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An experiment was conducted a1 !CAR Research Complex for Eastern Rctrion. 
Research Farm. Sahajpu ra. Pa tna t longitude 85 i;\')'. and latiwdc 2S 3l'E). 
Bihar. India for four consecu tive years 2004-05 to 2007-08 to develop a 
diversified cropping system fo r an irrigated ecosystem in Bihar hy int roducing 
pulse oilseed;vegdabk:s as a second llf third crop in 10 ric.: -based cropping 
S) stems. G"our crop cyck:s ha vc been com pleted for all the cropping systems. 
D uring all years o f th<~ expcri ment the re were significant variations among the 
cropping. systems. Maximum paddy yield equivalent was recordl'd in ri<.:e 
l<'tnalo bollk gourd (40.44 t ha 1

) fd lowed by rice potato--<>nion t28.47 l 
ha - 1). rice coria nder lady's lingers (26.79 t ha 1

), rice carrot cowpea (24.59 t 
ba 1) and rice- mustard 1omato t24.44 l ha· 1

). A higher value for 1he 
diversitica tion index (DI) repn::senls a higher level l)f crop diversification. Jt is 
eviden t from the n:su lts. that DI varie~ fr<>m 0.299 on a medium-si/.ed farm t\l 

0.90~ on a sm:Ll l farm. \Vith an ave rage DL rnlue of 0.643 among all farm 
categories. A survey revealed th at the average Dl value for small-scale fam1ers 
was highest (0. 74 1) compared with the medrnm- (0.591) and large-scale (0.626) 
categories. and the differences we re negligible. T his seems reinforce the vie\'- that 
the smaller the fam1. the higher the le\ cl of crop diversification. 

Keywords : crops: crop yields: CDJ: sysh:m productivity 

Introd uction 
Sustainability in ag ricul tmal sy tem is a glo bal issue. A sustainable agriculturnl 
system m ust meet the ch angi ng food . fi bre, fodder a nd ruel needs of a na tion and 
sho uld nol be det ri menta l to its natural reso urce base. R ather, a good sustainable 
agricuJI ur al system should impro ve the resource base or a nation. For sustainability in 
an ag1icultural system, it is desirable that a part icular crop or group or crops is not 
grown on same soil fo r a lo ng period_ because various crops tap difTercnt soil layers Lo 
meet thei r water a n<l nutrient req uirements (Singh Ved 2001, Singh RD et al. 2004). 

T he cropping system in India has a tta ined great significance in ten11S of a rea, 
productio n and productivity. T he cropping intensity of the Eastern Region is as low 
a:, l 40% (F ertilizer Associa tion of Tndia 2001 '2002). and needs to be increased to 
meet the growing food demands o f an ever-inc reasing population. Tn Bihar, those 
who farm areas having medium (2- > cm o r water for 3-4 days) and low (4 5 cm of 
water for 6- 7 days) land (duratio n and depth of standing water) grow mostly a rice 
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wheat cropping system. Both cultivars a re heavy feeders and exhaustive crops, 
resulting in an unfavo urable effect on the sustainability of soil product ivity. There is 
a pressing need to meet the food grain req uirements of the growing population nnd 
to sustai n a reasonably higher productivity level. Hence, there is an urgency to 
diversify into new areas like vegetables, fruits. oil seeds, pulses and allied field s. 

Crop divcrsiftcarion has been recognized as an effective st rategy for achieving the 
objectives of food security, nutrition security, income growth. poverty alleviation, 
employment generation and the judicious use of land and water resources, 
sustainable agriculture development and envi ronmental improvement (Singh RD 
20 l 0). Crop diversifica tion essentially means moving away from growing a single 
crop to a number o f crops. Such a move towards crop diversiftcation helps in: (1) the 
full and be tter use of availab le ]and, labour, water and other resources: (2) reducing 
the rish a rising o ut of crop failures. yield losses and market failures; and (3) 
realiLing quicker o r regula r returns fo r the fa rmer (Singh RB 200l). Thus, both the 
numher and type of crops included in the cropping sequence are important. For this, 
heavy reliance on cereal crops needs to be shifted towards other food crops such as 
potato. vegetables, pulses and oilseeds. The inclusion of potato in rice-based crop 
~equences in West Bengal has become a ttractive because of the high yield and 
remunerati ve price of potato. Samui c l al. (2004) reported tha t inclusion of a legume 
increases soil fertility. Gangwar and Ram (2005) reported that inclusion of Jcgmnes 
and other crops using intensificati on and interruptive approaches, a::. per resou rce 
availabilit y. led to considerable improvement in producti\·ity and rrofitability, on t he 
one hand , and soil fertilit y. on the o ther hand. Hence, it was felt necessary to work 
out a location-specific cropping system for central Bihar, which can utilize resou rces 
judiciously to maximi7e return. protect the environment and meet the day-to-day 
requirement:- of human and ani mals. 

Materials and methods 

A field experiment Vias conducted in randomized block design, replicated three times 
a t !CA R Resea rch Farm. Patna (longitude 8Y"l3'N and latitude 25' 37'E), Bihar, 
fndia du ring 2004 05 to 2007 08, to develop a suitable cropping system by 
introduci ng pulse 'oi lsced\regctables into a rice-bas.::d cropping system as a second or 
third crop. 

Ten rice-based cropping systems. namely rice-wbeat- blackgram (C 1), rice­
capsicum- cucumber (C2), rice- carrot- cowpea (C3) , rice mustard tomato (C4), rice­
pota to o nion (C5). rice --<:abbage French bean (C6), rice- coriander lady's fingers 
(C, ). r ice tomato bottle gourd (C~), rice pea green chill i (Ci) and rice lentil 
sponge gourd (C io) were under taken. T he plot size for the field experiment was 
20 x 6 m. The a\·erage maximum temperature varied between 30.5 and 32.0°C and 
the minimum tempeniture varied between 19.8 and 20.9~C during 2004-07. Total 
rainfall was 761.0, 70l.7, 1013.5 and l625.0 mm in 2004, 2005. 2006 and 2007, 
respectively. Soil samples were collected from the experimental plots (0- 20 cm 
depth) and analysed for physica l and chemical properties. The soil texture was sil t 
clay loam (International Pipette Method; P iper 1950) -v.1th a mean pH of 7.3, 
electrica l conductivi ty (EC) wa s 0.2 dS m - I in a I :2 soil:watcr solution (glass 
cleclrode pH meter and conducti\ ity bridge: Jackson 1973), orga nic carbon 0.54% 
!Walkley and Black 1934 a11d rapid titra tion method, Jackson 1973), available 
nitrogen 253.0 kg N ha- 1 (0.113 g kg- 1 soil) falkaline permanganate (KMn04) 
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method as described by Subhiah and Asija 19561. available phosphorus 24.4 kg P 
ha - 1 (0.0 11 g kg- 1 soil) (Olsen's method; Jackson, 1973) and available potash 
394.0 kg K ha- t(0.176 g kg- 1 soi]) (NH40Ac method, Hanway and Heida! 1952). 

The amount o f applied fertilizer. plant protection management and vegetation 
for different crops is shown in Tables l 3. respectively. 

To calculate the d iversi ficati o n index (Dl). 28 fam1s from different categories 
small ( <2 ha), medium (2- 4 ha) and large ( > 4 ha) were randomly selected from 
the Patna d istrict of fndia. Farmers were interviewed using a structured 

Table I. Amount of applied fatilizer (kg ha - '). 

Cropping system 

Rice \\heat blackgram 
R ice -{;apsicum-cuC11111 ber 
Rice-carrot CO\\·pea 

Rice -mustard- tomato 
Rice po ta to onion 
Ric..: cabba!!<: bitter !!Ourd 
R ice ·cori ander-lady·~ fingers 
R ice LL•mato bollk g11urd 
R ice pea-gr..:..:n chilies 
Ricc kntil sponge gourd 

Table 2. Plant protection management. 

C'wp I nsecticidcs 

Rice Encinsulfan I ml L 

\\'heat 

N 

240 
260 
210 
260 
350 
280 
280 
280 
250 
180 

Blad, gram 
Capsicum 
Cucumber 
Carrot 
Cowpca 
Mustard 
Tomato 
Potato 

Endosulfan 1.5 L ha 1 in 800 l 
Monocrntophos I ml L 1 

Enclosulfan J .5 L ha 1 in 800 l 

Onion 

Cabba<'<.: 
Bi1 kr gc1urcl 
Coriander 

Endosulfan 0.01%. 15 days int..:rval 
Rog.ar J ml L 1 

Mdapristax 1.5 ml L 1 

Thret: tirn.:s, l 5 days int..:rvaJ 
Endosulfa.n 1.5 ml l 1 

Lady"s rmgcrs Malathion 50 EC' lmL L·- 1 

Hl'ltk gourd 

Pea 
Green chili<;s 
Len til 
Sponge g.\>Urd 

Endosulfan 1.5 111L L -t 
Endosulfan 1 mL L 1 

Mnnocrolophos l .5 mL L 

P20, K 20 

160 80 
180 150 
140 140 
160 160 
210 220 
160 160 
140 1.30 
160 I (JO 
160 160 
120 80 

Fungicides 

Seed tr.:atment with I !!. Havistin 4 
O. lg s trcptocyclin kg- 1 :.c..:J 

Seed treatment with I g Bavistin + 
O. lg s treptocyclin k; 1 seed 

Dit:thc:n M-45 2.5 kg (~1000 L) 1 ha 1 

Thi ram 2 g ku 1 of seed 
Die Lhen M-4S Bavistin 2 g kg 1 seed 
Dictben M-45 + Radom.ii MZ-78 2 

g kg 1 seed 
Dictbcn l'v1-45 2 g. kg 1 seed 

lndolil M-4.'i 2 g L 1 

Nnvacron lmL L - 1 

Copper oxieh.loride 3 g L 1 15 da ys 
interval 

Sulfex 2 m L L - 1 

Caplan 2 g kg- 1secd 
Diethen M-45 2.5 kg (1000 L) - 1 

Copper oxichloridc 3 g L 1
• 15 da ys 

interval 
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Table '.'. Vegetation duration of differen t crops in the systems (days). 

Khari f 

Rice ( 122) 
Rice (122) 
Rice ( l 2'.::) 
R ice ( 12'.::) 
Rice ( l'.12) 
Rice ( 122) 
Rice ( 122) 
Rice ( 122) 
R ice ( 122) 
Rice (122) 

Rabi 

\-Vhca t ( 146) 
Capsicum (131) 
Carrot ( l !3) 
Musta rd (100) 
Potato (88) 
Cabbage ( J0.5) 
Coriander ( l 49) 
Tom ato ( 123) 
Pea (12 1) 
Lentil ( 11 3) 

Summer 

Black grnm (82) 
Cucumber (70) 
Cowpca (82) 
Tomato (93) 
O nion (92) 
Bitrer gourd (85) 
Lady's fingers (80) 
Bottle gourd (85) 
Cheen chilies (97) 
Sponge gourd (80) 

questionnaire Lo obtain information on thei r cropping p:'lttern in differen t crop 
seasons. namely kharif (rainy), rabi (winter) and zaid (summed, including the area 
sown under dilTerent crops. Tn o ther words, data on the total cultivable area of the 
selected farm s, a nd the areas under different crops in the kharif, rabi and summer 
seasons \Vere collected . 

Based on the data ohtaincd from farmers, crop diversification indices (DJ) were 
calculated to understa nd the level of crop d iversifica tion in d ifferent categories of 
farms. DT was computed using the following formula : 

II 

DI = LPi log ( 1/pi) (1) 
i - J 

where pi is the proportion of area sown under crop T (Ai/ A), Ai is the area put under 
crop J by the fanner, A is the tot al cult ivable area owned by the farmer, i = l , 2, 3, 
.. . , /1 and n is the num ber o f crops sown. 

The productivity of the di fferent cropping system s was computed by converting 
the yield o f all crops into the rice equiv;tlcn t yield , based on the prevailing market/ 
minim um support price, a nd d ividi ng hy the number of days per year th at crops 
occupied the .land in a particular system. Returns were calculated using t he 
prevailing m arket pr ice of d ifferen t com modities in the different years of the 
experiment. The cost o f cultivation is calculated by add ing the to tal expenditure 
in volved in raising a crop, including t he ren tal value of the land. 

The rela t ive economic efficiency (REE) was calculated as: 

REE = (A .-- B) * 100 / B (2) 

where A is the net rct urn of the diversified system and B is the net return in the 
existing system, expressed as percentages . 

Profi tabilit y is the income obta ined from the produce after deducting the cost of 
cultivation. To determine lhe cost o f cultivation, parameters such as land 
preparation, cost of seed , cost of sowing/ transpla nting of crops, manure and 
fert ilizers, irrigation, intcrcult ure, pla nt protection, harvesting a nd hunclling, 
th reshing, winnowing, packing, t ransport a tion charge and depreciation cost or the 
land were considered. 
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R esults and discussion 

Chemical properties of soil 

5 

The soil analyses indicated that there was a decrease in average nutrient status, as 
measured by EC. organic carbon, available nitrogen and availahle potash a ft er 
completi on of four crop cycles, with the exception of available phosphor us, wh ich 
·was found to be significant ly greater than the others. EC is a measure of the 
concentration of soluhlc salt ions (anions and cations) in the soil solution. There was 
a decrease in nit rogen in t he fo rm of nit rate (N03 -) and potassium (K+) ions in the 
soil solut ion result ing in a decrease in EC (Singh D ct al. 2005). Tt was also observed 
that. a fter completion o f the fourth crop cycle, organic carbon minerali7ed into an 
inorganic fo rm \\~th differen t nut rients, resulting in a decrease in the organic carbon 
content of the soil. However , the rice - polato --onion and rice cabbage-- bitter gourd 
bad higher carbon con tent. The decrease in a'vailable nitrogen is due to: luxury 
consumption of nitrogen by vegetable crops; leaching from the soil plan! system <l s 
either N03 - o r NR~+ ions, which depends upon soil texture. hydrological 
conditions, water tahle depth , permeability and the hydraulic conductivity of soil, 
and may var~ from 2 to 50~'o of applied nitrogen (Sharma 1990): dcn[trification loss 
(NO, - to N02 - ): and gaseo11& (NH 3, NO, N 20 and N 2) losses through 
dcnitrificat ion to the a tmosphere (Mohanty and Singh 2002). There was a decrease 
in potas~ium in the soil afte r completion of fourth crop cycle because potas5ium is 
highly mobile in soil solution (K + form) with illite as the dominating clay mineral , 
result ing in high leachi ng losses, the luxury consumption of potassium in vcgetablc­
dominated croppi ng systems and soil erosion (Rao and Brar 2002). Most of the soil 
parameters are significantly di fferent by comparing the first with the fourth crop 
cycle. It has been observed that there was a build-up of organic carbon in m ost of the 
available nit rogen and availa ble phosphorus in some of the cropping systems after 
completion of fourth crop cycle due to added nitrogen. phosphorus, litter falls (10-
15% of the top portion o f d ry ma tter m - 2 added to the soil every season) and the 
addition of o rganic matter through the underground portion of rice and other crops 
in the 5ystcms . However. an increa. e of available nitrogen and phosphorus was 
found in ~omc cropping systems. [n addition , \.\ e added the recommended dose of 
nitrogen to all the crops, o f which only 40 50% is made available to the crop, the 
rcmninder heing fixed in the soil. This may be the reason for the build-up of organic 
carbon and available ni trogen in the soil. J\.\'ailable phosphorus a nd potash 
decreased from their initial levels in almost all the cropping systems because of the 
vcgel<:lhlc-dominatcd c ropping system: the phosphorus and potash requirement o f 
\'egetablcs is higher th<1n that of cereals and pulses in the system (Table 4). 

Sy stem p roduc:t fr ity 

System prod uctivity (paddy equi\·alent yield) was considerably higher under the 
vegetahle-dom.inated croppi11g systems compared with the other systems. Tt is evident 
from the da ta that there was significa nt variation among the cropping system s during 
all four years of the experiment. and similar trends were observed with the except ion of 
the second crop cycle (Table 5). Pooled analysis of paddy yield equivalence revea led 
that during all experimental years, there were significant variations among cropping 
systems. Maximum yield equivalence was recorded in rice-tomato-hottle gourd 
(40.44 t ha-') followed by r ice- potato -onion (28.47 t ha-1), ricc--coriander- Jady"s 
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fingers (26.79 t ha- t), rice-carrot- .cowpea (24.59 t ba- 1) and rice- mustard- tomato 
(24.44 t ha - 1

) . This is d uc to the higher tonnage and per unit value of vegetable crops 
like tomato, bottle gourd, potato, onion, coriander and lady's fingers . .In the upland 
and medium land situations, the inclusion of vegetahles increased prod uctivity and 
profitability or the different crop sequences (Goswami 2004). Uplands are cultivable 
land with perfect na tural drainage and medium lands are cultivable land for intensive 
year-round cultivation . Similar higher system productivity (122.54 kg ha- 1 day- 1) 

was also recorded for lhe intensified (rice-tomato-bottle gourd) system, closely 
followed by the interruptive approach of rice-potato-onion (94.27 kg ha - 1 day- 1), 

rice- mustard- tomato (77.59 kg ha- 1 day- 1
) , rice-carrot-cowpea (77.57 kg ha- 1 

day- 1
) and rice-coriander- lady's .fingers (76.32 kg ha - 1 day-1). Intensification a nd 

the inclusion of vegetables crops during the rabi and summer seasons may be 
~1ttributed to higher system productivity. Similar results were reported by C3angwar 
a nd Ram (2005) and Katya! et al. (2002). 

Dfrersijication index 

The value of DI varies between 0 and 1 (Table 6). Similar values were obtai11ed hy 
Acharya (2003) who reported that DI ""- 0 when a si ngle crop occupied a who le 
cropped area and DI = 1 when each crop is grown on an equal area. Tt is evident 
from the results that DT varies from 0.299 on a medium-sized farn1 to 0.903 on a 
small farm, with an average of 0.643 across all categories. The survey revealed that 
the average DI value was highest (0.741) for small fam1s compared with medium· 
(0.591) and large (0.626) farms. and the differences were negligible. A higher DI 
value represents a higher level of crop diversification. This seems to reinforce the 
view that the smaller the farm, the higher the level of crop diversification. Perusal of 
the crop diversification pattern further revealed that the majority of farmers were 
high crop diversificrs (46.4%), followed by medium (35.7%) and low (17.8%) levels. 
Similar trends \•,;ere observed for small and large farms across level of crop 
diversification : in medium-sized farms, it was observed that diversification was 
evenly distributed among low, medium and high level s to the tune of 33.3% each . 
The resul ts are in agreement with those of Singh VK and Sharma l)OOJ ). 

5)1stem profitability 

Maximum net proh.t per hectare was recorded in rice-tomato-bottle gourd 
(Rs. l 59,904.00) followed by rice· coriander- lady's fingers (Rs. 98,683.00) and rice · 

Table 6. Diversification index (DI) and number of farmers in dept."lldence on farm category. 

Farm ca tegory D I 

Small 0.741 
M edium 0.591 
Large 0.626 
Overall 0.643 

Number of farmers with levels of 
cliversifica ti on 

Low 

l (J 2.5) 
4 (33.3) 

5 (17.8) 

Medium 

3 (37.5) 
4 (33.3) 
3 (37.5) 

10 (35.7) 

High 

4 (50.5) 
4 (33.3) 
5 (62.5) 

J 3 (46.4) 

Note: Figures in the paren thesis indicate percentage. 

Total number of farn1ers 

8 
12 
8 

28 
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mustard- tomato (Rs. 88,976.00). A similar trend was observed for the benefi t-cost 
ratio (R s. 2.89, 2.59 and 2.54). Maximum profitability (Rs. 484.6 ha - 1 day- 1

) and 
relative economic efficiency (490.2%) were recorded in rice- tomato-bottle gottrd 
followed by rice- mustard- tomato (R s. 288.5 ha- 1 day- 1 and 328.4%) and rice­
coriander- lady"s fingers (Rs. 281.2 ha - I day- 1 and 264.2<Yo ), whereas the lowest 
values were found for rice-pea- green chillies (Rs. 72.2 ha- 1 day- 1 and - 9.38%), 
where USSl is equivalent to lndian R s. 45.00. The difference may he due to the 
higher productivity and sale price of mustard and tomato compa red with coriander 
and lady"s fingers (Table 7). These results conform with those of Gangwa r and Ram 
(2005) and Katya! et al. (2002). It is interesting to note that vegetable-dominated 
cropping system s were more remunerati ve than cereal- and pulse-dominated 
cropping systems. 

Conclusion 

The croppi ng intensity of the Eastern Region of India is as low as 140% in an 
irrigated ecosystem, which can he enhanced to 300% by adopting developed 
di\·cr,,ified cropping systems. 

or IO di versified cropping sy:.tems studied for a period of four coni:.ecutive yea rs 
(2004- 2007), five were seen to be more remunerative, namely rice-tomato- bottle 
gourd foll owed hy rice co riander- lady's fingers. 1ice mustard- tomato, rice--carrot 
cowpca and rice- potato oni on. 

Crop diversification in different seasons (kharif, rabi and summer) enhanced the 
level of employment a nd regular return to ranners. During the kharif season, rice was 
ta ken as a test crop. which gave employment to farmers for six months, fo llowed by 
di fferent vegetable crops taken during the rabi and summer season . which enhanced 
the employment :;talus and regular return to the rarmers for the remaining six months. 
On the whole, the developed cropping systems not only enhanced the level of 
employment. but abo provided a regular return to the farmers throughout the year. 

Crops sown in different cropping systems during different seasons sustained crop 
productivity year after year without soil heal th deteriorating. lt was also observed 
t hat crops sown during different seasons have a synergistic effect on soil. rather than 
an antagonistic effect. Pulses SO\.\ n in the system enhanced the nutrient status and 
health of the soil. 
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