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Abstract 
 

Field experiments were conducted to quantify the growth and development of sunflower in 

response to seasonal variation over two seasons i.e. spring and autumn. Sunflower hybrids were 

sown in a randomized complete block design. Growth and development parameters i.e. stem girth, 

plant height and dry matter accumulation m-2 were recorded at the time of maturity. Stem girth of 

spring crop was observed to be larger than that of autumn crop. The hybrid Suncorss-42 showed the 

maximum stem girth in spring which was significantly different from that of XF-263 showing the 

lowest stem girth in both the seasons. Plant height also followed the similar pattern like stem girth. 

The hybrid Suncross-42 produced the tallest plants with maximum dry matter and achene yield in 

both the seasons. Overall superiority of spring crop in terms of stem girth, plant height, dry matter 

accumulation and achene production over autumn crop may be attributed to the environmental 

factors prevailing during the crop life cycle and duration of crop in the field.   
 

Introduction 
 

Growth and development of a plant are a combination of many events at many 
different levels, from biophysical and biochemical to tissue and organ levels. Growth can 
be measured as increase in length, width, volume, fresh or dry weight of a  plant 
(Bidwell, 1979.) Various environmental variables affect the plant growth and 
development differently and it had been concluded that temperature regulates the plant 
growth and development (Ritchie & Ne Smith, 1991).    

Sunflower is a temperate zone crop but it can perform well under varying climatic 
and soil conditions. It can withstand early frost in autumn that usually kills maize and 
soybean. Amir & Khalifa (1991) reported that sunflower seeds can germinate and grow 
successfully across a wide range of climatic environments including hot tropical climates. 
Similarly, Khalifa et al., (2000) concluded that this wide geographic, morphological and 
habitat wise diversity of sunflower extending from very hot areas in the south west of US 
to very cold areas in eastern Canada, might have developed the unique characteristics of 
sunflower tolerance to both low and high temperatures and accounted for wide adaptation 
of the crop.   

Experimental and farm research trials have indicated that sunflower can be 
successfully grown in two seasons (spring and autumn) in Pakistan due to its wide range 
of adaptability (Rana et al., 1991). In spring season, sunflower is sown under low 
temperature of January and February and grows vegetatively under a range of low to 
medium temperature of February and March, before entering into reproductive stage. The 
reproductive stage develops under high temperature of May while it matures and is 
harvested under high temperature of June/July. Contrary to spring, autumn crop is sown 
at high temperature and high humidity of July - August. Its germination and early 
vegetative growth undergoes high to medium temperature of August and September 
before entering into reproductive stage. The reproductive phase of autumn crop takes off 
at medium temperature of October. It matures and is harvested under low temperatures of 
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November. So, the two opposite sets of environmental conditions prevail from 
germination to maturity of sunflower when grown during spring and autumn. Being 
grown in contrasting environmental conditions all phases are affected accordingly. 
Germination and vegetative stage of spring crops takes relatively longer time due to 
lower temperature as compared to autumn crop where germination and vegetative growth 
takes place under high temperature taking less time and completes this cycle very shortly 
(Khalifa et al., 2000). Keeping in view the opposite set of environmental conditions 
where sunflower is grown, present study was carried out to evaluate the seasonal 
variation effects on growth and development of sunflower hybrids. 
 

Materials and Methods 
 

Field experiments were conducted at the University of Arid Agriculture, Rawalpindi, 
during spring and autumn 2002 to evaluate the effects of seasonal variations on growth 
and development of sunflower. Five sunflower hybrids viz., Parsun 1, Suncross-42, XF, 
263, SMH-9706 and SMH-9707 were sown in Randomized Complete Block Design with 
three replications.   Planting was done by dibbler placing 3-4 achenes per hill at a depth 
of 3-5 cm in the soil. The spring and autumn crop was sown on 23rd February and 18th 
August, 2002, respectively. After germination, one seedling per hill was maintained after 
manual thinning. A uniform dose of fertilizer @ 120 kg N and 60 kg P2O5 per hectare 
was applied in the form of Urea and DAP and mixed with soil during land preparation.  

From central two rows, 10 plants were randomly selected for the measurement of 
stem girth and plant height just before harvesting on 16th June and 11th November, 2002 
of spring and autumn crops, respectively. Stem girth was measured with the help of 
thread and meter rod at three places of each plant i.e., bottom, middle and top of sample 
plants and averages were worked out. Plant height was measured in centimeters from 
ground level to the receptacles of the head.  Harvested plants were sun dried for few days. 
Plants were oven dried for 48 hours for dry matter determination as described by Jenkins 
& Leitch (1986). Heads were threshed manually and yield was recorded on per plot basis 
and then converted on hectare basis. Recorded data were analysed using Microcomputer 
MSTAT, separately for both the seasons (Freed & Eisensmith, 1986). Duncan, s New 
Multiple Range Test was used for separation of treatment means (Duncan, 1955). 
 

Results and Discussion 
 

Wide variations in stem girth were observed in the spring crop. The hybrid Suncross-
42 produced the maximum (9.96 cm) stem girth which was two fold higher than the 
lowest (4.50 cm) produced by XF-263 (Table 1). However, the differences among the rest 
of the hybrids were neither wide nor significant. In autumn differences were narrow.  The 
maximum (6.36 cm) stem girth was produced by Parsun-1 in contrast to the spring crop 
while the smallest (4.26 cm) was again produced by XF-263. The possible reasons of 
having thick stem girth from spring crop than the autumn could be the presence of crop 
for longer period of time in the field. The spring crop remained in the field for more than 
112 days compared to autumn crop which remained in the field for 85 days. The higher 
temperature of autumn might have encouraged the induction of reproductive stage 
leaving less time for thickness of the stem. Doddamani et al., (1997) found significant 
correlation of stem girth with environmental factors. In this study, smooth and gradual 
increase of temperature during crop life cycle of spring crop might have favoured good 
stem development which ultimately produced thick stem. However, in addition to 
environmental factors thickness of stem in sunflower is influenced by plant height 
(Fig.1).    
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Fig. 1. Relationship between plant height (cm) and stem girth (cm). 
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Fig. 2. Relationship between plant height (cm) and dry matter (g m-2). 
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In spring, plant height exhibited by different hybrids varied widely (Table 1). The 

hybrid Suncross-42 produced the tallest (156.73 cm) plants which were significantly 

different from rest of the hybrids except that of SMH-9706. Hybrid XF-263 produced the 

smallest plants (86.41 cm). Plant height of all the hybrids decreased during autumn. The 

tallest (126.83 cm) plants were again produced by Suncross-42 which was again 

significantly different from rest of the hybrids except from that of SMH-9706. Plant 

height is considered as genetically controlled character. However, environmental 

conditions may have modified this genetic potential, which is clear from the Table 1. 

Pillai et al., (1995) concluded that plant height is dependent upon the environmental 

factors. The taller plants produced in spring could be attributed to the total duration of the 

crop in the field and favorable environmental conditions during vegetative growth period. 

Smaller plants produced by all the hybrids during autumn might have been the effect of 

early induction of reproductive phase. The significant linear relationship between plant 

height and stem girth (Fig. 1) for both the seasons provide good evidence that taller plants 

would require thicker stems to withhold those in the field safely.  

Hybrids evaluated in this experiment produced different amount of dry matter. 

Suncross-42 produced the maximum (3.36 kg/m2) dry matter in spring which was 

significantly different from XF-263 but statistically at par with rest of the hybrids (Table 

1). Hybrid XF-263 produced the minimum (1.18 kg/m2) quantity of dry matter. During 

autumn, dry matter produced by all the hybrids decreased as compared to that of spring. 

However, the pattern of dry matter production was similar to that of spring. Again, 

Suncross-42 gave the maximum (1.49 kg/m2) value which was significantly different 

from XF-263 but was at par with rest of the hybrids. Hybrid XF-263 produced the 

minimum (0.79 kg/m2) dry matter during autumn.   Significant linear relationship (Fig. 2) 

between plant height and dry matter per unit area favors the view point of Tekelwold et 

al., (2000) who reported that tall plants supporting many leaves could increase total 

biomass through increased carbon fixation that can ultimately be partitioned. Higher dry 

matter production by spring crop could also be related to the life cycle of the crop and 

total heat units accumulated by the crop. In linseed dry matter production has been 

reported to be directly dependent upon the duration of crop in the field (Hassan & Leitch, 

2001). However, Villalobos et al., (1996) reported that sunflower biomass production is 

positively correlated with temperature and photoperiod.  
Maximum achene yield was produced by Suncross-42 like all other parameters in 

both the seasons. The higher yield obtained from spring crop confirms the earlier results 
of Habibullah et al., (1983), who reported that spring crop have the overall advantage of 
better plant structure, better environmental condition during crop growth period and 
maturity over the autumn crop. Better environmental conditions of spring crop are 
considered to be the slow and gradual rise of cumulative growing degree days. 
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