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ºÉÉ®ú - <ºÉ ¶ÉÉävÉ-{ÉjÉ ¨Éå iÉÉ{É¨ÉÉxÉ Eäò Ê´ÉiÉ®úhÉ ºÉÊ½þiÉ ´É¹ÉÉÇ Eäò Ê´ÉiÉ®úhÉ, ºÉÉ{ÉäÊIÉEò +ÉpÇùiÉÉ (+É®ú.BSÉ.), iÉäVÉ vÉÚ{É Eäò 
PÉÆ]õÉä (BºÉ.BºÉ.BSÉ.) ºÉä ºÉÆ¦ÉÉÊ´ÉiÉ ¡òºÉ±É ¤ÉÉäxÉä Eäò ¨ÉÉèºÉ¨É EòÉ iÉlÉÉ ÊxÉÌnù¹]õ IÉäjÉ ¨Éå ¡òºÉ±É Eäò  ÊxÉ¹{ÉÉnùxÉ EòÉ ºÉÆEäòiÉ 
Ê¨É±ÉiÉÉ ½èþ* ´É¹ÉÇ 1989-91 Eäò nùÉè®úÉxÉ {ÉÎ¶SÉ¨ÉÒ ¤ÉÆMÉÉ±É Eäò Eò±ªÉÉhÉÒ ¡òÉ¨ÉÇ ¨Éå {ÉÉÄSÉ ÊEò¡òÉªÉiÉÒ ºÉÆ¦ÉÉ´ªÉ, {ÉÉä¹ÉhÉÒªÉ, ´É¹ÉÉÇ 
{É®ú +ÉvÉÉÊ®úiÉ ¡òºÉ±É Eäò +xÉÖGò¨ÉÉå +lÉÉÇiÉÂ {É®úiÉÒ ¦ÉÚÊ¨É (ªÉÉÊxÉ EòÉä<Ç ¡òºÉ±É xÉ½þÒ) - SÉÉ´É±É- ¨ÉºÉÚ®ú, {É]õºÉxÉ-SÉÉ´É±É-¨ÉºÉÚ®ú, 
|ÉiªÉIÉ °ü{É ºÉä ¤ÉÉäB MÉB SÉÉ´É±É-SÉÉ´É±É-¨ÉºÉÚ®ú, ¨ÉÚÆMÉ¤ÉÒxÉ-SÉÉ´É±É-¨ÉºÉÚ®ú iÉlÉÉ ÊiÉ±É-SÉÉ´É±É-¨ÉºÉÚ®ú {É®ú IÉäjÉÒªÉ {É®úÒIÉhÉ ÊEòB 
MÉB* MÉÉÆMÉäªÉ Eäò EòUôÉ®ú IÉäjÉ ¨Éå ÎºlÉiÉ Eò±ªÉÉhÉÒ ¡òÉ¨ÉÇ Eäò ÊxÉEò]õ´ÉiÉÔ IÉäjÉ ¨Éå SÉÖxÉä MÉB EÞòÊ¹É ¨ÉÉèºÉ¨É Ê´ÉYÉÉxÉ ´ÉävÉ¶ÉÉ±ÉÉ+Éå 
(+lÉÉÇiÉÂ ÊSÉxÉºÉÖ®úÉ, ½þ®úÒxÉPÉÉ]õ, ¤Éè®úEò{ÉÖ®ú) ºÉä ¨ÉÉÊºÉEò ¨ÉÉvªÉ ¨ÉÉèºÉ¨É Ê´ÉYÉÉxÉ |ÉÉSÉ±ÉÉå +lÉÉÇiÉÂ ´É¹ÉÉÇ, ºÉÆ¦ÉÉ´ªÉ ´ÉÉ¹{ÉxÉ-
´ÉÉ¹{ÉÉäiºÉVÉÇxÉ ({ÉÒ.<Ç.]õÒ.), BºÉ.BºÉ.BSÉ., iÉÉ{É¨ÉÉxÉ (+ÊvÉEòiÉ¨É +Éè®ú xªÉÚxÉiÉ¨É) +Éè®ú +É®ú.BSÉ. (0700 +Éè®ú 1400 ¤ÉVÉä 
B±É.B¨É.]õÒ {É®ú) EòÉä |ÉÉ{iÉ ÊEòªÉÉ MÉªÉÉ* <ºÉ¨Éå ¨ÉÉèºÉ¨É Ê´ÉYÉÉxÉ |ÉÉSÉ±ÉÉå ºÉä |É¦ÉÉÊ´ÉiÉ ½ÖþB ¡òºÉ±ÉÉå +Éè®ú =xÉEäò +xÉÖGò¨ÉÉå Eäò 
ºÉÉ{ÉäIÉ ={ÉVÉ ÊxÉ¹{ÉÉnùxÉ {É®ú +vªÉªÉxÉ ÊEòB MÉB* MÉÉÆMÉäªÉ Eäò EòUôÉ®ú IÉäjÉ ¨Éå ¨ÉÉxÉºÉÚxÉ ºÉä {ÉÚ´ÉÇ ½Öþ<Ç ´É¹ÉÉÇ +|Éè±É/¨É<Ç Eäò 
nùÉè®úÉxÉ =SSÉ +É®ú. BSÉ. ºÉÊ½þiÉ ºÉÉvÉÉ®úhÉ ºÉä +ÊvÉEò iÉÉ{É¨ÉÉxÉ Eäò EòÉ®úhÉ ¤Éä½þiÉ®ú {ÉÚ´ÉÇ-JÉ®úÒ¡ò ¡òºÉ±É ±ÉMÉÉ<Ç MÉ<Ç* <ºÉºÉä 
ºÉÉvÉÉ®úhÉ iÉÉ{É¨ÉÉxÉ ºÉÊ½þiÉ ¨ÉÉxÉºÉÚxÉ Eäò ¨É½þÒxÉÉå ¨Éå ½Öþ<Ç ¦ÉÉ®úÒ, ºÉ¨ÉÉxÉ °ü{É ºÉä Ê´ÉiÉÊ®úiÉ ´É¹ÉÉÇ iÉlÉÉ +ÊvÉEò =SSÉ +É®ú.BSÉ. 
ºÉä ¡òºÉ±É SÉGò Eäò EäòxpùÊ¤ÉxnÖù Eäò °ü{É ¨Éå ´É¹ÉÉÇ {É®ú +ÉvÉÉÊ®úiÉ |ÉÊiÉ®úÉäÊ{ÉiÉ JÉ®úÒ¡ò SÉÉ´É±É ¤ÉÉäxÉä EòÒ MÉÖÆVÉÉ<¶É EòÉ {ÉiÉÉ SÉ±ÉÉ 
½èþ* Ê´É¶Éä¹ÉEò®ú {É]õºÉxÉ +lÉ´ÉÉ ¨ÉÚÆMÉ¤ÉÒxÉ EòÒ ¡òºÉ±É Eäò {É¶SÉÉiÉÂ JÉ®úÒ¡ò SÉÉ´É±É EòÒ {ÉènùÉ´ÉÉ®ú +ÊvÉEò ®ú½þÒ ½èþ* Eò¨É ´É¹ÉÉÇ 
ºÉÊ½þiÉ |ÉÉä¡òÉ<Ç±É ºÉÆOÉÊ½þiÉ +´ÉÊ¶É¹]õ +ÉpÇùiÉÉ xªÉÚxÉ iÉÉ{É¨ÉÉxÉ +Éè®ú ®ú¤ÉÒ ¨ÉÉèºÉ¨É Eäò nùÉè®úÉxÉ =SSÉ +É®ú.BSÉ. Eäò 
{ÉÊ®úhÉÉ¨Éº´É°ü{É ¨ÉºÉÚ®ú EòÒ ¡òºÉ±É +SUôÒ ½Öþ<Ç ½èþ* {ÉÉÄSÉ +xÉÖGò¨ÉÉå ¨Éå ÊEòB MÉB +vªÉªÉxÉ ¨Éå ºÉä {É]õºÉxÉ-SÉÉ´É±É-¨ÉºÉÚ®ú iÉlÉÉ 
¨ÉÚÆMÉ¤ÉÒxÉ-SÉÉ´É±É-¨ÉºÉÚ®ú EòÉ {ÉÉä¹hÉÒªÉ =i{ÉÉnùxÉ +Éè®ú ´ÉÉºiÉÊ´ÉEò ±ÉÉ¦É ºÉÊ½þiÉ ÊxÉ¹{ÉÉnùxÉ ºÉ´ÉÉækÉ¨É {ÉÉªÉÉ MÉªÉÉ ½èþ* 

 
ABSTRACT.  Rainfall, its distribution along with distribution of temperature. relative humidity (RH), bright 

sunshine hours (SSH) suggest the possible growing season and crop performance in a given area.  Field experiments on 
five economically feasible, sustainable, rainfed crop sequences viz. fallow (i.e. no crop) – rice-lentil,  jute-rice-lentil, 
direct seeded rice-rice-lentil, mungbean-rice-lentil and sesame-rice-lentil were conducted at Kalyani Farm, W.B., during 
1989-91.  Mean monthly meteorological parameters viz. rainfall, potential evapotranspiration (PET), SSH, temperature 
(max. and min.) and RH (at 0700 and 1400 hrs LMT) were obtained from selected agrometeorological observatories (viz.  
Chinsurah,  Haringhata and Barrackpore), adjacent to the Kalyani Farm located in Gangetic alluvial region.  The relative 
yield performance of crops and sequences as influenced by meteorological parameters were studied.  In Gangetic alluvial 
region early rain, moderate to high temperature with high RH during April/May resulted in good pre-kharif crop 
establishment.  Heavy, well distributed precipitation during monsoon months along with moderate temperature and very 
high RH showed scope for rainfed transplanted kharif rice as the pivot of crop rotation.  Kharif rice yields were high 
especially after jute or mungbean.  Profile stored residual moisture along with low rainfall, low temperature and high RH 
during rabi season resulted in good performance of lentil.  Among the five sequences studied, performance of' jute-rice-
lentil and mungbean-rice-lentil were the best with sustainable production and net return. 

 
Key words  Crop sequences, Fallow, Sustainable production, Net return. 

 
1. Introduction 

 
Rainfall, its distribution along with distribution of 

temperature, relative humidity (RH), bright sunshine 
hours (SSH) suggest the possible growing season in   
given area (Venkateshwarlu 1985) with probable          
crop performance.  Rainfed cropping over most of      
India (i.e. farming with natural precipitation) is a     
gamble on the monsoon. The problems of rainfed 

cropping are :  (i) rainfall, which is concentrated within    
a short period and is uncertain in its distribution,            
(ii) monsoon rainfall may start late and cease early or 
vice-versa, with short or long dry spells in between, which 
vary from region to region. 

 
Gangetic alluvial soils (entisol) are new in origin, 

non-saline in nature, profile characters have not yet fully 
developed  and are highly productive for growing crops in  
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Figs. 1(a-c).  Mean monthly meteorological parameters 
obtained from Chinsurah, Haringhata and 
Barrackpore 
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rotation.  In lower Gangetic alluvial region early rain 
starts  by the  end of March, due to thundershower activity 
which is sufficient for raising pre-kharif crops viz. jute, 
aus rice, mungbean, sesame. Large areas remain 
submerged during rainy months (June to September) 
enabling rainfed transplanted kharif  rice as a pivot of crop 
rotation.  High temperature and high relative humidity 
during April to September also have influence on growth 
performance of pre-kharif and kharif crops. Kharif season 
is succeeded by rabi season, when both temperature and 
relative humidity are low but rabi crops like mustard, 
lentil, barley, safflower, peas, wheat can be raised by 
using profile stored soil moisture. 
 

Crop growth is the resultant of many physical and 
physiological processes each of which is affected in 
various degrees by meteorological parameters.  All the 
crops directly depend on rains, its distribution; the fraction 
of rainfall is stored as soil moisture, which contributes 
towards crop water need at its various growth stages, 
though the demand for rainfall is crop specific as well as 
region specific. The role of temperature on net 
photosynthesis varies from crop to crop depending upon 
their cardinal temperatures need (i.e. above and below 
which crop growth is severely hampered and the optimum 
temperature range varies from crop to crop as supported 
by Mavi, 1994).  The temperature influences the duration 
of vegetative period of many plants.  Duration of light, its 
intensity, quality affects crop development in varying 
degree in different crops.  Some crops are sensitive to 
relative humidity, which is one of the chief factors in 
controlling evapotranspiration from the crop canopy 
(Venkataraman 1992). Naturally, in the year-round 
programme of various rainfed cropping systems their 
performances varies depending on different crop 
sequences.  In this context five economically feasible, 
sustainable rainfed crop sequences were studied  viz. 
fallow-rice-lentil (F-R-L), Jute-rice-lentil(J-R-L), direct 
seeded rice-rice-lentil [R (d) - R -L], mungbean-rice-lentil 
(M-R-L) and sesame-rice-lentil (S-R-L) to judge their 
performances in Gangetic alluvial region under influence 
of various meteorological parameters. 

 
 

2. Methodology 
 

 

The meteorological data were collected from three 
agrometeorological observatories viz. Chinsurah     
(22.87 N, 88.40 E), Haringhata (22.92 N, 88.50 E) and 
Barrackpore (22.75 N, 88.43 E) which were adjacent to 
Kalyani Farm (22.39 N, 88.54 E), B.C.K.V., W.B., 
representing the lower Gangetic alluvial region.  Though 
all the 3 selected agrometeorological observatories were 
from the same lower Gangetic alluvial region, there were 
variations in the spatial distribution of the meteorological 

parameters studied.  Hence, pooling of the data from the 
observatories were done by computing mean. Monthly 
meteorological parameters viz., rainfall, potential 
evapotranspiration (PET), bright sunshine hours (SSH), 
temperature (max. and min.) and relative humidity (RH at 
0700 and 1400 hrs LMT) were obtained. Modified 
Penman method as obtained by Khambete and Biswas as 
published in weekly PET over India (1992) by the 
Agrimet. Division, IMD has been used in this study and 
monthly values were computed from the standard weeks. 
Data period for Chinsurah, Haringhata and Barrackpore 
were 1972-91, which are presented in Figs.1 (a-c). 
 

The field experiment on rainfed multiple cropping 
systems was conducted at Kalyani Farm during 1989-91, 
in all the three crop seasons viz. pre-kharif (i.e. early April 
to middle of July), kharif (i.e. end of July to end of 
October) and rabi (i.e. end of October to March). The 
experimental  clay loam soil belongs to Gangetic alluvial 
(entisol) with medium fertility status.  The experiment was 
laid out in an area of 994 m2 (in which net cropped area 
was 720m2�) with an individual plot size of 48m2 (8 m  
6m) for each of the 5 crop sequences and were replicated 
thrice.  The croppings during pre-kharif season were 
fallow (i.e. no crop), jute (cv. JRO - 7835), direct seeded 
rice (cv. MW-10), mungbean (cv.  Pusa Baisakhi) and 
sesame (cv.  B - 67); succeeding crop during kharif season 
was transplanted rice (cv. IR-36), followed by the crop 
lentil (cv.  B-77) during rabi season.  General fertilizer 
doses were @ 50 kg N, 25 kg P205 and 25 kg K2O per ha 
for pre-kharif crops; @ 50 kg N, 50 kg P205 and 50 kg 
K2O per ha for transplanted kharif rice and @ 20 kg N, 40 
kg P205 and 40 kg K2O per ha for rabi  crop (i.e. lentil).  
The pre-kharif crops were sown during first week of 
April; succeeding kharif rice was sown during end of July, 
while the rabi lentil was sown during third week of 
October, as paira crop (i.e. lentil seeds were sown just 
before harvest of kharif rice).  All the crops were raised 
under conventional agronomic practices.  The final dry 
yield (q/ha), total biomass (q/ha) of all the crops were 
determined and the mean values are summarized 
(sequence-wise) in Figs. 2 (a & b).  Based on local market 
price during the experimental years, net returns (Rs/ha) for 
each of the crops as well as sequences were computed and 
the mean for the experimental years are presented in     
Fig. 2(c). 
 
 
3. Results and discussion 
 

In the Gangetic alluvial region, performance of the 
rainfed crops (in all the pre-kharif, kharif and rabi 
seasons) as well as sequences, as influenced by different 
meteorological parameters were critically analysed and 
discussed. 
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Figs. 2(a-c).  (a) Mean yield, (b) total biomass and (c) net 
returns obtained under different rainfed crops in 
sequences in Gangetic alluvial region 

 
3.1. Pre-kharif season 

   
During pre-kharif season early rain during March to 

May, moderate to high temperature with high RH, bright 

SSH resulted in good pre-kharif crop establishment      
Figs. 1 (a-c).  Salient meteorological features during April, 
May were 7-11 cm/month of rainfall, around 25 C/36 C 
min/max temperatures; mean RH varied between 40-85% 
with mean bright SSH more than 8; however, the potential 
rate of evapotranspiration (PET) was 20-22cm/month.  
Naturally, with the occurrence of pre-monsoon shower the 
pre-kharif crops were sown making use of residual soil 
moisture also.  During June, July the balance between 
rainfall and PET was positive.  The 4 pre-kharif crops viz. 
jute, direct seeded rice, mungbean and sesame performed 
well Figs. 2 (a&b).  The mean yields (q/ha) were around 
23.0, 22.1, 8.6 and 9.9 for jute, direct seeded rice, 
mungbean and sesame, respectively, while their respective 
total biomass productions (q/ha) were around 124.7, 49.1, 
79.8, 109.7. Considering cost of cultivation and gross 
return, the net returns obtained [Fig. 2(c)] were very high 
for sesame and jute (both around Rs. 13000/ha), closely 
followed by mungbean (around Rs. 10700/ha), while net 
return from direct seeded rice was very low (around      
Rs. 4000/ha). 
 

3.2.  Kharif season 
 

Heavy precipitation during monsoon months with 
moderate temperature and very high RH [Figs. 1 (a-c)] 
showed greater scope of rainfed transplanted kharif rice as 
pivot of the crop rotations.  Rainfall during June to 
September varied between 25-35cm/month.  Due to heavy 
precipitation for consecutive four months, large areas 
were submerged where transplanted rice performed well, 
as supported by Chatterjee and Maiti (1984).  Maximum 
temperature during June was high which reduced slightly 
in the succeeding months of the season.  The mean 
minimum and maximum temperatures were ranged 
between 25-34 C.  RH values throughout the season was 
more than 70 %. During July to September RH         
values were ranged between 76-93%. Potential 
evapotranspiration was high during June (around 16 cm) 
which gradually reduced in the succeeding months.  
However, mean hours of bright sunshine was low (varied 
between 4-5 hours) during the season which showed 
negative influence on yield and total biomass production 
(as more cloudiness during the season resulted in less 
photosynthesis and more pests and diseases attack).  The 
combined influence of these meteorological parameters 
was reflected in kharif rice production.  The yield/total 
biomass production [Figs. 2 (a&b)] for the rice crop was 
very high which followed jute and mungbean (the yield 
was around 37 q/ha with total biomass around 82 q/ha).  
Yield  and total biomass of the crop after fallowing (in 
pre-kharif season), resulted in moderate production 
(around 26 q/ha yield with 56 q/ha biomass production), 
while rice crop after direct seeded rice or sesame resulted 
in poor yield (around 23 q/ha) and total biomass 

 



 
 
                      KASHYAPI :  METEOROLOGICAL PARAMETER AND RAINFED CROPPING        469 

production (around 51 q/ha).  The results revealed that 
jute or mungbean has positive influence (enriched the soil 
by decomposition of the crop residue) in the succeeding 
kharif cropping, while direct seeded rice or sesame has 
negative influence (depleted the soil) on the transplanted 
rice crop (Kashyapi 1992).  The impact was reflected in 
the form of net return, also [Fig. 2(c)].  Kharif rice after 
jute or mungbean gave around Rs. 12000/ha net return, 
while rice crop after direct seeded rice or sesame produced 
around Rs. 4700/ha net return.  Thus, rice cropping after 
jute or mungbean is around 2.5 times more remunerative 
as compared to the cropping after direct seeded rice or 
sesame. 

 
 

3.3.  Rabi season 
 

At the commencement of the season, precipitation 
was high with moderate temperature, high RH and 
moderate potential evapotranspiration [Figs. 1 (a-c)].  
Afterwards, some precipitation (<2.5 cm/month) was 
received in the succeeding months (because of western 
disturbances or some other systems, which along with 
profile stored soil moisture helped in rabi crop (lentil) 
establishment.  Temperature during the season varied 
between 11-30 C, while mean RH level was low (ranged 
between 40-90%) during the season.  Bright hours of 
sunshine was around 8 with 7-10 cm/month of potential 
evapotranspiration during November to February.  The 
growth and yield performance of paira lentil during the 
season was very good which was reflected by high     
yield, total biomass production and high net returns    
[Figs. 2 (a-c)].  The lentil yield varied from 12.0 to 14.5 
q/ha, while total boimass production was ranged between 
34.5 to 40.5 q/ha.  The crop net returns were between    
Rs. 9000-11000/ha (approx).  However, lentil crop during 
rabi season performed better in which preceding pre-
kharif crops were jute or mungbean, though the variation 
was not so marked. 
 

3.4. Crop sequences 
 

Among the five sequences studied, performance of 
jute-rice-lentil was the best with around 75.0 q/ha net 
yield. 250 q/ha net biomass production and Rs. 36000/ha 
net return. Mungbean-rice-lentil, sequence also performed 
very good with around 60.0 q/ha, 200 q/ha and         
Rs. 33000/ha net yield, net biomass production and net 
return respectively.  Performance of sesame-rice-lentil 
was moderate with around 45.5 q/ha, 196 q/ha and         
Rs. 26500/ha net yield, net biomass production and net 
return, respectively.  Performance of fallow-rice-lentil was 
the worst (around 38.0 q/ha net yield, 93 q/ha net biomass 
production and Rs. 15000/ha net return), because only two 
crops were raised in the sequence, which was closely 

followed by direct seeded rice-rice-lentil (with around 
58.0 q/ha net yield, 136 q/ha net biomass production and 
Rs. 18000/ha net return). 
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W.B. for his guidance in the present work.  He is also 
thankful to Shri M. R. Das, the then D.D.G.M. (Agrimet) 
and to Shri S. K. Shaha, the then Director (Agrimet) for 
the facilities provided in the Division. Assistance rendered 
by Smt. S. Renukadevi is also duly acknowledged. Thanks 
are also due to Shri M.  Shrinivas for typing the paper and 
to Shri P. M. Phadke for preparing the diagrams. 

 
 
4. Conclusions 
 

The present study on performance of rainfed 
cropping systems in Gangetic alluvial region revealed the 
following conclusions : 

 
(i) Four pre-kharif crops viz. jute, direct seeded rice, 
mungbean, sesame performed well under influence of 
early rain, moderate to high temperature, high RH, bright 
sunshine hour during the season.  Sesame and jute gave 
very good net returns, closely followed by mungbean, 
while net return obtained from direct seeded rice was very 
poor. 
 
(ii) Heavy precipitation during monsoon months with 
moderate temperature and very high RH showed very 
good scope for rainfed transplanted kharif rice as pivot of 
crop rotations.  The yield, total biomass production as well 
as net return for the rice crop was very high in which 
preceding crops were either jute or mungbean. 
 
(iii) Performance of paira lentil during rabi season was 
very good under influence of profile stored soil moisture 
(after kharif rice), low precipitation, low temperature, 
moderate RH, low potential evapotranspiration and very 
high hours of bright sunshine. 

 
(iv) Among the five sequences studied performance of 
jute-rice-lentil, mungbean-rice-lentil  were the best with 
sustainable production and net returns, closely followed 
by sesame-rice-lentil, while fallow-rice-lentil and direct 
seeded rice-rice-lentil were the worst in performance. 
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