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The productivity of rice (Oryza sativa L.) in North 
Eastern hill (NEH) region is about 2.0 t/ha (Das et al. 
2020) which is lower than the national average, leading 
to production deficit of 9.53% in the region (Roy et al. 
2015). The problems of drought and flood, improper crop 
management, and nutrient imbalances are some of the 
important concerns of rice cultivation in NEH region. The 
nutrient imbalance is basically due to soil inherent nutrient 
status and soil acidity as well as changes in soil reaction and 
nutrient availability due to heavy rainfall and puddled soil 
conditions. Among the nutrients, concentration of iron (Fe), 
manganese (Mn), zinc (Zn), nitrogen (N) and phosphorus 
(P) are affected significantly due to change in pH (Fageria et
al. 2011). The reducing conditions prevalent in periodically
waterlogged soils leads to increased concentrations of
divalent ferrous (Fe++) and manganese (Mn++) ions, from the
dissolution of their hydrous oxides, and these could compete 
with Zn ions for uptake into roots (Alloway 2008). Hence,
lowland rice fields having medium to adequate status of
available Zn could become Zn deficient under waterlogged
conditions. Considering the role of Zn in human nutrition
(Palmgren et al. 2008), widespread Zn deficiency (Tandon
2013) and response of rice to Zn fertilization even on soils
with high Zn status (Wissuwa et al. 2008), an experiment
was conducted to study the effect of various options of Zn
fertilization for their effectiveness in rice.

A field experiment was conducted during the kharif 
season (June–November) of 2015 at the research farm 
of ICAR Research Complex for NEH Region, Umiam, 

Meghalaya, India located at 25°41’ N latitude, 91°54’ E 
longitude and at an altitude of 980 m amsl. The climatic 
condition of Umiam is sub-tropical type. The total rainfall 
at experimental site during crop growing season was 1954.1 
mm. The soil texture of the experimental site was clayey
loam with 278.8 kg/ha, 18.9 kg/ha, 125.4 kg/ha, 12.4 kg/
ha and 2.06 mg/kg soil of available N, P (Bray’s-1), K
(NH4AOC-extractable), sulphur and DTPA-extractable Zn, 
respectively. The soil pH and organic carbon content were 
4.51 and 2.8%, respectively. Field experiment involving 
rice variety Shahsarang 1 was laid out in a completely 
randomized block design involving 10 treatments under 
three replications. Treatments consisted of three Zn coated 
urea (ZnCU), i.e. T1-1% ZnCU, T2-2% ZnCU, T3-3% 
ZnCU, two rates of soil Zn application through Zn sulphate 
heptahydrate (ZnSO4.7H2O), i.e. T4- 2.5 kg Zn/ha and T5-5 
kg Zn/ha and three foliar Zn application treatments, i.e. T6- 
one spray at panicle initiation (PI) stage, T7- two spray at 
PI and flowering stage and T8- three spray at PI, flowering 
and grain filling stages, these treatments were compared 
with two control, viz. T9- prilled urea application and T10- 
absolute control (no urea application). The quantity of Zn 
supplied through 1%, 2% and 3% ZnCU were 2.6 kg Zn/ha, 
5.2 kg Zn/ha and 7.8 kg Zn/ha, respectively. For all these 
three treatments half dose of ZnCU was applied to soil as 
basal and the remaining half was applied in two equal split 
doses at 30 and 60 days after transplanting (DAT). In case 
of foliar application, ZnSO4.7H2O at the rate of 0.1% Zn 
(in 1000 l of water/ha) was sprayed at the required stages 
as per the treatment. For each foliar spray one kg Zn/ha was 
used every time. For example, in case of T6, T7 and T8, one, 
two and three kg Zn was used for respective treatments.

The 23 days old rice seedlings were transplanted in 
puddled field at 20 cm × 20 cm spacing using two-three 
seedlings/hill. The recommended rate of N, P and K 
(80:26.2:33.3 kg/ha) was applied as per treatments. The N 
was split applied as 50% at transplanting, 25% at 30 DAT and 
25% at 60 DAT; while complete dose of P and K was applied 
as basal dose. The leaf area meter was used to determine 
leaf area (cm2) and was expressed as leaf area index (LAI). 
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ha) had significantly higher chlorophyll index over prilled 
urea and at 90 DAT, all three ZnCU treatments had superior 
chlorophyll index over prilled urea. The chlorophyll index 
obtained with application of prilled urea was superior to 
absolute control (no nitrogen application) which signifies 
the role of N in leaf chlorophyll synthesis.

The highest number of tillers/m2 was observed with 
application of 3% ZnCU, which had 35.8 and 143.3 tillers/
m2 higher than prilled urea and absolute control, respectively. 
Application of prilled urea produced significantly a greater 
number of tillers/m2 over no N application. It had been 
previously reported that application of Zn (Prasad and 
Shivay 2020) and N play a significant role in enhancing 
the yield attributes such as tillers/m2 and panicles/m2 and 
yields (Shivay and Prasad 2012). Application of 3% ZnCU 
and soil application of Zn at 5 kg/ha had significantly 
higher root volume than prilled urea and increase in root 
volume in these treatments over prilled urea were 6.2 and 
6.1 cm3, respectively. Soil application of Zn (5 kg/ha) and 
3% ZnCU gave significantly higher grain and biological 
yield than prilled urea. Increase in grain and biological 
yield due to soil application of 5 kg Zn/ha were 0.99 and 
2.28 t/ha and that for 3% ZnCU were 1.09 and 2.41 t/ha, 
respectively over prilled urea. The biological yield with 
2% and 3% ZnCU was significantly higher than 1% ZnCU. 
Both 2.5 or 5.0 kg Zn/ha to soil gave grain yields on par 
with each other; while biological yield was significantly 
higher under application of 5 kg Zn/ha than 2.5 kg Zn/ha. 

The chlorophyll index of the rice crop was determined with 
the help of a SPAD meter. For measurement of biological 
and grain yield, net plots (10.5 m2) were harvested and sun-
dried and then weighed to record biological yield and grain 
yield after threshing. The N, P and K concentration in grain 
and straw was determined following standard procedure. 
The concentration of sulphur (S) and Zn was determined 
by using barium sulphate turbidimetry method and Atomic 
Absorption Spectrophotometer (AAS) from di-acid digested 
grain and straw sample. 

All the data obtained from the experiment were 
statistically analysed using the F-test as per the standard 
statistical procedure and least significant difference (LSD) 
values (P = 0.05) were used to determine the significance 
of difference between treatment means.

The LAI increased rapidly from 30 to 60 DAT, with 
marginal increase from 60–90 DAT. The highest LAI was 
recorded with soil application of Zn at 5 kg/ha at 30 DAT 
and 3% ZnCU both at 60 and 90 DAT. At 30 DAS, soil Zn 
application (both 2.5 and 5 kg/ha) and all ZnCU treatments 
gave significantly higher LAI over prilled urea. However, 
at 60 and 90 DAT soil application of Zn at 5 kg/ha and 
3% ZnCU had recorded significantly higher leaf area over 
prilled urea. This showed the superiority of soil application 
of Zn at 5 kg/ha and 3% ZnCU in enhancing LAI (Singh 
and Shivay 2014). The chlorophyll index was highest at 
60 DAT and decreased thereafter (Table 1). At 60 DAT 
3% ZnCU and soil application of Zn (both 2.5 and 5 kg/

Table 1  Effect of zinc (Zn) fertilization options on growth parameters and yields of rice 

Treatment LAI Chlorophyll index Tillers/
m2 at 

harvest

Root volume 
(cm3) at 
harvest

Grain 
yield (t/

ha)

Biologi-
cal yield 

(t/ha)30 DAT 60 DAT 90 DAT 30 DAT 60 DAT 90 DAT

1% Zn coated urea 1.68abc 5.45ab 5.38abcd 36.2a 39.0ab 36.6a 351.7a 35.9ab 4.81abc 11.05bc

2% Zn coated urea 1.75abc 5.60ab 5.74abc 35.3a 39.1ab 36.8a 360.8a 35.8ab 5.10ab 11.81ab

3% Zn coated urea 1.77ab 5.87a 5.94a 38.0a 40.2a 37.4a 385.0a 40.5a 5.46a 12.54a

Soil application of Zn 2.5 
kg/ha

1.66bc 5.63ab 5.32abcd 34.9a 39.3a 35.6ab 355.8a 35.3ab 4.83abc 11.05bc

Soil application of Zn 5.0 
kg/ha

1.90a 5.78a 5.83ab 37.6a 40.1a 36.3ab 370.8a 40.4a 5.36a 12.41a

0.1% foliar Zn spray at 
panicle initiation stage 

1.52cde 5.30ab 4.97dc 36.5a 38.2ab 34.8ab 365.8a 36.1ab 4.53bc 10.78bc

0.1% foliar Zn spray at 
panicle initiation and 
flowering

1.54bcde 5.22ab 5.07bcd 35.7a 38.6ab 35.8ab 354.2a 36.0ab 4.84abc 11.19bc

0.1% foliar Zn spray at 
panicle initiation, flowering 
and grain filling

1.55bcd 4.91ab 5.04bcd 36.3a 37.6ab 35.9ab 362.5a 37.6ab 5.02abc 11.61ab

Prilled urea (Control) 1.42de 4.68b 4.73de 35.6a 36.0b 33.3b 349.2a 34.3b 4.37c 10.13c
Absolute control (No N 

application)
1.31e 2.78c 4.10e 27.8b 27.8c 29.1c 241.7b 26.7c 3.34d 7.87d

SEm(±) 0.08 0.33 0.27 1.29 1.08 1.02 15.08 2.03 0.24 0.38
CD (P=0.05) 0.23 0.98 0.81 3.83 3.21 3.02 44.80 6.03 0.72 1.13

DAT, Days after transplanting; CD, Critical difference; SEm, Standard error of means.
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S concentration with 2 and 3% ZnCU, soil application (both 
2.5 and 5 kg/ha) and two and three sprays were significantly 
higher than prilled urea application.

Application of 3% ZnCU, soil application (5 kg/ha) 
and two and three foliar spray gave significantly higher 
Zn concentration in both grain and straw than prilled urea. 
The increase in grain Zn concentration due to ZnCU, soil 
application and foliar application over prilled urea was 
3.4–7.3, 1.7–6.5 and 4.1–10.4 mg/kg, respectively. The grain 
and straw Zn concentration under prilled urea application 
was significantly higher than absolute control which signifies 
the role of N in enhancing Zn concentration (Jaksomsak et 
al. 2017). The grain yield of rice was positively correlated 
with Zn application due to Zn coated urea (Fig 1a), soil Zn 
application (Fig 1b) and foliar spraying of Zn (Fig 1c) which 
signifies the role of Zn fertilization in improving rice yield.

The enhancement in grain and biological yield under 5 kg 
Zn were 0.53 and 1.36 t/ha over 2.5 kg Zn/ha, respectively. 
Application of 2 or 3% ZnCU gave significantly higher 
grain N concentration over prilled urea and 3% ZnCU 
gave significantly higher straw N concentration. ZnCU 
increased grain N concentration by 1–9% over prilled 
urea and similar increase in grain N concentration due to 
soil Zn application and foliar application was 3% and 5%, 
respectively. Application of Zn through 2 or 3% ZnCU or soil 
application of Zn (5 kg/ha) gave significantly higher grain P 
concentration than prilled urea; while all treatment with Zn 
application gave significantly higher grain P concentration 
over absolute control. In case of K, 3% ZnCU and 5 kg 
Zn/ha soil application remained statistically superior over 
prilled urea application. The concentration of S in grain 
remained unaffected due to different Zn treatments, however 
all remained significantly superior to absolute control. Straw 

Fig 1	 Correlation of Zn concentration with grain yield due to Zn coated urea (a), soil Zn application, (b) and foliar spraying of Zn (c).

Table 2  Effect of zinc (Zn) fertilization options on nutrient concentrations in rough rice grain and straw of rice 

Treatment Nutrient concentrations in rough rice grain Nutrient concentrations in rice straw 
N (%) P (%) K (%) S (%) Zn  

(mg/kg)
N (%) P (%) K (%) S (%) Zn  

(mg/kg)
1% Zn coated urea 1.17bcd 0.33abc 0.30bc 0.11a 33.9bcd 0.66ab 0.12 1.99 0.07bc 98.6ab
2% Zn coated urea 1.24ab 0.37ab 0.33ab 0.12a 34.4bcd 0.70ab 0.13 2.07 0.08ab 101.6a
3% Zn coated urea 1.26a 0.38a 0.36a 0.12a 37.8abc 0.73a 0.14 2.09 0.08ab 103.0a
Soil application of Zn 2.5 kg/ha 1.19abc 0.33abc 0.32ab 0.12a 32.2cde 0.64b 0.13 2.00 0.08ab 98.0ab
Soil application of Zn 5.0 kg/ha 1.20abc 0.37ab 0.36a 0.12a 37.0abc 0.65ab 0.13 2.06 0.09a 103.3a
0.1% foliar Zn spray at panicle 

initiation stage 
1.15cd 0.33abc 0.30bc 0.11a 34.6bcd 0.65ab 0.13 2.03 0.07bc 97.2abc

0.1% foliar Zn spray at panicle 
initiation and flowering

1.22abc 0.32bc 0.31abc 0.11a 39.3ab 0.65ab 0.12 2.05 0.08ab 101.5a

0.1% foliar Zn spray at panicle 
initiation, flowering and grain 
filling

1.22abc 0.33abc 0.32ab 0.12a 40.9a 0.65ab 0.13 2.05 0.08ab 104.4a

Prilled urea (Control) 1.16cd 0.31cd 0.29bc 0.11a 30.5d 0.63b 0.12 1.96 0.07bc 88.9b
Absolute control (No N 

application) 
1.11d 0.26d 0.26c 0.09b 26.8e 0.54c 0.13 1.86 0.06c 84.5c 

SEm(±) 0.02 0.02 0.02 0.005 1.96 0.03 0.01 0.05 0.003 3.86
CD (P=0.05) 0.07 0.05 0.05 0.01 5.84 0.08 NS NS 0.010 11.48

* P and K applied uniformly at the rate of 26.2 and 33.3 kg/ha, respectively in all plot; Zn source, zinc sulphate heptahydrate; DAT, 
Days after transplanting, CD, Critical difference; SEm, Standard error of means.
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SUMMARY
The highest increase in grain Zn concentration was 

observed with foliar Zn application followed by ZnCU 
and least with soil Zn application. Among various Zn 
fertilization options, 3% ZnCU and soil application of Zn 
(5 kg/ha) was found most promising for improvement in 
growth attributes, grain and straw yields and Zn, N, P, K 
and S concentrations in rice grain. Therefore, Zn application 
through 3% ZnCU to rice is a recommendable option for 
improving rice productivity and its nutritional status in 
NEH region of India.
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