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ºÉÉ®ú - ºÉ®úºÉÉå EòÒ ¡òºÉ±É EòÒ ¤Égø´ÉÉ®ú +Éè®ú =ºÉEòÒ {ÉènùÉ´ÉÉ®ú {É®ú ¨ÉÉèºÉ¨É |ÉÉSÉ±ÉÉå Eäò {Éc÷xÉä ´ÉÉ±Éä |É¦ÉÉ´ÉÉå EòÉ 
+vªÉªÉxÉ Eò®úxÉä Eäò Ê±ÉB ºÉÒ.ºÉÒ.BºÉ.,BSÉ.B.ªÉÚ. Ê½þºÉÉ®ú Eäò +xÉÖºÉÆvÉÉxÉ ¡òÉ¨ÉÇ ¨Éå nùÉä ¨ÉÉèºÉ¨ÉÉå EòÒ ¡òºÉ±ÉÉå (1996-97 +Éè®ú 
1997-98) {É®ú JÉäiÉ {É®ú +ÉvÉÉÊ®úiÉ |ÉªÉÉäMÉ ÊEòB MÉB ½éþ* <xÉºÉä |ÉÉ{iÉ ½ÖþB {ÉÊ®úhÉÉ¨ÉÉå ºÉä +ÊvÉEòiÉ¨É iÉÉ{É¨ÉÉxÉ +Éè®ú iÉäVÉ 
vÉÚ{É Eäò PÉ]õÉå EòÒ +´ÉÊvÉ ¤ÉgøxÉä ºÉä {ÉÉèvÉÉå Eäò {ÉkÉÉå EòÒ ¤Égø´ÉÉ®ú (B±É.B.+É<Ç.) EòÉ ¦ÉÒ {ÉiÉÉ SÉ±ÉÉ ½èþ* ÊnùxÉ Eäò ºÉ¨ÉªÉ 
iÉÉ{É¨ÉÉxÉ ¨Éå ½Öþ<Ç ´ÉÞÊrù Eäò {ÉÊ®úhÉÉ¨Éº´É°ü{É ¡òºÉ±É Eäò =MÉxÉä Eäò nùÉè®úÉxÉ VÉè´É¦ÉÉ®ú EòÉ ºÉÆSÉªÉxÉ +{ÉäIÉÉEÞòiÉ +ÊvÉEò ½þÉäxÉä EòÉ 
{ÉiÉÉ SÉ±ÉÉ ½èþ ËEòiÉÖ ªÉ½þ |É´ÉÞÊiÉ ¡òºÉ±É Eäò {ÉEòxÉä Eäò nùÉè®úÉxÉ Ê´É{É®úÒiÉ {ÉÉ<Ç MÉ<Ç ½èþ1 {ÉÉèvÉÉå EòÒ {ÉÚ®úÒ +´ÉºlÉÉ Eäò nùÉè®úÉxÉ 
´ÉÉ¹{ÉÉäiºÉVÉÇxÉ nù®ú ¨Éå ½Öþ<Ç ´ÉÞÊrù ºÉä ¥ÉèÊºÉEòÉ ¨Éå VÉè́ É¦ÉÉ®ú Eäò ºÉÆSÉªÉxÉ ¨Éå ¤ÉgøÉäiÉ®úÒ EòÉ {ÉiÉÉ SÉ±ÉÉ ½èþ* iÉlÉÉÊ{É ¤ÉÉnù ¨Éå ¡òºÉ±É 
Eäò {ÉEòxÉä Eäò nùÉè®úÉxÉ ´ÉÉ¹{ÉÉäiºÉVÉÇxÉ  EòÒ nù®ú ¨Éå ´ÉÞÊrù Eäò {ÉÊ®úhÉÉ¨Éº´É°ü{É VÉè´É¦ÉÉ®ú ºÉÆSÉªÉxÉ IÉÒhÉ {ÉÉªÉÉ MÉªÉÉ ½èþ* <ºÉEäò 
+±ÉÉ´ÉÉ, {ÉènùÉ´ÉÉ®ú EòÒ ¨ÉÉjÉÉ EòÉä ÊxÉvÉÉÇÊ®úiÉ Eò®úxÉä ¨Éå ¡òºÉ±É Eäò =MÉxÉä Eäò nùÉè®úÉxÉ EÖòUô ¨É½þi´É{ÉÚhÉÇ |ÉÉSÉ±ÉÉå  (+ÊvÉEòiÉ¨É 
+Éè®ú xªÉÚxÉiÉ¨É iÉÉ{É¨ÉÉxÉÉå, {ÉÉjÉ ´ÉÉ¹{ÉxÉ +Éè®ú |ÉÉiÉ:EòÉ±ÉÒxÉ ºÉÉ{ÉäÊIÉEò +ÉpÇùiÉÉ) Eäò {ÉÊ®úhÉÉ¨ÉÉå EòÒ ¦ÉÚÊ¨ÉEòÉ ÊxÉhÉÉÇªÉEò {ÉÉ<Ç MÉ<Ç 
½èþ,  VÉÉä ¡òºÉ±É EòÒ {ÉènùÉ´ÉÉ®ú  ºÉä ºÉÆ¤ÉÆÊvÉiÉ Ê´ÉÊ¦ÉzÉ Ê´É¶Éä¹ÉiÉÉ+Éå ¨Éå ºÉ¤ÉºÉä +ÊvÉEò ¨É½þi´É{ÉÚhÉÇ ½èþ* ¡òºÉ±É Eäò =MÉxÉä Eäò 
nùÉè®úÉxÉ ´É¹ÉÉÇ EòÉ {ÉènùÉ´ÉÉ®ú +Éè®ú {ÉènùÉ´ÉÉ®ú ºÉä ºÉÆ¤ÉÆÊvÉiÉ Ê´É¶Éä¹ÉiÉÉ+Éå Eäò ºÉÉlÉ ªÉÉ iÉÉä EòÉä<Ç ºÉÆ¤ÉÆvÉ {ÉÉªÉÉ ½þÒ xÉ½þÓ MÉªÉÉ ½èþ 
+lÉ´ÉÉ xÉEòÉ®úÉi¨ÉEò ºÉÆ¤ÉÆvÉ {ÉÉªÉÉ MÉªÉÉ ½èþ CªÉÉåÊEò ËºÉSÉÉ<Ç ºÉä |ÉSÉÖ®ú xÉ¨ÉÒ Ê¨É±É VÉÉxÉä Eäò EòÉ®úhÉ ¡òºÉ±É Eäò Ê±ÉB VÉ±É EòÒ 
Eò¨ÉÒ EòÉ {ÉiÉÉ xÉ½þÓ SÉ±ÉÉ ½èþ* 

 
ABSTRACT.  Field experiment was conducted for two crop seasons (1996-97 & 1997-98) at CCS, HAU, Hisar 

research farm to study the effect of weather parameters on growth and yield of mustard. The results indicated that an 
increase in maximum temperature and duration of sunshine hours resulted in increased leaf area index (LAI). The 
increase in daytime temperature resulted in higher biomass accumulation during vegetative phase, but the trend was 
reversed during physiological maturity. The biomass accumulation in brassicas increased with increase in evaporation 
rate during the grand growth period. However, latter on during the physiological maturity, increase in evaporation rate 
resulted in decline of biomass accumulation. Further, it was noted that the magnitudes of some important weather 
parameters (maximum and minimum temperatures, pan evaporation and morning relative humidity) during the vegetative 
phase of crop played decisive role in deciding the quantum of seed yield which is a resultant of various yield attributes. 
The rainfall during the crop growing season either have no association or had a negative relationship with yield and yield 
attributes because crop never experienced water stress as abundant moisture was made available through irrigation. 
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1. Introduction  
 

Agriculture is the most important primary economic 
activity pursued throughout the world and is entirely 
dependent on weather. The knowledge of optimum 
weather conditions specific to various phases of crop 
growth coupled with the knowledge of past weather over a 
number of years help us to characterise the growing 
season for a crop over a given region. The rate of many 
physiological processes occurring in plant is markedly 
influenced by temperature. Temperature may have 

differential quantitative and qualitative effects on growth 
and yield of a crop, over and above is the influence on 
flowering and crop production. Another important weather 
factor in crop production is solar radiation (the source of 
energy for photosynthesis). The accumulation of biomass 
is essentially a linear function of accumulated 
photosynthetically active radiation (PAR) by crop canopy, 
which is a function of leaf area index (Hughes and 
Keatinge, 1983). Mustard is the most widely grown 
Brassica species in Indian subcontinent. Optimum time   
of  sowing  and  plant  density, are the two most important  
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Fig. 1.  Effect of different weather elements on LAI 

 
 
 
agronomic non-monetary input, which play a pivotal role 
in achieving the potential yield of a crop. These two inputs 
decide the environmental conditions, the crop is likely to 
encounter during its growth. The role of different weather 
parameters on growth and development of crops remains 
oblivious. In view of the potential significance of crop-
weather relationships, the present field study was carried 
out to study the effect of weather parameters encountered 
under different growing environments on growth and yield 
of mustard crop. 
 
2. Materials and methods  
 

The experiment was conducted during rabi (winter) 
seasons of 1996-97 and 1997-98 at the research farm of 
CCS Haryana Agricultural University, Hisar (29o 10 N, 
75o 46 E and 215.2m a.m.s.l.). The experiment was laid 
out in split-plot design with three replications. The 
treatment combinations comprised of three sowing dates 
(5 Oct , 19 Oct and 5 Nov in 1996-97 and 24 Nov, 4 Dec 
and 16 Dec in 1997-98), two plant spacing (30cm  15cm 

and 40cm  20cm) and four varieties (Varuna, RH-30, 
Laxmi and BSH-1). The variation in sowing dates was 
kept to create different crop growing environments. Full 
dose of phosphorus (40 kg/ha) and half of nitrogen (40 
kg/ha) was applied at the time of sowing and remaining 
half of nitrogen (40 kg/ha) was applied after first 
irrigation. The crop was inspected regularly at frequent 
interval (2 to 3 days) to follow the phenological events 
closely. From these observations, emergence (P1), first 
flower appearance (P2), 50% flowering  (P3), start of seed 
filling (P4), end of seed filling (P5) and physiological 
maturity (P6) were identified. Five plants were taken 
randomly for measuring leaf area index (LAI) and dry 
matter accumulation at various growth stages. Leaf area of 
plants selected for biomass observation was measured 
with the help of leaf area meter (LICOR, LI-3000). The 
yield and yield attributing characters such as number of 
siliqua/m2, number of seeds/siliqua, 1000-seed weight 
(test weight), seed yield/m2 and seed yield (kg/ha) were 
recorded at harvest. Daily observation of meteorological 
parameters  viz.,   maximum  (Tmax)  and  minimum  (Tmin)  
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Fig. 2.  Effect of different weather elements on Biomass accumulation 

 
 
 
temperatures, morning (RHm)and evening (RHe) humidity, 
bright sunshine hours (SS), pan evaporation (PE), wind 
speed (WS) and rainfall (Rain) were recorded at agro-
meteorological observatory situated at a distance of 10 m 
from the experimental site. 

 
3. Results and discussion 
 
 3.1. Effect of weather elements on LAI 
 

The LAI increased with increase in maximum 
temperature during the grand growth period spread over 
P2 and P3 phases of crop growth (Fig.1). The maximum 

temperature during these phenophases varied between 18 
to 33° C and was within the cardinal limits for growth of 
oilseed brassicae. Recent studies reviewed by Monteith 
and Elston (1983) indicate that the duration of leaf 
expansion is closely related to temperature. Bose (1973) 

found that higher temperature was responsible for 
increased leaf area during vegetative stage. Hence, the 
increase in LAI with increase in maximum temperature is 
consistent. Further, LAI also increased with increase in 
duration of sunshine hours (Fig.1), which could result 
because of the persistent higher photosynthetic rate over a 
longer duration owing to extended sunshine duration 
leading to faster cell division and elongation as plenty of 
energy was available in the leaf lamina itself. The 
influence of sunshine and maximum temperature was 
more or less similar as an increase in these parameters 
during the period from sowing to commencement of 
elongation will have beneficial effect on all growth and 
development parameters. However, LAI decreased with 
increase in wind speed towards end of seed filling phase 
(Fig.1), which can be expected because of energy loss and 
faster leaf abscission owing to higher wind speed recorded 
during this phase of crop growth. 
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TABLE 1 
 

Correlation coefficients between  weather  parameters  and  seed  yield  and  its  attributes  at  various  growth  stages  in  brassica 
 

No. of seeds/siliqua 1000-seed weight Weather 
parameters 

P2 P3 P4 P5 P6 P2 P3 P4 P5 P6 

Tmax 0.72 0.31 -0.14 -0.63 -0.66 0.77 0.45 -0.08 -0.50 -0.49 

Tmin 0.69 -0.23 -0.72 -0.79 -0.70 0.62 -0.10 -0.67 -0.76 -0.55 

RHm -0.72 -0.35 -0.16 0.38 0.53 -0.77 -0.43 -0.20 0.25 0.43 

RHe -0.47 -0.75 -0.73 -0.62 0.09 -0.63 -0.75 -0.68 -0.74 -0.01 

WS -0.13 -0.35 -0.82 -0.73 -0.68 -0.36 -0.16 -0.66 -0.77 -0.60 

SS 0.47 0.35 -0.01 0.03 -0.06 0.63 0.42 -0.05 0.28 -0.20 

PE 0.72 0.37 -0.55 -0.75 -0.66 0.76 0.49 -0.43 -0.61 -0.55 

Rain -0.47 -0.35 -0.10 -0.62 0.12 -0.56 -0.33 -0.06 -0.70 0.21 

 

 

 Seed yield/m2 No. of siliqua/ m2 Seed yield/ha 
 

P2 P3 P4 P5 P6 P2 P3 P4 P5 P6 P2 P3 P4 P5 P6 

Tmax 0.85 0.57 0.14 -0.62 -0.52 0.92 0.60 0.14 -0.72 -0.60 0.83 0.53 0.12 -0.62 -0.49 

Tmin 0.76 0.08 -0.58 -0.81 -0.67 0.79 0.02 -0.67 -0.91 -0.76 0.73 0.03 -0.60 -0.81 -0.64 

RHm -0.81 -0.60 -0.42 0.41 0.36 -0.89 -0.65 -0.41 0.46 0.43 -0.80 -0.61 -0.40 0.41 0.35 

RHe -0.66 -0.78 -0.80 -0.67 -0.14 -0.72 -0.88 -0.87 -0.74 -0.12 -0.64 -0.78 -0.79 -0.66 -0.14 

WS -0.25 -0.01 -0.59 -0.81 -0.66 -0.30 -0.13 -0.66 -0.90 -0.72 -0.27 -0.03 -0.59 -0.80 -0.65 

SS 0.69 0.49 0.26 0.08 -0.04 0.76 0.52 0.26 0.08 -0.02 0.68 0.47 0.23 0.10 -0.03 

PE 0.85 0.67 -0.27 -0.72 -0.53 0.91 0.66 -0.33 -0.80 -0.62 0.83 0.63 -0.30 -0.71 -0.51 

Rain -0.61 -0.26 -0.29 -0.64 -0.04 -0.68 -0.29 -0.31 -0.71 -0.03 -0.69 -0.27 -0.28 -0.63 0.03 

Critical Value  (1-Tail, 0.05) =  0.24, Critical Value  (2-Tail, 0.05) =  0.29, N = 48 

 
 
 
 
 3.2. Effect of weather elements on biomass 

accumulation 

 
An increase in daytime temperature during 

vegetative phase produced increased biomass, but a 
significant slow down in gain of biomass was noted 
during maturity phase due to higher daytime temperature. 
The higher maximum temperature during grand growth 
period promoted plant growth (Fig.2). According to 
Chopra (1998) the role of air temperature during early 
growth stages of mustard crop is significantly important as 
it dominantly affects the rate of growth of biomass 

throughout the crop life. It has been an established fact 
that the temperature changes the duration of crop growth 
and consequently the crop was able to intercept incident 
radiation over an extended period, which ultimately got 
transformed into increased biomass. A decline in gain of 
biomass was recorded during maturity phase, before 
which a steep rise in growth rate was noticed during the 
siliqua and seed development phase. Chopra (1998) also 
reported similar results for brassicas at Delhi. An increase 
in minimum temperature during early vegetative phase 
(P2) resulted in high plant biomass accumulation, 

however, an increase in minimum temperature during 
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reproductive and maturity phases of crop resulted in 
decreased biomass accumulation (Fig.2). Since, weather 
parameters are interrelated, an increase in minimum 
temperature during latter phases of crop growth is usually 
accompanied by an increase in maximum temperature. Air 
temperature is the most important environmental factor, 
which influences the crop growth. Temperature 
determines the duration of various phenophases and 
consequently the time during which incident radiation can 
be intercepted and transformed to dry matter. The biomass 
accumulation in oilseed brassicae increased with increase 
in daily sunshine hours particularly during vegetative 
phase (Fig.2). Abundant radiant energy for an extended 
duration resulted in higher photosynthetic rate for longer 
period leading to an overall increase in biomass 
accumulation. The increase in wind speed decreased the 
biomass accumulation in brassicas (Fig. 2). In context of 
biomass production, the wind speed during vegetative 
phase was not that important but its role was significant 
during latter growth phases. The decrease in biomass 
accumulation during reproductive phase and at 
physiological maturity due to increase in wind speed 
could have been because of increased respiration rates 
resulting in lower biomass gains. During grand growth 
phase, the biomass accumulation in brassica increased 
with increase in evaporation rate. However, the increase in 
evaporation rates during physiological maturity resulted in 
its decline (Fig. 2). The increase in evaporation during 
early vegetative phase was because of higher daytime 
vapour pressure deficit developed due to increased 
ambient temperature, solar energy and low relative 
humidity. Optimum temperature and extended duration of 
sunshine during vegetative phase  are congenial for 
oilseed brassicae. The increased rate of evaporation 
during physiological maturity because of higher air 
temperature and extended sunshine duration led to higher 
vapour pressure deficit causing loss of cell wall turgor 
which ultimately resulted in faster desiccation and reduced 
biomass accumulation. 
 
 3.3. Effect of weather on yield and yield attributes 
 

The results of the correlation studies between 
weather parameters on one hand and the seed yield and its 
attributes on the other are presented in Table 1. It was 
noted that the maximum and minimum temperatures, pan 
evaporation and morning relative humidity played 
important role during vegetative phase of crop, when 
development of LAI took place. However, during 
reproductive and maturity phases, in addition to maximum 
and minimum temperatures, the wind speed and pan 
evaporation also showed relationship with the seed yield 
and its attributes in oilseed brassicae.  Kar et al. (!998) 
have revealed that the seed filling stage is the most vital 
stage for radiation interception for photosynthesis and 

biomass partitioning towards pods. The rainfall during the 
crop growing season occurring during various 
phenophases either have no association or had a negative 
relationship with seed yield and the attributes. This 
negative association of rainfall could have been because 
of the presence of abundant soil moisture in the soil 
profile. The significant positive association of maximum 
and minimum temperature during vegetative phase 
indicated that temperatures prevailed during vegetative 
phase were within the cardinal limits of temperatures 
required by the crop. Hence, the higher temperatures 
during vegetative phase resulted in higher photosynthetic 
activity leading to better plant growth and development, 
which ultimately got translated, into higher seed yield 
because of favourable yield attributes. According to 
Chopra (1998), the role of air temperature during early 
vegetative phase of crop is significantly important as it 
dominantly affects the rate of growth of biomass 
throughout the crop life and hence the seed yield. The 
significant negative relationship between minimum and 
maximum temperature during reproductive phase with 
seed yield and the attributes indicated that the minimum 
temperature and maximum temperature in a day are highly 
dependent on each other. Therefore, occurrence of higher 
maximum temperature will lead to increased respiration 
resulting in poor development of yield attributes. The 
significant positive association of pan evaporation at 
vegetative phase was because of positive significant 
association of sunshine hours and minimum and 
maximum temperatures.  The sunshine duration was better 
correlated with seed yield and attributes at vegetative than 
at reproductive phase. Bishnoi et al. (1991) had reported 
similar results in mustard crop. 
 
4. Conclusions  
 

Increase in maximum temperature and sunshine 
duration during the grand growth period resulted in 
marked increase in LAI and biomass accumulation in 
mustard crop. This improvement in growth parameters 
was further instrumental in bringing about considerable 
increase in seed yield. 
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