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A ﬁeld study was carried out at the Indian Agricultural Research Institute, New Delhi,
India, for three crop years (2000–2001 to 2003–2004) to ﬁnd out the eﬀect of cropping
systems on the production and chemical and biological properties of soil. Rice-potatomungbean cropping system gave 59–89% higher productivity, 30–46% higher protein
yield, 18–38% higher energy output and resulted in 7–16% higher available P, 60%
higher fungi population, 15% higher actinomycetes population, 14% higher microbial
biomass and 3% higher CO2 evolution in soil than rice-wheat cropping system. Ricerapeseed-mungbean cropping system also gave 12–15% higher productivity, 19–26%
higher protein yield and resulted in 11–18% higher available P, 65% higher fungi
population, 22% higher actinomycetes population, 12% higher microbial biomass and
2% higher CO2 evolution in soil than rice-wheat cropping system. However, the ricepotato-mungbean cropping system was signiﬁcantly superior to the rice-rapeseedmungbean cropping system in productivity, protein yield and energy output and thus
recommended as in alternative to rice-wheat cropping system.
Keywords: available K; available P; CO2 evolution; economic yield; energy output;
microbial biological; microbial population; productivity; protein yield, rice-wheat; ricepotato-mungbean; rice-rapeseed-mungbean

Introduction
The rice (Oryza sativa)-wheat (Triticum aestivum) cropping systems (RWCS) occupy about
28.8 million hectares (m ha) in Asia’s ﬁve countries, namely, India, Pakistan, Nepal,
Bangladesh and China (Prasad 2005). These ﬁve countries actually represent 43% of the
world’s population and 20% of the world’s arable land (Singh and Paroda 1994). Taking
these ﬁve countries together, RWCS cover 28% of the total rice area and 35% of the total
wheat area. In India, RWCS occupy 12 m ha and contribute about 31% of the total food
grain production (Kumar et al. 1998). Similarly, in China RWCS occupy about 13 m ha
(Jiaguo 2000) and contribute about 25% of the total cereal production in the country
(Lianzheng and Yixian 1994). Thus, RWCS are of considerable signiﬁcance in meeting
Asia’s food requirements. However, the practice of following a cereal-cereal cropping
system on the same piece of land over years has led to soil fertility deterioration and
questions are being raised on its sustainability (Duxbury et al. 2000; Ladha et al. 2000;
Prasad 2005). Eﬀorts are therefore underway to ﬁnd alternative cropping systems specially
those involving legumes which have soil recuperative properties (Sharma and Sharma
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2004; Singh and Dwivedi 2006). The present investigation was undertaken to study the
eﬀect of crop diversiﬁcation on production and chemical and biological properties soil.
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Materials and methods
Site and soil
Field experiments were conducted during the three crop years (June–July) from 2001–2002
to 2003–2004 at the Indian Agricultural Research Institute, New Delhi, India (288380 N
latitude, 778110 E longtitude and 228.6 m above mean sea level). The soil of the
experimental ﬁeld was a sandy clay loam, Ustochrept of pH 8.2 (1:2.5 soil to water ratio)
(Table 1). It contained 5.8 g kg71 soil organic C, 585 mg kg71 soil Kjeldahl N, 7.1 mg
kg71 soil 0.5 M NaHCO3 extractable P and 223 mg kg71 soil 1 N NH4OAC extractable K.
Experimental design and treatments
The experiments were laid out in a randomized block design with six replications. The
treatments consisted of three cropping systems, namely, rice-wheat, rice-potato (solanum
tuberosum)-mungbean (Vigna radiata) and rice-rapeseed (Brassica compestris var. Toria)mungbean. The treatments were allocated to diﬀerent plots randomly using Fisher and
Yates (1983) random number table. The gross plot size was 50 6 7 m and net plot size
was 48 6 6 m.
Cropping systems
There are three growing seasons in India in a year, namely, rainy (July to November),
winter-spring (November to April) and summer (April to June). In the rice-wheat cropping
system (RWCS) rice was grown during the rainy season followed by wheat during winterspring season and the ﬁeld was kept fallow during summer. In rice-rapeseed-mungbean
cropping system (RRMCS), rice was grown in rainy season, rapeseed during winter-spring
and mungbean during summer season. Similarly in rice-potato-mungbean cropping system
(RPMCS), rice was grown during the rainy season followed by potato in winter-spring and
mungbean during summer.

Table 1. Mechanical and chemical characteristics of soil of the experimental ﬁeld at the start of
experiment.
Particulars

Value

Mechanical composition
Sand
Silt
Clay
Textural class
pH (1:2.5 soil:water ratio)
Electrical conductivity
Cation exchange capacity
Organic C
Total Kjeldahl N
Available P
Available K

52.5%
21.0%
26.5%
Sandy clay loam
8.1
0.82 dS m71258C
14.65 C.mol kg71 soil
6.2 g kg71 soil
650 mg kg71 soil
6.1 mg kg71 soil
223 mg kg71 soil
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Field techniques
During summer, the plots under RWCS were kept fallow and received no fertilizer. The
plots under RPMCS and RPMCC were irrigated and tilled at optimum moisture level.
Mungbean variety PS 16 was seeded at a uniform row spacing of 30 cm in the last week of
March each year. The crop received a basal dose of 20 kg N ha71 as urea and 26 kg
P ha71 as diammonium phosphate (DAP) at sowing. The crop was harvested in the last
week of June.
During the rainy season, the ﬁeld was ﬂooded with water and puddled with a tractor
drawn oﬀ-set disc harrow. A basal dose of 26 kg P ha71 of DAP, 33 kg K ha71 as muriate
of potash (MOP) and 4.5 kg ha71 as zinc sulphate heptahydrate was applied at ﬁnal
puddling. Nitrogen at 120 kg N ha71 as urea was applied in two splits, half the dose at 10
days after transplanting (DAT) and the rest at 30 DAT. The rice (variety, Pusa Basmati 1)
was transplanted in mid-July with 2–3 seedlings of 21–25 days of age hill71 at a spacing of
20 6 10 cm. Rice was harvested in the ﬁrst week of November.
During the winter season, the ﬁeld was irrigated after the rice harvest and at optimum
soil moisture level, the land was prepared by disking and planking. Potato (variety Kufri
Badshah) and rapeseed (variety Pusa bold) were sown during the second week of
November, while the wheat (variety HD 2627) was sown in the third week of November.
The potato crop received 60 kg N ha71 as urea, 26 kg P ha71 as DAP and 67 kg K ha71
as MOP at sowing and 60 kg N ha as urea at 40 days after sowing (DAS). The wheat
received 60 kg N ha71 as urea, 26 kg P ha71 as DAP and 33 kg K ha71 as MOP at
sowing and 60 kg N ha71 as urea at 40 DAS. The rapeseed received 40 kg N ha71 as urea,
26 kg P ha71 as DAP, 33 kg K ha71 as MOP at sowing and 40 kg N ha71 as urea at 40
DAS. Potato and rapeseed were harvested in the second week of March and wheat in the
second week of April. All the crops were irrigated. In all the three years, wheat received
four irrigations (21, 45, 70 and 95 DAS), potato received six irrigations (20, 40, 60, 80, 100
and 120 DAS) and rapeseed three irrigations (30, 45 and 65 DAS). Mungbean received
two irrigations (25 and 45 DAS).
Soil sampling and chemical analysis
Soil samples (0–20 cm depth) were collected from the experimental ﬁeld before the start of
the experiment and analysed for soil particle composition (Piper 1950), organic C, total
Kjeldahl-N, 0.5 M NaHCO3 extractable P, 1 N NH4OAC extractable K and pH using the
procedures described by Prasad et al. (2006) and data are given in Table 1. Again after
completing each cycle of diﬀerent cropping systems, soil samples (0–20 cm depth) for each
plot were collected and analysed for organic C, total Kjeldahl-N, 0.5 M NaHCO3
extractable P and 1 N NH4OAC extractable K. At the end of three cycles of diﬀerent
cropping systems the soil (0–20 cm) was also analysed for the population of bacteria, fungi
and actinomycetes and microbial biomass as per procedure described by Subba Rao
(1977).
Data collection and statistical analysis of data
Net plot of each treatment of each replication was harvested and threshed separately. The
grain/seed was cleaned and weighed. The grain/seed yield was adjusted at 14% moisture
for rice and at 8% moisture for other crops. The straw yield was obtained by subtracting
the grain seed yield from total biomass of the net plot. The data obtained for each
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character were analysed by applying the techniques of ‘Analysis of Variance’ (Gomez and
Gomez 1984). The signiﬁcance of the treatment was tested by F-test and Least Signiﬁcant
Diﬀerence (LSD) at 5% error probability was calculated to compare the means of diﬀerent
treatment.
Rice equivalents, protein yield and energy output
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The productivity of diﬀerent cropping systems cannot be compared on the basis of grain/
tuber yields per se because the winter crops diﬀer in the value of their economic produce.
Therefore rice equivalents of diﬀerent crops were calculated using the following
expression:
rice equivalents ðMgha1 Þ ¼ Ya  Pa=Pr
where, Ya is the economic yield of crop a (other than rice) in Mg ha71, Pa is the unit
price of the economic produce of crop a and Pr is the unit price of rice grain in Indian
Rupees Mg71. Since the data on rice equivalents are subject to variation in commodity
prices, which diﬀer in diﬀerent countries, protein yield ha71 and energy output ha71
were also computed for comparing the cropping systems from the human and animal
nutrition viewpoint. Protein content in rice grains was obtained by multiplying N
concentration of grain with a factor 5.95 (Juliano 1985), whereas the protein content in
grain/seed/tubers of other crops was calculated by multiplying N concentration with a
factor 6.25. The protein yield of diﬀerent crops was calculated by multiplying their
protein concentration with grain/seed/tuber yield. The energy output was calculated by
multiplying energy content of grain/seed/tuber of diﬀerent crops as obtained by Singh
et al. (1996) with their yield.
Results
Productivity
The study was started with the rice crop, and its grain yield was almost similar in all the
three cropping systems in the ﬁrst year, whereas in the second and third years, grain yield
of rice was signiﬁcantly inﬂuenced by the crops grown during winter and summer seasons
(Table 2). The cropping systems having summer mungbean, a legume (RRMCS and
RPMCS) produced signiﬁcantly more rice grain than RWCS. During the winter seasons
wheat yield ranged from 4.5–5.7 Mg ha71 in RWCS, rapeseed from 1.5–1.9 Mg ha71 in
RRMCS and potato from 24.9–26.5 t ha71 in RPMCS. During the summer seasons,
mungbean yields were similar in RRMCS and RPMCS and ranged from 0.6–0.9 Mg ha71
in the diﬀerent years of the study.
As regards total productivity of diﬀerent cropping systems, RPMCS gave the highest
value of rice equivalents, signiﬁcantly more than RRMCS, which in turn, gave
signiﬁcantly more rice equivalents than RWCS in all the three years of study. Higher
value of rice equivalents in RPMCS was due to 4.3–4.9 times higher yield of potato than
wheat yield and additional contribution by mungbean; of course, the price of wheat was
2.5 times higher than price of potato. The higher value of rice equivalents in RRMCS, on
the other hand, was due to 2.4 times higher price of rapeseed than that of wheat and
additional contribution by mungbean; of course the wheat yields were 2.4–3.3 times higher
than rapeseed yields. Also, the rice yields were higher in RPMCS and RRMCS than in
RWCS.
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Protein yield
There was no signiﬁcant diﬀerence between protein yield of rice in the three cropping
systems during the ﬁrst year, whereas in second and third years, protein yield of rice in
RRMCS and RPMCS was similar but signiﬁcantly higher than the protein yield of rice in
RWCS (Table 3). During the winter season, potato gave the highest protein yield which
was signiﬁcantly more than that of wheat and rapeseed; the latter two did not diﬀer
in their protein yield in all the three years of study. During summer, protein yield of
mungbean was similar in RRMCS and RPMCS in all the years of the study. As regards
total protein yield of a cropping system, RPMCS gave signiﬁcantly higher protein yield
than RRMCS, which in turn, was signiﬁcantly superior to RWCS in all the three years.
Table 2.

Eﬀect of cropping systems on economic yield (Mg ha71) of diﬀerent crops.

Cropping systems

Rice

Winter crop

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

6.2
6.2
6.2
NS

4.4
1.8
28.6
NC

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

4.7
5.2
5.6
0.68

4.9
1.5
27.6
NC

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

5.1
5.7
5.8
0.61

5.7
2.0
24.8
NC

Mungbean

Rice equivalents* of cropping system

2001–2002
–
0.6
0.7
NS
2002–2003
–
0.9
0.9
NS
2003–2004
–
0.7
0.8
NS

9.6
10.8
15.6
0.8
8.4
9.7
15.9
0.9
9.5
10.6
15.1
1.0

NS: Non-signiﬁcant; NC: non-comparable; *Rice equivalents were calculated based on current prices of Rice: Rs.
8000 Mg71, Wheat: Rs; 6200 Mg71, Potato: Rs. 2500 Mg71, Rapseed: Rs. 15000 Mg71 and Mungbean: Rs.
15000 Mg71.

Table 3.

Eﬀect of cropping systems on protein yield (Mg ha71) of diﬀerent crops.

Cropping systems

Rice

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

0.36
0.37
0.37
NS

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

0.33
0.37
0.39
0.03

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

0.34
0.37
0.38
0.03

NS: Non-signiﬁcant.

Winter crop
2001–2002
0.45
0.46
0.56
0.04
2002–2003
0.45
0.41
0.55
0.04
2003–2004
0.50
0.47
0.54
0.05

Mungbean

Total

–
0.14
0.15
NS

0.81
0.97
1.08
0.10

–
0.20
0.20
NS

0.78
0.98
1.14
0.12

–
0.16
0.17
NS

0.84
1.00
1.09
0.11
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Energy outputs
During the rainy season, there was no signiﬁcant diﬀerence between energy outputs of rice
grown in the three cropping systems in the ﬁrst year, whereas in the second year, rice in
RPMCS resulted in signiﬁcantly higher energy outputs than rice in RRMCS, which in turn
gave signiﬁcantly higher energy outputs than rice in RWCS (Table 4). During the third
year, energy outputs of rice in RRMCS and RPMCS did not diﬀer signiﬁcantly, which was
signiﬁcantly more than that of RWCS. During the winter season, potato gave signiﬁcantly
higher energy outputs than wheat, which in turn, resulted in signiﬁcantly higher energy
outputs than rapeseed in all the three years of study. During summer, mungbean grown
under RRMCS and RPMCS resulted in almost similar energy outputs. Regarding total
energy outputs of a cropping system, RPMCS resulted in highest energy outputs (44.5–
47.0 K cal ha71 6 106) followed by RWCS (33.6–37.8 K cal ha71 6 106) and RRMCS
(30.6–34.8 K cal ha71 6 106), the latter two cropping systems did not diﬀer signiﬁcantly.
Chemical properties of soil
Cropping systems had no signiﬁcant eﬀect on organic C, Kjeldahl-N and 1 N NH4OAC
extractable K in all the three years of study, whereas 0.5 M NaHCO3 extractable P content
in soil diﬀered signiﬁcantly under diﬀerent cropping systems. RRMCS and RPMCS
resulted in signiﬁcantly higher 0.5 M NaHCO3 extractable P in soil than RWCS in all the
three years of study (Table 5).
Biological properties of soil
There was no signiﬁcant eﬀect of cropping system on the number of bacteria in soil,
whereas number of fungi and actinomycetes were signiﬁcantly more under RRMCS and
RPMCS than under RWCS (Table 6). Similarly microbial biomass and CO2 evolution in
soil were also signiﬁcantly more under RRMCS and RPMCS than under RWCS, RRMCS
and RPMCS being on a par in both the parameters (Table 7).

Table 4.

Eﬀect of cropping systems on energy output (K cal 6 1076 ha71) of diﬀerent crops.

Cropping systems

Rice

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

21.7
21.8
21.8
NS

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

16.5
18.3
19.6
1.5

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

18.0
20.0
20.3
1.9

Winter crop
2001–2002
15.5
10.9
22.8
2.0
2002–2003
17.1
9.1
23.7
1.9
2003–2004
19.8
11.9
21.3
1.5

Mungbean

Total

–
2.1
2.4
NS

37.2
34.8
47.0
4.8

–
3.2
3.2
NS

33.6
30.6
46.5
3.1

–
2.4
2.9
NS

37.8
34.3
44.5
4.1
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Table 5. Eﬀect of cropping systems on chemical properties of soil after completion of one cycle of
diﬀerent rice-based cropping systems.
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Cropping systems

Organic C
(g kg71 soil)

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

6.12
6.25
6.20
NS

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

6.20
6.32
6.29
NS

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

6.18
6.56
6.38
NS

Kjeldahl N
(mg kg71 soil)

0.5 M NaHCO3
extractable P
(mg kg71 soil)

1N NH4OAC
extractable K
(mg kg71 soil)

5.94
7.01
6.38
0.30

214
225
225
NS

6.38
7.28
7.41
0.38

211
215
213
NS

6.78
7.50
7.59
0.34

178
186
181
NS

2001–2002
620
647
647
NS
2002–2003
656
678
683
NS
2003–2004
692
705
710
NS

Table 6. Eﬀect of cropping systems on microbial population in soil after completion of three cycles
of rice-based cropping systems.
Cropping system

Bacteria
(cells 6 106 g71 soil)

Fungi
(cells 6 104 g71 soil)

Actinomycetes
(cells 6 104 g71 soil)

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

5.4
5.8
6.1
NS

2.0
3.3
3.2
0.9

12.9
15.8
14.9
1.7

Table 7. Eﬀect of cropping systems on microbial biomass and CO2 evolution in soil after
completion of three cycles of diﬀerent rice-based cropping systems.
Cropping system

Microbial biomass (mg g71 soil)

CO2 evolution (mg g71 soil 2471 hours)

RWCS
RRMCS
RPMCS
LSD (p ¼ 0.05)

184.0
205.3
209.4
20.1

521.0
533.5
536.4
10.2

Discussion
Currently there is a growing concern on the sustainability of RWCS (Duxbury et al. 2000;
Ladha et al. 2000; Prasad 2005) and therefore there is an urgent need for ﬁnding
alternative cropping systems. Duxbury et al. (2000) reported that eight out of 11
experiments on RWCS showed a decline in rice yield over time, whereas only three centres
showed a decline in wheat yield. Similarly, Ladha et al. (2000) from a study of seven
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long-term experiments on RWCS observed that none had a decline in wheat yield, while at
two centres, there was a decline in rice yield. Using CERES and SUCROS model, Timsina
et al. (1995) also conﬁrmed yield decline in RWCS. One of the major causative factors for
such a decline in crop yield in RWCS is reported to be the decreasing availability of K
(Regmi et al. 2002) and micronutrients Zn, Mn, Cu and Fe (Yadav 1998). Due to
increasing salinity/sodicity problem in the RWCS belt of north-western India (Abrol
et al. 1998) it is diﬃcult to ﬁnd a crop that can substitute rice, which tolerates the soil
salinity/sodicity. Therefore, attempts were made to substitute wheat by rapeseed, an
oilseed, or potato. Both these crops fetch more money than wheat in the Indian
market. Also the country is facing an acute shortage of edible oil and during 2003–
2004, 5.29 million tonnes of edible vegetable oil, worth approximately US $ 2.5 million,
was imported in India (Fertilizer Association of India [FAI] 2006). Also, based on our
earlier experience (Sharma et al. 1995a, 2000; Sharma and Prasad 1999) a summer
mungbean crop was added to the two cropping systems. As expected, both RPMCS
and RRMCS were found to be more proﬁtable, as judged by rice equivalents, than
RWCS. It was also found that growing of summer mungbean increased rice yields in
the second and third year of study. Since the two cropping systems RRMCS and
RPMCS did not diﬀer signiﬁcantly in respect of their eﬀect on rice yield it is concluded
that the beneﬁts were mainly due to summer mungbean. The advantage of growing a
legume in a cropping system is also reported by Voss and Shrader (1979), Rickerd
et al. (1988), Kurtz et al. (1984), Ebelhar et al. (1984) and John et al. (1989). In
addition to the N contribution by legumes increased P, K and micronutrient
concentration and uptake by the succeeding crop has also been reported (Copeland
and Crookston 1992).
The 0.5 M NaHCO3 extractable P content in soil was also signiﬁcantly aﬀected by the
diﬀerent cropping systems. RRMCS and RPMCS recorded signiﬁcantly more 0.5 M
NaHCO3 extractable P in soil than RWCS in the second and third year of study due to
higher amount of P applied in RRMCS and RPMCS than in RWCS. RRMCS and
RPMCS received 78 kg P ha71 each year of study against 52 kg P ha71 applied per year
to RWCS.
As regards biological properties of soil, the population of fungi and actinomycetes was
signiﬁcantly more in RRMCS and RPMCS than in RWCS. Nair (1973) in a study with
ﬁve diﬀerent rice-based multiple cropping systems including rice-wheat, rice-potato-wheat,
rice-rapeseed-mungbean, observed that the temperature had a dominating eﬀect on
bacterial population. In the present study, the possible reason for higher microbial
population in RRMCS and RPMCS than in RWCS was due to the fact that growing
mungbean kept soil temperatures lower by providing soil cover and also the crop received
two irrigations. On the other hand, in the fallow plots the hot summer sun (maximum
temperature up to 458C) and lack of moisture in soil reduced microbial population.
Temperature and moisture are the two main regulatory factors for microbial growth
(Sharma et al. 1995b). Higher microbial population resulted in higher microbial biomass
and microbial activity derived from CO2 evolution in soil under RRMCS and RPMCS
than under RWCS.
Conclusion
The present study shows that the rice-potato-mungbean cropping system holds
considerable promise as an alternative to the rice-wheat cropping system. The proposed
cropping system can also help in reducing the shortage of pulses in India.
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