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ABSTRACT 

Zinc deficiency in low land situated soil is impediment to obtain higher rice yield. Zinc deficiency can be managed 
successfully by application of suitable zinc fertilizer in soil or foliar application. The objective of this study was to find out 
the effect of zinc applications (0.0, 2.5, 5.0 and 7.5 kg ha-1) on biological yields of hybrid rice (Oryza sativa L.) under low 
land situation in three different districts i.e., Ranchi, Khunti and Lohardaga of Jharkhand, India. The results revealed that 
rice responded significantly to graded dose of zinc applications. The highest grain yield 60.22, 64.37 and 62.17 q ha-1 was 
observed respectively in Ranchi, Khunti and Lohardaga districts, while subsequent straw yield 86.89, 91.07 and 89.32 q 
ha-1 was noticed at 7.5 kg Zn ha-1 soil application. The response of zinc application @ 7.5 kg ha-1 was observed from 
18.31 to 26.81 % in grain and 6.17 to 12.95% in straw production of rice among three selected districts of Jharkhand.  
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INTRODUCTION 
Zinc is one of the most important micronutrient essential for plant growth especially for rice grown under 
submerged condition. Zinc deficiency is prevalent worldwide in temperate and tropical climates [1, 2]. 
Forty three percent of Indian soils and twenty percent of Jharkhand soils [3] are deficient in zinc. Zinc is a 
major component and activator of several enzymes involved in metabolic activities [4]. Zinc deficiency 
continues to be one of the key factors in determining rice production in several parts of the country [5]. 
Rice is the stable food for more than half of the world population and it provides 21% and 15% per capita 
of dietary energy and protein, respectively [6]. Zinc deficiency in rice has been reported in lowland rice of 
India [7] and Brazil [8]. Zinc deficiency in plant is noticed when the supply of zinc to the rice plant is 
inadequate. Among the many factors which influence zinc supply to the plants, pH, concentration of zinc, 
iron, manganese and phosphorus in soil solution are very important. Zinc deficiency and response of rice 
to zinc under lowland condition have been studied by many workers [8, 9, 10, 11, 12]. Coverage of hybrid 
rice in Jharkhand state increasing fastly day by day and very scanty information is available to response of 
zinc applications on hybrid rice in red and lateritic soils situation.So, keeping in view the present 
investigation was undertaken for study.  
 
MATERIALS AND METHODS 
The field experiments were conducted at farmer’s field in three districts (i.e., Ranchi, Khunti and 
Lohardaga) of Jharkhand during Kharif season of the year 2015 in farmers participatory mode. All the 
recommended cultivation practices where adopted under supervision of scientist in farmers field. The 
Initial composite soil samples were collected from each field to 0.0 – 15.0 cm depth from the experimental 
sites. Soil samples were air-dried, ground in wooden pestle and mortar. These ground soil samples were 
passed through 2.0 mm sieve and stored in properly labeled plastic bags for analysis. Processed soil 
samples were analyzed for pH, electrical conductivity (EC) by employing the method (1: 2.5:: soil: water) 
as outline by Jackson [13], organic carbon (potassium dichromate and sulfuric acid method) by Walkley 
and Black [14]. The DTPA-extractable Zn, Cu, Fe and Mn, were extracted with di-ethelene tri-amine penta-
acetic acid (DTPA) solution [15]. Hot water soluble boron of soils was estimated as per method outlined 
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by Gupta [16] using Azomethine-H through UV-spectrophotometer at 420 nm. The results of some 
selected soil physicochemical properties are presented in Table 1. 
The experiment was laid down in randomized block design (RBD) and the respective treatments were 
applied to each plot. All the plots of the experiment received recommended applications of NPK fertilizers 
120:60:40 kg ha-1. A basal dose of P and K was applied (60 and 40 kg ha-1) one day before transplanting, 
while N was applied at 120 kg ha-1 in three split doses i.e., 60 kg N ha-1 at basal, 30 kg N ha-1 at tillering 
stage and 30 kg N ha-1 at panicle initiation stage to all the treatments. The N, P and K were applied 
through urea, di-ammonium phosphate and potassium chloride (muriate of potash), respectively. Four 
rates of zinc were applied @ 0.0, 2.5, 5.0, 7.5 kg ha-1 using zinc sulfate (ZnSO4.7H2O). After execution of all 
the treatment materials in the appropriate plots, 25-day-old rice seedlings were transplanted per hill at a 
spacing of 20 × 15 cm in 10 × 10 m2 plot size. Required agronomic management practices were followed 
as per recommended package and practice. Then the rice seedlings were allowed to grow till the harvest.  
After harvesting the grain and straw yields were recorded separately. Statistical analyses of the results 
were statistically evaluated in the form of Analysis of Variance (ANOVA). 
 
RESULTS  
Grain and straw yields of hybrid rice were significantly influenced by the application of different levels of 
zinc in soil (Table 2). The significantly highest grain yield of hybrid rice was found 60.22 q ha-1 at the rate 
of 7.5 kg ha-1 Zn application, which was statistically at par to yield 57.80 q ha-1 at 5.0 kg Zn ha-1 
application level, which was about 18.31% and 13.56% greater than control, respectively. On the other 
hand straw yield, at the Zn application levels 2.5, 5.0, 7.5 kg ha-1 was at par, which was observed 
significantly higher to yield 81.84 q ha-1 obtained in control treatment. The percent responses were 
varied from 4.83 to 6.17% over the control of Zn application level in Ranchi district (Fig. 1).  
In case of Khunti district (Table 3), grain yield significantly increased in all treatments over the control, 
which was noted 11.70, 20.07, 26.81 % higher as per compared to control yield. The significantly higher 
grain yield of hybrid rice was observed in treatment receiving 7.5 kg ha-1 zinc.  Similarly, straw yield also 
significantly increased with Zn application @ 5.0 and 7.5 kg ha-1, which was found to 8.48 and 12.95 % 
response to over the control, respectively (Fig. 1).  
Grain yield of hybrid rice in Lohardaga district was found 51.91 q ha-1 in control plot, while higher yield 
62.17 q ha-1 was at the Zn application level 7.5 kg ha-1 (Table 3). All three levels of Zn applications (2.5, 5.0 
and 7.5 kg ha-1) were found significantly superior in respect of grain yield to control. The straw yield also 
showed significant response to Zn application and yield obtained 89.32, 87.82 and 85.45 q ha-1 of hybrid 
rice respectively with the Zn application of 7.5, 5.0 and 2.5 kg ha-1 . Percent response among all three Zn 
application levels varied from 3.84 to 8.54 % (Fig. 1). 
Harvest index in all three districts showed an increasing trend with increasing levels of zinc applications 
but statistically values were not significant (Table 2, 3 & 4). 

 
Table 1. Physicochemical properties of  soil of experimental fields 

Characteristics Average data 
Ranchi Khunti Lohardaga 

Soil type sandy loam clay loam clay loam 

pH 5.05 5.47 5.50 
EC (dS m-1) 0.07 0.10 0.09 
OC (g kg-1) 4.21 5.18 4.64 
Fe (mg kg-1) 57.04 57.92 63.79 
Mn (mg kg-1) 30.21 52.92 39.86 
Zn (mg kg-1) 0.35 0.43 0.49 
Cu (mg kg-1) 0.89 1.34 1.40 
B (mg kg-1) 0.46 0.51 0.71 

 
Table 2. Effect of zinc application on biological yields of hybrid rice (Oryza sativa L.) under low land 
situation in Ranchi district of Jharkhand  
Treatment (kg ha-1) Ranchi 

Grain yield Straw yield Harvest Index 
Control 50.90 81.84 38.35 
2.5 54.57 85.79 38.88 
5.0 57.80 86.10 40.17 
7.5 60.22 86.89 40.94 
Mean±Std 55.86±4.39 85.15±2.64 39.58±1.18 
CD (p≤0.05) 4.57 1.45 NS 
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Table 3. Effect of zinc application on biological yields of hybrid rice (
situation in Khunti district of Jharkhand
Treatment (kg ha-1) 

Control 
2.5 
5.0 
7.5 
Mean±Std 
CD (p≤0.05) 

 
Table 4. Effect of zinc application on biological yields of hybrid rice (
situation in Lohardaga district of Jharkhand
Treatment (kg ha-1) 

Control 
2.5 
5.0 
7.5 
Mean±Std 
CD (p≤0.05) 

 

Fig. 1. Percent (%) response over control of Zn application on hybrid rice yield

 
DISCUSSIONS 
In this study, our results revealed 
fertilization under lowland soil condition. The respon
studied by many workers viz., Muthukumararaja and Sriramachandrasekharan
significantly positive response on grain and straw yield over the control (no zinc) under lowland rice, 
while Alam and Kumar [18] also reported that 
control (no zinc) of rice var. Pusa Basmati
and Naik [11] and Khan et al. [19]. Whatsoever, 
[8] reported 97% increase in rice yield due to zinc fertilization. Higher yield due to zinc fertilization is 
attributed to its involvement in many metallic enzyme system, regulatory functions and 
[20], enhanced synthesis of carbohydrates and theirn transport to the site of grain production [21]. 
Higher concentration of zinc in the grain maintained by the application of zinc in the rhizosphere with 
constant supply coupled with more 
have increased the grain yield [22]. Response of lowland rice to zinc addition has been reported widely [5, 
7, 8, 20]. The harvest index did not influenced significantly by application of Z
Similar result was also observed by Keram et al. [23] in wheat crop.
 
CONCLUSIONS 
On the basis of the results obtained in the present experiment, it may be concluded that the biological 
yield of hybrid rice significantly impro
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Table 3. Effect of zinc application on biological yields of hybrid rice (Oryza sativa L.) under low land 
situation in Khunti district of Jharkhand 

Khunti 
Grain Straw 
50.76 80.63 
56.70 82.78 
60.95 87.47 
64.37 91.07 

58.30±5.47 85.63±4.60 
3.91 3.39 

Table 4. Effect of zinc application on biological yields of hybrid rice (Oryza sativa L.) under low land 
ituation in Lohardaga district of Jharkhand 

Lohardaga 
Grain Straw 
51.91 82.29 
57.22 85.45 
58.94 87.82 
62.17 89.32 

57.56±4.60 86.22±3.22 
2.55 1.64 

Fig. 1. Percent (%) response over control of Zn application on hybrid rice yield

In this study, our results revealed the biological yield of hybrid rice significantly improved with zinc 
fertilization under lowland soil condition. The response of rice to zinc under lowland condition have been 

Muthukumararaja and Sriramachandrasekharan [17] reported that the 
significantly positive response on grain and straw yield over the control (no zinc) under lowland rice, 

Alam and Kumar [18] also reported that the positive response on grain and straw yield over the 
of rice var. Pusa Basmati-1 in Saran district of Bihar. Similar result also reported by Das 

and Naik [11] and Khan et al. [19]. Whatsoever, Slaton et al. [2] observed 12 to 180%, while Fageria 
[8] reported 97% increase in rice yield due to zinc fertilization. Higher yield due to zinc fertilization is 
attributed to its involvement in many metallic enzyme system, regulatory functions and 
[20], enhanced synthesis of carbohydrates and theirn transport to the site of grain production [21]. 
Higher concentration of zinc in the grain maintained by the application of zinc in the rhizosphere with 
constant supply coupled with more number of productive tillers per hill and higher zinc uptake might 
have increased the grain yield [22]. Response of lowland rice to zinc addition has been reported widely [5, 
7, 8, 20]. The harvest index did not influenced significantly by application of Zn in red and lateritic soils. 
Similar result was also observed by Keram et al. [23] in wheat crop. 

On the basis of the results obtained in the present experiment, it may be concluded that the biological 
yield of hybrid rice significantly improved with zinc fertilization under lowland soil. The optimum yield 
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L.) under low land 

Harvest Index 
38.63 
40.65 
41.07 
41.41 

40.47±1.24 
NS 

L.) under low land 

Harvest Index 
38.68 
40.11 
40.16 
41.04 

40.00±0.98 
NS 

 
Fig. 1. Percent (%) response over control of Zn application on hybrid rice yield 

the biological yield of hybrid rice significantly improved with zinc 
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[17] reported that the 
significantly positive response on grain and straw yield over the control (no zinc) under lowland rice, 

the positive response on grain and straw yield over the 
1 in Saran district of Bihar. Similar result also reported by Das 

. [2] observed 12 to 180%, while Fageria et al. 
[8] reported 97% increase in rice yield due to zinc fertilization. Higher yield due to zinc fertilization is 
attributed to its involvement in many metallic enzyme system, regulatory functions and auxin production 
[20], enhanced synthesis of carbohydrates and theirn transport to the site of grain production [21]. 
Higher concentration of zinc in the grain maintained by the application of zinc in the rhizosphere with 

number of productive tillers per hill and higher zinc uptake might 
have increased the grain yield [22]. Response of lowland rice to zinc addition has been reported widely [5, 
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was noticed with 7.5 kg Zn ha-1. Overall had significant positive linear relationship with grain yield of rice 
under existing agro climatic conditions of Jharkhand and hence can be recommended.  
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