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ABSTRACT 
 

A field trial was conducted during 2011 to investigate the impact of zinc sulfate 
(five levels ie. 15, 30, 45, 60, 75 kg/ha) on yield and yield parameters of autumn 
planted sunflower (Helianthus annuus L.) hybrids at Agronomic Research area 
University of Agriculture, Faisalabad, Pakistan. The results revealed that 
maximum stem diameter (3.04 cm) head diameter (18.35 cm), number of 
achenes per head (1074), achenes yield (2578 kg/ha) and biological yield (12578 
kg/ha) were recorded @ 45 kg ZnSO4/ha. The maximum values for 1000 
achenes weight (64.62 g) and harvest index (21.11%) were achieved in 
treatment where zinc sulfate was applied @ 60 kg/ha which was at par with 45 
kg ZnSO4. Plant height was non-significant among all the zinc sulfate levels. 
The sunflower hybrid Hysun-33 produced maximum achene yield (2461 kg/ha) 
@ 45 kg ZnSO4/ha. Zinc sulfate applied @ 45 kg/ha produced maximum values 
for all these traits as compared to minimum in control. As far as interaction 
between zinc levels and hybrids is concerned maximum head diameter 
(19.57cm), achenes per head (1093), achenes (2645 kg/ha) and biological yields 
(13019 kg/ha) were given by Hysun-33 @ 45 kg/ha zinc sulphate. It is concluded 
that zinc sulphate application promoted yield and yield components of 
sunflower hybrids. 

 

KEYWORDS: Helianthus annuus; sunflower; agronomic characters; zinc 
sulphate; yield parameters; achene yield; Pakistan. 

 

INTRODUCTION 
 

Sunflower (Helianthus annuus L.) is a widely spread crop all over the world 
due to its broad range of adaptability and high oil contents. It is one of the 
most vital non-conventional oilseed crops. Sunflower achene contains 40-
50% oil and 23% protein content. Oil of sunflower is exclusively used for 
cooking purpose and is rich in vitamin A, D and contains 60 % poly 
unsaturated fatty acids, 16.25 % oleic acid and 75.55 % linoleic acid, due to 
which it is quite palatable (11). 
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Achene yield of sunflower in Pakistan is very low (1810 kg/ha) as compared 
to other sunflower growing countries having average yield of 3015 kg per 
hectare (7). The reasons for low yield are less adaptibility of hybrids to 
Pakistan’s growing conditions and imbalance use of fertilizers. 

 
Micronutrients are equally important like macronutrients in plant nutrition. 
Considerable crop yield increase under local environments has been 
observed in number of crops at the farmers’ fields through application of Zn. 
Average yield increases with zinc application are 22% in potato and 
sunflower, 18% in maize, 13% in wheat, 12% in rice and 8% in sugarcane 
(5). It involved vigorously as functional and structural element in numerous 
enzymes such as carbonic anhydrase, alcohol dehydrogenase, alkaline 
phosphatase, phospholipase and carboxypeptidase (9). Zinc is an essential 
micronutrient for plant growth. It has considerable role in carbohydrate 
metabolism and protein synthesis (19).Growing crops removed huge amount 
of Zn from the soil but very little consideration has been paid to fertilizing with 
Zn (23). Zinc sulfate application is an agronomic practice commonly used by 
farmers to accurate Zn deficiency (24). Soils of Pakistan are normally alkaline 
in reaction and calcareous in character, therefore, restrain lesser amounts of 
accessible Zn. Zinc sulfate application affects growth and yield of many 
plants (10, 16, 19, 24). But limited research work has been done on the 
response of sunflower (Helianthus annuus L.) to zinc fertilization. Therefore 
present study was conducted to evaluate the performance of two sunflower 
hybrids for their response to applied Zn under agro-ecological conditions of 
Faisalabad. 

 
MATERIALS AND METHODS 

 
A field experiment was conducted on a sandy clay loam soil at Agronomic 
Research Area, University of Agriculture, Faisalabad, Pakistan during autumn 
(August 4, 2011).The experiment was laid out in RCBD in split plot 
arrangement, with three replications. Net plot size was 4.5 m × 6.0 m. 
Treatments comprises two hybrids viz. Hysun-33 (tall), S-278 (dwarf) and five 
zinc sulfate levels (15, 30, 45, 60, and 75 kg/ha) along with a control. 

 
Soil of experimental area was quite uniform, so a composite and 
representative soil sample to depth of 30 cm was obtained with help of soil 
auger, prior to sowing of crop. The soil sample was analyzed for its various 
chemical properties shown in Table 1. 
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Table 1. Pre-sowing soil analysis (0-30 cm).  
 

 
Soil samples were analyzed according to the analytical methods described by 
US Salinity Lab. Staff (6), unless otherwise mentioned. Soil was extracted 
with Ammonium Bicarbonate-DTPA solution and zinc was determined in the 
extract by atomic absorption spectrophotometer (Model Thermo Electron S-
Series). 
 
Sunflower hybrids were sown on one side of ridges by dibbling keeping 75 
cm row to row and 20 cm plant to plant distances. Seed @ 6.25 kg/ha was 
used. Zinc sulphate was applied as per treatments, whereas nitrogen and 
phosphorus were applied @ 150 and 100 kg/ha, respectively. Urea and 
diammonium phosphate (DAP) were the source of nitrogen and phosphorus, 
respectively. Whole amount of phosphorus and half of nitrogen was applied 
at sowing while, remaining half of nitrogen was applied at the time of first 
irrigation. Thinning of crop was done twelve days (3-4 leaf stage) after 
emergence to maintain plant to plant distance and for better establishment of 
crop. All other agronomic practices, apart from treatments under study, were 
kept normal and uniform for all the treatments. Plant protection measures 
were adopted to keep crop free of weeds, insect pests and diseases. The 
crop was harvested on November 10, 2011. 
 
Matured plants were harvested, the heads were detached from stem, sun 
dried and threshed manually. The achene yield per plot was recorded. The 
random seed samples from each plot were taken individually to find out 
moisture contents. The achene samples were weighed and then heated at 
130 °C in an oven till the entire moisture was removed (4). The dry weight 
was determined. The difference between two weights i.e. total moisture was 
divided by the initial sample wet weight and multiplied by 100 to obtain 
moisture percentage that ranged from 30 to 35%. After that, the plot yield 
was calculated at 10% seed moisture content accordingly and then changed 
to kg per hectare. Weight of sun dried plants was recorded on plot basis and 
then converted into kg per hectare. Harvest index indicates the ratio of grain 
yields to biological yield and was calculated by the following formula: 

 
                                      Achenes yield 
Harvest index (%) = ————————— × 100 
                                    Biological yield 

pH EC  
(dS/m) 

Organic 
matter % 

Av. P 
(mg/kg) 

Av. K 
(mg/kg) 

Av. Zn 
(mg/kg) 

Texture 

7.7 1.17 0.71 8.3 167 0.39 loam 
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The data collected on all parameters was analyzed statistically by using 
Fisher’s analysis of variance technique (22). Least significant difference 
(LSD) test at 5% probability level was applied to compare the treatment’s 
means (10). 
 

RESULTS AND DISCUSSION 
 

Plant height at maturity (cm) 
 

The data on plant height at harvest given in Table 2 revealed that plant 
height did not increase significantly with increasing levels of zinc sulfate. 
Similar results were reported by Mirzapour and Khoshgoftar (20) and Abbas 
et al. (1) who observed that zinc sulfate did not make any significant 
increment in plant height of sunflower crop in calcareous soil conditions. Data 
also revealed that significant differences for plant height were recorded 
between hybrids. Maximum plant height (131.cm) was obtained by Hysun-33 
while, S-278 attained 112.3 cm plant height. These results indicate that 
difference in plant height might be due to genetic makeup. Hysun-33 was 
hybrid   of   standard   height   while,   S-278   was   a    semi    dwarf   hybrid.   
 

Table 2. Growth and yield attributes of sunflower hybrids as affected by zinc sulfate.  
 

Treatments Plant height (cm) Stem diameter (cm) Head diameter (cm) 

Hybrids 
H1 = Hysun-33 131.0 a 2.43 b 17.48 a 
H2 = S-278 112.3 b 3.18 a 15.77 b 
LSD(0.05) 10.87 0.18 0.93 
Zinc sulphate levels 
Z0 = No ZnSO4  121.0 2.31 c 14.65 e 
Z1 = 15 kg ZnSO4/ha  121.4 2.80 b 15.55 d 
Z2 = 30 kg ZnSO4/ha 121.4 2.99 a 16.58 c 
Z3 = 45 kg ZnSO4/ha 120.8 3.04 a 18.35 a 
Z4 = 60 kg ZnSO4/ha 121.4 2.91 ab 17.33 b 
Z5 = 75 kg ZnSO4/ha 122.4 2.78 b 17.28 b 
LSD(0.05) NS 0.16 0.54 

Interaction between hybrids × zinc levels 

Z0 H1 130.6 1.74 f 14.43 g 
Z1 H1 131.5 2.50 e 16.70 de 
Z2 H1 130.1 2.65 de 17.70 bcd 
Z3 H1 130.1 2.63 e 19.57 a 
Z4 H1 130.1 2.58 e 18.60 ab 
Z5 H1 131.1 2.50 e 17.90 bc 
Z0 H2 111.2 2.89 cd 14.87 g 
Z1 H2 111.4 3.11 b 14.40 g 
Z2 H2 112.8 3.34 a 15.47 fg 
Z3 H2 111.4 3.46 a 17.13 cde 
Z4 H2 112.7 3.24 ab 16.07 ef 
Z5 H2 111.8 3.07 bc 16.67 de 
LSD (0.05) NS 0.22 1.08 
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These results are also in line with findings of Iqbal et al. (12) who observed 
that semi dwarf hybrid attained less height as compared to standard height. 
The data in Table 2 showed non-significant effect of interaction between 
hybrids and zinc sulfate. 
 

Stem diameter (cm) 
 

The potential growth of sunflower is determined from its vigorously growing 
stem. Significant differences were noted among different levels of zinc 
sulfate, hybrids and their interaction (Table 2). Maximum stem girth (3.18 cm) 
was obtained from S-278 while, Hysun-33 exhibited 2.43 cm stem diameter. 
These results indicate that S-278 attained more stem diameter which might 
be due to the reason that short stature hybrids have genetically small height 
but more stem diameter. These results are contradictory to Khaliq and 
Cheema (14) who reported non-significant differences for stem girth among 
various sunflower hybrids. As far as zinc sulfate levels are concerned, stem 
girth was more with 45 kg ZnSO4 per hectare which was at par with 30 and 
60 kg ZnSO4 per hectare, whereas minimum stem diameter was in control 
treatment. The  interaction  between  hybrids  and  zinc  levels showed that 
S-278 produced more stem girth (3.46 cm) at 45 kg ZnSO4 per hectare 
followed by 30 and 60 kg ZnSO4 per hectare, respectively. The less stem 
diameter (1.74 cm) was obtained in control by Hysun-33. 
 

Head diameter (cm) 
 

Head diameter is an important yield contributing component of sunflower. It is 
more or less genetically controlled character but also influenced by the 
environment. Significant differences were noted among different levels of 
zinc, hybrids and their interactions (Table 2). Maximum head diameter (17.48 
cm) was produced by Hysun-33 and minimum by S-278 (15.77 cm). Large 
size head produced by Hysun-33 might be due to genetic character of hybrid 
for head diameter. These results are in accordance with results found by 
Iqbal et al. (12). As far as zinc levels are concerned, 45 kg ZnSO4 per 
hectare gave heads with maximum diameter (18.35 cm) as compared to 
minimum (14.65cm) in control. The zinc levels 60 and 75 kg per hectare 
produced head diameter which was at par with each other and significantly 
higher from 15 and 30 kg ZnSO4 per hectare, respectively but lesser from 45 
kg ZnSO4 per hectare. Similar results were reported by Khurana and 
Chatterjee (17), they found that zinc application enhanced the capitulum’s 
diameter of sunflower. Contrary to these results Mirzapour and Khoshgoftar 
(20) reported that head diameter of sunflower did not increase with 
increasing zinc levels. For hybrids and zinc interaction the maximum head 
diameter (19.57 cm) was produced by Hysun-33 with 45 kg ZnSO4 per 
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hectare which was at par with 60 kg ZnSO4 per hectare. In case of S-278, 
minimum head diameter was obtained in control treatment. 
 

Number of achenes per head 
 

Results regarding the number of achenes per head showed significant 
differences among different zinc levels, hybrids and among their interactions 
(Table 3). More number of achenes (980) per head was obtained from 
Hysun-33 followed by S-278 (935 achenes). This is due to more head size of 
Hysun-33 and it has compact and small size achenes in head. 
 

Table 3. Yield attributes of sunflower hybrids as affected by zinc sulfate application. 
 

Treatments No. of achenes per head 1000 achenes weight (g) 

Hybrids  
H1 = Hysun -33 980 a 58.90 b 

H2 = S-278 935 b 63.26 a 

LSD(0.05) 41.29 3.77 
Zinc levels 
Z0 = No zinc sulphate 768 f 51.38 d 
Z1 = 15 kg/ha 908 e 61.61 c 
Z2 = 30 kg/ha  1048 b 63.19 b 
Z3= 45 kg/ha 1074 a 64.38 a 
Z4=  60 kg/ha 1000 c 64.62 a 
Z5= 75 kg/ha 956 d 61.28 c 
LSD(0.05) 34.59 1.10 
Interaction between hybrids × zinc levels 
Z0 H1 758 d 50.45 h 
Z1 H1 996 b 58.30 f 
Z2 H1 1080 a 60.55 d 
Z3 H1 1093 a 62.02 cd 
Z4 H1 999 b 62.65 c 
Z5 H1 955 b 59.40 ef 
Z0 H2 778 cd 52.30 g 
Z1 H2 820 c 64.92 b 
Z2 H2 1000 b 65.83 ab 
Z3 H2 1054 a 66.75 a 
Z4 H2 1002 b 66.59 ab 
Z5 H2 956 b 63.15 c 
LSD (0.05) 48.92 1.66 

 

Significant differences among various sunflower hybrids were also reported 
by Saleem and Malik (21). Contrary to these results Ahmad et al. (2) planted 
different hybrids and reported non-significant differences among sunflower 
hybrids for number of achenes per head. As far as zinc levels are concerned, 
45 kg ZnSO4 per hectare was found best (1074 achenes/head) followed by 
30 kg ZnSO4 and 60 kg ZnSO4 per hectare, respectively. The minimum 
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number of achenes per head (768) was recorded in control treatment. Zinc 
promoted number of seeds per head which might be due to either increased 
number of fertilized flowers or good development of anthers and pollen 
producing capacity (17). The data (Table 3) also revealed significant 
interaction between hybrids and zinc levels. According to the results Hysun-
33 exhibited more number of achenes per head (1093) with 45 kg ZnSO4 per 
hectare which was at par with 30 kg ZnSO4 and also with S-278 at 45 kg 
ZnSO4 per hectare. The minimum number of achenes per head (758) was 
obtained by Hysun-33 in control but was at par with that of S-278 in control 
(778). 
 

1000-achenes weight (g) 
 

Weight of 1000-achenes is an important yield component in sunflower which 
contributes significantly towards its final yield. Significant differences in 1000-
achenes weight of sunflower were observed among hybrids different zinc 
levels and interaction between hybrids and zinc levels (Table 3). In case of 
hybrids, maximum value for 1000-achenes weight (63.26 g) was achieved by 
S-278 followed by Hysun-33 (58.90 g). The reason is bold size achenes of S-
278 as compared to small size achenes of Hysun-33. These results are 
supported by findings of Ahmad et al. (2), Khaliq and Cheema (14), Saleem 
and Malik (21).  
 

Regarding various levels of zinc, maximum value for 1000-achenes weight 
(64.62 g) was obtained with 60 kg ZnSO4 per hectare which was at par with 
45 kg ZnSO4 which, differed significantly with all other treatments. The 
minimum value for 1000-achenes weight (51.38 g) was recorded in control 
treatment. 
 

These results are in accordance with findings of Mirzapour and Khoshgoftar 
(20) who observed that 1000-achenes weight was highly affecting yield 
component by Zn fertilization. Similarly Khan et al. (15) and Abbas et al. (1) 
reported significant increase in 1000-grains weight with zinc application. As 
far as interaction between zinc and hybrids is concerned, maximum value 
(66.75 g) was given by S-278 @ 45 kg ZnSO4 which was at par with 30 and 
60 kg ZnSO4 per hectare. The minimum value for 1000-achenes weight 
(50.45 g) was exhibited by Hysun-33 in control. 
 

Achenes yield (kg/ha) 
 

The final achenes yield per hectare is formulated by accumulated effects of 
individual yield components. Significant differences for achenes yield of 
sunflower were observed among hybrids, different levels of zinc and 



Sanaullah et al.  

J. Agric. Res., 2014, 52(4) 

530

interaction between hybrids and zinc (Table 4). Regarding hybrids, maximum 
achenes yield (2462 kg/ha) was obtained by Hysun-33 while, S-278 produced 
2293 kg per hectare. Maximum achenes yield in Hysun-33 was due to higher 
head diameter (17.48cm) and more number of achenes per head than S-278, 
which  might  be  due  to  its  better  adaptability  under  present  climatic 
conditions and higher genetic potential. These results are in line with those of 
Khaliq and Cheema (15). The data regarding varying levels of zinc indicate 
that maximum achenes yield (2578 kg/ha) was achieved with 45 kg ZnSO4 
per   hectare   followed  by  60  kg  ZnSO4  (2520 kg/ha)   whereas,  minimum  
 

Table 4. Achenes yield of Sunflower hybrids as affected by zinc sulfate application. 
 

Treatments 
Achenes yield 

(kg/ha) 
Biological  yield 

(kg/ha) 
Harvest index 

(%) 

Hybrids 
H1 = Hysun-33 2462 a 12337 a 19.94 a 
H2 = S-278 2293 b 11336 b 20.21 a 
LSD(0.05) 30.44 230.4 0.41 
Zinc levels 
Z0 = No zinc suphate 2004 f 11296 d 17.80 e 
Z1 = 15 kg/ha 2341 d 11755 c 19.90 d 
Z2 = 30 kg/ha 2471 c 12209 b 20.24 cd 
Z3 = 45 kg/ha 2578 a 12578 a 20.50 bc 
Z4 = 60 kg/ha 2520 b 11939 c 21.11 a 
Z5 = 75 kg/ha 2350 d 11244 d 20.90 ab 
LSD(0.05) 19.78 235.4 0.42 
Interaction between hybrids × zinc levels 
Z0 H1 2024 k 11910 de 16.99 h 
Z1 H1 2481 e 12239 cd 20.27 de 
Z2 H1 2596 c 12844 ab 20.21 e 
Z3 H1 2645 a 13019 a 20.32 cde 
Z4 H1 2616 b 12515 bc 20.90 abc 
Z5 H1 2408 g 11497 f 20.95 ab 
Z0 H2 1984 l 10682 h 18.61 g 
Z1 H2 2202 j 11272 fg 19.54 f 
Z2 H2 2345 h 11574 ef 20.26 de 
Z3 H2 2510 d 12137 d 20.68 bcde 
Z4 H2 2424 f 11363 f 21.33 a 
Z5 H2 2291 i 10991 gh 20.85 abcd 
LSD (0.05) 15.51 332.8 0.59 

 

achenes yield (2004 kg/ha) was recorded in control treatment. These findings 
are in line with observations of Mirzapour and Khoshgoftar (20) who reported 
that achenes yield of sunflower was enhanced with elevated levels of zinc. 
Similarly these findings verify the results of Ahmed et al. (3). As far as 
interaction between zinc and hybrids is concerned, maximum achenes yield 
(2645 kg/ha)  was  given  by Hysun-33 @ 45 kg ZnSO4 followed by 30 and 
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60 kg ZnSO4 per hectare, respectively. The minimum achenes yield (1984 
kg/ha) was exhibited by S-278 without ZnSO4. 
 

Biological yield (kg/ha) 
 

Biological yield is an important parameter to determine the photosynthetic 
efficiency of a crop. Results (Table 4) regarding the biological yield show 
significant differences for biological yield per hectare of sunflower among 
various zinc levels and hybrids. The interaction between hybrids and zinc 
levels were also significant. The sunflower hybrid Hysun-33 exhibited the 
higher biological yield (12337 kg/ha) while, S-278 produced less biological 
yield (11336 kg/ha) because it was of semi dwarf height and produced less 
biomass as compared to standard height Hysun-33. These results are in 
accordance with Ahmad et al. (2). As far as zinc levels are concerned, 
biological yield per hectare was more with 45 kg ZnSO4 followed by 30 and 
60 kg ZnSO4 per hectare whereas, minimum biological yield was recorded in 
control and with 75 kg ZnSO4 per hectare. These results are in accordance 
with results of Abbas et al. (1) who reported that biological yield was 
enhanced by zinc application. As far as the interaction between zinc levels 
and hybrids is concerned, maximum biological yield (13019 kg/ha) was given 
by Hysun-33 @ 45 kg ZnSO4 followed by 30 kg ZnSO4 per hectare whereas, 
the minimum value (10682 kg/ha) for biological yield was exhibited by S-278 
without ZnSO4. 
 

Harvest index (%) 
 

Harvest index (HI) photosynthetic efficiency of a crop in transforming the 
photosynthates into economic yield. Significant differences for HI were 
recorded among various zinc levels and interaction between hybrids and zinc 
levels (Table 4). However, there was a non-significant difference between 
sunflower hybrids. These results are in line with Bindi et al. (7) who 
concluded that harvest index is stable across genotypes. As far as zinc levels 
are concerned, HI was more (21.11%) with the application of 60 kg ZnSO4 
per hectare which was similar with 75 kg ZnSO4 per hectare whereas 
minimum HI (17.80%) was recorded in control. Regarding interaction 
between zinc and hybrids, higher HI (21.33 %) was obtained in S-278 with 60 
kg ZnSO4 per hectare which was at par in Hysun-33 with same level of zinc. 
The minimum value for HI (16.99 %) was observed in control. 
 

CONCLUSION 
 

On the basis of these results it is concluded that zinc sulfate application 
promoted yield and yield components of sunflower hybrids. Hysun-33 gave 
higher achenes yield (2645 kg/ha) with 45kg ZnSO4 per hectare. 
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