ratio 
of N acquired through each of the two processes to total N 
in the plant varies with plant species and environmental 
conditions. Accurate measurement of the amount of N2 
fixed under various environmental conditions is a prereq
uisite for assessing the role of leguminous crops in crop 
and soil management. 

The following techniques are commonly used for es
timating N2 fixation in the greenhouse and the field: 
1. Acetylene (C2H2)reduction. 
2. 15N gas incorporation. 
3. "5N isotope dilution. 
4. Natural abundance of 5N. 
5. N difference method. 
6. N balance. 

Acetylene Reduction-The acetylene reduction assay 
makes use of the fact that the enzyme responsible for Na 
fixation, nitrogenase, can reduce acetylene (C2H2) to 
ethylene (C2H) as well as N.to NH3 (Hardy et al., 1973). 
Acetylene and ethylene can be easily and rapidly analyzed 
by a gas chromatograph. The technique requires incuba
tion of plants in a closed chamber along with acetylene. 
Ethylene formed by the enzyme is estimated by using gas 
chromatography. Because a closed chamber is used, this 
technique is not suitable for long-term measurement of N2 
fixation. A major problem with this technique is calcula
tion of the ratio of ethylene formed to nitrogen to be 
reduced. The theoretical conversion ratio of CaHz reduc
tion to N2 fixed, calculated from electron ratio, is 3 to 1, 
but this theoretical ratio is not universally applicable to all 
Na-fixation studies (Bergerson, 1980). 
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15N Gas Incorporation-Nitrogen gas that is labeled N Difference Method-This method, which simply
with the stable isotope '5N is placed in the atmosphere of compares N yields of fixing and nonfixing plants, is often 
a closed chamber in which the test plants are growing. used in the fields to obtain rough estimates of N2 fixed by
The amount of N2 fixed is calculated by the amount of 15 N legumes. The method requires an appropriate non-N2
incorporated into the plant (Burris and Miller, 1941). fixing control plant which must possess the same efficiency
Nitrogen gas is a genuine substrate of nitrogenase, and of use of soil or fertilizer N as the N2-fixing plant to which
hence the value obtained by this method is a realistic es- it will be compared. This classical method has generally
timate of N2 fixation. However, the use of this method is been used by agronomists in fields where the N2-fixing
restricted to only short-term measurements because of the plant and nonfixing plant are simultaneously grown.
requirement for a closed chamber and the high cost of 
'"N-labeled gas. N Balance Method- If all the inputs of N to a given 

field through precipitation, fertilizer, etc. (except N2 fixa
15N Dilution-The principle of this method is that an tion) are measured and all removal of N from that field is

N2-fixing plant growing in a medium enriched by 15N fer- also measured (leaching, denitrification, and crop
tilizer contains less 15N in the plant than does a nonfixing harvesting), the positive difference between input and out
plant growing in the same medium (McAuliffe et al., put will be ascribed to Nz fixation. Such N input and out
1958). This is because the nonfixing plant obtains all its N put measurements are possible only in a pot or in the field
from the 15N-enriched medium, whereas the fixing plant specially designed for this purpose, and much greater
obtains a significant portion of its N from the atmosphere, efforts are required to measure the changes in soil N be
which is ).637% 14N; the result is an overall lower 5N en- cause of a large N pool in the soil and large spatial
richment in the plant tissue (McAuliffe et al., 1958). variability in soil N content. This method will provide a
Major difficulties in applying this technique under field more accurate estimate of N2 fixation in the field where
conditions include selecting an appropriate nonfixing con- the experiment is conducted for several seasons or years.
trol, providing uniform distribution of the "5N label at the 
soil depths where fixing and nonfixing plant roots are Some Examples of N2-Fixation Estimates-Some es
growing, and ensuring that the level of '5N-enriched fer- timates of the amount of N2 fixed by crops are shown in 
tilizer is not so high that it inhibits N2 fixation. The main Table 1. The amount of N2 fixed by a leguminous species
advantage of this technique is that it can be used with case varies not only with genotype, location, and soil fertility
for the measurement of N2 fixation in the field without dis- but also with the measurement techniques that are 
turbing the soil-plant system during the experiment, employed. In Table 1, the estimates were obtained by N 

difference, "N dilution, and natural "5N abundance tech-
Natural Abundance of "5N- This method of calculating niques that do not require the closed chamber and do not 

percent N derived from atmospheric N2 is based on the disturb the plant-soil system. 
same concept as that for the use of "5N dilution and makes 
use of the differences between the abundance of '5N in the Because these techniques use a nonfixing plant as a
soil and that of the atmosphere. Usually, the natural reference, their estimates are generally fairly close if the
abundance of "5N in [he soil is slightly higher than that in measurement is done by comparing N2-tixing and nonfix
the atmosphere, possibly as a result of isotopic discrimina- ing varieties of the same plant species at the same loca
tion during long-term N cycling between the soil and the tion. However, the use of a nonfixing variety limits the
atmosphere. Although 4N is identical to 5N in terms of precision of these techniques because they are based on 
chemical properties, there is a difference in their masses. the incorrect assumption that the roots of both plant
In other words, with this method, the amount of naturally varieties exploit the same soil volume. However, the 
occurring 15N in the soil tl,at is in excess of that in the at- greatest advantage of these methods is that they providemosphere is considered to be an '5N tracer. Because the an integrated estimate over time under field conditions. 
difference in 15N between the soil and the atmosphere is 
usually very low, the measurement of N2 fixation using this Roic of Nitrogen Fixation 
technique requires mass spectrometers with high preci- It is universally accepted that the beneficial effect of
sion, and even a slight change in "5N value results in sig- legumes is through addition of N2 fixed in root nodules to 
nificant changes in N2-fixation estimates. Nevertheless, a the plant-soil system in sole cropping, in intercropping, or
major advantage of this method is that the measurements in rotation. In almost all the trials where benefits were 
can be made without addition of 1N-labeled compounds obtained from growing legumes, the role of legume has
and without disturbing the plant-soil system in the field, been examined from the viewpoint of nitrogen economy.
Thus fixing and nonfixing plants have equal access to Traditionally, it has been said that the major effects of
profile variation in '5Nwith depth. legume are through maintenance of adequate soil N and 
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Table 1. Some Examples of Estimates of N2-Fixation by Grain Legumes 

Estimation N2 
Crop Method Fixed 

(kg N ha*') 

Soybean N difference 
15N dilution 

130 
108 

Natural 1 N 49 

Groundnut N difference 113' 
'5N dilution 152 
Natural 15N 112' 

Pigeon pea N difference 
15N dilution 

69 
69 

Chick-pea N difference 
15N dilution 

26' 
36' 

Cowpea N difference 53' 
15N dilution 77' 

Percent N 
Derived From 

N2 Fixation Reference 
(%) 

51 
60 
48 

85 
92 
85 

52 
88 

44 
61 

NA 

NA 

Bhangoo and Albritton (1978)
 
Deibert ct al. (1980)
 
Yoneyama et al. (personal communication)
 

Yoneyama et al. (personal communicition)
 
Giller et al. (1987)
 
Yoneyama et al. (personal communication)
 

Kumar Rao and Dart (1987)
 
Kumar Rao et al. (1987)
 

Giller et al. (1988)
 
Giller et al. (1988)
 

Eaglesham et al. (1982)
 

Eaglesham et al. (1982)
 

a. Measurement was done on the same genotype at the same location and time. 

NA = not availabl-. 

contribution of available N to an associated crop or the 
succeeding crop. However, it has sometimes been difficult 
to attribute the beneficial effects solely to increased 
availability of N to other crops (Ketcheson, 1980). 

Transfer of Fixed N2-Two important effects of fixed 
N2 are its transfer to the associated crop and its transfer to 
the succeeding crop. 

Evidence for the transfer of symbiotically fixed N2 to 
an associated crop has not been directly obtained by feed-
ing isotopically labeled N2 gas to the legume. There have 
been reports (Van Kessel et al., 1985; Francis and Read, 
1984) of direct hyphal linkage of mycorrhiza allowing 
transportation of nutrients between two root systems. It is 
possible that nitrogen fixed by a legume in intercropping is 
transferred through such a hyphal linkage to an associated 
nonlegume, but the nature and the quantity of this transfer 
system have not been substantiated under field conditions. 

In a 3-year N balance study, Simpson (1976) estlimated 
that 20% of total nitrogen in subterranean clover 
(Trifolium sublerraneuni), 6% of that in white clover 
(Trifoliunt repens), and 3% of that in lucerne (Medicago 

sativa) were transferred to the associated grass, cockfoot 
(Dactylis glomerata). However, in his experiment sole 
crops or intercrops were grown in the same plots, and 
hence the amount of N transferred to the grass may have 
consisted of concurrently fixed N or the N2 fixed 
previously. 

I is important to use an 'SN-labled source in measur
ing the transh-r of N, but data obtained using "SN in India 
are not available. An estimate of the transfer of N by the 
15N dilution technique in intercrops or mixed cropping is 
based on the :alculaion of the enrichment of '5N in the 
legume and the associated cron. The "5N enrichment of 
Klcingrass (Panicum coloratui) grown with siratro 
(Macropvlir.mn atropurpurem) was lower than that for 
Kleingrass grown in pure stand by 13% and 6%, which ac
counted for 14% and 5% of the total N in the Kleingrass 
for the low and high rates of N fertilization, respectivel) 
(Ismaili and Weaver, 1987). The maize intercropped with 
cowpea showed a significant (52%) dilution of "SN in corn
parison with the sole-cropped maize (Eaglesham ct at., 
1981), and it was concluded that N excreted by the inter
cropped legume gave significant benefit t ) the associated 
maize. 

http:Macropvlir.mn
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Ledgard et al. (1985) used a new method in which sub- fore, it is essential to know the source of N in the succeed
terranean clover was labeled with '5N by foliar absorp- ing crop. For that purpose, the use of an '5N-labeled
tioa, and the transfer of N from the sabterranean clover to legume material will be a good guide in that the legume N
the associated ryegrass (Lolium rigidum) was measured, can be distinguished from the soil N during decomposi-
Over a 29-day period, 2.2% of the N from the tion. As far as we know, no experiment with 15N-labeled 
subterranean clover was transfcred to the ryegrass. legumes has been conducted in India. 

The above evi6ence obtained by using "5N compounds, Vallis (1983) applied dried 1hN-labeled siratro to
though not as direct as the estimate by the '5N gas incor- Rhodes grass (Chloris gayana) pasture in Queensland,
poration method, suggests that N from the legume is Australia, and examined the recovery of the 1

5N. The
transferred to the associated nonlegume during the same camulative recovery of '5N in Rhodes grass sheots after
growing season. However, the amount of N transferred the first, second, and third years was 13.7%, 16.8%, and
does not seem to have b:een substantial except in the study 14.5%, rcspeorively, of the initial amount added. 
reported by Eaglesham et al. (1981). The main pathway
of N transfer may be as sleughed-off roots, N excreted In soathern Australia, Ladd et al. (1981) incorporated
from legume roots, and decomposition of nodules. unground 15N-labeled Medicago littora/is material into the 

fields and allowed it to decompose for 8 months before
A second beneficial effect of fixed N2 i- its transfer to a sowing wheat. The wheat took up only 11%-17% of

succeeding crop. Cowpea and groundnut sole crops have iegurae residual N, the amount of which corresponds to
bcen shown to benefit the succeeding maize crop in terms 5%-10% of total N in the wheat. In a si'bsequent study
of increased grain and dry-matter yields equivalent to (Ladd et al., 1983), ground 15N-labeled Medicago littoralis 
69 kg N ha' supplied through fertilizer (Dakora et al., was used and allowed to decompose for 7 months in suc
1987). At a medium level iffertility management, rainy- cessive years. The first wheat crop took up only 28% of 
season greengram or cowpea provided .30kg N ha-' for the legume N, corresponding to 6.1% of the total N in the
succeeding post-rainy maize (Shinde et al., 1984). The N wheat, and the second crop took up less than 5% of the N
requirement of maize following a sole crop pigeon pea ii the legume incorporated in the first year. 
was reduced by .38-49 kg N ha' compared with maize 
following either fallow, sole sorghum, or sorghum/pigeon Thus, a major part of the N in a legume residue is not 
pea (Cajanus ca/an) intercrop (Kumar Rao et al., 1983). made available even to the succeeding crop. The rate of
Similarly, a preceding crop of pigeon pea reduced the N N released from legume residue is controlled by the rate
requirement of a succeeding wheat crop by 30 kg N ha-' of decomnposition, which varies with chemical composition
(Narwal et al., 1983). of the plant or root, e,ironmental conditions, type of soil, 

soil organisms, and management practices.
Beneficial effects of residual N on subsequent crops

have been demonstrated not only for sole legume crops All the available infoimation on decomposition of
but also for inter roppcd legumes. Intercrops of sorghum '5N-iabled legume residues indicates that much lower
with cowpea, groundnut, or greengram saved 18 to 55 kg mineralization of N occurs than is estimated by biomass
N ha" for the target yield of 4.0 tonnes of the wheat that yield and N yield methods. The discrepancy in the es
followed (Waghu.are and Singh, 1984). titnates may be ascribed to a significaat "priming" effect of 

legume residue incorporation on soil o:ganic NThe magnitude of the residual N effect on a succeed- mineralization and to the fact that a large part of the
ing crop depends on the preceding cropping system, beneficial effect of legume residue on the succeeding crop
preceding legume species, and succeeding crop species is not directly related to N mineralization. 
and on the me'hod of estimation. In most cases in the 
SAT, the contribution by kgumes of residual N to the suc- Piizospherv pH Changes Induced by N2 Fixation-It
ceeding crop has been estimated to be 30 io 70 kg N ha-. is knowvn that nitrate-fed plants make the rhizosphere
However, these values have been obtaincd through N ler- more alkaline, whereas plants using ammonium-N sources 
tili..er equivalence methods and do not indicate the exact make the rhizosphere acidic due to establishment of an 
amounts of N derived from !he preceding legumes. electrochemical equilibrium. When legumes fix atmos

pheric N, the cation absorption usually exceeds the anion
The amount of N transfer from the preceding legume absorption and, coasequently, the rhizosphere becomes

depends not only on the rate of decomposition of legume comparable with that of ammonium-fed plants. It has
residue but also on the amount of legume N that is been calculated that a well-nodulated legume root induces
released and made available to a succeeding crop. Theic- a reduction in the average soil pH of about 0.14 units in 
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100 days (Nye and Kirk, 1987). Therefore, some nutrients 
will become more available in the rhizosphere of N2-fixing 
legumes than in that of nitrate-fed plants. 

The availability of phosphorus, for example, is 
enhanced in soil of lower pH. Soybean (Glycine max) fer-
tilized with ammonium-N (and therefore comparable with 
N2-fixing soybean) decreased the pH of the rhizosphere 
and stimulated P uptake (Riley and Barber, 1971). In-
creased capacity f!r solubilizing P by N2-fixing legumes 
has been demonstrated by using sparingly soluble phos-
phate rock. The N2-fixing alfalfa (Medicago saiva) plants 
used phosphate rock more efficiently than did the nitrate-
fed plants (Aguilar and van Diest, 1981). The tropical 
legume Pueraria javanica mobilized even very insoluble 
phosphate rock because of the acidifying effect in its 
rhizosphere, and the quantity of acid produced by Pueraria 
was calculated to be 10 kmoles H + ha*', which would re-
quire 500 kg ha" of calcitic limestone in order to neutral
ize the rhizosphere. 

Under upland conditions, nonleguminous crops, 
whether fertilized with N or nonfertilized, generally ac-
quire N as nitrate. On the other hand, N2-fLxing legumes 
influence chemical changes in the rhizosphere differently 
than the plants that are taking up nitrate-N. In the long 
run, the form in which the legumes acquire N will in-
fluence not only the soil in the rhizosphere but also the 
bulk soil through alteration of the pattern of absorption of 
other nutrients. Thus, it would be worthwhile to assess 
the effect of legumes on the rhizosphere pH and accom-
panying changes in the availability of other nutrients, 

Organic Manures 

Crop Response to Organic Manures 
Organic matter has received considerable attention as 

a source of nutrients for plant growth. The classical ex-
periments at Rothamsted, United Kingdom, indicated no 
superiority of FYM over NPK fertilizers in maintaining 
crop yields (Johnston and Mattingly, 1976). However, 
with the introduction of high-yielding crop varieties, 
evidence is accumulating from the long-term tests that 
FYM and other organic manures can give larger yields 
than can be obtained with equivalent fertilizer use 
(Johnston and Mattingly, 1976; Narayanswamy, 1968; 
Sahu, 1971). 

Farmyard Manure or Compost-The response of 
crops to FYM application depenis on several factors such 
as degree of humification, maturity of the compost, its 
C:N ratio, the time and method of its application, soil 

type, agroclimatic conditions, and moisture regime of soil 
during the growth of the crop. 

Tables 2 and 3 summarize the results of several experi
ments conducted at different locations in India to study 
crop responses to FYM application. The results of 
210 experiments with irrigated wheat and 71 experiments 
with rainfed wheat showed that FYM application at 
12.6 	tonnes ha" increased the yield of irrigated wheat by

"80-300 kg ha 1 with an average response of 200 kg ha'1. 
However, under rainfed conditions the response obtained 

" to an application of 6.3 tonnes ha ' FYM was lower (85 kg 
ha "1) (Talzle 2). Similarly, data from several experiments 
with sugarcane, cotton, potato, and other vegetable crops 
have show-i increased yields with FYM application though 
Dhingra et al. (1979) failed to obtain increased yields of 
irrigated wheat with application of 10 tonnes ha' FYM 
and 60 kg P205 ha-1. 

In trials conducted in India using different crop rota
tions (Table 3), incorporation of FYM at 10-15 tonnes ha"l 

every year along with the recommended dose of NPK 
produced higher crop yields than did the NPK treatment 
alone. The highest average increase in yield over 12 years 
for the crops grown in a rotation was observed in acidic 
submontane soil at Palampur, followed by the red loam 
soil at Hyderabad and medium black soil at Jabalpur. At 
all the locations (except at Barrackpore), FYM applica
tion increased the yield of the first crop in the rotation 
over the non-FYM treatment, and generally positive yield 
effects were observed in succeeding crops in the rotation, 
irrespective of soil type (Table 3). 

Undecomposed Crop Residues -Crop residues can be 
used directly for improving the soil productivity. Direct 
incorporation of crop residues in the soil, along with ap
propriate management practices, or use as a mulching 
material on the soil surface has proven to be beneficial in 
improving soil phynical properties and, in some cases, has 
led to increased crop yields. However, when low-N 
materials, such as cereal straw, were plowed into soil, it 
was found that additional fertilizer N was needed to nar
row the C:N ratio in order to avoid adverse effects on crop 
yields by immobilization of soil N (Bear, 1948; Gupta and 
Idnani, 1970; Gaur and Mathur, 1979; Ganry et al., 1978). 

When 15N was used in a lysimeter experiment on a 
sandy soil, it was found that straw incorporation depressed 
the grain yield by 32%. This effect was trainly due to 
immobilization of fertilizer N and was alleviated by ap
plication of additional N (Ganry et al., 1978). The average 
crop yield data for 2 consecutive years showee that sugar
cane trash, rice straw + water hyacinth (1:1), and rice 
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Table 2. Summary of Experiments on Response of Different Crops to FYM/Compost Application in India 
Number of Number of FYM/Compost Response 

Locations Experiments Crop Applied Range Average 
(t ha )- -------- (kg ha') -----

63 341 Rice 12.6 99-216 168 
31 210 Wheat (irrigated) 12.6 82-295 202 
14 71 Wheat (unirrigated) 6.3 74-140 85 
19 258 Sugarcane (Saccharum 

10 71 
officinarum) 

Cotton (irrigated) 
25.1 
12.6 

3,700-11,700 
39-81 

8,000 
56 

25 
1 
1 
1 
1 

294 
1 

74 
48 
74 

Cotton (unirrigated) 
Sorghum 
Sorghum (unirrigated) 
Sorghum (irrigated) 
Finger millet (unirrigated) 

6.3 
25 

5 
5 

12-22 
-

-

-

16 
1,220 
1,340 
1,280 

2 48 
(Eleusinecoracana) 

Finger millet (irrigated) 
5 
5 

-
-

940 
1,660 

Pearl millet (irrigated) 5 610 

1 6 
Wheat (irrigated) 
Sweet potato (unirrigated) 

5 - 320 

1 3 
(Ipomoea batatas) 

Sweet potato (irrigated) 
11.2 
11.2 

-
-

2,760 
1,080 

3 13 Potato (irrigated) 

1 
2 
1 

7 
3 
3 

(Solanum tuberosurn) 
Potato (unirrigated) 
Potato (irrigated) 
Tapioca (irrigated) 

22.4 
37 
37 

-
-
-

1,490 
3,8.o0 
1,070 

1 
1 
1 

2 
2 
8 

(Manihotutilissima) 
Onion (Allium cepa) 
Onion 
Chilies (dry) 

11.2 
11.2 
24.4 
11.2 

-
-

-

-

455 
2,980 
5,410 

74 

1 4 
(Capsicum annum)

Chilies (dry) 12.5 - 620 

1 2 
(Capsicum annum)

Okra (Abelmoschus esculentus) 11.2 - 235 

1 
2 
3 

Okra 
Tomato 

12.5 
11.2 

-

-
360 
175 

1 4 
Tomato 
Brinjal (Solanum melongena) 

22.4 
12.5 -

870 
660 

1 1 
brinjal (Solanum melongena) 
Fenugreek (Tigonella 

25.0 
5.6 

-

-
370 
-120 

1 
foenum-graecum) 

Fenugreek (Trigonella 11.2 - 350 

1 
foenum-graecum) 

Fenugreek (Trigonella 12.5 - 430 

1 
foenum-graecum)

Fenugreek (Trigonella 25.0 - 590 
foenum-graecum) 

- = Not available. 

Source: Derived from Garg et al. (1971); Krishnamoorthy and Ravikumar (1973). 



Table 3. Summary of Long-Term Manurial Experiments on Response of Different Crops to FYM Application in India' 

Number 
Location of Crops 

Barrackpore 	 12 
13 
13 

Ludhiana 	 13 
14 
14 

New Delhi 3 
11 
10 

Coimbatore 10 
9 
7 

Jabalpur 12 
12 
9 

Bangalore 	 7 
4 

10 

Ranchi 	 12 
10 

Hyderabad 	 13 

13 

Bhubaneswar 	 12 
12 

Palampur 	 12 
13 

Pantnagar 13 
13 
8 

Crop 

Rice 
Wheat 
Jute 


Maize 

Wheat 

Cowpea (fodder) 


Maize 

Wheat 

Cowpea (fodder) 


Finger millet 

Cowpea 

Maize 


Soybean 

Wheat 

Mviaize (fodder) 


Finger millet 

Maize 

Cowpea 


Soybean 

Wheat 


Rice (rainy season) 


Rice (post rainy season) 


Rice (rainy season) 

Rice (post rainy season) 


Maize 

Wheat 


Rice 

Wheat 

Cowpea (fodder) 


Average Response 
Soil Type to FYM Application 

(kg ha ) 

Alluvial -10 
Sandy loam 30 

-5 

Alluvial 680 
120 
35 

Alluvial 330 
Sandy loam 420 

-130 

Medium black 505 
Clay loam 90 

510 

Medium black 220 
Clayey 440 

890 

Red loam 100 
Sandy loam -110 

10 

Red loam 270 
Silty clay loam 120 

Red loam 560 
Sandy clay loam 

760 

Lateritic 430 
Sandy 530 

Submontane 1,430 
Silt loam 655 

Foot hill (Terai) 690 
Silty clay loam 450 

110 

a. In all the experiments 10-15 t ha " FYM was applied every year to the first crop of the rotation. 

Source: Derived from ICAR (1986). 
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straw applied at 2.5 and 5 tonnes ha' increased wh.at it has been observed that several accessions of Sesyields even when the wastes were applied without mineral bania produced dry-matter yields ranging from 8 to
N addition (Table 4; Bhardwaj, 1985). Incorporation of 17 tonnes ha' and added 70-245 kg N ha' to the soil 
straw F1 18 tonnes ha'. 15 days prior to sowing, at a depth depending on the age of the plant at the time of incor
of 15 cm gave yields similar to those obtained by applica- poration (Singh, 1982; Ghai et al., 1985; CSSRI, 1985).
tion of 200 kg N ha'. However, incorporation of straw at Maximum N content of different Sesbania species was ob.shallow depths (7.5 cm) reduced crop yields. Significantly served after 45 days of growth at which time the N content
higher increases in yields were obtained when one-third of of the plant shoot on a dry-weight basis ranged from
the organic material was incorporated as neem cake along 1.06% for S. peciosa to 4-34% for Sesbania sp. (Ghai et
with the straw (Gaur and Mathur, 1979). In a sandy soil, al., 1985). It has therefore been suggested that incorpora
incorporation of wheat straw at 18 tonnes ha' alone or tion of S. aculeata be carried out when the crop is 45 days
with mineral N addition plus inoculation with straw- old (Bhardwaj, 1982; CSSRI, 1985). Sunn hemp was
decomposing microorganisms resulted in increased yields found to be superior amon- the different green manuring
of groundnut (Table 4) and also increased uptake of N crops and added 100 kg N ha' to soil and increased its
and P by the groundnut crop (Wani and Shinde, 1980). available al.,N content (Alikhan et 1963; Bansal et al., 

1971). During 42 days of growth, soybeans producedCrop residues left on the soil surface as a mulch also 1,880 kg biomass containing 40 kg N ha-', and much of thehave some potential for erosion control, soil fertility main- N became available within 7-10 days following incorpora
tenance, and increased microbial activity in the soil tion. This increased the grain yield of the succeeding
(McCalla et al., 1962; Agboola, 1982). Mulching adds maize by an average of 600 kg ha-' over the control which
considerable amounts of nutrient to the soil, and some had not received green manure (Pandey and Pendleton,
mulches interact with fertilizer to reduce soil pH. Some 1986).
 
straw mulches such as Typha and paddy straw may cause
 
nutrient imbala,,ce and toxicities because of the high Nitrogen-fixing legumes bear nodules roots.
on 
amounts of Mn ai.d Al they may release during decom- However, three gen.ra, viz., Sesbania, Aeschynomene, andposition. The beneficial effects of leguminous mulches Neptunia, also form stem nodules containing Rhizobia and 
appear to be due to their lower C:N ratio (Agboola, 1982). thus are called stem-nodulated legumes. So far, onlyHowever, when crop residues are left on the soil surface, S.rostratra and S.punctata have been reported to be stem 
crop yields are occasionally reduced because of phytotoxic nodulated (Dommergues et al., 1988), and the shoots have
substances released from most crop plants though the to be inoculated to ensure adequate infection of all the
phytotoxic effect decreases as the decomposition period is nodulation sites of the plant. Various methods of estima
extended (Guenzi et al., 1967; Borner, 1960; Patrick and tion (isotopic, balance, and difference) have shown that
Koch, 1%3). It has been observed that wheat straw con- S. rostratra fixed 100-300 kg N ha-' in 7 weeks (Rinaudo et
tained the least toxic substances, causing only a 6% reduc- al., 1983), indicating that it is one of the most effective
tion in root growth of wheat seedlings, and that all the N2-fixing systems known to date (Dommergues et al.,
phytotoxic material disappeared from wheat ard oat 1988). Several field trials carried out in Senegal indicated
residues after 8 weeks of field exposure. At the end of that, when S.rostrala was applied as green manure in rice
8 weeks, corn residues were still quite toxic while sorghum fields, the succeeding crop yielded 100% mere than theresidues remained highly toxic and caused 37%-85% control plot, and the subsequent crop yielded 50% more 
reduction in root growth of wheat test plants during a (Rinaudo et al., 1983). 
period of 16 weeks (Norstadt et al., 1967). 

In addition to the contribution to soil N through
Green Manures -The practice of green manuring has biological N2 fixation, a green manuring crop such as Ses

been used to improve the soil productivity. However, it is bania reduces the leaching losses of mineral N because of now well established that green manures have a negligible its deep rooting system. It also mobilizes nutrients such as 
effect on soil organic matter levels if continuous cropping phosphorus, potassium, and oiher trace elements from
is followed. Singh (1903) summarized the conclusions of subsoils; these nutrients are likely to be deficient in sur
several studies on the positive effects of green manures in face layers (CSSRI, 1985). Despite the advantages
the restoration of soil organic matter in tropical regicns. attributed to green manuring, it has not gained the accept-He reported that, even after removal of the aboveground ance it deserves for several reasons: (1) it gives no im
parts of sunn hemp (Crotolaria juncea) grown as a green mediate tropical shortincome, (2) its effects in soils are 
manure crop, yields of the subsequent crop were still lived, (3) it does not fit into the farmer's traditional 
increased. 
 mixed-cropping systems, and (4) it requires labor that the 
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Table 4. Effect of Direct Incorporation of Plant Residues on Crop Yields 

Treatment 

Wheat straw at 13 t ha' 

incorporated at 15 cm depth + 

200 kg N ha' 


Wheat straw at 18 t ha "' 

incorpo.rated at 7.5 cm depth + 

200 kg 'Nha" 


Wheat straw at 13.5 t ha" + 

neem cake at 4.5 t ha'*+ 

200 kg N ha"
 
Sugarcane trash 5 t ha" x zero N 


Sugarcane trash 5 t ha-' 120 kg 

N ha' 


Rice straw + water 

hyacinth (1:1) 5 t ha" x zero N 


Rice straw + water 

"
hyacinth (1:1) 5 t ha x 120 N 

"
Rice straw 5 t ha x zero N 

Rice straw 5 t ha" x 100 N ha' 

Rice straw 7.5 t ha. 

Rice husk 7.5 t ha" 

,heat straw at 18 t ha" 

"Wheat straw at 18 t ha 
with C:N ratio adjusted to 36:1 + 
inoculated with Penicillium 
digitatum 

"
Eupatoriumodarum at 20 t ha 

Maize crop residues 
incorporated 
Rice straw at 10 t ha" 

Crop 

Maize 

Maize 

Maize 

Wheat 

Wheat 

Wheat 

Wheat 

Wheat 

Wheat 

Rice 

Rice 

Groundnut 


Groundnut 


Wheat 
Maize 
Maize 

Rice 

Crop Response 

40 

-560 

1,380 

125 

380 

175 

690 

410 

310 

760 

930 

440 


510 


25 
370 

270 


245 


Remarks 

Straw yield was increased 
"
by 2,000 kg ha over 


"
200 kg N ha alone 
treatment 
Grain yield was reduced 
due to immobilization of 
N in top layer. However 
straw yield increased by 
3,000 kg ha7' 
Straw yield was increased 
by 7,000 kg ha' 

Total N applied through 
sugarcane trash was 
18 kg ha1 
Total N applied through 
sugarcane trash was 
18 kg ha 
Total N applied through 
rice straw + water 
hyacinth was 46.5 kg ha" 
Total N applied ihrough 
rice straw + water 
hyacinth was 46.5 kg ha' 
Total N added through 
rice straw was 31 kg ha' 
Total N added thro'igh 
rice straw was 31 kg ha' 
Nitrogen was applied at 
60 kg ha 
Nitrogen was applied at 
60 kg ha' 
Grain yield of succeeding 
wheat crop was also 
increased by 350 kg ha*' 
Grain yield of succeeding 
wheat crop was also 
increased by 400 kg ha" 

The soil was acidic clay 
loam 
Average of 5 years 
experiment 
Experiment was conducted 

on heavy clay soil for 
four seasons. Straw yield 
rid also N uptake was 
increased due to application. 

Reference 

Gaur and Mathur
 
(1979)
 

Gaur and Mathur
 
(1979)
 

Gaur and Mathur
 
(1979)
 

Bhardwaj (1985) 

Bhardwaj (1985) 

Bhardwaj (1985) 

Bhardwaj (1985) 

Bhardwaj (1985) 

Bhardwaj (1985) 

Mandal and Ghosh 
(1984) 

Mandal and Ghosh 
(1984) 

Wani and Shinde 
(1980)
 

Wani and Shinde 
(1980)
 

Bhardwaj (1986) 

Hcgde et al. (1982) 

Subbaiah et al. (1983) 
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farmer considers unnecessary. Suggestions for overcom- tent and increased field capacity. Increased organic
ing these problems include growing fodder or grain maiter content due to continued application of FYM im
legumes in a multiple-cropping sequence (Singh, 1975), in- proved the percentage of water-stable aggregates and the 
tercropping shade-tolerant legumes with different food permeability of alluvial soils of northern India (Biswas et 
crops, or interplanting legumes with grasses (Agboola, al., 1964) as well as other soil types (e.g., see ICAR, 1986).
1982). Better structural stability was also observed with increases 

in soil organic matter content due to addition of waterEffect of Organic Manures on Soil Properties hyacinth (Ghani et al., 1967), sugarcane trash (Sandhu and 
Orgaiiic manure affects soil productivity through its Bhumbla, 1967), compost (Lal and Kang, 1982), and

improved effects on physical, chemical, and biological soil wheat straw (Gaur et al., 1972).
properties though the extent of these effects is generally
difficult to assess. It is still more difficult to quantify the After 44 years of experimentation in the long-term, old 
effects of individual properties on crop productivity be- permanent manurial experiment (OPM) at Coimbatore, 
cause most of these properties are interrelated with each there was no appreciable difference in the physical
other and have a cumulative effect on yields, properties due to cattle manure application at 

12.5 tonnes ha" year' (Krishnamoorthy and Ravikumar,
Physical Properties-A wide range of soil physical 1973). However, in a new permanent manurial experi

properties such as structure, pore space percentage, ment (NPM) started in 1925 at Coimbatore, which 
volume expansion, maximum water-holding capacity, and received 2.3 tonnes cattle manure ha" year-' as basal 
aeration are directly or indirectly influenced by soil or- dressing, favorable increases in pore space percentage,
ganic matter content. volume expansion, and water-ho!ding capacity were ob

served after growing 77 crops that received ca'tIle manureThe effects of organic matter content on soil structure and NPK treatments. The increased yields in cattle 
vary for soils of different texture and mineralogical com- manure treatments were associated with the improved soil
positions. Favorable effects in terms of reduced bulk den- structure (Krishnamoorthy and Ravikuni:r, 1973).
sity and increased percentage of water-stable aggregates Similarly, incorporation of organic rcAdues. - VM, or pig
have been observed for FYM applications in India manure at 25 tonnes ha-t (Shanmugam anu RaviKumar,
(Table 5). IC.aleel et al. (1981) reviewed the results of 1980) and also at 10 tonnes ha' improved physical
42 field experiments dealing with the effects of manures properties such as hydraulic conductivity, infiltration rate,
and composts on soil properties. They found highly sig- stability index, and aggregate stability in red sandy loam
nificant correlations between increased organic carbon soils (Ravikumar et al., 1975). Conversely, negligible im
content (induced by manure application) and reduced provements in structure have resulted from addition of 
bulk density and between increased organic carbon con- even large quantities of FYM to sandy soils of Egypt 

(Abdou and Metwally, 1967) and to clayey Vertisols in 
central India (Venkoba Rao et al., 1967; tLai and Kang, 
1982).

Table 5. Effect of FYM Application on Sol Bulk 
Density and Soil Aggregate Stability at Organic matter improves soil aggregation mainly by
Different Locations After 7-11 Years of stimulating earthworm activity and increasing microbial 
Manuring and Cropping production of a variety of linear organic polymers, such as 

humic substances of low polysaccharides and polyuronides 
which bind the particles together into micro- and macro-

Percent Watcr-Stable aggregates.

Soil Bulk Density Aggregates >0.25 mm
 

NPK NPK

+ + Favorable effects of organic matter content on waterLocation Control NPK FYM Control NPK FYM retention and availability have been reported for many In

-------- (gcm'3)...............(%)-------- dian soils (Biswas and Ali, 1967, 1969; Somani and Saxena,
1976; and Murali et al., 1979). Increased organic matterBarrackpore 1.46 1.44 1.40 19.8 24.1 40.4 content in soils generally results in improved water use ef-

New Delhi 1.47 1.45 1.42 14.3 18.7 28.4
Coimbatore 1.40 1.36 1.31 61.3 67.9 65.2 ficiency through increased water retention in the rootJabalpur 1.22 1.21 1.18 84.6 86.0 90.1 zone, improved root proliferation, and decreased losseslyderabad 1.53 1.68 1.34 70.0 73.0 84.6 due to water runoff. These factors, in turn, result in im-Bihubaneswar 1.65 1.63 1.56 NA NA NA proved nutrition and better crop growth with the same in-
Source: Nambiar and Gho6h (1984). puts. In lysimeter studies, green manuring in sandy soils 
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decreased ieaching of several major nutrients, particularly 
N (Jurgens-Gschwind and Jung, 1979). 

Chemical Properties -Soil organic matter and added 
organic materials not only act as a source of nutrients but 
also influence availability of nutrients. The influence of 
soil organic matter on availability of plant nutrients has 
been reviewed (Flaig et al., 1978; Flaig, 1982; Stevenson, 
1982). 

The results of long-term manurial experiments con-
ducted at different locations in India are summarized in 
Table 6; they indicate an appreciable increase in soil 
organic carbon content due to continued application of 
FYM for several years. Addition of cattle manure 
resulted in a considerable increase in N content (0.029%) 

in soils of the acw manurial experiment, whereas only a 
marginal increase in N content (0.003%) was observed in 
the old manurial experiment over the initial soil N levels.
Increased cation exchange capacity of the soil was also ob
served with basal di'essing of cattle manure compared with 
the unmanured controls (Krishnamoorthy and Ravikumnar, 
1973). In the long-term manurial experiments, the highest 
N buildup was observed with application of FYM and the 
optimal NPK dose (ICAR, 1986). An appreciable in
crease in organic carbon and nitrogen content in the soil 
was found after the harvest of a groundnut crop in which 
wheat straw had been incorporated (Wani and Shinde, 
1980). Addition of unhumified dung in soil depressed 
N mineralization initially, but after 105 days, N 
mineralizaiion increased (Bhandari et al., 1972). Dhar 
(1965) and Dhar and Arora (1968) noted that organic 

Table 6. Organic Carbon Content in Soils With and Without Organic Manure From Various Experiments 

Location 

Coimbatore OPM 

Coimbatore NPM eastern 
series 

Coimbatore NPM western 
series 

Bangalore 

Hyderabad 
Ranchi 
Bhubaneswar 

Palampur 

Pantnagar 

Barrackpore 

Ludhiana 

New Delhi 

Coimbatore 

Jabalpur 

Organic Carbon 
Control 

0.12 

0.25 

0.30 

0.45 

0.82 
0.38 
0.59 

0.83 

0.90 

0.45 

0.27 

0.52 

0.37 

0.85 


With Organic Matter 
(%) --------

0.16 

0.34 

0.49 

0.48 

1.25 
0.45 
0.76 

1.20 

1.44 

0.52 

0.37 

0.56 

0.46 

1.25 

Remarks 

During 1953/54 
i.e., after 44 years
After 26 years 

After 26 years 

Red loam soil after 
9 cropping cycles
Red loam soil 
Red loam soil 
Laterite soil after 
14 cropping cycles
Submontane soil after 
14 cropping cycles 
Foothill soil after 
14 cropping cycles 
Alluvial soil after 
14 cropping cycles 
Alluvial soil after 
14 cropping cycles
Alluvial soil after 
10 cropping cycles
Medium black soil 
after 8 cropping 
cycles
Medium black soil 

after 13 cropping 
cycles 

Reference 

Krishnamoorty and 
Ravikumar (1973)

Krishnamoorthy and 
Ravikumar (1973) 

Krishnamoorthy and 
Ravikumar (1973) 

ICAR (1986) 

ICAR (1986) 
ICAR (1986) 
ICAR (1986) 

ICAR (1986) 

ICAR (1986) 

ICAR (1986) 

ICAR (1986) 

ICAR (1986) 

ICAR (1986) 

ICAR (1986) 
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matter is the main source of soil N; it helps in N2 fixation at 7 tonnes ha"' prior to sowing increased nitrogenase ac
and also increases the amino acid content. Application of tivity in the maize rhizosphere (Sidhu "rndBeri, 1986).
FYM along with NPK also resulted in marginal buildup of 
phosphorus and maintained the initial level in the soil over Organic amendments generally have an inhibitory ef
treatment with NPK alone (ICAR, 1986). fect on the activity of soil-borne plant pathogens respon

sible for causing root diseases (Ledingham, 1970; James 
and Bruel, 1962; Goswamy and Swarup, 1971; Gouda and

Microbiological Properties -In general, the level of Setty, 1973; and Sitaramaiah and Singh, 1978). The role of 
microorganisms in the soil is positively correlated with the plant residues in this respect may be one of the factors 
level of organic matter (McCalla, 1959; Russell, 1973). that contribute to the beneficial influence of the plant
Immediately after incorporation into the soil, plant materials on the crop to which they are applied. Fusarium 
materials are subjected to the transformation and decom- solani, F.phaseoli were found to be controlled by adding
position processes of the heterotropic microflora, and as organic amendments with high C:N ratios, such as mature 
shown in Table 7, the population of bacteria, fungi, and barley or wheat straw, corn stover, or pine shavings.
actinomycetes will be increased with application of plant Fusariint root rot of bean was managed by adding barley
residues and FYM (Krishnamoorthy and Ravikumar, straw (James and Bruel, 1962), and root rot and pea wilt 
1973; Gaur et al., 1971; Shantaram et al., 1975; Sidhu and caused by F.solani were controlled by adding millet straw. 
Beri, 1986). Similarly, application of FYM to soil was The population of parasitic nematodes was reduced 
shown to increase the population of cellulose- considerably by the incorporation of wheat straw and 
decomposing ibrio in neutral soils (Jensen, 1931). All ether organic amendments (Gaur and Prasad, 1970).
forms of organic materials help the N2-fixing heterotrophs However, the addition of plant residue does not always in
in the soil (Gaur et al., 1968, 1971), and if sufficient time is hibit disease development, and addition of green barley
allowed for their activity, the N content of the soil is in- (with higher content of N) was shown to increase the 
creased (Desai, 1933). Desai also observed that FYM severity of disease (Lcdingham, 1970).
prepared from straw fixed N2 in soil and benefited the 
plants to a great extent. Application of FYM to sandy Future Research Needs 
soils or Alfisols has been shown to stimulate nitrogenase
activity associated with pearl millet and sorghum plants It is evident that biological N2 fixation can help sus
(Wani et al., 1984). Similarly, application of wheat straw tain soil N fertility and that organic manures becan 

Table 7. Effect of Organic Manures on Microbial Population in the Soil 

Treatment Bacteria Fungi Actinomyceics Azotobacter Rhizobium Nitrosonjonas Nitrobacter Remarks References 

Control 43x10 5 51x102 
02 

36x10 2 

2 
55x102 131x103 

3 
70x1O3 Samples were taken63Up to 15 cm depth a 

Rice sIraw at 
8 t ha' 

68x10O 76x102 
50xl02 74x102 256x10 3 1251 Samples were taken 

up to 15 cm depth 
a 

Control 

"YM. at 12.5 t ha 
year 

3x105 
x 

3.0x10 

76x102 
14 2 
141x10 

3.5x10 5 

5.8x105 

2.1x102 
2 

7.x0 

-

-

- Samples up to 15 cm 
depth were collected 
after 40 years of 
experimentation in old 

b 

permanent manurial 
experiment at 
Coimbatore started 
in 1909. 

Control 1.2x106 2x103 Samples were b 

ItM at 12.5 t ha' t 3.2x106 6x10 3 
collected after 
35 years of addiii of 
F"YMat 12.5 t ha 
year in new per
manent manurial 
experiment.

a. Sidhu and Beri (1986). 
b. Krishnamoorthy and Ravikumar (1973). 
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successfully recycled to improve soil productivity. Though 
awareness of their beneficial effects is evident, gaps 
remain in understanding the mechanisms by which these 
two biological resources contribute to soil fertility. The 
following areas are some that need to be considered in fu-
ture research. 

Biological N2 Fixation 
It is important to work out a strategy for the role of N2 

fixation in relation to the use of chemical fertilizer. In 
doing so, a prerequisite will be to measure or estimate N 
gain by plants and soils via N2 fation. 

The quantity and the pathways by which mineralized 
legume N is made available to the associated or succeed-
ing crop have not been fully elucidated. It is essential to 
conduct experiments using '"N-labeled legumes to study
the process of decomposition of legume N in the soil and 
its uptake by plants. 

The value of legumes in the plant-soil system has been 
recognized, but it has usually been discussed from the 
viewpoint of N economy. The role of legumes in improve-

ment of soil structure and accumulation of soil organic 
matter is also important and should be investigated. 

Organic Manures 
Most of the information available on the effects of or

ganic manures on crop yields and soil properties is from 
one or two crop seasons. However, a practical approach
would be to conduct such experiments for longer dura
tions at the same site under different agroclimatic 
conditions. 

The effect of application of fresh organic materials in 
immobilizing available soil nutrients is mainly derived 
from the negative effects of plant residues on crop yields. 
Use of labeled material would provide precise information 
on immobilization and remineralization of the nutrients. 

Mutually complementary or synergistic effects of or
ganic manures and chemical fertilizers need to be studied, 
and the abundantly available biomass from naturally grow
ing plants such as water hyacinth, Panhenium, Lantana, 
Eupatorium, etc., needs to be profitably used in agricul
ture with appropriate management. 
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Fertilizer Use on Soils of the Semiarid Tropics -
Economic and Social Factors 

R. P. Singh, Director, S. K. Das, Senior Soil Scientist, and Y.V.R. Reddy, Central Research Institute for Dryland 
Agriculture 

Abstract 

Although soils in the semiarid tropics (SAT) are generilly responsive to N and P, farmers apply significant amounts of 
fertilizer only to cash crops. On-farm surveys were conducted in regions where Vertisols and Alfisols predominate to 
determine why feitilizer use was low and to see if its use rate was improved by training farmers in appropriate fertilizer 
management. Generally farmers used less than the recommended amounts of fertilizer and did not apply a urea topdress
ing because of an anticipated lack of yield response. High cost and fear of risk were the major limitations to fertilizer use 
in these villages. Farmers involved in training and demonstrations showed significantly higher rates of fertilizer use. 
Generally, fertilizer use in Vertisols was higher than that with Alfisols because of the more favorable soil moisture condi
tions in the clay of the Vertisols. 

Introduction 

The semiarid tropics (SAT) region of India, an area 
covering 956,750 km2, has varied soil types. Vertisols and 
associated soils, which range in depth from shallow to very 
deep, predominate in this region, followed b Alfisols and 
related soils and Entisols. Vertisols have a clay content of 
30%-70%, which allows them to hold aboit 30 cm of 
water per meter of soil profile and therefore be produc-
tive. Alfisols and related soils, which tend to be shallow to 
medium in depth, have a 10%-20% clay content and hold 
about 15 to 20 cm of water per meter profile depth. En-
tisols, generally loamy sands or sandy loams, can hold up 
to 20 cm of water per meter profile. 

By and large, soils of the SAT region are deficient in N 
and " Other limiting nutrients include zinc, iron, and oc
casioi~ally potassium and sulfur. Economic responses have 
been obtained from fertilizer use on these soils 
(Randhawa and Singh, 1983; Kanwar and Rego, 1983; 
Singh and Das, 1984; Singh and Venkateswarlu, 1985; 
Singh and Das, 1986; Venkateswarlu, 1987). Yet, in spite 
of convincingly remunerative responses obtained at ex-
perimental stalions, farmers seldom apply fertilizers to 
crops grown under dryland conditions. A survey con-
ducted by Jha and Sarin (1984) in 114 nonirrigated dis-

46.4 kg ha" during the same year (1984/85). Most of the 
fertilizer use in dryland areas is confined to cash crops like 
cotton, groundnut, chilies, etc. Coarse grains, pulses, and 
oilseed crops, which constitute the predominant cropping 
systems in dryland situations, receive either no fertilizer or 
negligible amounts. Although this has been a major 
concern in boosting the productivity of dryland crops, 
no systematic study has been conducted to find out the 
reason(s) why the dryland farmers are not enthusiastic 
about applying fertilizers to dryland crops. It has only 
been assumed that the reasons for not using fertilizer lie 
in (1) uncertainty of return from investment in fertilizer 
use and (2) the poor resource base of dryland farmers 
with little risk-bearing capacity. 

Socioeconomic Survey 

With a view to finding out socioeconomic constraints 
to fertilizer use in dry!ands, a survey was conducted cover
ing six villages having two representative soil types, viz., 
Alfisols and related soils and Vertisols and related soils. 
The survey was conducted during September 1988 through 
a prescribed questionnaire designed to gather information 
on current fertilizer use in dry areas and to evaluate the 
":onstraints to fertilizer use in the context of their present 
v'ocioeconomic framework. 

tricts of the semiarid tropics of India revealed that the 
average fertilizer use (N + P205 + (20) is only 18.5 kg For Alfisols, two villages, Kawadipalli and Anazpur,
ha" in these districts as against the all-India average of were selected for the study. These villages are located 
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about 25 km from Hydcrabad. Kawadipalli village was 
represented by 52 farm families. This village has been 
adopted by the Central Research Institute for Dryland 
Agriculture (CRIDA) under Krishi Vigyan Kendra (KVK) 
since 1987/88, under which the farmers are given skill-
oriented training in dryland agriculture. Crop demonstra-
tions with an improved package of practices are also being 
done in this village. The farmers of the adjacent Anazpur 
village had no such exposure to dryland technology. This 
village is represented by 46 farm families for the present 
study. 

For studying the socioeconomic factors in use of fer
tilizers for dryland crops grown in Vertisols and relatedocatd aout msoil, fur 	vllaes 10 fom HderbadThesoils, four villages located about 110 kmn from Hyderabad 
were selected. Fifty-five farmers were interviewed from 
Chevclla and Pothulaboguda villages. These two villageshave been adopted by CRIDA under the Model 
Watershed Development Program of the Indian Council 
oa tural Revesoperch ro(rCAR). the ni oncilgof A gricultural R s arch (ICA R). The neighboring village 
of Vatpalli, representing 51 farming families, had not been 
exposed to watershed technology. Further, a tribal hamletfrom Dakbangla tanda and Vatpalli tanda was alsofromDakanga tada lsotndaandVatall as 
covered. Twenty-nine tribal farmers were interviewed for 
this study. 

Fertilizer Use 

Alfisols ai;d Related Soils 
The Setting-Of the total 98 farmers included in the 

survey in two villages (Kawadipalli and Anazpur), about 
60% had landholdings of less than 2 ha; the average hold-
ing was 1.05 ha per household. Another 27% of the 
farmers had an average holding of 2.72 ha (Table 1). The 
majority of the farming families belonged to the category 
of marginal farmers. 

Table 3. 	 Major Cropping Systems of Dryland Farmers 

Table 1. 	 Landholding Pattern Ina Typical SAT Alfisol 
Region 

Size 	 Number of Farmers Average Holding Size 
(ha) 	 (ha) 
<2 59 1.05 
2-4 27 2.72 
>4 12 	 6.82
 

Totl 98 

share of dryland agriculture in the total landholdig aidfo 8 o7%(al ) odfnt rn 
ings varied from 68% to 76% (Table 2). No definite trend 
under dryland agriculture. Sorghum and castor are theunedyanagiltr.Sghmndcsoaete
 
predominant dryland crops in these villages. A small area 
is also put to intercropping systems with pigeon pea as theprni a co o e tc op( bl 3) 
principal component crop (Table 3). 

Table 2. Dryland Area Under Different Landholdings 

Size Dryland Irrigated Others 

(ha)--- --------------- --------(%)
<2 72.5 21.5 6.0 
2-4 76.0 19.5 4.5 
>4 68.0 19.5 12.5 

Fertilizer Use Patterns-The study has revealed that 
castor and sorghum received 24.0 and 23.0 kg ha" fer
tilizers (N + P), respectively (Table 4). However, fertilizer 
use under the sorghum + pigeon pea intercropping system 
was lower (15.6 kg hai). The amount of farmyard manure 
(FYM) used was quite meager. Interestingly, the ratio of 

Sorghum 	 + Pearl Sorghum + Pearl Millet -
Holding Size Sorghum - Castor Millet - Castor Castor - Castor Sorghum + Pigeon Pea 

(ha)------- ---------------------------------- (%)-----------------------

<2 93 15
 
2-4 62 67 19 12
 
>4 47 73 17 43
 

Note: Individual farmers may employ more than one cropping system on their landholdings. 
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Table 4. Average Fertilizer Use Pattern for Different Besides using 24.6 kg ha' of fertilizer, 55% of those 
Dryland Crops with larger holdings (>4 ha) apply FYM for grain crops 

(mostly sorghum) every year (Table 7). By contrast, only
Crops FYM N P N + P 29% and 33% of marginal and small farmers used FYM 

(t ha"') --- (kg ha") ----- every year; 10% to 25% of the farmers also use FYM in 
Castor 0.23 14.3 9.7 24.0 alternate years. Grain crops received more FYM than 
Sorghum + pigeon pea 0.04 9.5 6.1 15.6 cash crops like castor. 
Sole sorghum 0.25 13.7 9.3 23.0 

Table 7. 	 Frequency of FYM Application to Dryland 
Crops by Farmers 

N:P used by the farmers varied from 1.47 to 1.55.
 
However, the fertilizer use was confined to basal dressing Farm
 
only. On an average, 53% of the farmers did not apply Size Grain Crop Commercial Crop
topdressing for various reasons. Of this group, 89% did (ha) ----------- (% farmers)----------
not apply urea as topdressing because of uncertainty in 
obtaining a favorable response from the applied fertilizer Every Year 
(Table 5). 	 Other constraints to topdressing were lack of 29 16 
adequate rains at the time of topdrssing (70%), the belief 2-42 33 11 
that topdressing may not contribute to increases in yield >4 55 
(38%), and difficulty of topdressing in the standing crops 
(31%). Alternate Years 

Table 5. 	Reasons for Not Topdressing With Fertilizer <2 17 6 
2-4 25 7 

Constraints Farmers >4 10 
(%) 

No guarantee to response 89 
Lack of adequate rains 70 Constraints -It can be seen that the rate of fertilizerNo improvement in yield 	 38Difficulty in applying 31 applied is lower in all cases than the recommended dosefor sorghum (40 kg N ha"1 and 30 kg P ha") and castor 
Note: Individual farmers cited more than one reason for (50 kg N ha" and 20 kg P ha"). Of the farmers, 50% 
not using fertilizer, believed that crops might not respond to higher levels of 

fertilizer than they used (Table 8). Some others (49%) 
believed that FYM is better than chemical fertilizer for

Fertilizer use was found to be the highest (24.6 kg ha" ) their soils, and 42% of the farmers believed that dryland 
among the farmers having landholdings of more than 4 ha 
(Table 6). A similar use pattern (23.3 kg ha") was ob
served for holdings of less than 2 ha. Interestingly, little Table 8. Reasons for Not Applying Fertilizer at 
fertilizer (9.7 kg ha") was used by the farmers having Recommended Levels 
landholdings of 2-4 ha. 

Constraints Farmers 

(%)Table 6. 	 Average Fertilizer Use Under Different Crops don't respond 50 
Landholdings FYM is better 49 

Size 	 FYM N P N + P Fertilizers burn the cropsol r or orsod2 42
 
(ha) (t ha" )- --------- (kg ha"l) --------- Soils are poor to respond 20
Tank silt is preferred 	 12 
<2 0.20 14.2 9.1 23.3 Damage soil structure 11
 
2-4 0.15 5.8 3.9 9.7
 
>4 0.08 14.6 10.0 24.6 Note: Individual farmers cited more than one reason for 

not applying fertilizer at recommended levels. 
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crops may be damaged by higher levels of fertilizer ap-
plication. Fertilizer use was ;nadequate for other reasons: 
(1) some farmers preferred tank silt over fertilizers, 
(2) some 	believed that soil strueture may be damaged by 
fertilizer use, and (3) some believed their soils are too 
poor to respond to fertilizer application. 

High cost and lack of finances coupled with fear of risk 
were the major constraints to fertilizer use in these vil-
lages (Table 9). Lack of knowledge and conviction con-
cerning judicious fertilizer use and incidence of pests are 
other minor constraints. Lack of availability of fertilizers 
in the villages, however, did not emerge as a constraint. 

Table 9. 	 Constraints to Fertilizer Use 

Responding Farmers 
Type of Constraint Decreasing Priority-, 

---------- (%) ----------

Costly 32 36 14 5 -
Lack of finance 28 11 21 11 2 
Heavy risk 13 31 26 7 1 
High pest incidence due 

to fertilizer use 7 3 9 16 5 
La,: of conviction 5 2 6 4 -
Lack of availability 
of credit 2 8 4 3 3 

Lack of knowledge 1 8 6 4 1 
High interest on 
borrowed money - 1 10 4 1 

Lack of improved seed - - 3 3 6 
Lack of training - 3 3 4 6 
Lack of suitable 
implements - - - - -

Not profitable - -

Note: Farmers were asked to leave blank any constraint 
that was not applicable and to rank each constraint that 
was applicable on a scale of 1-5. The percentage of 
farmers given in a particular rank was established on the 
basis of the total number of selected farmers in the study. 

Farmers thought that provision of a subsidy and loans 
could boost fertilizer use in drylands (Table 10). This is in 
agreement with the observation that fertilizer use is mostly 
constrained by lack of finances (Table 9). Again, non-
availability of fertilizers at the farm gate did not pose a 
major problem in fertilizer use. It appears that, once 
finances are available, farmers would be willing to obtain 
fertilizers even from longer distances. 

Table 10. 	 Conditions Under Which the Farmers Would 
be Willing to Use Fertilizers in Dryland Crops 

Coaditions Farmers 
(%) 

With subsidy + loan 53 
With subsidy + loan + self-financing 26 
With subsidy 15 
Availability in the village + the other 

above factors 3 
With subsidy + self-financing 2 

KVK Program -The impact of the KVK program on 
fertilizer use in the two villages was studied by separating
their responses. The KVK farmers who had received 
training in dryland agriculture and participated in crop 
demonstrations used highcr fertilizer doses than did the 
farmers who had not been exposed to the KVK program
(Table 11). The KVK-trained farmers used 123%, 381%, 
and 113% more fertilizer for castor, sorghum + pigeon 
pea, and sole sorghum, respectively, than did the farmers 
in the non-KVK village. 

Table 11. 	 Fertilizer Use Pattern in Different Crops in 
KVK and Nsn-KVK Villages 

Non-KVK 

Crops 
KVK Village 

N P N+P 
-- -(kg ha-' ) ------

N 
Village 
P N+P 

(kg ha " ) - -

Castor 20.1 13.2 33.3 8.6 6.3 14.9 
Sorghum + pigeon 

pea 
Sole sorghum 

15.7 
17.9 

10.3 
13.5 

26.0 
31.4 

3.4 2.0 
9.5 5.2 

5.4 
14.7 

Training apparently had some effect on the percep
tions concerning fertilizer use. More farmers in the non-
KVK village believed that fertilizer may not give profitable 
return and instead may damage the crop (Table 12). 
Perhaps this is the reason that farmers in the non-KVK 
village used less fertilizer for the crops. Many of them 
believe that FYM is a better source of plant nutrients than 
are fertilizers. The positive attitude of the farmers in the 
KVK village, which led to higher use of fertilizer, might 
have been due to the training and demonstration program 
conducted by CRIDA in Kawadipalli village. 
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Table 12. 	 Response or Farmers Not Applying Fertilizer villages (Chevella and Pothulaboguda) varied between 
at Recommended Levels 0.84 ha and 7.17 ha. The average for the nonwatershed vil

lage (Vatapalli) was 1.35 ha to 6.53 ha. The average
Farmers landholding in the tribal village was 1.33 to 4.56 ha. It is 

Constrairts KVK Non-KVK evident that about one-third of the farmers belonged to 
- (%) ------ the marginal and small-farmer category.
 

FYM is better 45 53
Crops do not respond 43 57 Dryland farming is the major occupation in these vil-Fertilizer 	burns the crops 35 5 	 lages (Table 14). Dryland areas varied from 87.4%Soils are poor to respond 35 s 	
to

100% under different categories of farmers. The extent ofTank silt is preferred 12 13 irrigated area was only 0% to 12.1%. No definite trendDaaget si srucre 10 13Damage soil structure 	 was noticed between landholding size and the area under10 13ir ga on
 
Note: Individual farmers cited more than one reason for irrigation.
 
not applying fertilizer at recommended intervals.
 

Table 14. Dryland Area Under Different Landholdings
Vertisols and Related Soils
 

Three categories of farmers were selected to cover the 
 Size Dryland Irrigated Others 
fertilizer practices on the Vertisols and related soils: (ha)-- --------------- (%) ---------
(1) farmers who belonged to the watershed program being 
run by CRIDA; (2) farmers of the neighboring village, Watershed Villages 
who did not have exposure to the watershed program; and 
(3) tribal farmers not exposed to the watershed program. <2 100.0 0 0 

2-4 98.8 1.2 0 
The Setting- In all three categories, the majority of the >4 91.1 0 8.9 

farmers (65.5% to 75.9%) had landholdings of less than 
2 ha. This category was more predominant in the tribal vii- Nonwatershed Village
lage (Table 13). Average landholdings in the watershed 

<2 98.7 0 1.3
Table 13. 	 Landholding Pattern in a Typical SAT Vertisol 2-4 87.4 2.8 9.8 

Region >4 90.2 0 9.8 

Number Tribal Village 
of Average Holding

Size Farmers Constituents Size <2 98.6 1.4 0 
(ha) (%) (ha) 2-4 87.9 12.1 0 

Watershed Villages 	 >4 100.0 0 0 

<2 36 65.5 0.84 
2-4 9 16.4 2.92 
>4 10 18.1 7.17 The predominant cropping systems in the drylands are 
Total 55 greengram- Rabi sorghum/chick-pea, blackgram- Rabi 

Nonwatershed Village sorghum/chick-pea, sorghum + pigeon pea, and 
sunflower (Table 15).

<2 34 66.7 1.35 
2-4 8 15.7 3.26 Sunflower, although newly introduced, has been ac
>4 9 17.6 6.53 cepted more by the tribal farmers than by other types of 
Total 51 farmers. Greengram followed by Rabi sorghum/chick-pea 

Tribal Village is the most popular cropping system in the area. 

<2 22 75.9 1.33 Fertilizer Use Patterns -FYM and fertilizer use (N
2-4 5 17.2 2.67 and P) varied with crops. Farmers gave preference to 
>4 2 6.9 4.56 FYM application to chilies, followed by greengram.
Total 29 Sorghum-based cropping systems also attracted FYM 



Table 16. Average Fertilizer U, e Patternin Different 
Dryland Crops 
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Table 15. Major Cropping Systems in Drylands 

Greengram- Blackgram-

Rabi Rabi Sorghum 


Holding Sorghum/ Sorghum/ + Pigeon 

Size Chick-Pea Chick-Pea Pea Sunflower Chilies 

(%) (%) (%) (%) (%) 

Watershed Farmers 

<2 53 	 50
3 11 8 

2-4 100 22 78 11 22 

>4 70 40 100 30 30 


Nonwatershed Farmers 

<2 85 26 59 15 

2-4 
 63 13 75 38 25
 
>4 78 33 100 89 22 


Tribal Farmers 

<2 41 	 36 95 
 5 

2-4 40 . 80 80 
 -

>4 100 - 100 100 


Note: Individual farmers practiced more than one cropping system. 

application by the farmers (Table 16). By and large, all 
the crops are fertilized with nitrogen and phosphorus. 
Kharif crops received more fertilizers than did Rabi 
(post-monsoon) crops. Fertilizer application varied be-
tween 11.8 and 85.6 kg ha-'. However, what is disturbing is 
the ratio of nitrogen and phosphorus used in these vil-
lages. Phosphorus use often is greater than use of 
nitrogen. Evidently, it is due to the basal application of 
fertilizer only at sowing. Most of the farmers do not resort 
to topdressing with nitrogen. The reasons for not 
topdressing are given in Table 17. Most of the farmers in 
the watershed villages believed that they may not get 
adequate rains for full rse of topdressed fertilizer. 
Another strong point for not topdressing was the belief 
that the topdressed fertilizer may not give remunerative 
response. The farmers in the nonwatershed village had 
mixed reaction to topdressing. The majority of tribal 
farmers did not believe that topdressing will improve the 
yield. Difficulty in applying fertilizer to the standing crop 
was another reason cited. No definite trend was noticed in 
the fertilizer consumption under different landholding 
sizes except in the tribal village, where fertilizer consump-
tion decreased with the increase in landholdings
(Table 18). Most of the farmers in all three groups 

Crops 

Greengran 
Blackgram 
Sorghum + 

pigeon pea 
Sunflower + 
pigeon pea 

Chilies 
Sorghum
 
(Rabi) 


Greengram 
Blackgram 
Sorghum + 
pigeon pea 

Sunflower + 
pigeon pea 

Chilies 

Sorghum 
(Rabi) 

Greengram 
Sorghum + 
pigeon pea 

Sunflower 
Sole sorghum 
Sorghum 

(Rabi) 

FYM N P N + P 
(t ha" )- ------- (kg ha*') -------

Watershed Villages 

6.30 12.0 20.2 32.2 
3.60 16.3 18.7 35.0 

2.51 10.6 16.2 26.8 

- 23.7 26.8 50.5 
7.17 37.3 38.8 76.2 

- 5.9 6.1 11.8 

Noxwatershed Village 

2.76 7.5 13.6 21.1 
1.68 7.5 16.6 24.1 

1.20 11.4 18.4 29.8 

1.70 14.0 25.6 39.6 
4.71 26.0 17.0 43.0 

0.73 	 4.1 9.0 13.1 

Tribal Village 

1.46 9.0 23.1 32.1 

5.01 37.0 36.9 74.7 
3.82 23.7 38.7 62.4 
- 46.4 39.7 85.6 

8.9 22.7 31.6 

preferred applying FYM to a cash crop, such as chilies. 
However, the greengram crop is also manured with FYM. 
Application of FYM every year is the common practice 
(Table 19). 

Constraints-The reasons for not applying fertilizer at 
recommended doses were studied. Lack of finance ap
pears to be the major constraint with the farmers in the 
watershed progcm (Tabie 20). They prefer FYM over 
chemical fertilizer. A large percentage (31%) of 
the farmers in the watershed village believed that 
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Table 17. 	Reasons for Not Applying Fertilizer as Table 19. Frequency of FYM Application to Dryland
Topdressing Crops by Farmers 

Constraints Farm
 
Lack of No NPo Size 
 Grain Crop Commercial Crop

Adequate Difficulty Guarantee Improvement (ha) ------------ (% farmers)-----------
Size Rains in Applying of Response in Yield 
(ha) ------------------ (%) ---------------- Watershed Villages, Every Year 

Watershed Farmers <2 52 	 52 
2-4 44 33
 

<2 72 
 6 89 - >4 33 44
 
2-4 75 25 25 25
 
>4 100 - 100 -	 Watershed Villages, Alternate Years 

Nonwatershed Farmers 	 <2 4 19 
2-4 44 

<2 45 21 39 12 >4 11 44 
2-4 40 40 100 40 
>4 67 33 83 17 Nonwatershed Village, Every Year 

Tribal Farmers <2 21 35 
2-4 25 63 

<2 - 50 50 50 >4 11 22 
2-4 - - 
>4 100 100 Nonwatershed Village, Alternate Years 

Note: Individual farmers cited more than one reason for <2 18 32 
not applying fertilizer. 2-4 25 25 

>4 22 56 

Table 18. Average Fertilizer Use Under Different Tribal Village, Every Year 
Landholdings 

<2 40 55
2-4 60 	 20

Size FYM N P N + P 
(ha) (t ha- ) -------- (kg ha") ........ >4 50 100 

Watershed Villages 	 Tribal Village, Alternate Years 

<2 2.71 9.8 15.0 24.8 <2 25 	 20 
2-4 3.16 9.1 17.9 27.0 2-4 20 20 
> 4 0.74 14.2 12.9 27.1 >4 50 50 

Nonwatershed Village 

<2 1.91 9.7 22.0 31.7 fertilizer application, particularly by topdressing, may
2-4 1.69 6.6 11.6 18.2 burn the crop. Lack of finance was yet another major con
> 4 1.16 8.3 12.6 20.9 straint with the farmers of the nonwatershed village. Inter-

Tribal Village 	 estingly, finance did not appear to be a constraint with the 
tribal villagers. This may be due to the fact that they get

<2 4.42 30.7 37.4 68.1 official subsidy for purchasing fertilizers. Some of the 
2-4 2.96 25.3 31.8 57.1 tribal villagers also believed that fertilizer application may
>4 3.03 9.8 15.2 25.0 not give response and instead may damage the crop. They 

thought it better to rely more on FYM. 
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Table 20. Reasons for Not Applying Fertilizer at Table 21a. Constraints to Fertilizer Use-Watershed 
Recommended Levels Villages 

Responding Farmers
Watershed Nonwatershed Tribal Type of Constraints Decreasing Severity

Constraints Farmers Farmers Farmers--	 ------------ (%)-------
------------ (%) High cost 44 22 2  - -

FYM is better 45 55 34 Heavy risk 9 40 18 - - - - -Fertilizer may Lack of conviction - - 4 - - - -
Fertierop Lack of knowledge 2 5 4 9 - - - -

Crops do not Lack of availability 2 2 - 2 - - - 

respond 16 29 21 Lack of finance 33 11 35 - - - - -

Tank silt is High interest on 
preferred 4 4 	 borrowed money - 4 -N7aalblt 2 13 - - -

Damage soil Nonavailability 
of credit 2 4 9 7 9 - - -Soils are poor to High pest incidence - 4 2 7 - 2 

respond 11 2 - Lack of improved
 
Moisture stress in seed 2 - 2 - 2--


Rabi season - 14 - Lack of guidance/
 
Lack of finance 49 43 training - - 4 7 2 - -
Lack of implements 

Note: Figures indicate percentage of farmers reported for for application - 4 7 4 7 4 
different constraints. Individual farmers cited more than Lack of profit - - - - 4 - 

one reason for not applying fertilizers. 

Table 2lb. 	 Constraints to Fertilizer Use- Nonwatershed 
Village 

The constraints to fertilizer use are shown in Ty Responding Farmers 
Tables 21a, 21b, 21c for watershed, nonwatershed, and pe of Constraints Decreasing Severity 
tribal villages, respectively. The high cost of fertilizers and (%)
the lack of adequate finance to support fertilizer use High cost 49 20 16 2 -.. 
emerged as the major constraints in the watershed vil- Heavy risk 6 41 12 2 4
lages. Uncertainty in getting response was the other con- Lack of conviction - 2 8 2 2 
straint in these villages. Similar constraints were reported Lack of knowledge 2 6 6 12 4 - 
by the farmers in the nonwatershed village. These include Lack of availability - 2 8 2 - - high cost of fertilizer, lack of finance, and uncertainty in Lack of finance 39 16 14 8 2 - 
response. Although lack of finance was never a constraint High interest on 
to fertil;zer use in the tribal village, some farmers believed borrowed money - 2 4 2 2 2 - 
that it is costly and that fertilizer use may increase risk to Nonavailability
the crops. In all the villages, it appeared that the farmers of credit 2 6 10 2 4 4 - 
had adequate knowledge about the impact of fertilizer use High pest incidence - - 2 2 2 - - 
in dryland crop production. Lack of improved 

seed 2 - - 6 6 6- -
Availability of fertilizers in the village itself, coupled Lack of guidance/ 

with facility for subsidy and loan, would help to increase training - - 10 8 8 10 8 
fertilizer use under all the situations (Table 22). Self- Lack of implements
financing and subsidy did not find much favor in these for application - 2 4 8 4 6 12 4 
villa 6es. Lack of profit - 2 - 2 - - - 
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Table 21c. Constraints to Fertilizer Use-Tribal Conclusion 
Village 

These studies have clearly brought out that fertilizer isTysecsing Fersy used for 	dryland crops grown in Alfisols and Vertisols.TpoCnrn.cei Svi 	 However, the amount applied and the ratio of nitrogen 

and phosphorus used are the major issues. Topdressing is
High cost 38 7 7 -  not in vogue for various reasons. The high cost of fertilizer 
Heavy risk 14 28 - 3  and the lack of finance are the major constraints under 
Lack of conviction - - 3  - both the soil types. Availability of the fertilizer with sub-
Lack of knowledge 3 - - 7  sidies and loans would help boost fertilizer use in the Ver-
Lack of availability - - 10 - 3  tisol villages. Provision of subsidies and loans could also 
Lack of finance - - -  -	 increase fertilizer use in Alfisols. Although the responses
High interest on of the farmers under both the soil conditions were similar,
borrowed 	money - 3 10  - the fertilizer use per unit area was higher for Vertisols

Nonavailability than for Alfisols because of the better moisture regime
of credit 3 - -  obtainable in Vertisols. Involvement of the farmers in the

High pest incidence 7 - - - - 3 - training and demonstrations provided in the KVK and
Lack of improved watershed villages helped considerably to increase fer
seed  3 3 3 - - - 3 tilizer use. 

Lack of guidance/ 
training - - 7 - 3 3 Application of FYM is a general feature in both Al-

Lack of implements fisols and Vertisols. Farmers rely more on FYM than on 
for application  - - - - - chemical fertilizers although the quantity used is meager.

Lack of profit - - -- Commercial crops like chilies receive FYM dressing every
Note: Farmers were asked to leave blank any constraint year. 
that was not appropriate and to rank each constraint that 
was important on a scale of decreasing severity. The per
centage of farmers given in a particular priority rank was 
established based on the total number of selected farmers 
in the study. 

Table 22. 	 Conditions Under Which the Farmers Would 
Like to Use Fertilizers in Dryland Crops 

Watershed Nonwatershed Tribal
 
Conditions Farmers Farmers Farmers
 

------------ (%)-----------

With subsidy + loan 
+ self-financing 33 33 38 

With subsidy + loan 20 41 38 
With subsidy 4 6 7 
With subsidy + self

financing - 2 -

Availability in the 
village + other 
above factors 43 18 17 
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Abstract 

The CERES sorghum model and risk analysis procedures were used to quantify variability in sorghum grain yield and response to N fertilizer over time in various areas of the Indian SAT. The CERES sorghum model simulates crop growth,development, and water and nitrogen balance. It considers other factors such as pests, diseases, and nutrients other than Nnot to be limiting growth. The model's performance was evaluated on the basis of IFDC/ICRISAT experiments conducted over a 5-year period. The 25-year simulation studies indicated that the availability of soil moisture in drier environ
ments and N leaching in wetter areas were key factors in low N efficiency. 

Introduction 

The semiarid tropical area of India is characterized by 
an erratic rainfall and impoverished soils. In this region,
much of the rain occurs in high-intensity storms, which 
can result in substantial runoff and severe soil erosion. 
Because of the uncertainties and risk of both short- and 
long-term droughts, farmers in the semiarid tropics (SAT) 
have been reluctant to adopt the use of high-yielding
varieties, fertilizers, and other inputs characteristic of the 
green revolution in some areas (Krantz et al., 1978). It has 
been estimated (Tandon, 1977) that only about 15% of the 
area cropped to wheat or sorghum in the SAT receives 
fertilizer. 

Since the early 1970s, considerable fertility research in 
the Indian SAT has indicated positive and significant 
responses to fertilizer N (Katyal, 1989). The results ob-
tained from these studies and others suggest that the low 
or almost complete lack of fertilizer application to rainfed 
crops of the SAT is a much more conservative policy than 
is warranted (Kampen and Burford, 1980). The very small 
resource base from which SAT farmers operate and other 
socioeconomic factors also hinder the widespread adop-
tion of fertilizer use on rainfed crops in the SAT. 

Earlier work by Spratt and Chowdhury (1978) has indi-
cated that, even in fairly dry years, economic responses 
can be obtained with applications up to 40 kg N ha". 

When nitrogen fertilizer is used in the SAT, its efficiency 
of use is highly variable. Craswell and Godwin (1984), in a 
survey of experiments on nitrogen use on sorghum in the 
SAT, found efficiencies of use ranging from 2 to 24 kg ad
ditional grain per hectare per kg N applied. Low effi
ciencies of N use can occur in the SAT for reasons other 
than periodic drought. Because of the nature of rainfall 
events, periodic inundation of the soil can occur, which 
can lead to the development of conditions conducive to 
nitrogen losses via leaching or denitrification. Nitrogen 
can also be lost from the soil-crop system by ammonia 
volatilization or rendered temporarily unavailable to the 
crop by immobilization. In the many different climatic and 
edaphic environments of the SAT, these processes will 
vary greatly in importance. Givep the many different
transformations and the large impact of climate on fer
tilizer use efficiency, it is generally difficult to identify
universally optimum fertilizer strategies. Climatically 
driven simulation models describing the major transfor
mations of nitrogen in soil, the processes of crop growth
and development, and the balance of water in the soil can 
provide valuable insights into fertilizer behavior. Coupled
with long-term climatic data, simulation models of this 
type can be used to quantify variability in response to fer
tilizer and the magnitude of loss processes. This paper 
describes the use of the CERES models and risk analysis
procedures as an aid to identifying appropriate fertilizer 
strategies in various areas of the Indian SAT. The CERES 
sorghum model is used as an example. 



120 

Description of CERES 

Sorghum Model 


The CERES models are a family of simulation models 
describing crop growth and development, water balance, 
and nitrogen balance. Currently there are models for 
wheat (Ritchie et al., 1988), maize (Jones and Kiniry, 
1986), sorghum (Alagarswamy et al., 1989), and millet and 
rice (Singh, Godwin, and Ritchie, 1988; Singh et al., 1988). 
Each of these models has components to describe the 
processes of soil water balance, nitrogen balance, and crop 
growth and development. The models operate with a daily 
time step and use daily weather data as inputs. A detailed 
documentation of the models can be found in thereferences cited above and will not be repeated here. To 
pefroens uedveand wit nofe eeat hd .To 
provide an understanding of the lvcl at wlhich processes
are modeled in the sorghum model, a general descripion 

The models incorporate at soil water balance corn-
ponent, which includes calculations of surface runoff, 
evaporation, through-drainage, and plant water extraction. 
The soil water balance model operates on a layer by layer
b a si s wi t h the laye r dep t h s a nd sto rage c a,,ra c t e ri s t i c ., asginput parameters. It includes two field-detcrmnined limits 

of plant-available water, a lower limit and a drained upper 
limit (Ritchie, 1985). Water in the profile above the 
drained upper limit moisture content drains to lower 
layers and, in so doing, leaches nitrate, 

The leaching process is modeled as a function of the 
volume of this drainage water that moves through a layer. 
The nitrate and water moving out of one layer are added 
to the layer be!ow, and the cascading system continues 
until a sufficientl dry layer or the bottom of the profile is y
reached. The reverse process of upward movement of 
nitrate with loss of water by evaporation and the move-
ment associated with unsaturated flow are also modeled. 

Plant water extraction is calculated as a function of 
root length density, water availability, and potential 
transpiration. The root growth submodel includes proce-
dures that simulate the distribution of a daily increment of 
new root growth betwcen layers on the basis of water and 
N availability. Root distribution is modeled as a water-
and N-sensitive process, and therefore processes that are 
dependent on root distribution, such as water extraction 
and nitrogen uptake, will reflect this sensitivity. In en-
vironments such as the SAT, where timing and placement 
of fertilizer applications may be critical, simulation of root 
distribution in this manner enables the model to have sen-
sitivity to fertilizer management. 

Light interception and photosynthesis are modeled as 
a function of leaf area index and incoming solar radiation. 
Nitrogen deficiency in the plant reduces crop photosyn
thesis by (1) reducing the rate of leaf expansion and 
(2) reducing the amount of photosynthesis per unit of leaf 
area. Plant N status is also used to modify the tiller sur
vival rate in tillering environments and stem growth and 
leaf senescence. A root and shoot pool of labile nitrogec, is 
used to simulate nitrogen remobilization from vegetative 
and root tissue to grain. All transfers of N to the grain 
pass through this labile nitrogen pool. 

The models include components that simulate plant 
devementstat of te pnt 
imelopment and thus provide estimates of the timing ofimportant events in the life cycle of the sorghum or millet 
crop. These procedures are also used to determine the
duiation of each distinct phase of growth. Differencesbetween cultivars in the length of the growing season and 
yield components are accounted for by including some 
gcnetic-specific constants in the model. The timing of the 
onset of water or N stress will thus have differing ramifica
tions for different cultivars in the same environment. The 
capacity of the model to describe these important dif
ferences enables modeling studies to identify appropriatee t i ch r t rs f r p t c u a en r o m t . T e m d lgenetic characters for particular environments. The model
calculates growth rates of leaves, stems, ears, roots, and 

grain during phases defined by the crop's development. 
The nitrogen submodel incorporates a component to 

describe the mineralization and/cr immobilization of 

nitrogen associated with the decay of crop residues or 
green manures and the slow turnover of the soil humic 
fraction. The organic matter turnover rates are modified 
by indices describing the effects of soil moisture, soil tem
perature, residue composiion, and N avaiiability in the 
model. The balance between mineralization and immobilization of nitrogen associated with this decay is a function 
of the CN ;aio. 

Urea hydrolysis rates are simulated by first determin
ing a maximum rate of urea hydrolysis for the particular 
soil on the oasis of its pH and organic carbon content. 
This maximum rate is then scaled downward as a function 
of the prevailing moisture and temperature conditions. 
Nitrification of ammonium is modeled as a function of 
substrate concentration, water availability, -,oil tempera
ture, and a lag phase factor that is dependent upon recent 
soil history. Denitrification of nitrate is modeled as a func
tion of water availability (a surrogate for water-filled 
porosity at high water availability), soil temperature, and 
the availability of the water-soluble carbon in soil. The 
method is a modification of that described by Rolston 
et al. (1980). 
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The processes of urea hydrolysis, ammonification, Philippines, and Indonesia. In most circumstances the
nitrification, and denitrification are modeled as first-order models performed well. 
processes. 

The CERES sorghum, rice, and millet models were
Crop nitrogen uptake rate is calculated in two steps. completed only recently and thus to date have been theThe first of these involves determining the crop demand subject of only limited testing. Some details of the testing

for nitrogen. This is determined on the basis of the of the sorghum model are provided below.
nitrogen concentration in the existing crop biomass plus a 
component related to the N required for new growth. The Data were assembled from field experiments con
second step is to estimate potential N uptake as a function ducted at ICRISAT as part of the IFDC/ICRISAT col
of root length density, N availability, soil water availability, laborative project studying N fertilizer use efficiency inand a scalar value of maximum uptake per unit length of SAT soils. The e'xperiments involved various comparisons
crop root. The actual uptake rate predicted on each day is of fertilizer rates, sources, and placement strategies on Al
the 	lesser of N supply (potential uptake) and N demand. fisols and Vertisols of varying depths. The experiments
The model has the capacity to differentiate between simulated were conducted over a 5-year period. The
nitrate and ammonium uptake. Because organic matter weather observed over this period spanned the range fromdecomposition, crop N uptake and growth, and soil N seasons that were considerably drier than average to those
transformations occur simultaneously, each process will that were abnormally wet. The observed data have been
affect soil N availability and will thus have feedback im- reported by Moraghan, Rego, and Buresh (1984) andplications for the rates of the other processes. Moraghan et al. (1984) and by Katyal et al. (1987). Addi

tional data used for testing the model we e obtained fromModel Input Requirements irrigation and nitrogen experiments conducted atThe minimum data set required for simulating Kununurra in northern Australia (Wright, 1985ab) and
nitrogen dynamics in a sorghum cropping system has been from dryland sorghum experiments at Katherine also in
described in detail elsewhere (IBSNAT, 1986; Godwin and northern Australia (Myers, 1980). Each of the data sets
Jones, 1988). Briefly, the following inputs are required: reported had a range of nitrogen rates and often a range
1. 	Weather data consisting of daily values of rainfall, of other treatments, among them irrigation timing, fer

maximum and minimum temperature, and solar tilizer application timing, and cultivar. In each data set,
radiation. pests, diseases, and nutrients other than nitrogen were,

2. Soils data defining limits of soil water extraction, or- considered not to be limiting growth. The observed grain
ganic carbon, pH and bulk density, and mineral yield in these experiments ranged from less than
nitrogen availability. I tonne ha' to over 8 tonnes ha " . 

3. 	 Crop residue information describing the amount, its 
depth of incorporation, and C:N ratio. The performance of the model in predicting grain

4. 	 Management information defining the planting date, yield, total biomass, N content of the aboveground
population, cultivar, dates, rates, placement depths and biomass, and grain N uptake from these experiments is 
sources of N fertilizer used, and dates and amount of indicated in Figures 1-4. The performance of the model in 
irrigation water, if any added. 

5. 	Genetic coefficients for the particular variety. Grain Yield(kg ha 

7,2(X)
Evaluation of the CERES
 

Sorghum Model 5,4X)
 

The earliest of the CERES models, the CERES wheat :6(X) ,
model, has been the subject of extensive testing (Otter-
Nacke et al., 1986) in very diverse environments. The data 3.3( ) 
sets used for testing this model ranged from extremely dry
low-yielding environments in Syria and Australia to the :)) 4(H)INK) f .. 7.2(X) 9,))
high-yielding e'lvironments of the United Kingdom and 
the Netherlands. The maize model has been similarly .inulated
evaluated with many data sets from the United States and Figure 1. Comparison of Predictions of the CERES
from humid tropical regions in Venezuela, Thailand, the Sorghum Model With Observed Grain Yield. 
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1A Biomas.s (kg hu'l) simulating grain yield response to applied nitrogen for 
several of the data sets is also shown (Figures 5-7). This 

1,8(X- preliminary testing of the model against the range of data 
sets indicates that the model generally gives reasonable 

m1.60 predictions of grain yield, biomass, N uptake by the 
aboveground plant, and the partitioning of this nitrogen 

O 7.4(K) into grain.
 

7000 
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Figure 2. Comparison of Predictions of the CERES 
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Figure 4. Comparison of Predictions of the CERES Figure 6. Comparison of Observed and Predicted Grain 
Sorghum Model With Observed Grain Yield Response to Applied Nitrogen at 
Nitrogen Uptake at Maturity. ICRISAT on a Deep Aifisol In 1981. 
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5000 dures, known as risk analysis, have only rarely been 
adopted by agronomists and soil scientists. These proce
dures have been described by Anderson (1974) and have4000 been used in fertilizer practice evaluation by Godwin and 
Vlek (1985). The International BenchmL rk Sites Network 
for Agrotechnology Transfer (IBSNAT) project has

300 ,,,developed a software package termed the Decision Sup
port System for Agrotechnology Transfer (DSSAT), which 

2000 //Ouer"dincorporatesObere	 these various tools (ATNews 2, 1986).'. / Z 0bPrede
 
- Predicted Initial Conditions
 

The CERES sorghum model, coupled with a version of1000 the Richardson (1981) weather generator, was used to 
simulate N dynamics in three contrasting locations in In
dia. The characteristics of the three locations and the01 average amount of rainfall over the growing season are0 30 60 90 120 150 iniaeinTbe1 

N tate lkg ha-I 	 indicated in Table 1. 

Figure 7. Comparison of Observed and Predicted Table 1. Characteristics of the Locations Used in the
Grain Yield Response to Applied Nitrogen at Simulation Study 
ICRISAT on a Shallow Vertisol In 1984. 

Growing Growing 
Using the Model to Evaluate Annual Season SeasonFertilizer Strategies Location Latitude 	 Rainfall Rainfall' LengthFriie (mm) ----- (days) 

Losses of N, fertilizer recovery, grain yield, and the Indore 22 1,186 541-1,071 84-92 processes affecting these vary greatly from year to year in Anantapur 22 560 71-206 76-83 
any location. Thus, to develop optimal fertilization Hyderabad 17 793 220-640 81-91
strategies in any location, it would be desirable to have 
fertilizer experiments conducted over many years. Fer- a. Range over 25-year period of simulation. 
tilizer experiments are rarely conducted for more than two 
seasons, and thus long-term data providing insghts into At each location, 25 years of daily weather data were
the nature of temporal variability are usually not available. stochastically generated. The study examined 11 different 
Where long-term weather records exist, the model can be stchast ratenf 
run to provide a more complete picture of fertilizer fertilizer strategies: 

rresponse variations over time. An alternati,,e to the use of 1. No fertilize applied.
observed weather data is to use stochastic generation of 2-6. 30 60,90a12,weather data. Richardson (1981), Nicks (1974), and Stern 	 lrn10gapplication of urea at planting. 

weater ata.RicardonNiks 7-11. 30, 60, 90, 120, or 150 kg N ha*'(981, 197), ad Sernet al. (1982) describe practical methods for this stochastic 	 applied in two applications, 50% as a basal application at planting
generation process. Coupling such generators to simula- and 50% as a asal ays at planting
tion models can produce a very flexible and powerful tool and 50% as a topdressing 25 days after planting.
for rapidly examining crop production strategies. For the purposes of the study, all fertilizers were incor-

When the outputs generated by the models are as- porated to a depth of 5 cm. Genetic coefficients appro
sembled, the problem of interpretation arises. Means can priate to the variety CSH-1 were used in the study, and thereadily be calculated from the temporal data, but good nominal planting date was June 18 in each year. The simu
decisionmaking will require more information than simply lated date of emergence would depend largely on simu
a knowledge of the average or most likely response (Dent lated soil water availability in the surface layer following
and Blackie, 1979). It is desirable to know the risk as- planting. At each location, four soil profiles typifying the
sociated with a particular strategy as well as the mean out- two major soil orders found in the Indian SAT were used. 
come. Agricultural economists have devoted much time The soils differed in water-holding capacity, depth, and
and effort to developing procedures for selecting mineral N availability (Table 2). For each location,
strategies under conditions of uncertainty and providing 1,100 simulations (25 years x 11 strategies x 4 soil types)
due recognition to farmers' attitudes to risk. These proce- were run. 
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6000 

Table 2. 	 Characteristics of the Soils Used in the 
Simulation Study 

Extractable Mineral 
Soil Depth Soil Water Nitrogen 

...... (cm) ------ (kg Nha7) 

Shallow Alfisol 53 5.3 55 
Deep Alfisol 155 9.5 125 
Shallow Vertisol 44 5.2 35 
Deep Vertisol 172 22.0 108 

Interpretation of Outputs 
The simulated response to fertilizer over the 25-year 

period at Hyderabad (Figure 8) indicates the very large 
variation in response that occurs from year to year. Con-
sistent with the princinles of risk analysis, an alternative 
method of examining these response variations is to con-
struct cumulative probability density functions (CPDFs) 
from the simulated yields. This can readily be done by 
ranking the yields associated with each of the fertilizer 
rates into ascending order and assigning a 4% probability 
(1 year in 25) to each outcome (Figure 9). This is not a 
true CPDF but rather a linear segmented estimation of 
the CPDF. 
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Figure 9. 	 Cumulative Probability Density Function for 
Simulated Grain Yield Response to Four 
Fertilizer Strategies at Hyderabad on the 
Shallow Alfisol Soil (A = 0 kg N ha " , 
B = 30 kg N ha*', C = 60 kg N ha" , 
D = 150 kg N ha'l). 

The plotted CPDFs convey a wealth of information: 
1. 	The range of response from any individual treatment 

can readily be gleaned (e.g., from 0 to 3,500 kg ha" for 
strategy A in Figure 9).

2. 	 The frequency with which yields associated with a par
- . - //: / "/alternative strategy is readily discernible.ticular strategy are superior to those associated with an 
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Figure 8. 	 Variation in Simulated Yield and Rrsponse to 
Fertilizer Over a 25-Year Period on a Shallow 
Alfisol at Hyderabad (A = 0 kg N ha", 
B = 30 kg N ha"', C = 60 kg N ha "', 
D = 150 kg N ha'). 

3. Some 	insights into the nature of the response patterns 

are provided. !n Figure 9 the CPDFs for strategies B, 
C, and D lie close to each other in the low-yielding 
range. This configuration indicates that in low-yielding 
years there is little or no response to fertilizer beyond 

" kg N ha , which in this location would appear to oc
cur in about 25% of the years (lines B, C, and D over

in the region below 0.25 on the vertical axis). In 
high-yielding years, the CPDFs are widely separated, 
indicating a large response. Thus, in this location the 
largest responses to fertilizer are most apparent in the 
highest yielding years (the most typical case). The fre
quency with which the response is appaicnt is also 
readily attainable from the plot. 

4. 	 The best strategy is easily discernible from the figure 
as the one most displaced to the right (D). This 
strategy has a higher frequency of more favorable out
comes than the others. 
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Problems in interpretation can occur when the CPDFs 1.0
 
cross. The interpretation and description of methods used 0.9 ,
 
to identify the most efficient strategies under these cir- 0.8
 
cumstances are beyond the scope of this paper and will 	 - :0.8 

not be elaborated further. 0.7, 	 ..
 
0.6 

Comparison of Fertilizer Strategies 0.
 

at the Three Locations 
 0.5 
When fertilizer strategies are compared on a shallow 0.4 , '"
 

Alfisol, very distinct differences between response pat- , 
 -

terns at the three locations are evident. For 	the dry loca- 0.3 , 
tion, Anantapur, the CPDFs are difficult to distinguish, 0.2
 
indicating that a response to fertilizer seldom occurs 0..
 
(Figure 10). The ceiling yield in this environment is about 0.1 


3,000 kg ha-'. Yield in 80% of the years will 	be less than 
- . 

o.o
 
1,500 kg ha-', indicating that the high yields are only sel- 0 1000 20l00 3000 40 50t00 
 60t00 7000 8000 
dom achieved. A median yield of about 750 kg ha*' was
 
achieved at this site. Response to fertilizer occurred in
 
only 20% of the years, and these were the high-yielding Figure 11. Cumulative Probability Density Function for
 
years. 	 Simulated Grain Yield Response to Four 

1.0 	 . . . . Fertilizer Strategies at Indore on the Shallow 
,o	 AlfisolSoil (A = 0 kg N ha*',. B = 30 kg N ha",C = 60 kg N ha*', 

0.8 	 - D = 150 kg N ha). 

0.7 	 . 

0.8 -' 	 the CPDFs are always widely separated indicates a clear 
0 oresponse 	 to fertilizer over the whole range of rates 
0.5 	 studied.0o.4 	 ..... 

The CPDFs for apparent recovery of fertilizer N (not0.3 depicted) show a somewhat different pattern. At Anan
0.2 tapur recoveries were low in general, and the median 

recovery for all rates of N was approximately 20%. Ap
0.0 . parent recovery exceeded 60% in only a few years. At In
0.0 0- 500I 1000 150o0 200oo") 250oo 3o000 3500 dore there was a very wide range in apparent recoveries.5rin Yield
kg ha
 In some years the recovery was zero, presumably when 

losses were very high, and in some years 	recovery was 
Figure 10. Cumulative Probability Density Function for greater than 100% when moisture conditions throughout

Simulated Grain Yield Response to Four the season were optimal and fertilizer provided an addi-
Fertilizer Strategies at Anantapur on the tional priming effect on mineralization and/or plant up-
Shallow Alfisol Soil (A = 0 kg N ha " , take. The median recovery across N rates was about 50%.B = 30 kg N ha " , C = 60 kg N ha*', At Hyderabad, the CPDFs for apparent recovery ex-
D = 150 kg N ha"). hibited a much narrower range. The medion recovery here 

was 60%. This pattern is to be expected, in hat losses oc
cur less frequently than at Indore and the extreme mois-

At Hyderabad (Figure 9), yields ranged from less than ture shortage occurs less frequently than at Anantapur.
" "1 tonne ha to over 7 tonnes ha '. As indicated previously, 

no response to fertilizer beyond 30 kg N ha- occurs in Similar patterns of response and recovery were ap
30% of the seasons. A clear rzsponse to 30 kg ha' occurs parent on the shallow Vertisol at the three sites although
in all years. At Indore there is a 30% chance of total crop recoveries tended to be higher and yields slightly higher
failure if crops are not fertilized, presumably because of because of the slower drainage rate of the Vertisol. The 
extreme nitrogen stress (Figure 11). The ceiling yield in differences in the leaching losses at the three sites
this environment is also about 7 tonnes ha*'. The fact that (Figure 12) are very marked. Because leaching losses are 
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Figure 12. 	 Cumulative Probability Density Function for Figure 13. Cumulative Probability Density Function for 
Simulated N Leaching at Anantapur, Simulated Yield Advantage of Splitting 
Hyderabad, and Indore. Fertilizer Applications Over Basal 

Application at Anantapur on the Shallow
 
Vertisol Soil (A = 0 kg N ha*',
 
B = 30 kg N ha', C = 60 kg Nha',
 

D = 150 kg N ha').
 

L.U 	 I 

small at the dry site, little advantage to splitting fertilizer 0.9 	 . 

applications would be expected. Conversely, a large 0.8 /
 
response to splitting would be expected at Indore where 0.7.
 
losses are larger. The simulation study indicated this to be 0.? .
 
the case (Figures 13 and 14). 	 .o'
 

0o. 	 II,.... 
'
0.5 

In some years 	there is a disadvantage to splitting fer- 0 . 
tilizer applications, and in some years there is an ad- 0.4 " .
 
vantage. Figures 13 and 14 indicate how often and by what 0.4 "
 
magnitude the advantages outweigh the disadvantage. One 0.3
 

further advantage to splitting not exploited in this study is 0.2
 
that it enables farmers to "hedge" on seasonal outcomes. If 0.1 *."
 

seasonal outlook and crop condition are poor when the 0 ,
0.0 I i I _ __ . 
time comes for applying a topdressing, the rate can be ad- -1000 -375 250 875 1500 
justed downward or fertilizer not applied at all. This can Yield Advantage (kg ha'l l 

lead to considerable improvement in both fertilizer use ef- Figure 14. Cumulative Probability Density Function for 
ficiency and the economics of fertilizer application. Simulated Yield Advantage of Splitting 

Fertilizer Applications Over Basal 
In this study, large differences in CPDFs for yield Application at Indore on the Shallow 

response were found between deep and shallow soils. Vertisol Soil (A = 0 kg N ha" , 
Differences between AlfLsols and Vertisols were less B = 30 kg N ha", C = 60 kg N ha " , 
apparent. D = 150 kg Nha'*). 
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Conclusions 	 into future versions of the model. A phosphorus submodel 
is also being constructed, which should allow studies of the

The simulation studies indicated that, in the wetter nitrogen/phosphorus/water interactions that commonly
environments, fertilizer use efficiency is often limited by occur in the SAT. 
losses of N associated with leaching. In dry environments, 
fertilizer efficiency is usually limited by the availability of The model, particularly when coupled with long-term
moisture in the soil profile. The simulation studies indi- weather data or generated climatic data, is a valuable tool 
cated that, where losses were high, there was a yield for providing insights into the behavior of many aspects of 
advantage to splitting fertilizer applications; in the inter- a cropping system. Running the model with long-term
mediate or Hyderabad-type environment, however, there weather data allows a quantification of the temporal 
was an equal probability that splitting would result in a variability in yield and response to fertilizer. In the SAT 
disadvantage because of Nstress early in the season. environments, the frequency with which periods of mois

ture shortage lead to poor fertilizer use can be deter-
It is important to remember that the model can only mined. When losses of N from the system occur, the fre

account for variations in the factors defined in the model's quency and nature of these losses, which lead also to poor
description, and this assumes that other potentially impor- fertilizer efficiency, can be identified and their relative sig
tant factors such as other nutrients, pests, and diseases are nificance evaluated. Simulation experiments can be con
nonlimiting. The present version of the model is unable to ducted to determine the effects of varying fertilizer rates, 
account for volatile losses of ammonia from the soil sur- timing, placement depths, sources, planting times, etc.,
face, ammonium fixation and movement, or direct losses and in this way a fertilizer strategy to maximize efficiency
of nitrogen from plants to the atmosphere. Where these under the uncertainties of climatic variability can be 
losses are substantial, the model will be inaccurate. Be- readily obtained. 
cause the soil water and N components of the model 
operate in a one-dimensional manner, placement patterns 
such as side banding and point placement can only be Acknowledgments
simulated by assuming uniform incorporation into a layer.
From the preliminary validation studies cited above, it The authors wish to gratefully acknowledge 
appears that the mnodel is able to explain most of the ob- Dr. S. M. Virmani of ICRISAT for providing the climatic 
served variation in yield and N uptake where these condi- data necessary for running the simulations, and 
tions of loss and placement do not apply. Work is cur- Dr. RJ.K. Myers and Dr. G. Wright for providing us with 
rently underway at IFDC to develop routines for simulat- unpublished data used in development and testing of the 
ing ammonia volatilization, which can be incorporated sorghum model. 
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Fertilizer and Soil Fertility Research Needs in the Nineties 
With Special Reference to Semiarid Tropical India 

N. S. Randhawa, Director General, and M. Velayutham, Assistant Director General (Soils), Indian Council of 
Agricultural Research 

Abstract 

Almost 80% of fertilizer use in India is concentrated in irrigated agriculture, and rainfed crops do not get the nutrients 
required for maximum production. Research by the Indiar Council of Agricultural Research (ICAR) has concentrated on 
determining the nutrient requirements within the various agroclimatic regions of India. The research shows that in
tegrated use of organic matter with fertilizer and the inc;usion of legumes in crop rotation are important factors in mini
mizing costs and sustaining production. Fertilizer use in the semiarid tropics (SAT) must be correlated to rainfall and soil 
moisture status to obtain maximum benefit. In this region, green manures, crop residue, and livestock excreta are impor
tant components of continued crop production. Research has shown that potential exists for "biofertilizers" such as free
living and symbiotic N2-fixing bacteria, tVAM fungi, Azolla, and bluegreen algae o improve crop yields. In order to 
optimize fertilizer efficiency within a specific agroecological zone. soil testing mus' be used to determine economically
optimal fertilizer rates for each crop. Issues concerning sustainability in crop prodaction are discussed. 

Introduction 

The Indian semiarid tropics (SAT) area is spread over 
10 States, namely, Tamil Nadu, Karnataka, Andhra 
Pradesh, Maharashtra, Madhya Pradesh, Uttar Pradesh, 
Punjab, Haryana, Gujarat, and Rajasthan, and covers 
nearly two-thirds of the country's arable area. The dis-
tricts in these States are classified on the basis of normal 
annual rainfall, and 192 districts receiving between 
500 mm and 1,500 mm rainfall are identified as semiarid. 
These are further divided into irrigated and unirrigated 
districts depending on whether more or less than 25% of 
the area is irrigated. On this basis, 114 districts fall under 
unirrigated districts and 78 districts under irrigated dis-
tricts (Bapna et al., 1979). 

Intercrop and Interregional 

Disparities in Fertilizer Use 


A study by the National Council of Applied Economic 
Research (NCAER) has brought out several disparities in 
the use of fertilizers (NCAER, 1974). About 80% of fer-
tilizer use is concentrated on four major crops, namely,
rice, wheat, sugarcane, and cotton. The coarse grains, 
millets, pulses, and oilseeds, which are predominantly 
grown under rainfed situations, and most of the fruit trees 
do not get the required fertilization, 

The skewed nature of fertilizer distribution and use in 
different regions is another inequality which needs correc
tion. It is estimated that the five States of Punjab, 
Haryana, Uttar Pradesh, Tamil Nadu, and Andhra 
Pradesh, which have more than 40% of the irrigated area 
under food crops, account for 57% of the total fertilizer 
consumption in the country. Another five SAT States, 
namely, Gujarat, Rajasthan, Madhya Pradesh, 
Maharashtra, and Karnataka, with less than 20% of ir
rigated area under food crops, account for only 27% of to
tal fertilizer use in the country. 

An analysis of fertilizer consumption in 1985/86 in 
350 districts in 16 states indicates hat the level of fertilizer 
consumption is less than 50 kg ha" in 211 districts, be
tween 50-100 kg ha" in 89 districts, and more than 100 kg 
ha" in50 districts only. Our future efforts in fertilizer 
promotion should be aimed at narrowing these inter
regional and interdistrict disparities in fertilizer use. The 
State Department of Agriculture, the fertilizer industry, 
and the Cooperative Marketing Federations can offer con
siderable help in alleviating these disparities. 

At the present levels of inherent fertility, these Indian 
soils can sustain a food-grain production of about 
85 million tonnes, and additional food-grain production 
has to come from use of organic manures and chemical 
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fertilizers. Although India ranks as the fourth largest 
producer and consumer of fertilizer nutrients in the world, 

"the average consumption of 50 kg ha is still very low. 

Research Support for Improved
 
Nutrient Management 


Irrigated Agriculture 
Various All India Coordinated Research Projects of 

the Indian Council of Agricultural Research (ICAR) and 
the agricultural universities have carried out extensive in-
vestigations on the nutrient requirements and manage-
ment in various agroclimatic regions of the country. Some 
of the important cropping systems under irrigated agricul-
ture where nutrient management has been investigated in 
detail are rice-rice, rice-wheat, sorghum-wheat, maize-
wheat, jute-rice-wheat, sugarcane, and cereal-based crop-
ping system with legume component. For these systems, 
the integrated use of organic manures and fertilizers 
reduces fertilizer requirements for the crop. In the rice-
wheat system, the addition of 12 tonnes ha' of farmyard 
manure (FYM) could contribute about 40 kg N ha-' and 
13 kg P ha-' daring Kharif. A catch crop of sunn hemp, 
Daincha, or cowpea before rice could supply about 
40-60 kg N ha-. In legume-based cereal cropping systems, 
it is advantageous to apply phosphate to the legume and 
realize the carryover effect for the benefit of the succeed-
ing crop. Recent emphasis on increasing nitrogen fer-
tilizer 	 use efficiency has centered on testing of better 

forms of N carriers such as sulfur-coated urea, neem 
cake-coated urea, and urea supergranules. The beneficial 
effect of these carriers over prilled urea has been 
demonstrated under specific soil conditions and water 
management practices. 

Rainfed Agriculture 
The rainfed lands in the Indian SAT offer great scope 

for promoting the significant contribution of fertilizer use 
to total agricultural production. It is estimated that, even 
after the realization of the full irrigation potential in the 
country, about 50% of our arable land will be under 
rainfed agriculture. The rainfed lands are represented by 
Vertisols, Alfisols, Inceptisols, and Entisols. The work 
carried out at the research centers of the All India Coor
dinated 	 Research Project for Dryland Agriculture
(AICRPDA), the Central Research Institute for Dryland 
Agriculture (CRIDA), and the International Crops 
Research Institute for the Semi-Arid Tropics (ICRISAT) 
has provided valuable results for adoption by farmers in 
the area of soil fertility and fertilizer management. It is 
now well recognized that dryland soils are not only thirsty 
but also hungry for nutrients. Randhawa and Singh (1983) 
have discussed in detail the fertilizer management in dif
ferent soil types under rainfed agriculture. 

A large number of trials (Table 1) on cultivators' fields 
have shown that balanced fertilization provides not only 
higher yields but also profitable response to fertilizer on 
rainfed crops. 

Table 1. 	 Summary of Fertilizer Experiments on Cultivators' Fields With ligh-Yielding Crop Varieties Without 
Irrigation Over the 1969-80 Period in India 

Number 
of Rate Mean Yield 

Crop Trials N P205 K20 Control' N NP NPK 
-------(kg ha") . . . . . . . .. . . . . . . . . . . .-(t ha-' ) - - - - - - - - - - - - - -

Rice (K) 	 380 120 60 40 2.42 3.60 4.22 4.59 
Wheat (R) 627 90 60 60 0.76 1.27 1.55 1.69 
Sorghum (K) 367 90 60 60 1.10 1.66 1.98 2.17 
Pearl millet (K) 207 90 60 60 0.50 0.77 1.05 1.15 
Chick-pea (R) 1,325 20 40 20 0.75 1.02 1.19 1.33 
Pigeon pea (K) 53 20 40 20 0.30 0.59 0.93 0.98 
Groundnut (K) 771 20 60 40 0.79 1.10 1.37 1.45 
Cotton 55 120 60 40 0.34 0.49 0.65 0.72 
a. No fertilizer applied. 

Note: 	 K = Kharif (monsoon season). 
R = Rabi (post-monsoon season). 

Source: Randhawa and Tandon (1982). 
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Table 2. Effect of Method of Fertilizer Application to Safflower on Grain Yield, Nutrient Removal, and Fertilizer N 
and P Recovery 

Calculated N 
Grain Nutrient Removal and P Recovery 

Methods Yield N P K N P 
(kg ha"') (kg ha"1) ------- (%)..- . 

Control 410 13.1 2.1 31.6 - -

Kera (15 cm by the side of seed row) 750 20.9 2.3 29.7 19.4 1.5 
Pora (10 cm below seed) 1,170 32.6 4.4 67.0 48.7 17.4 
Pora (16 cm below seed) 1,250 35.2 4.5 68.4 55.3 17.8 

Source: Das et al. (1984). 

Nitrogen has to be applied in splits depending on the Table 4. Effect of Method of Application on the 
stage of crop growth, rainfall distribution, and aberrant Recovery or 74 kg Labeled Urea-N ha " Applied 
weather situations. Deep placement (10-15 cm below to Rainy-Season Sorghum on a Vertisol in 1981 
seed) of N has been found beneficial in post-rainy-season 
crops. Das et al. (1984) recorded higher yield and N Application N Recovered N Lost or 
recovery by safflower with deep placement of nitrogen Method Soil Plant Total Unaccounted for 
(Table 2). In intercropping systems with pearl millet as--- -------- (%) ---------. (%) .
the principal crop and greengram or fodder cowpea as a 
companion crop, Singh (1984) found indirect evidence of Split band 38.6 55.6 94.2 5.8 
transfer of 20 kg N from legume to cereal (Table 3). Surface 41.8 30.5 72.3 27.7 
Proper method of N application leads to better N recovery Incorporation 45.2 28.9 74.1 25.9 
by the plant. In sorghum-safflower sequence cropping in S.E. + 2.7 1.6 2.1 
black soil at ICRISAT, Kanwar and Rego (1983) found 
that N recovered by sorghum varied from 29% to 56% Source: Kanwar and Rego (1983). 
depending on method of application, namely, surface or 
split band application (Table 4). There was no residual 
effect of N applied to sorghum. Safflower could recover In post-monsoon rainfed crops, it is essential to relate 
1.1 to 3.1 kg ha*' of N applied to sorghum. efficient use of nitrogen fertilizer with available water 

capacity of the soil profile. Prihar and Sandhu (1987) have 
demonstrated the adjustment of fertilizer nitrogen in rela-

Table 3. Grain Yield of Crops Grown in Different tion to rainfall and available water supply. They have indi-
Intercropping Systems as Influenced by Two cated that, for the Hoshiarpur region of Punjab, the op-
Levels of Fertility at Hlissar timum N levels for 30, 40, and 60 cm of available water 

supply would be 50, 85, and 120 kg N ha', respectively. 
Grain Yield 

Fertility Principal Companion 
Cropping Systems N + P205 Crop Crop Green Manuring 

(kg ha*) ------ (kg ha' )-------
For dryland situations, three methods of green

Pure pearl millet 40 + 20 1,560 manuring/green leaf manuring have been brought out as 
20 + 0 1,350 - feasible: 

Pearl millet + 40+40 870 31. Planting greengram with the early monsoon showers, 
greengram 20 + 20 790 320 picking up the pods of the first flush, ploughing in theresidues, and then sowing the late monsoon or early 

Pearl millet + 40 + 40 1,240 6,860 post-monsoon crop as demonstrated in the deep black 
cowpea (fodder) 20 + 20 1,330 6,770 soil of Andhra Pradesh and the red soil tracts of 

Source: Singh (1984). Karnataka. 
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2. 	Interspace green manuring - Cowpea is planted in the 
interspace of long-duration castor bean crop grown 
with spacing of 90 cm in shallow red soils of Andhra 
Pradesh and turned under after 45 days. The benefit to 
castor due to the legume effect was 30 kg N ha-. 

3. 	Greenleaf manuring in alley cropping-Leucaena 
leucocephala is now recommended as the tree com
ponent of the alley cropping system. When loppings of 
L. 	leucocephala were applied as green manure, 
9.45 tonnes ha "1 green matter was turned into the soil, 
which added 75 kg N ha' and significantly increased 
the Rabi sorghum yield. 

Use of Organic Sources as Manures 

In 	 the context of nutrient management on cropping 
system basis, the judicious use of available organic sources 
of manure such as FYM, compost, biogas slurry, sewage
sludge, and green manures provides ample scope for in-
creasing the soil productivity of marginal drylands and 
partially meeting the nutrient needs of crops. It is es-
timated that the total potential of nutrients 
(N +P205 + K20) from livestock excreta in the country is 
around 11.05 million tonnes (Gaur and Sadasivam, 1981).
Bhardwaj and Gaur (1985) estimated the availab'lity of 
185 million tonnes of crop residues from nine principal 
crops of India with nutrient content of 3.32 million tonnes. 
Considerable amounts of these crop residues are used as 
cattle feed and as fuel. With increased production of food 
grain, however, there is scope for recycling of crop 
residues for mulch and manuring. Research efforts to iso
late efficient strains of microorganisms for quick decom
position of crop residues and to improve methods for 
production of nutrient-enriched organic manures will go a 
long way in better recycling of organic wastes for land 
improvement. 

There is much scope for ley cropping in marginal shal-
low soils under dryland conditions. Reddy et al. (1984) 
have shown that, on shallow red soils at Hyderabad, sor-
ghum grain yields were significantly higher in the system 
where Stylosanthes hamata was grown consecutively for 
2 years as compared with the traditional castor-sorghum 
rotation (Table 5). 

The role of green manuring in a rice-based cropping 
system in a noncompetitive season has been established at 
Punjab Agricultural University (Table 6). Beri and Meelu 
(1981) reported a substitution of 60 kg N ha' by turning 
under Sesbania aculeata at the time of transplanting and 
topdressing with N at 40-50 days after transplanting. 

Table S. 	Influence of Stylosanthes hamata on Yield and 
Ancillary Characteristics of Sorghum 

Plant Grain Fodder 
Treatments Height Yield Yield 

(cm) ------ (kg ha*,) ---

Castor-sorghum 105.0 950 1,840 
Stylo-sorghum 125.5 1,300 2,450 
SEM ± 15.0 30 145 
C.D. 0.05 15.1 130 440 
SEM = Standard error of mean. 

Source: 	 Reddy et al. (1984). 

Table 6. 	 Nitrogen Economy in Rice-Wheat System With 
Green Manuring 

Residual 
Rice Effect on Wheat 

Green Green 
N Fallow Manured Fallow Manured 

(kg ha " ') ---- (t ha") ----- ----- (t ha " ') ---

0 2.37 3.85 1.67 2.37 
40 4.0 4.91 1.71 2.78 
80 4.63 5.27 1.88 3.18 

120 4.98 5.37 2.27 3.35 
Mean 4.01 4.85 1.88 2.90 

Source: Beri and Meelu (1981). 

Biofertilizers 

The research work carried out under the Coordinated 
Project on Biological Nitrogen Fixation of ICAR, at the 
agricultural universities, and at ICRISAT has identified ef
ficient strains of microorganisms for enhancing nitrogen 
fixation in legumes (pulses and oilseeds) and rice. The 
constraints in the large-scale propagation of Azolla and 
algae, particularly the edaphic factors, need to be iden
tified in different agroclimatic regions so that appropriate 
management measures may be devised for their estab
lishment in rice culture. Research efforts need to be 
stepped up in microbial genetic engineering to develop 
more competitive and efficient microbial strains and bet
ter storage methods, carrier materials, and inoculation 
methods. There is need for greater emphasis on vesicular 
arboscular mycorrhizae (VAM) fungi research for more 
efficient exploitation of soil P and also on Frankia species 
for enhancing nitrogen for tree ,zrops in agroforestry. 
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A detailed analysis of experiments at ICRISAT con- Soil Testing and Balanced Fertilization 
cerning the role of nonsymbiotic N-fixing bacteria 
(Azotobacter and Azospirillum) in production of coarse The nutrient status of soils varies from field to field. 
grains has not indicated consistent positive results. There Hence fertilizer use based on soil testing assumes great
is scope for identification of more competitive strains of importance. The 340 soil testing laboratories and 101 
these bacteria suited to different edaphic conditions in the mobile soil testing vans in the country have a great service 
SAT environment, to render to the farmers. An overall summary of the fer

tility mapping of Indian soils (IARI, 1980) indicates that 
95%, 98%, and 65% of the area fall in the low to medium 

Secondary and Micronutrients 	 category with respect to availability of N, P, and K, respec
tively (Table 7). A monitoring system for soil fertility

The progressive emergence of deficiencies of secr-- trends at benchmark sites representing different levels of 
dary and micronutrients under exploitive agriculture needs agricultural production and management should be in
to be recogiiized, diagnosed, delineated, and corrected. itiated in the country by the soil testing laboratories. 
Tandon and Kanwar (1984) have pointed out that for sor
ghum production in Vertisols, amelioration of zinc and 
iron deficiency deserves attention. Manganese deficiency Table 7. Summary of the Fertility Status of Indian 
also has been noted in Maharashtra and Madhya Pradesh. Soils 
Crop nutrient surveys carried out under the Coordinated
 
Project on Dryland Agriculture have identified extensive 
 Available Nutrients
 
deficiency of phosphorus and moderate deficiency of zinc Item N P205 IK20
 
for various crops in parts of Gujarat, Maharashtra, and
 
Karnataka. The role of gypsum as a supplier of calcium Samples analyzed
 
and sulfur for groundnut has been established by the work (million) 	 9.2 8.2 4.5 
under this project, and gypsum is recommended for Districts covered 364 363 360 
groundnut grown on Alfisols in Andhra Pradesh. Low fertility (%) 62.7 46.8 21.1 
Recently, deficiency of sulfur and response to its applica- Medium fertility (%) 32.4 51.0 44.2 
tion have been established (Tandon, 1986). Under the High fertility (%) 4.9 2.2 34.7 
Coordinated Project's long-term fertilizer experiments,
yield loss without sulfur was much more pronounced in Source: IARI (1980). 
soybean in medium black soils at Jabalpur, on Kharif rice 
in laterite soil at Bhubaneswar, in alluvium at Barrack
pore, and in Tarai soils at Pantnagar. The Coordinated Project on soil test/crop response 

correlation has developed fertilizer recommendations
In areas where there are endemic nutrient stresses in- based on soil tests for targeted yields of major food crops.

volving deficiency or toxicity of certain elements or im- An analysis of 55 followup trials conducted on six crops
balance in the nutrient uptake, and thus an unfavorable indicated that the response ratio obtained for soil test
ionic ratio in the plant tissue, these maladies can also be based fertilizer recommendations was 16.5 as against 8.0 
corrected by a genetic approach, i.e., by developing cul- for regional/state recommendations (Velayutham et al.,
tivars that can tolerate such situations. Nutrient manage- 1985). The soil testing laboratories need to conduct a 
ment in crop and herbage production systems will also large number of followup trials as simple experiments to 
have to monitor the possible toxic effects of certain 	trace refine the soil test calibration obtained from experimental 
elements in the long run on plant, animal, and human stations. 
health. The elements that need greater attention in this 
type of study by scientists from multidisciplinary areas are Because of the increase in the share of complex and
selenium, molybdenum, and boron. Selenium toxicity in mixed fertilizers, the consumption ratio of N:P205 in the 
cattle fed with wheat straw and forage thit contain high country has decreased from 9:2.2 in 1951/52 to 6.8:2.4 in 
concentrations of selenium has been reported in some 1985/86. This Lsa welcome trend that needs to be im
parts of Punjab and Haryana. Forage grown on alkaline proved and sustained. Simultaneously, regional disparities
soils where the water table is high can contain high levels in the consumption ratio need to be corrected. For ex
of molybdenum causing toxicity effects in cattle. Boron ample, the N:P205 consumption ratio is wider in Haryana 
toxicity in rice is also found in salt-affected soils, and Uttar Pradesh than in Punjab. 
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A qualitative presentation of research strategies in !n-
dia directed toward efficient nutrient management is F n 
in Table 8 (Randhawa and Tandon, 1982). 

Table 8. 	 AQualitative Presentation of the Research 
Strategies Used in India Towards EfficientFertilizer Use 

Soil testing ** . 
Suitable nutrient carrier , ** , 
Methods of application * ** * * 

Timing/split application ** , 
Accounting for residual effects 
Proper phasing within acropping system 

** 

Water management practices ** 

Complementary use of legumes ** * 
Complementary use of FYM , , , , 
Root dip in nutrient solutions , , 
Nitrification inhibitors 
Slow release/coated fertilizers ** 
Reduction in losses from soil ** 

Biofertilizers ** , 

Note: Number of asterisks indicate relative emphasis
among nutrients. 

Source: Randhawa and Tandon (1982). 

Nutrient Management for 
Sustainable Agriculture 

The projected food-grain production target in the year 
2000 for a population of about 1 billion is 225-245 million 
tonnes; in 2050, when the population is expected to stabi-
lize at around 1.5 billion, we will have to produce 
380-400 million tonnes. To meet these food production 
targets, the fertilizer nutrient requirements are estimated 
at 20 and 40 million tonnes, respectively. Our advice on 
nutrient management must be based on detailed under-
standing of the soil fertility considerations in irrigated and 

unirrigated environments. Some of the requirements for 
the rainfed SAT areas are as follows: 
1. Detailed characterizations of different dryland en

vironments. These should include nutrient capacity as 
indicated by electroultra filtration (EUF) measure
ments, mineralogy of clay fration, nutrient fixationcharacteristics, and soil moisture-holding capacity. 

2. 	Soil test service for rational fertilizer recommenda
tions. Determination of critical limits, presowing statusof mineral N as an index of N requirement, P dynamics 

and availability in Vertisols; soil fertility summaries 
based on intensive and extensive soil test service; and 
modified general fertilizer recommendations. 

3. 	More detailed quantification of biological N fixation. 
Nitrogen transfer in intercropping and sequence crop
ping systems, characterization of pool of organic N andits mineralization rate, better management of crop 
residues, and minimum tillage. 

4. 	Nutrient dynamics and management in alternate land 
use systems such as agroforestry, silvipastoral, and 
agrihorticultural systems. Allelopathic effects and in
oculation with rhizobial and mycorrhizal cultures. 

5. 	Nutrient management in relation to soil conservation 
and rainwater management in Kharif and stored 
profile moisture in Rabi season on a watershed basis. 
Alleviating soil physical constraints to enhance nutrient 
use efficiency and efficient on-farm water management
prac ic ient hazarpractices to minimize salinity hazards.6. 	 Diagnosis and amelioration of emerging macro, micro, 

and secondary nutrient deficiencies. 
7. 	Deve!opment, through land use simulation models, of 

management techniques to arrest land degradation and 
impoverishment. 

8. 	Establishment of a benchmark sites network on well
defined soil units for agrotechnology transfer and 
monitoring of the sustainability of production. Main
tenance of a soil health and nutrient balance sheet at 
two to three levels of production management to 
foretell emerging soil fertility problems. 

9. 	Development of better forms of nitrogenous fertilizers 
and enhancing the use of indigenous sources such as 
phosphate rock, gypsum, and phosphogypsum. Devis
ing improved implements for simultaneous application 
of seeds and fertilizers suited to different soil types. 
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Session I -Setting the Stage
 

Chairman: J. L Monteith
 

Rapporteur: T. J. Rego
 

World Fertilizer Market Review and Outlook 
by J. H. Allgood and L. L Hammond 

Dr. Hammond reviewed the fertilizer market situation,pointing out the striking contrasts between the 1970s and 
1980s. Nitrogen, phosphate, and potash production 

capacity increased by 90%, 84%, and 24%, respectively, 
during the 1970s with much of the new capacity being lo-
cated in the Developing Market Economics and Centrally 
Planned Economies. In contrast, the 1980s has been a 
decade of instability. It is expected that during this period 
N, P, and K capacity will increase by only 22%, 33%, and 
17%, respectively, and the majority of this new capacity 
during the 1980s will be located in Developing Market and 
Centrally Planned Economies. The world fertilizer 
supply-demand outlook seems to indicate adequate sup-
plies of P and K and likely deficit of N by 1991. Of course, 
these predictions in supply-demand may change due to 
government policies and cropping season, 

In the discussion, it was noted that doubt has been 
raised regarding the calculation of compound growth rate, 
which may distort the real situation. The author agreed. 

A decline in fertilizer consumption in the United 
States was questioned. The decline has been attributed to 
a shift in grain production and market policy. 

The paradox of the situation in the U.S.S.R. was noted 
in that this country is the biggest producer and consumer 
of fertilizer although it is the biggest importer of food 
also. The author replied that there may be other factors 
that limit food production. 

ingwashnotedithaeat al recteod Enomissh Meaetiing, three different models predicted not much change in 

fertilizer production and consumption, suggesting that the 
market will be relatively stable in the near future. 

Fertilizer Production and Consumption 

Trends - India 

by B.C. Blswas 


fertilizer was created due to (1) the introduction of high
yielding varieties, (2) an increase in irrigated area, and 
(3) an increase in consumption of fertilizer per unit area.
During 1986/87, near self-sufficiency L fertilizer produc
tion was achieved in India (90%). The present rate of fer

tilizer production is around 7.1 million tonnes annually, 
and present consumption is 9.0 million tonnes of nutrients. 
By milo te s, theand cproductioncapacity may go up to 

17-18 million tonnes. 
It was noted in the discussion that factors such as high 

temperature and low humidity may be limiting grain yield 
in an arid environment like West Rajasthan and may be 
the reason for low response to applied fertilizers under 
such situations. 

Even though N fertilizer production capacity remained 
at a quite satisfactory level, the P capacity factor decline,; 
because of the limited supply of feedstock. 

In general, the ratio of grain to nutrient is about 10:1, 
and this situation may continue until 2000 A.D. There
fore "fertilizer use efficiency" is the key factor in achieving
higher production of food. 

Soil Fertility and Fertilizer Management in 

Semiarid Tropical India-A Historical Perspective 
by I. P. Abrol 

DDr. Abrol reviewed soil fetility concerns from as far 
back as 1500 B.C. to the present day and highlighted many 
aspects of soil fertility in relation to crop production. In
dian farmers were using organic manures in ancient times. 
Modern scientific study of soil feitility started in 1892 byteapiteto .W ete sIpra hms.A 

per the recommendations of the Royal Agricultural Commission, permanent manurial trials were started at Pusa, 

Kanpur, and at Coimbatore. Dr. Abrol also summarized 
the significant factors in the rapid rise in fertilizer con
sumption during the post-independence period, i.c., the 
1960s, 1970s, and 1980s. 

Dr. Biswas pointed out that commercial fertilizer In the 1960s, need for fertilizer by the individual crops
production started in 1906 in India. However, initial was given emphasis, and little concern was shown to or
growth in production was slow, and it is only in the last ganics, long-term aspects of fertility, and rainfed agricul
35 years that growth has been very rapid. The demand for ture. A few coordinated projects were started. 
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In the 1970s, major emphasis shifted to meeting the 
nutrient needs of the cropping system instead of single 
crops, with increased emphasis on balanced nutrition and 
interaction of nutrients. 

In the 1980s, concern was on rainfed agriculture and 
the farming systems approach. The interaction with water 
and residue management was also considered an impor-
tant aspect of dryland agriculture. In irrigated agriculture, 
the role of legumes and the use of farmyard manure 
(FYN, in cropping systems were again emphasized. 

In the 1990s, the emphasis will be on (1) sustainability 
and (2) whole farm approach, i.e., soil-plant-animalinteraction.izr 
interaction. 

Durigthdscusionroe ofbioertlizes ws qes-
tioned. The author answered that they will serve only as a 
supplement to chemical fertilizers and will not be the sole 
source of crop nutrition. 

The importance of long-term studies of soil organic 
matter was again emphasized. In this connection, the 
author mentioned that the interaction with agroforestry 
will supply the fuel, and the availability of FYM as a 
source of plant nutrients will increase, 

There was also a question of pollution by nitrates in 
India. It was suggested that this only occurs in isolated 
cases such as grape vineyards or eroded soils and surface 
water collection areas and is not a serious problem else
where. It was roted that less than 10% of the farmers 
today apply the recommended dose of fertilizers. There
fore, pollution may not be a serious problem in the near 
future except possibly for certain areas such as vineyards. 

The role of legumes either in crop rotation or inter
cropping was again emphasized. Specific fertilizer recoi
mendations rather than general recommendations should 

be considered for efficient use of fertilizers. 
There was discussion of fertilizer subsidy and price 

controls for fertilizers and foodod grains.ran. role ofad Theherleo 
economists in this regard was emphasized in that govern
ment policy has a major role to play in price control. It was also stated that international prices of fertilizers do 

not seem to follow any pattern. 

Doubts were raised about the availability of P fer
tilizers, which in turn may limit N use efficiency. In this 
regard, the government has changed its view, and a few P 
fertilizer production units will be set up. ICAR is review
ing its coordinated projects, and new broad-viewed net
working with emphasis on interactions may be the future 
line of work in fertility management. 
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Session II- SAT Environments and Soil Fertility Management
 
Chairman: I. P. Abrol
 

Rapporteur: K. L Sahrawat
 

Soil Fertility Problems in the Semiarid 

Tropics of Africa 


by P.LG. Viek and A. U. Mokwunye
 

Dr. Viek largely covered aspects of soil fertility 
management in Africa. Soils in Africa are generally 
chemically fragile and need judicious use of fertilizers and 
crop residues in order to maintain their fertility in the ab-
sence of the traditional shifting cultivation system that 
maintained soil fertility in the past. In Africa, P is the most 
important nutrient limiting crop productivity, but because 
of the low phosphate adsorption capacity of these soils, 
only small amounts of P (30-40 kg P205 hal ) are necessary 
to satisfy the crop P requirements. Significant national 
deposits of phosphate rocks in West Africa offer ad-
vantages for use as P sources either directly or after par-
tial acidulation. Deficiencies of S, Mg, K, and Zn are 
also observed in many ecosystems in the region. 
Response to N in West Africa is dependent on rainfall, 
and split application is generally better. 

A question was raised regarding applicability of the 
experience gained in West Africa in N managemeat to 
similar problems in the arid regions of Jodhpur par-
ticularly with regard to the amount of N to be added at 
planting. I- was suggested that N application would 
depend on crop response and rainfall and the crop's need 
for N. About 20 kg N ha' may be applied at planting or as 
soon as possible after planting based on the experience in 
West Africa. A question was raised about the sus-
tainability of the sorghum and millet system in the Sahel 
region. It was stated that the system could be sustained if 
a part of the straw is recycled along with P application. N 
could be obtained by alley cropping. However, with 3% 
annual growth in population, it is not easy to sustain the 
system because fallowing of soils :s completely eliminated. 
In this regard, an example is the Rajasthan arid zone,
where the system is sustainable with a synergistic coin-
bination of agriculture and animals, an approach which 
may not be feasible in West Africa. 

efficient than the larger ones, diversification is possible 
only with larger holdings of 2-5 ha. 

The following point was driven home clearly- If the small 
farmer's resource base can be ameliorated, then he can ef
fectively adopt improved technology because such technol
ogy is scale neutral but not resource neutral. It was felt 
that the cash constraint has been one of the most impor
tant limitations for fertilizer use. The area to be treated 
with phosphate fertilizer within Africa isvery large. 

Elements of Climate-Their Relevance
 
to Crop Productivity and Fertilizer Use
 

Planning In the Semiarid Tropics
 
by S.M. Vlrmani, A.K.S. Ri P. Sing,
hiuda, 

T. . Ro,and K. V. Subba Rao 

Dr. Virmani emphasized the need for adjusting fer
tilizer use in relation to rainfall in that the interaction be
tween water and fertilizer N is crucial for increasing crop 
productivity. Several examples illustrated how water con
servation could promote fertilizer use for increasing crop 
productivity. Results were presented to show that the 
variability in rainfall and crop productivity of sorghum and 
chick-pea were of the same order (30%) during the last 
11 years at the ICRISAT Center. For top yields, fertilizers 
contributed to about 50% of that yield increase in climati
cally good years. 

In discussing Dr. Virmani's presentation, it was felt 
that soil and water conservation combined with crop
production activity is likely to succeed in increasing crop 
productivity and implementation of the improved technol
ogy. It was also felt that about 40 kg N ha-' could always 
be applied profitably at the ICRISAT Center and sur
roundings of Hyderabad if water is conserved. 

It was emphasized that whatever technology we use 
should not only be productive and sustainable but also in 
harmony with the environment. There is also a great need 
for a policy for improving the soil resources to encourageA question was raised about the possible diversifica- conservation and maintain sustainable crop production. 

tion of crops in the SAT since the crops grown are needed 
for grain as well as fodder supply. There was good discus- It was hinted that the Government of India was aware 
sion about the holding size and fertilizer use and manage- of these problems and a policy decision in the right direc
ment. It was thought that, though small farms are more tion is contemplated. 
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Session III -Fertilizer Use and Management in the SAT
 
Chairman: N. S. Randhawa
 

Rapporteur: Piara Singh
 

Nitrogen Availability in SAT Soils: 
Environmen!al Effects on Soil Processes 

by J. R. Burford and K. L Sahrawat 

Dr. Burford stated that, in the past, the fertilizer needs 
of crops in India have been assessed by conducting 
numerous fertilizer response experiments, and that most 
recommendations have been made using empirical ap-
proaches. There has been little attempt to understand the 
soil processes that could be used to help explain responses 
to fertilizer applications, especially in the tropical rainfcd 
environment. Recent advances in crop modeling have led 
to the suggestion that models based on physical environ-
mental factors may be extended to include descriptions of 
nutrient behavior. Thereire, stratifying the environment 
(both agroclimatc and soil) and using the modeling ap-
proach could lead to better management of fertilizers un-
der variable environments. Dr. Burford stressed the need 
to assess the effect of the harsh SAT environment on both 
supply (from soil and fertilizer) and losses of nutrients in 
order to quantify nutrient availability and plant response.
He also emphasized the need to have appropriate 
methodologies for quantifying various nutrient transfor-
mation processes in the soil to provide information 
needed for models that include nutrient terms. 

Questions were raised regarding the role of climatic 
factors (such as rainfall and temperature) in enhancing 
the availability of nutrients in the soil. To this, Dr. Burford 
replied that such information on the interactions of soil 
and climate is scanty for the rainfed tropical environ
ments, and more information needs to be generated. 
Questions were also raised regarding the prediction of 
nitrate nitrogen profiles, provided the information on root 
growth, soil moisture movement, and nitrogen mineraliza
tion is available. Dr. Godwin added that this is what is 
being done in modeling of 'utrient uptake from the soils, 
and it is possible to model individual processes to some 
degree. Because soil tillage can influence water manage-
ment in soil, and thus leaching of nutrients, land manage-
ment practices must be considered in assessing soil 
nutrient availability. 

Nitrogen Fertilizers-Their Use and 
Management in the Indian Semiarid Tropics 

by J. C. Katyal 

Dr. Katyal stated at the outset that nitrogen is the defi
cient element in almost all of India and urea is the 
dominant fertilizer being used. IFDC/ICRISAT col
laborative experiments have shown that about 7%-10% of 
nitrogen is lost from Vertisols and Alfisols, and the 
remaining N is either taken up by the crop or stays in the 
soil. From shallow soils, losses as great as 25% to 30% can 
occur. Dr. Katyal discussed nitrogen efficiency in relation 
to timing of fertilizer application, placement of fertilizer, 
kinds of fertilizer, and rainfall and concluded that place
ment of fertilizer gives best results in the post-rainy 
season. He also concluded that the fertilizers containing
nitrate are not the best cho-ce for shallow soils; however, 
these products could be used on deep soils. He suggested 
that denitrification is a major cause of nitrogen loss from 
soils and needs to be investigated. 

Questions and comments were raised concerning the 
use of climatic information and weather forecasting to in
crease the efficiency of fertilizer use. Dr. Katyal agreed to 
this and considered it to be a usefu! activity in the future. 
Questions were also raised regarding tihe fate of "locked
up" N at the end of the season, to which Dr. Katyal replied 
that further investigation is needed in that the residual 
recovery was only 4%-5% over a period of 4 years. 

Management of Fertilizer Nutrients Other 
Than Nitrogen in the Semiarid Tropics of India 

by H.L.S. Tandon and T. J. Rego 

Dr. Tandon reviewed the available information on the 
management of fertilizer nutrients other than nitrogen in 
SAT India. He mentioned that crop responses to fertilizer 
nutrients are high under dryland conditions. P and Zn are 
of major importance for the nonirrigated SAT, but sig
nificant yield responses to K and S have also been ob
tained in reddish brown laterite soils of the Bangalorz 
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area. Dr. Tandon also mentioned that iron chlorosis is in-
creasingly being mentioned as a problem in the SAT. He 
made suggestions for further research on the nutrients he 
reviewed. He also emphasized that crops often need more 
than one fertilizer nutrient and thus maximum yield 
response can only be achieved in the presence of a 
balanced approach to crop nutrition. 

Questions were asked in relation to the interaction of 
climate with nutrient use efficiency and the need to study 
root growth, nutrient availability, and other physiological 
information needed to explain plant responses to fer-
tilizers. It was also emphasized that, while describing the 
nutrient status of soils in various states of '..dia, we need 
to have a look at the relative contribution of different 
states to the total grain production of the country. There-
fore we need not expand our soil fertility surveys for 
micronutrients to all states at this stage. 

SiOrgnicanesBooil Neritniaio t 
and Organic Manures in Soil Fertility Management

by K. K. Lee and S. P. Wani 

Dr. Lee reviewed the work done on nitrogen fixation 
and the use of organic manures in relation to soil fertility 
management. He discussed the work done at ICRISAT 
and by the research workers in other environments and 
stressed the need to quantify the contribution of legumes 
to N availability for cereals. He also emphasized the need 
to have long-term manuring experiments in order to study 
the influence of manures on both the physical and chemi-
cal properties of soils and on crop response. 

Questions were raised regarding the role of nitrogen 
fixation research in N management of crops under dryland 

conditions. It was also stated that, although the contribu
tion of legumes in a crop sequence is well known and well 
documented, a legume may not fit well in the cropping 
systems acceptable to the farmer. 

Fertilizer Use on Soils of the Semiarid Tropics-

Economic and Social Factors
 

by R. P. Singh, S. K. Das, and Y.V.R. Reddy
 

Dr. Singh pointed out that fertilizers are used in the 
dryland crops grown on both Alfisols and Vertisols. 
However, the amounts applied and the ratio of N and P 
used vary greatly depending on climate, crop, and soil 
type. Farmers usually tend to apply fertilizers as a basal 
dose, and topdressing is not common. The high cost of 
fertilizers and lack of finance are major problems for 
farmers, and it is thought that subsidies on fertilizer and 
farm credit schemes would help boost fertilizer use in 
rainfed areas. Because better moisture regimes are found 
in Vertisols, fertilizer use is higher in these soils than withAlfisols. Training of farmers and providing demonstra
tions as done in KVK and watershed villages would help 

increase fertilizer use. It was found that application of 
FYM rather than chemical fertilizers is a general feature 
in Alfisols and Vertisols although the quantities used are 
meager. 

Queries were made regarding the basal versus the split 
application of fertilizers because it is believed that split 
applications of fertilizers have often given better results. 
Water resource development in rainfed areas was em
phasized because fertilizer use is linked with water 
availability. Di. Randhawa stressed that all technologies 
generated on fertilizer use and water resource develop
ment need to be integrated with the cropping system used 
by the farmer before they will be adopted for general use. 
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Session IV- Modeling Soil Nutrients and Research Needs
 
Chairman: J. S. Kanwar
 
Rapporteur. S. P. Wani
 

Simulation of N Dynamics in Cropping 

Systems of the Semiarid Tropics 


by D. C.Godwin, U. Singh, 

G.Alagarswamy, and J. T. Ritchie 


Dr. Godwin noted that N use efficiency varies from 
10%-90% with an average of 50%. Several factors such as 
weather, plant genotype, and soil properties affect the ef-
ficiency of N use by the crop. 

The CERES models for wheat, maize, barley, sor
ghum, and millet consider: 

" Water balance 
" N source 
" Phenology 
"Photoperiod 
"Vegetative phase 

The N component of the model considers mineraliza-
tion, immobilization, denitrification, leaching, N uptake,
organic matter addition, and degradation as governed by
various environmental and other factors. Dr. Godwin also 
covered the application of the simulation models. Ques-
tions were asked about the applicability of models for arid 
areas where rainfall is not predictable and about how the 
effects of moisture and temperature are integrated over 
the period. It was mentioned that the wheat model has 
been exhaustively tested in dry and wet areas and has per-
formed well. However, the millet model is new and has 
not yet been tested widely. Mineralization is calculated on 
a day-to-day basis and not integrated over the period, 

The possibility of using satellite data with simulation 
models for estimating yields over large areas was raised. 
Dr. Godwin responded that models could be used for 
small areas only, and he mentioned the danger in oversell-
ing the model as well as the requirement for correct infor-
mation on N supply, pests, and diseases, 

Fertilizer and Soil Fertility Research 
Needs in the Nineties With Special 

Reference to Semiarid Tropical India 
by N. S. Randhawa and M. Velayutham 

Dr. Randhawa mentioned that fertilizer use trends in 
India vary greatl*v depending on region and crop.
Presently, 80% of fertilizer use is concentrated on rice, 
sugarcane, and cotton, and only a very small proportion of 
fertilizer is used on dry lands. 

Dr. Randhawa discussed irrigated agriculture and 
quoted the example of Punjab where on 0.6 million ha 
average wheat yields exceed 4 t ha'. He also mentioned 
that large quantities of crop residues are available under 
such intensive agriculture schemes. 

He discussed rainfed agriculture with respect to fer
tilizer response, irrigation, method of fertilizer placement,
organic manuring, biofertilizers, etc. As was shown by the 
example of finger millet production in Karnataka, farmers 
are interested in new varieties and the associated tech
nologies if the results are good. Also, micronutrients must 
be considered in intensive agriculture. 

Dr. Randhawa discussed the future issues for research, 
especially the following: 

1. 	 Characterization of rainfed areas. 
2. 	 Biological N2 fixation-more detailed quantification 

is needed, and its role in intercropping must be 
defined. 

3. 	 Organic manuring- the building of an organic N pool
in the soil must be understood. 

4. 	 Nutrient and rainwater management in the SAT. 
5. 	 Diagnosis and amelioration for macro- and 

micronutrient deficiencies. 
6. 	 Establishment of benchmark sites and network 

studies. 
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During discussion, questions were raised about the role of 
government in increasing the use of fertilizer in dryland 
agriculture. It was also noted that future work must be 
divided into important and secondary areas of research. 

The simulation models were recognized as having an 
important role to play in improving crop productivity by 
increasing fertilizer use and its efficiency. It is expected 
that the workshop on modeling will identify the needs for 

running a coordinated research program to bridge the 
gaps in the available knowledge. 

Fertilizers have an important role to play in improving 
crop productivity in dryland agriculture. However, much 
more research needs to be done on green manuring, or
ganic manuring, exact quantification of biological N2 fixa
tion, etc. There is a r.'ed for network and benchmark 
study programs in the SAT. 
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Closing Session
 
Chairman: L L Hammond
 

Rapporteur: C. B. Chiistianson
 

This final session presented an opportunity for 
delegates to summarize points that had arisen in the previ-
ous discussions. 

It was noted that the coloquium had provided a num-
ber of definitions to the term sustainable agriculture in the 
SAT and highlighted the need for good land and water 
management before adoption by the farmer of im-
proved technology. It was noted that fertilizers have had 
a critical role in the past in belping India meet the food 
requirements of her people. Though food production 
capacity is presently sufficient to meet the needs of the 
population, India's production capacity is not growing as 
quickly as is the number of people that must be fed. As a 
result, a food deficit could soon develop in India. 

In order to maintain production capacity, it is essential 
to continue research with the goal of optimizing fertilizer 
use efficiency. In this respect, both national and interna-
tional centers have a significant role to play in India. 

It was again emphasized that questions of sustwnability 
of pioduction must be addressed when developing crop 
management strategies. Production programs that achieve 
immediate yield increases at the expense of long-term 
production capacity must be avoided. 

This colloquium was provided as a forum for scientists 
to interact and to identify priorities for future research. 
The goals of the workshop had been stated as follows: 

wCollate up-to-date knowledge of fertilizer use in the 
SAT. 

a Identify principal impediments to on-farm use of 
fertilizer. 

wInvestigate aspects of fertilizer use efficiency in the 
SAT. 

a Set Qoals for future research. 

The consensus of the group in attendance was that these 
goals had been met. 
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