
Sarhad J. Agric. Vol.28, No.1, 2012 

 

DETERMINING THE ZINC REQUIREMENTS OF RICE GENOTYPE 
SARSHAR EVOLVED AT NIA, TANDOJAM 

PARVEZ KHAN*, MUHAMMAD YOUSUF MEMON**, MUHAMMAD IMT IAZ**,  
NIZAMUDDIN DEPAR**, MUHAMMAD ASLAM**, MUHAMMAD SULE MAN MEMON***,  

and JAVAID AHMED SHAH**  

* Soil Science Division, Nuclear Institute for Food & Agriculture (NIFA), Tarnab, Peshawar – Pakistan.  
** Soil Science Division, Nuclear Institute of Agriculture, Tandojam, Sindh – Pakistan.  
***  Fauji Fertilizer Company Ltd. Hala District Matiari Sindh – Pakistan.  
  E-mail: parvez_08@yahoo.com 
 

ABSTRACT 

Field experiments were carried out to study the effect of different levels of zinc (Zn) i.e. 0, 3, 6, 9, 12 and 15 
kg Zn ha-1 on the rice genotype Sarshar evolved at NIA, Tandojam. The results revealed that the plant height, 
productive tillers per hill, number of grains per panicle, 1000-grain weight, straw and paddy yield showed 
increasing trend up to 9 kg Zn ha-1. The Zn concentration in soil, rice grain and straw increased significantly with 
an increase in Zn level, upto15 kg ha-1. The highest N uptake in rice grain and straw were found where zinc was 
applied at rate of 9 kg Zn ha-1. However, a decrease in P concentration was found with the application of zinc. The 
highest average paddy yield (8.63 tons ha-1), Plant height (108 cm), number of grains per panicle (194.5), 1000-
grain weight (30.35 g) and productive tillers per plant (16) were recorded at 120 kg N and 90 kg P2O5 along with 9 
kg Zn ha-1. It is recommended that 120 kg N and 90 kg P2O5 along with 9 kg Zn ha-1 may be adopted as the most 
economical dose for obtaining the maximum yield from this rice genotype under the agro-climatic conditions of 
Sindh. 
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INTRODUCTION 

As long as 70 years ago, zinc was recognized as an essential micronutrient (Sommer and Lipman, 1926). It 
serves in various biochemical processes in the rice plant, such as cytochrome and nucleotide synthesis, auxin 
metabolism, chlorophyll production, enzyme activation, and membrane integrity (IRRI, 2000). Numerous studies 
were conducted on Zn in rice crop. Nand and Ram (1996), Sagwal et al. (1994), Selvi and Ramaswami (1995), and 
Korayem (1993) observed increase in grain yield with Zn application. On the other hand, increases in grain and 
straw yields of rice with Zn application were reported by Maharana et al. (1993) and Dutta and Rahman (1987) 
reduction in maturity time and increase in tiller number with Zn treatments. 

Soils of Pakistan are generally alkaline in reaction and calcareous in nature. These types of soils usually 
contain low amount of available micronutrients, particularly zinc deficiency is widespread in cereals that are grown 
on such soils (Maqsood et al., 2009; Rashid and Ryan, 2008). The main soil factors affecting the availability of Zn 
to plants are low soil Zn contents, high pH, high lime, low organic matter contents and high concentrations of Na, 
Ca, Mg, bicarbonate and phosphate in the soil solution or in labile forms. Rice is the most important crop to millions 
of small farmers who grow it on millions of hectares throughout the region, and to the many landless workers who 
derive income from working on these farms. In the future, it is imperative that rice production continue to grow at 
least as rapidly as the population, if not faster. Rice research that develops new technologies for all farmers has a 
key role in order to fulfill the needs of increasing population and contributing to global efforts directed at poverty 
alleviation. The soils where rice crop is intensively grown are lowland and rice yields in these soils could not be 
increased during last few years. However response to zinc application was observed but response levels of zinc had 
not been determined. Therefore a research study was carried out with the objective to find out suitable level of zinc 
fertilizer to increase the growth and paddy yield of rice genotype Sarshar evolved at NIA, Tandojam, Sindh, 
Pakistan. 
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MATERIALS AND METHODS 

Location 

Field studies were conducted at Research Farm of Nuclear Institute of Agriculture (NIA) during Kharif 
2008 and 2009. The site is located at 25° 26' 0" N / 68° 32' 0" E at latitude of 14 m above sea leveling Sindh 
Province Pakistan. 

Soil of the Experimental Site 

The site occurs in a semi-arid subtropical climate (annual rainfall 175 mm per annum). Shahdara, Entisols, 
Generally heavy in texture, coarse-silty, calcareous hyperthermic typic torrifluvent. 

Experimental Details 

The experiment was conducted according to Randomized Complete Block Design (RCB), having three 
replications and with treatment plot size of 12 m2. Recommended N (120 kg ha-1) and P (90 kg P2O5 ha-1) fertilizers 
were applied in all treatment plots. All phosphorous (90 kg P2O5 ha-1) in the form of triple super phosphate (TSP) 
with 40 kg N ha-1 in form of urea were broadcasted on soil surface and incorporated by puddling just before 
transplanting. Six levels of Zn (0, 3, 6, 9, 12 and 15 kg ha-1) were applied as ZnSO4.7H2O to their respective 
treatment plots except control. Zinc sulphate was broadcasted on soil surface after two weeks of transplanting, to 
avoid antagonistic effect of Zn on P absorption.  In addition, 40 kg N ha-1 at tillering and the remaining 40 kg N ha-1 
at panicle initiation stage were top-dressed in the form of urea. Rice was transplanted at inter-row and inter-plant 
spacing of 20 x 20 cm. Before sowing, a composite soil sample was collected from the field and was analyzed for 
physico-chemical properties. The experimental site was silty clay in texture, non-saline in nature (ECe, 1.0 and 0.80 
dS m-1), low in organic matter (0.81 and 0.76%), Kjeldahl N (0.046 and 0.042 %) and Olsen’s P (7.5 and 7.5 mg   
kg-1) and DTPA-extractable Zn were 0.30 and 0.43 mg kg-1 in 2008 and 2009, respectively. At maturity, the data 
were recorded for biological and paddy yield after harvesting the crop. The plant samples were then collected 
randomly from each treatment and separated into straw and paddy. Both of these plant parts were dried at   70 oC in 
an oven at a constant weight for determination of nitrogen, phosphorus and zinc. A uniform sub-portion of the dried 
material was ground in Wiley’s mill and a known quantity of the ground material was digested by modified 
Kjeldahl’s method in which N is converted into NH4

+ form by digestion with H2SO4. The NH3 is distilled into boric 
acid and determined by titration with 0.1 N standards H2SO4 (Jackson, 1962). Total P was also determined by 
digesting the plant material in HNO3: HClO4 mixture prepared in 5:1 ratio. The digested material was analysed for 
total P by metavanadate yellow colour method as described by Jackson (1962). The grain and straw samples were 
digested in concentrated nitric and perchloric acid (5:1-HNO3:HClO4) and Zn was determined by atomic absorption 
spectrophotometry (Lindsay and Norvell, 1978). The concentration of N and P so obtained were used for calculating 
NP-uptake using following formulae: 

Nutrients uptake (kg ha-1) =   Yield (kg ha-1) X Conc. of nutrients in plant (%)                        
                      100 

Data were assessed statistically using software MSTAT-C (Russel and Eisensmith, 1983).  

RESULTS AND DISCUSSION 

Plant Height and Tillers Plant-1   

The results of mean data of two years (2008 and 2009) showed that plant height, numbers of productive 
tillers per plant were significantly influenced by different zinc application (Table I). Addition of 9 kg Zn ha-1 
increased plant height (8%) and number of tillers per plant (14.28%) as compared with control treatment, where only 
N and P were applied. Maximum plant height of (108 cm) was recorded in treatment where 9 & 12 kg Zn ha-1 were 
applied which remained statistically at par with that obtained by zinc application levels of 15 kg ha-1. However, 
minimum plant height (100 cm) was achieved in control treatment where no zinc fertilizer was applied. The result 
showed that all the zinc treatments increased the plant height significantly, as compared with control, which might 
be attributed to the adequate supply of zinc which contributed to accelerate the enzymatic activity and auxin 
metabolism in plants.  The results are in line with those of Khattak and Parveen (1986) who observed dwarfism and 
growth reduction in zinc deficient plant. 
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Table I    Effect of different doses of zinc with recommended N P on agronomic parameters of rice genotype Sarshar 
Plant Height (cm) Tillers  Plant -1 Treatment 

(N,P&Zn kg ha-1) 2008 2009 
Mean 

2008 2009 
Mean 

120-90-0 (control) 101 c 99 c 100.0 c 14 c 14 b 14.0 b 
120-90-3 104 b 105 b 104.5 b 14 bc 14 b 14.0 b 
120-90-6 104 b 103 b 103.5 b 14 bc 14 b 14.0 b 
120-90-9 109 a 107 a 108.0 a 16 a 16 a 16.0 a 
120-90-12 107 a 109 a 108.0 a 15 a 14 b 14.5 ab 
120-90-15 105 a 108 a 106.5 a 16 a 15 ab 15.5 ab 

Means followed by different letters in the same column are significantly different from each other at 5% level of significance 

Tillering capacity is one of the most important components responsible for increased crop production. 
Average data of 2008 and 2009 regarding the number of tiller per plant increased significantly as compared with 
control, where 9 kg Zn ha-1 was applied. The maximum number of productive tillers per plant (16) was recorded in 
treatment receiving 9 kg Zn ha-1. The comparison of different treatment revealed that the best results were obtained 
by the application of 9 kg Zn ha-1 followed by 15 and 12 kg Zn ha-1. Minimum numbers of tillers (14) per plant were 
recorded in control where no Zn was applied. Further addition of Zinc more than 9 kg ha-1 did not increase all these 
growth parameters of rice grown in this soil. The application of higher rates like 12 and 15 kg Zn ha-1 has negative 
effect on these growth parameters. These results are in agreement with the findings of Roy and Jha (1987) and Dutta 
and Rahman (1987), they also recorded increase in tiller number with Zn treatments. 

Grain Panicle -1 and 1000-Grain Weight 

Average of two years data regarding filled grain per panicle Table II indicated that maximum filled grain 
produced (194.5) at 9 kg Zn ha-1 while, the lowest was obtained in control where only NP were applied. Number of 
filled grains per panicle was increased by (24.35%) at 9 kg Zn ha-1 as compared with control treatment, and the 
further increase in Zn level (12 and 15 kg Zn ha-1)  did not  enhance the number of filled grains per panicle. These 
findings are in line with that of Roy and Jha (1987) and Dutta and Rahman (1987) who also reported increase in 
grain per panicle with Zn treatment. 

Table II   Effect of different doses of zinc with recommended N P on agronomic parameters of rice genotype Sarshar 
Grain  Panicle -1 1000-grain weight (g)  

Treatment (N,P&Zn kg ha-1) 
2008 2009 

Mean 
2008 2009 

Mean 

120-90-0(Control) 60 c 152 c 156.0 c 22.0 c 21.3 d 21.65 c 
120-90-3 67 c 159 c 163.0 c 27.9 b 24.1 c 26.00 b 
120-90-6 80 b 172 b 176.0 b 27.4 b 25.9 bc 26.65 b 
120-90-9 98 a 191 a 194.5 a 31.2 a 29.5 a 30.35 a 
120-90-12 93 a 186 a 189.5 a 29.9 ab 27.3 ab 28.60 ab 
120-90-15 90 a 189 a 189.5 a 28.8 ab 26.0 bc 27.40 ab 

Means followed by different letters in the same column are significantly different from each other at 5% level of significance 

Paddy weight is an important yield component and often reflects higher yields. It is evident from the 
TableII that the effect of zinc treatments on 1000-paddy weight was significantly at 5% level of probability. All the 
doses of zinc fertilizer increased significantly the 1000 paddy weight over control. The maximum 1000 paddy 
weight of 30.35 g was recorded in treatments receiving 9 kg Zn ha-1. While, the minimum1000 paddy weight (21.65 
g) was recorded in control where no zinc was applied. Due to Zn application (1000 paddy weight increased 40.18%) 
over control. The comparative increase in 1000 paddy weight with application of Zn might be due to more efficient 
participation of Zn in various metabolic processes involved in the production of healthy grain. Many research 
workers have reported about the improvement in 1000 paddy weight by the application of zinc, likewise Rajan 
(1993) and Ghani et al., (1990) observed that the application of NPK along with other micronutrients like zinc 
increased 1000 paddy weight sharply over control. Similar results were obtained by Shivay et al., (2007) and 
Maqsood et al., (1999) who reported that the application of ZnSO4 @ 15 kg Zn ha-1through soil to rice crop under 
Faisalabad condition affected significantly yield component like 1000 grain weight 

Rice Paddy and Straw Yield 

The effect of different levels of Zn application to soil on the yield of rice is shown in Table III. Rice 
response in terms of yield parameters, grain and straw yields were significantly affected by the application of zinc 
sulphate. It was found that 9 kg Zn ha-1 to soil was an optimum dose for rice crop in these soils. Treatment of 9 kg 
Zn ha-I gave the highest grain yield of 8.63 t ha-1 which was non-significant with the treatment of 12 and 15 kg Zn 
ha-1 which produced 8.52 and 8.51 t ha-1, respectively. The lowest grain yield of 6.80 t ha-1 was recorded in control 
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where no zinc was applied which might be due to the non availability of zinc, while the higher paddy yield due to 
zinc application might be due to the combined effect of many yield components, like number of tiller and 1000 
paddy weight etc. A considerable increase observed in grain yield with Zn application. It was 23.69% and 29.67% in 
2008 and 2009, respectively. While the average of two season grains yield by (26.91%) over control, further 
addition of Zn not increased significantly the grain yield. Abbas et al., 2010, Nand and Ram (1996), Sagwal et al., 
(1994), Selvi and Ramaswami (1995), and Korayem (1993) observed increase in grain yield with Zn application. 
Similar findings were observed in chickpea, wheat and maize by Harris et al., (2007; 2008) who obtained a boost in 
crop yields due to seed priming with Zn or direct application to the crop.  
 

Table III    Effect of different doses of zinc with recommended N P on paddy and straw yield of rice genotype Sarshar 
Yield  (t ha-1) 

Paddy Rice Straw 
Treatment  
(N, P & Zn kg ha-1) 

2008 2009 
Mean 

2008 2009 
Mean 

120-90-0(Control) 6.12 d 7.48 c 6.80 c 6.67 b 7.43 c 7.05 c 
120-90-3 7.08 bc 7.81 b 7.45 b 7.03 b 7.52 c 7.27 b 
120-90-6 7.45 b 7.53 ab 7.49 b 9.11 b 9.31 b 9.21 b 
120-90-9 7.57 a 9.70 a 8.63 a 9.36 a 12.37 a 10.87 a 
120-90-12 7.35 c 9.69 a 8.52 a 9.31 a 12.44 a 10.88 a 
120-90-15 7.33 c 9.69 a 8.51 a 9.51 a 12.48 a 11.00 a 

Means followed by different letters in the same column are significantly different from each other at 5% level of significance 

The data on the straw yield rice as influenced by the application of various doses of zinc fertilizer to soil 
are presented in Table-III. The highest straw yield (11.0 t ha-1) was recorded where 15 kg Zn ha-1 was applied which 
was statistically identical to that produced by 9 and 12 kg Zn applied but different from rest of the fertilizer 
treatments. The lowest straw yield of 7.05 t ha-1 was recorded in control where no zinc was applied. All the applied 
doses of zinc fertilizer increased significantly the straw yield over control, which might be due to favorable effect of 
zinc on the proliferation of roots and thereby increasing the uptake of plant nutrients from the soil, supplying it to 
the aerial parts of the plant and ultimately enhancing the vegetative growth of the plant. These results are in 
agreement with that of Rajan (1993), who reported maximum increase in total dry matter yield with the highest dose 
of zinc. These findings are in a great analogy with the previous work of Jain and Dhama (2007) and Ranjbar 
and Bahmaniar (2007), Marwat et al., 2007, Shivay et al., (2007), Hadi et al., (1997), Ghani et al., (1990), 
who harvested increased yield with the application of Zn. 

Nutrients Concentration (i) %N (ii) %P (iii) µg-1Zn 

The data in Table IV revealed that zinc fertilizer application had a significant effect on the N content of 
paddy and straw of rice. The highest N of content of 1.34% in rice grain and straw were found where zinc was 
applied at rate of 15 kg Zn ha-1.   Khan et al., 2002 and Yaseen, (1999) reported that soil application of 15 kg Zn 
ha-1 increased the N content both in paddy and straw.  

Table IV   Nitrogen and phosphorous concentration as influenced by different doses of zinc application of rice genotype Sarshar 
N & P Concentration 

2008 2009 2008 2009 
Treatment 
(N, P & Zn  kg ha-1) 

N% (Grain + Straw) 
Mean 

P% (Grain + Straw) 
Mean 

120-90-0(Control) 1.26 b 1.14 b 1.20 c 0.293 a 0.288 a 0.291 a 
120-90-3 1.35 a 1.20 ab 1.28 b 0.282 a 0.286 a 0.284 bc 
120-90-6 1.36 a 1.25 a 1.31 a 0.287 a 0.283 a 0.285 bc 
120-90-9 1.39 a 1.26 a 1.32 a 0.294 a 0.282 a 0.288 b 
120-90-12 1.39 a 1.27 a 1.33 a 0.274 b 0.269 b 0.272 c 
120-90-15 1.40 a 1.28 a 1.34 a 0.225 c 0.249 c 0.237 d 

Means followed by different letters in the same column are significantly different from each other at 5% level of significance 

The perusal of the data in Table IV shows that significantly higher P concentration both in paddy rice 
and straw were obtained in control compared to zinc treated plots, while the least P was recorded in the 
treatment receiving 15 kg Zn ha-1. It might be due to antagonistic effect of Zn on P absorption. Khan et al., 
2002, Srivastava et al., (1999) and Yaseen (1999) also reported significant decrease in P concentration of rice at 
various levels of zinc.  

 The results indicated that application of different levels of zinc fertilizer enhanced zinc concentration 
both in paddy and straw of rice significantly over control where only N and P were applied   (Table V). The zinc 
content increased significantly with increase in the level of Zn. Highest Zn concentration (46.35 µg-1) was 
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obtained in treatment receiving 15 kg Zn ha-1 both for straw and paddy. Stunted rice growth in the absence of 
zinc, perhaps depressed zinc uptake in plants. Khan et al., 2002, Maharana et al., (1993) and Tahir and 
Kausar (1994) reported similar findings in case of rice crop.  A progressive decrease in P content of straw and 
grain contents of rice due to antagonistic effect of Zn on P absorption and increase in N and Zn content of paddy 
and straw was observed with an increase in the level of zinc. 

Table V     Zinc concentration as influenced by different doses of zinc application of rice genotype Sarshar 
Zinc Concentration 

2008 2009 
Treatment 
(N, P & Zn  kg ha-1) 

Zn (µg-1) (Grain + Straw) 
Mean 

120-90-0(Control) 18.52 c 17.00 c 17.76 d 
120-90-3 26.81 b 27.22 b 27.02 c 
120-90-6 43.00 a 45.52 a 44.26 b 
120-90-9 44.78 a 46.93 a 45.86 a 
120-90-12 44.90 a 46.70 a 45.80 a 
120-90-15 45.48 a 47.22 a 46.35 a 

Means followed by different letters in the same column are significantly different from each other at 5% level of significance 

Nitrogen Uptake  

The data showed Table VI that paddy and straw N uptake increased significantly by the application of zinc. 
Highest N uptake 127 kg ha-1 was obtained in paddy treated with 9 kg Zn ha-1, while least N (90 kg ha-1) uptake was 
noted in control where only N & P applied which might be due to the increased enzymatic activity and the organic 
recycling of the plant nutrients in response to available zinc supply to plants and showed the response of zinc 
application for N availability and uptake by plants. Takkar (1999) reported that soil application of 8 kg Zn ha-1 
supported nitrogen absorption for paddy. However, Khan et al., 2002 and Yaseen, (1999) reported that soil 
application of 15 kg Zn ha-1 increased significant the N uptake both in paddy and straw. 

Table VI     Nitrogen uptake as influenced by different doses of zinc application of rice genotype Sarshar 
N uptake (kg ha-1) 

Grain Straw Grain Straw 
Treatment 
(N,P&Znkg ha-1) 

2008 
Total 

2009 
Total Mean 

120-90-0 (Control) 87 b 21 b 108 b 63 c 8 c 71 c 90 d 
120-90-3 92 ab 27 a 119 a 83 bc 15 b 98 b 109 c 
120-90-6 94 ab 28 a 122 a 91 b 22 a 113 ab 118 b 
120-90-9 96 a 29 a 125 a 108 ab 20 ab 128 a 127 a 
120-90-12 96 a 28 a 124 a 111 a 15 b 126 ab 125 a 
120-90-15 96 a 25 a 121 a 111 a 17 ab 128 ab 125 a 

Means followed by different letters in the same column are significantly different from each other at 5% level of significance 

Phosphorous Uptake  

The data revealed that paddy and straw P uptake (Table VII) increased significantly by the application 
of zinc up to 9 kg Zn ha-1 but at higher dose of zinc reduced the P uptake significantly at both seasons. Highest P 
uptake 28.5 kg ha-1 was obtained in paddy treated with 9 kg Zn ha-1 while least (19.9 kg ha-1) P uptake was recorded 
in treatment receiving 15 kg Zn ha-1 which might be due to antagonistic effect of zinc on P uptake it was more 
pronounced in higher levels of zinc treatments. Choudhry et al., (1992) reported similar findings. 

Table VII     Phosphorous uptake as influenced by different doses of zinc application of rice genotype Sarshar 
P uptake (kg ha-1) 

Grain Straw Grain Straw 
Treatment 
(N, P & Zn kg ha-1) 

2008 
Total 

2009 
Total Mean 

120-90-0 (Control) 15.9 c 7.6 a 23.5 c 17.4 c 8.6 c 26.0 b 24.8 d 
120-90-3 16.9 bc 8.0 a 24.9 abc 15.6 b 9.1 b 24.7 b 24.8 bc 
120-90-6 17.8 ab 8.1 a 25.9 ab 16.9 ab 10.4 ab 27.3 ab 26.6 ab 
120-90-9 18.2 a 8.2 a 26.4 a 19.1 a 11.5 a 30.6 a 28.5 a 
120-90-12 16.8 bc 7.6 a 24.4 bc 18.6 a 9.4 ab 28.0 ab 26.2 ab 
120-90-15 13.6 d 6.0 b 19.6 d 13.8 ab 6.5 ab 20.3 c 19.9 cd 

Means followed by different letters in the same column are significantly different from each other at 5% level of significance 
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Zinc Uptake 

Total Zn uptake by rice plants increased with increasing levels of zinc in case of both grain and straw 
(Table VIII). A close relationship was observed between Zn uptake by plant and applied Zn. Maximum zinc uptake 
(451 g ha-1) was observed where zinc was applied at 9 kg ha-1. However, the uptake of zinc was reduced at the 
highest dose, where non-significant difference was observed. Similarly, Jain and Dahama (2007), Nand and Ram 
(1996), Rajan (1993) and Maharana et al., (1993) reported increases in uptake of Zn by rice plants with Zn 
application. 

Table VIII       Zinc uptake as influenced by different doses of zinc application of rice genotype Sarshar 
Zn uptake (g ha-1) 

Grain Straw Grain Straw 
Treatment 
(N, P & Zn kg ha-1) 

2008 
Total 

2009 
Total Mean 

120-90-0(Control) 99 c 61 c 160 c 68.9 d 39 c 107 d 134 d 
120-90-3 163 b 75 b 238 b 147.5 c 88 b 235 c 237 c 
120-90-6 300 a 86 ab 386 a 287.1 b 146 a 433 b 410 b 
120-90-9 304 a 98 a 402 a 341.91 a 157 a 499 a 451 a 
120-90-12 302 a 96 a 398 a 337.8 ab 144 a 482 ab 440 ab 
120-90-15 305 a 96 a 401 a 340.1 a 151 a 491 a 446 ab 

Means followed by different letters in the same column are significantly different from each other at 5% level of significance 

CONCLUSION AND RECOMMENDATIONS  

The genotype (Sarshar) performed efficiently with increasing zinc levels upto 9 kg Zn ha-1. The maximum 
yield was produced by 120 kg N, 90 kg P2O5 and 9 kg Zn ha-1 hence, it can be considered as the most optimum dose 
for this genotype under the agro-climatic condition of Sindh. 
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