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Introduction 
 

Rice (Oryza sativa L.) is a staple food for 

about 60% of the world population and plays a 

prominent role in the economic and social 

stability of the world. Across the world, it is 

cultivated in 161.30 million hectare (mha) 

area with total production and productivity of 

486.30 million tonnes (mt) and 4510 kg ha
-1

, 

respectively. Among rice-growing countries, 

India is the second largest producer of rice 

after China (USDA, 2017). In India, rice is 

grown on about 43.38 mha area having 

production of 104.32 mt with productivity 

2404 kg ha
-1

. Among the state, Uttar Pradesh 

is the second largest rice growing state after 

West Bengal having 5.85 mha area with 

production and productivity of 12.50 mt and 

2132 kg ha
-1

, respectively (Directorate of 

Economics and Statistics, 2017). Rice 

cultivation is in crisis across the globe due to 

shrinking area, fluctuating annual production, 

stagnating yield and exacerbating inputs (seed, 

fertilizers and labour) price. Hence, the cost of 

cultivation of paddy is alarmingly increasing. 

Furthermore, labour and water scarcity is 

making the rice cultivation an uphill task. 

Therefore, it is the need of the hour to devise 
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An experiment consisting of three crop establishment methods in the main plots and five 

zinc fertilization in the sub-plots was undertaken in a split-plot design with three 

replications at Varanasi during Kharif season of 2016-17 and 2017-18. Data on N, P, K 

and Zn content (grain and straw) and their uptake were recorded. Crop establishment 

methods significantly influenced Zn content, and N, P, K and Zn uptake whereas Zn 

fertilization influenced significantly N, P, K and Zn content and their uptake. Results 

revealed that among crop establishment methods, conventional till-wet direct seeded rice 

estimated higher N, P, K and Zn content and their uptake. In the case of Zn fertilization, 6 

kg Zn ha
-1 

(basal application) was proved superior over rest of the treatments for N, P and 

K content and their uptake. However, with respect to Zn content and its uptake, 6 kg Zn 

ha
-1 

(foliar application) was adjudged better as compared to other treatments. Based on the 

results, it is said in the conclusion that conventional till-wet direct seeded rice and 6 kg Zn 

ha
-1 

(basal application) was found better for N, P and K content and their uptake. 
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alternate ways to cultivate rice with less water 

and inputs.  

 

Direct-seeded rice (DSR) is the technology in 

which lees water, labour and energy are 

required and hence it can be a potential 

alternative to conventional puddled 

transplanted rice (PTR) (Kumar and Ladha, 

2011). The sowing of rice in DSR is done 

under puddled and non-puddled conditions 

(Joshi et al., 2013) so that the crop is not 

subjected to transplanting stress (Singh et al., 

2008). DSR has several advantages including 

early maturity of crop and it also produces 

almost at par yield with the transplanted crop 

(Awan et al., 2006). As per the need of the 

hour, DSR is being practiced with various 

modifications of tillage/land preparation and 

crop establishment (CE) to suit site-specific 

requirements but has not yet gained 

popularity, even though many research studies 

suggest its benefits over TPR. Tillage 

practices (TPs) such as zero-tillage (ZT) and 

un-puddled sowing have been shown to be 

beneficial in terms of improving soil health, 

water use, crop productivity and farmers’ 

income (Singh et al., 2009). Globally, among 

micronutrients, zinc (Zn) deficiency is one of 

the important abiotic factors limiting rice 

productivity in addition to being a major 

nutritional disorder affecting human health 

(Alloway, 2009). The problem of low 

availability of Zn in soils dominated by rice 

production is well known throughout the 

world, but it is more severe in India, Pakistan, 

China, Australia, Turkey and USA (Singh and 

Shivay, 2015). Fertilization of rice crop with 

Zn has a positive impact on rice yield (Shivay 

et al., 2015) and also improves Zn content in 

rice grain which helps in alleviating Zn 

deficiency, which rank fifth among the most 

important health risk factor in developing 

countries and eleventh globally (Palmgren et 

al., 2008). Thus, keeping the above points in 

mind, the present study was conducted to 

evaluate the effect of crop establishment 

methods and Zn fertilization on nutrients 

content and their uptake by the DSR.  

 

Materials and Methods 

 

Field experiment involving three crop 

establishment methods viz., conventional till-

direct seeded rice (CT-DSR), conventional 

till-wet direct seeded rice (CT-WDSR) and 

zero till-direct seeded rice (ZT-DSR) as main 

plot treatments and five zinc fertilization viz., 

Control (no Zn application), 3 kg Zn ha
-1

 

(basal application), 3 kg Zn ha
-1

 (foliar 

application), 6 kg Zn ha
-1

 (basal application) 

and 6 kg Zn ha
-1

 (foliar application) as sub-

plot treatments in a split-plot design with three 

replications at Agricultural Research Farm, 

Institute of Agricultural Sciences, Banaras 

Hindu University, Varanasi, situated at 

25
0
15'26.9'' N Latitude, 82

0
59'17.1'' E 

longitude and at an altitude of 74.4 meters 

above the mean sea level during Kharif season 

of 2016-17 and 2017-18. The site of the 

experiment was homogeneously fertile with 

uniform textural make-up and had slightly 

slopy topography. The soil of the experimental 

field was sandy clay loam in texture with 

moderate fertility had low organic carbon 

(0.46%) and available nitrogen (204 kg ha
-1

), 

and medium available phosphorus (22 kg ha
-1

) 

and potassium (222 kg ha
-1

) but was found 

deficient in Zn (0.53 ppm). In addition to the 

above, soil also indicated slightly alkaline 

behaviour with pH 7.5. The experimental site 

received 1094.8 and 641.4 mm total rainfall in 

2016-17 and 2017-18, respectively with the 

highest amount of rainfall in the month of July 

during both the years of cropping period. The 

maximum and minimum temperature was 

ranged between 29.2-37.1
0
C and 15.3-26.9

0
C 

in 2016-17 and 30.1–37.6
0
C and 16.8-27.8

0
C 

in 2017-18, respectively. The experimental 

field was prepared as per treatments 

specification and sowing of the crop using 

seed rate @ 30 kg ha
-1

 was done with the help 

of zero till seed drill and drum seeder at the 
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row-to-row spacing of 20 cm on June 30 and 

24 in 2016-17 and 2017-18, respectively. Rice 

variety (HUR–105) known for its promising 

performance under irrigated conditions of 

Varanasi region of the Eastern Uttar Pradesh 

was used as test crop for the investigation. A 

uniform dose of 120 kg N, 60 kg P2O5 and 60 

kg K2O ha
-1

 was applied in all the treatments 

through urea (46% N), DAP (46% P2O5) and 

muriate of potash (60% K2O), respectively. 

Half of the total N and full dose of P and K 

were applied as the basal application just 

before sowing. However, remaining half dose 

of N in the form of urea was top dressed in 

two equal splits at active tillering and panicle 

initiation stages, respectively during both the 

years. Zinc sulphate fertilizer was applied as 

per treatments specification as basal and two 

equal foliar splits (0.25 and 0.5% Zn solution) 

at 15 and 30 DAS. The source of Zn fertilizer 

was ZnSO4.H2O with 33% Zn content. For 

weed management, two herbicides 

(pendimethalin @ 1 kg a.i. ha
-1

 at 2 DAS and 

bispyribac-Na @ 25 g a.i. ha
-1

 at 20 DAS) was 

sprayed using knapsack sprayer with the flat 

fan nozzle. The need-based irrigations were 

also given to fulfil the water requirement of 

crop and to keep the crop in vigorous 

condition during both the years of 

investigation. At maturity, the crop was 

harvested manually with the help of sickle on 

November, 15 and 9 in 2016-17 and 2017-18, 

respectively. The representative plant samples 

(grain and straw) from harvested produced 

were collected and analyzed for N, P, K and 

Zn contents. Similarly, N was estimated by 

using modified Kjeldahal method as described 

by (Jackson, 1973), P by Vanadomolybdate 

phosphoric yellow colour method as described 

by (Jackson, 1973), K by Flame photometer as 

described by (Jackson, 1973) and Zn by 

Atomic Absorption Spectrophotometer (AAS) 

as per (Lindsay and Norvell, 1978) and 

subsequently their uptake by grain, straw and 

total uptake (grain + straw) was worked out as 

per following equations: 

 
 

 
 

 
 

The statistical analysis of data was done using 

analysis of variance as described by (Gomez 

and Gomez, 1984) and the comparisons were 

made at 5 per cent level of significance. 
 

Results and Discussion 

 

Nutrient content  

 

Data pertaining to the grain and straw N, P, K 

and Zn content are presented in Table 1. It is 

seen from the table that the crop establishment 

methods significantly influenced Zn content 

but not N, P and K content in grain and straw. 

However, Zn fertilization significantly 

(P=0.05) influenced the N, P, K and Zn 

content in grain and straw of DSR. Among 

crop establishment methods, conventional till-

wet direct seeded rice estimated higher N, P, 

K and Zn content whereas, lower N, P, K and 

Zn content was recorded with zero till-direct 

seeded rice. The higher and lower N, P, K and 

Zn content estimated with conventional till-

wet direct seeded rice and zero till-direct 

seeded rice, respectively might be due to 

higher and lower dry matter accumulation. In 

case of Zn fertilization treatments, 6 kg Zn ha
-

1
 (basal application) followed by 6 kg Zn ha

-1
 

(foliar application), 3 kg Zn ha
-1

 (basal 

application), 3 kg Zn ha
-1

 (foliar application) 

and control treatments, respectively estimated 

higher N, P and K content in both (grain and 

straw). However, with respect to Zn content, 6 

kg Zn ha
-1

 (foliar application) was found 

superior over rest of the treatments. The 

higher N, P and K content estimated with 6 kg 

Zn ha
-1

 (basal application) might be due to 

higher dry matter accumulation. However, 

higher Zn content observed with the foliar  
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application was probably due to more 

retention of Zn in the plant system. Our 

results confirm the research findings of 

Kumar et al., (2016); Ghoneim (2016); 

Kumar et al., (2017) and Farooq et al., 

(2018).  
 

Nutrient uptake  
 

Crop establishment methods and Zn 

fertilization significantly (P=0.05) influenced 

the N, P, K and Zn uptake by grain, straw and 

total of DSR (Table 2). Among crop 

establishment methods, conventional till-wet 

direct seeded rice and zero till-direct seeded 

rice recorded higher and lower uptake of N by 

grain, straw and both. This might be due to 

higher and lower dry matter accumulation 

recorded with conventional till-wet direct 

seeded rice and zero till-direct seeded rice, 

respectively. These results are in line with the 

research findings of Yadav et al., (2014) and 

Meena et al., (2016). With respect to Zn 

fertilization treatments, 6 kg Zn ha
-1

 (basal 

application) followed by 6 kg Zn ha
-1

 (foliar 

application) observed higher N uptake by 

grain, straw and both of DSR might be due to 

higher dry matter accumulation. Our results 

are in conformity with the research finding of 

Kumar et al., (2016). 
 

With respect to P uptake conventional till-wet 

direct seeded rice and zero till-direct seeded 

rice recorded higher and lower uptake by 

grain, straw and both might be due to higher 

and lower dry matter accumulation observed 

with conventional till-wet direct seeded and 

zero till-direct seeded rice, respectively. 

Results are in congruence with the research 

findings of Yadav et al., (2014) and Meena et 

al., (2016). Among Zn fertilization 

treatments, 6 kg Zn ha
-1

 (basal application) 

was proved superior and recorded higher P 

uptake by grain, straw and both might be due 

to higher dry matter accumulation. However, 

the lower P uptake was recorded with control 

treatment. Our results are in agreement with 

the research finding of Kumar et al., (2016). 

 

Table.1 Effect of crop establishment methods and Zn fertilization on N, P, K and Zn content of 

direct-seeded rice (mean data of two years) 

 

 

Treatments 

N content (%) P content (%) K content (%) Zn content (mg kg
-1

) 

Grain Straw Grain Straw Grain Straw Grain Straw 

Crop establishment methods 

Conventional till-direct seeded rice 1.15 0.53 0.235 0.123 0.316 1.58 27.96 49.83 

Conventional till-wet direct seeded 

rice 

1.16 0.55 0.242 0.128 0.322 1.61 29.47 51.39 

Zero till-direct seeded rice 1.13 0.51 0.233 0.119 0.311 1.56 26.41 45.83 

SEm ± 0.02 0.01 0.005 0.003 0.006 0.02 0.48 0.76 

CD (P=0.05) NS NS NS NS NS NS 1.90 3.00 

Zn fertilization 

Control (no Zn) 1.08 0.48 0.214 0.100 0.298 1.49 20.32 40.88 

3 kg Zn ha
-1

 (basal application) 1.16 0.53 0.229 0.128 0.312 1.61 27.18 47.02 

3 kg Zn ha
-1

 (foliar application) 1.12 0.51 0.226 0.113 0.312 1.54 30.58 51.98 

6 kg Zn ha
-1

 (basal application) 1.19 0.58 0.261 0.143 0.332 1.66 30.01 50.95 

6 kg Zn ha
-1

 (foliar application) 1.16 0.55 0.253 0.131 0.327 1.62 31.63 54.25 

SEm ± 0.01 0.01 0.010 0.003 0.006 0.01 0.50 0.42 

CD (P=0.05) 0.02 0.02 0.028 0.009 0.017 0.03 1.47 1.23 
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Table.2 Effect of crop establishment methods and Zn fertilization on N and P uptake of direct-

seeded rice (mean data of two years)  

 

 

Treatments 

N uptake 

(kg ha
-1

) 

P uptake 

(kg ha
-1

) 

Grain Straw Total Grain Straw Total 

Crop establishment methods 

Conventional till-direct seeded rice 43.56 29.90 73.46 8.95 7.01 15.96 

Conventional till-wet direct seeded rice 46.24 32.55 78.79 9.69 7.57 17.25 

Zero till-direct seeded rice 40.83 28.00 68.82 8.43 6.49 14.93 

SEm ± 0.97 0.80 1.75 0.24 0.20 0.40 

CD (P=0.05) 3.80 3.15 6.89 0.94 0.79 1.59 

Zn fertilization 

Control (no Zn) 37.43 25.52 62.95 7.38 5.35 12.73 

3 kg Zn ha
-1

 (basal application) 44.11 30.22 74.33 8.70 7.25 15.95 

3 kg Zn ha
-1

 (foliar application) 41.22 28.36 69.58 8.32 6.31 14.63 

6 kg Zn ha
-1

 (basal application) 49.15 34.55 83.70 10.76 8.59 19.35 

6 kg Zn ha
-1

 (foliar application) 45.80 32.09 77.89 9.97 7.61 17.58 

SEm ± 0.50 0.65 0.79 0.41 0.19 0.44 

CD (P=0.05) 1.46 1.89 2.29 1.19 0.55 1.28 

 

Table.3 Effect of crop establishment methods and Zn fertilization on K and Zn uptake of direct-

seeded rice (mean data of two years)  

 

 

Treatments 

K uptake 

(kg ha
-1

) 

Zn uptake 

(kg ha
-1

) 

Grain Straw Total Grain Straw Total 

Crop establishment methods 

Conventional till-direct seeded rice 11.99 89.82 101.81 0.107 0.284 0.391 

Conventional till-wet direct seeded rice 12.85 95.08 107.93 0.118 0.304 0.422 

Zero till-direct seeded rice 11.26 84.99 96.25 0.096 0.250 0.346 

SEm ± 0.27 1.72 1.84 0.003 0.007 0.010 

CD (P=0.05) 1.06 6.76 7.21 0.012 0.028 0.038 

Zn fertilization 

Control (no Zn) 10.31 79.16 89.48 0.070 0.217 0.288 

3 kg Zn ha
-1

 (basal application) 11.88 91.70 103.58 0.104 0.268 0.371 

3 kg Zn ha
-1

 (foliar application) 11.45 85.33 96.77 0.113 0.289 0.402 

6 kg Zn ha
-1

 (basal application) 13.68 99.53 113.21 0.124 0.306 0.430 

6 kg Zn ha
-1

 (foliar application) 12.86 94.09 106.95 0.125 0.316 0.440 

SEm ± 0.23 1.07 1.07 0.002 0.004 0.004 

CD (P=0.05) 0.66 3.14 3.13 0.006 0.011 0.012 
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In case of K uptake conventional till-wet direct 

seeded rice followed by conventional till-direct 

seeded rice and zero till-direct seeded rice, 

respectively were proved superior might be due 

to the difference in dry matter accumulation. 

These results support the research findings of 

Yadav et al., (2014) and Meena et al., (2016). 

Likewise, with respect to Zn fertilization 

treatments, 6 kg Zn ha-1 (basal application) 

followed by 6 kg Zn ha-1 (foliar application) 

recorded higher K uptake by grain, straw and 

both might be due to higher dry matter 

accumulation. However, the lower K uptake 

was recorded with control treatment. Our results 

are in analogues with the research finding of 

Kumar et al., (2016). 

 

Among crop establishment methods, 

conventional till-wet direct seeded rice and zero 

till-direct seeded rice recorded higher and lower 

uptake of Zn by grain, straw and both. This was 

might be due to higher and lower dry matter 

accumulation recorded with conventional till-

wet direct seeded and zero till-direct seeded 

rice, respectively. These results are in line with 

the research findings of Yadav et al., (2014) and 

Meena et al., (2016).  

 

With respect to Zn uptake, 6 kg Zn ha-1 (foliar 

application) followed by 6 kg Zn ha-1 (basal 

application), 3 kg Zn ha-1 (basal application), 3 

kg Zn ha-1 (foliar application) and control 

treatment, respectively were proved better. The 

higher uptake of Zn by different parts of DSR 

with foliar application of 6 kg Zn ha-1 was 

recorded might be due to the higher yield, dry 

matter production and Zn content. These results 

are in congruence with the research findings of 

Kandali et al., (2015) and Kumar et al., (2017). 

 

Based on the above results it is suggested that 

conventional till-wet direct seeded rice proved 

to be better for N, P, K and Zn content and their 

uptake. In case of Zn fertilization, basal 

application of 6 kg Zn ha-1 found superior for N, 

P and K content and their uptake. However, 

with respect to Zn content and its uptake foliar 

application of 6 kg Zn ha-1 adjudged superior. 
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