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ABSTRACT: A field trial was carried to find out the efficacy of different doses of zinc on growth, yield attributes and
nutrient uptake in rice during the years 2017 at the Breeder Seed Production Unit (Soybean) of Jawaharlal Nehru Krishi
Vishwa Vidyalaya, Jabalpur, Madhya Pradesh. The experiment consists of three main treatments as different rice
varieties and five sub treatments of different concentration of Zn  which were  replicated three times in a split plot
design.. The main treatment consist of  V1: Kranti,V2: MTU1010 and V3: PS 5 and sub plot 5 treatments consist of T1:
100% NPK + No Zn (control), T2: 100% NPK + 0.25% ZnSO4 ha- 1 (foliar spray) at 30 and 60 DAT, T3: 100% NPK +
0.50% ZnSO4 ha-1 (foliar spray) at 30 and 60 DAT, T4 :100% NPK + 0.75% ZnSO4 ha-1 (foliar spray) at 30 and 60 DAT,
T5 :100% NPK + 25 kg ZnSO4 ha-1 (soil application). All the growth attributing characters such as  (plant height, dry
matter accumulation in shoot and root and number of tillers hill-1) were studied at 35, 55, 75 DAT and at harvest of the
crop which were significantly influenced by rice varieties and different levels of Zn applied at various days intervals. It
was reported that maximum plant height, dry matter accumulation in shoot, root and number of tillers hill-1 was obtained
in rice variety Kranti with soil application of ZnSO4 @ 25.0 kg ha-1.  The rice varieties and levels of Zn application
significantly influenced the growth and yield attributing characters, yield and uptake of Zn, N, P and K in shoot, root,
grain and straw. The rice variety Kranti  and soil application of ZnSO4 @ 25.0 kg ha-1 or foliar spray of 0.75 % ZnSO4 at
30 and 60 days after transplanting was found to be the best for potential production of rice.  It was also concluded that
effect of rice varieties and levels of Zn application on pH, EC, OC and CaCO3 was not significant. However, available Zn,
N, P and K in soil were significantly altered by rice varieties and levels of Zn application.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the most prominent  staple food for more than 60 per cent of the world population  and it
contribute about  45 per cent to the total food grain production in India. In India, rice occupies an area of about 43.39 M ha with
average annual production of 104.32 million tonnes and productivity of 2404 kg ha-1. In Madhya Pradesh rice is grown in about
2.02 M ha with production of 3.58 million tonnes and average productivity of 1768 kg ha-1. In India, Zn is considered as the
fourth important yield limiting nutrient in rice after N, P and K, respectively. The critical limit of available zinc in soil suitable
for rice growth is 0.6 mg kg-1. The plant available zinc in Indian soils extracted with DTPA is less than 1% of total zinc. The
analysis of DTPA extractable Zn in soils has shown that 40% of soil samples were potentially zinc deficient. It has been
postulated that the zinc deficiency is likely to increase from 49-63% by the year 2025 as most of the marginal soils brought under
cultivation are showing the symptoms of zinc deficiency (Arunachalam et al., 2013). In India 36.7% and MP 57.1% of the soils
has been  found to be deficient in Zn (Shukla and Tiwari, 2013). Almost 50% of the world soils used for cereal crops production
are Zn deficient (Gibbson, 2006). Increasing the Zn concentration in crop plants for better crop productivity and improved human
health is an important global challenge. In rice soils, Phosphorous fertilization decreased Zn uptake by plant. If the soil is slightly
deficient in P or Zn, adding one of the nutrients result in the deficiency of the other one, which can be compensated by fertilizing
both nutrients (Barben et al., 2010). The increase in total N, K and Zn uptake has been attributed to synergistic effect between Zn
and N and due to the positive interaction of K and Zn, respectively (Keram et al., 2012). Application of  Zn fertilizers in the soil
increases the production of dry matter, grain yield and Zn concentration in grain (Fageria et al., 2011). While, minimizing the use
of inputs especially nutrients is one of the key for any agricultural production system. In spite of balanced application of
macronutrients, productivity and quality of rice has been diminishing mainly because of spreading of micronutrients deficiency
(Fageria et al., 2002). Zinc fertilizers are used in the prevention of Zn deficiency and in the bio fortification of cereal grains
(Alloway, 2009). Crop utilizes very low amount of fertilizer Zn but very high doses of fertilizer Zn are often applied to correct
zinc deficiencies in crop due to high fixation of applied Zn in the soil. Zn use efficiency is hardly 1 to 5%. Transformation of zinc
in to different chemical pools governs the availability of Zn to plants. Researches on Zn fertilizer have proved that application of
Zn fertilizers effects the growth, yield and quality characters of rice (Patnaik et al., 2011). Under Zn deficient condition the crops
are likely to respond more to application of zinc the yield of rice grain and straw increased significantly due to application of 10
mg kg-1 zinc in deficient category by 56.6% and 13.8%, respectively. Whereas 28.5% and 9.6% response was observed in zinc
sufficient soils. Apply  zinc fertilizers is required for maintaining sufficient amount of available zinc in soil solution, maintaining
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adequate availability to seeds and ultimately increases in the crop yield. Zinc application in soils can be done through different
practices like soil application, foliar spray, seed treatment, fertigation etc.

MATERIAL AND METHOD

The present investigation entitled “Assessment of different doses of zinc on growth and yield of different Rice (Orysa sativa)
cultivars was conducted during kharif season of 2017 at Breeder Seed Production farm (soybean) of JNKVV, Jabalpur. The soil
of the experimental field was  medium black clayey (Vertisols). Composite soil sample of 0-15 cm was collected from the
experimental field with the help of soil auger following standard procedure to determine the initial properties of soil. Soil sample
was air dried in shade and ground by wooden pastle and mortar, thereafter sieved through 2.0 mm sieve and stored in the cloth
bag. The mean annual rainfall of Jabalpur was 1350 mm, mostly received during the month of  June to September with a little
and occasional rainfall in remaining part of year. The mean monthly temperature goes down to the limit of 4 °C during winter
while the maximum temperature reaches as high as 45 °C during the summer. Generally, relative humidity remains very low
during summer (15 to 30%), moderate during winter (60 to 75%) and it attains higher value (80 to 95%) during rainy season. It is
evident from the data that weather conditions were almost favorable for the growth and development of rice. The monsoon
commenced in the first week of July and terminated in the second week of October. The total rainfall received during the crop
season was 949.1 mm, which was equally distributed in 42 rainy days from first week of July to last week of December.
Minimum and maximum mean temperature ranged from 3.9 to 24.6 °C and 26.7 to 33.8 °C respectively. The relative humidity
ranged from 82 to 93 % in morning and 21 to 81 % in evening. The mean sunshine hour remained between 1.4 to 9.3 hours per
day. The main treatment details are  V1: Kranti,V2: MTU1010 and V3: PS 5 and sub plot 5 treatments as T1: 100% NPK + No Zn
(control), T2: 100% NPK + 0.25% ZnSO4 ha- 1 (foliar spray) at 30 and 60 DAT, T3: 100% NPK + 0.50% ZnSO4 ha-1 (foliar spray)
at 30 and 60 DAT, T4: 100% NPK + 0.75% ZnSO4 ha-1 (foliar spray) at 30 and 60 DAT, T5 :100% NPK + 25 kg ZnSO4 ha-1 (soil
application).

RESULT AND DISCUSSION

Growth attributing characters like plant height, plant dry matter  and number of tillers hill-1 in various rice varieties at different
DAT were observed. The effect of different rice varieties and various levels of zinc application effect on plant height at 35, 55,
75 DAT and at harvest was significant. Maximum plant height was recorded under Kranti followed by MTU 1010 and lowest in
PS 5 variety.  It was also found that plant height increased progressively with the increase in levels of zinc application and
significantly higher plant height was obtained under soil application of ZnSO4 @ 25.0 kg ha-1 treatment which was statistically at
par with those obtained in foliar spray of 0.75 % ZnSO4 at 30 and 60 DAT treatments. It might be attributed to adequate supply
of zinc under these treatments which accelerates the activity of enzymes and auxins metabolism in plants resulted in higher plant
height. The results pertaining to effect of rice varieties and levels of zinc application on dry matter accumulation (shoot and root)
at different days after transplanting was significant. It was found that dry matter accumulation in shoot and roots increased
progressively from 35 DAT till harvest of the crop. Dry matter accumulation in shoot and root was significantly higher in Kranti
over MTU 1010 and PS-5 and PS-5 varieties. It might be due to faster biomass accumulation ability of Kranti variety over others.
Dry matter accumulation increased by 0.75 % ZnSO4 foliar application over lower doses of zinc application. Result pertaining to
effect of rice varieties and levels of zinc application on number of tillers hill-1 showed that maximum and significantly higher
number of tillers hill-1 was obtained in Kranti variety under soil application of 25 kg ha-1 zinc sulphate treatment as compared to
other varieties.
It is clearly evident from the result that effect of rice varieties and levels of zinc application directly influenced the available N, P

and K contents in soil at 55 DAT and after harvest of the crop and significantly higher available N, P and K in soil was obtained
under PS 5 followed by MTU 1010 over Kranti. It might be because of lower withdrawal of nutrients from soil by PS-5 and MTU
1010 as compared to Kranti variety. Results further showed a significantly higher content of available N, P and K in soil under
control as compared to higher levels of Zn application. It may be due to poor growth and yield under control caused by sub-
optimal supply of zinc resulted less uptake of N, P and K from soil. Kranti variety was more than those in MTU 1010 and PS-5
varieties. It might be because of higher shoot and root biomass production at different intervals in Kranti as compared to MTU
1010 and PS-5 varieties. Results further revealed that highest uptake of N, P and K in shoot and root was found in soil application
of 25 kg ZnSO4 ha-1 treatment followed by foliar spray of 0.75 % ZnSO4 at 30 and 60 DAT treatment and lowest in control. The
increase N and K uptake could be attributed to synergistic effect between N and Zn and due to the positive interaction of K and
Zn, respectively.

Table 1: Effect of zinc application in rice varieties on number of tillers at different intervals.

Main plot treatments (Rice varieties)
Number of tillers hill-1

35 DAT 55 DAT 75 DAT At harvest
Kranti 14.0 16.7 16.9 15.3

MTU 1010 11.0 12.9 13.4 13.1
PS 5 9.1 10.7 11.6 10.4

SEm± 0.38 0.43 0.61 0.56
CD (p=0.05) 1.11 1.20 1.79 1.63

Sub-plot treatments (Zn levels)
Control (No Zn) 8.0 9.9 9.2 7.9

Foliar sprays of 0.25 % ZnSO4 at 30 and 60 DAT 9.9 10.7 10.0 9.7
Foliar sprays of 0.50 % ZnSO4 at 30 and 60 DAT 10.8 12.1 11.3 10.5
Foliar sprays of 0.75 % ZnSO4 at 30 and 60 DAT 12.9 14.6 13.8 13.4

Soil application of ZnSO4 @ 25.0 kg ha-1 14.7 16.1 15.0 14.5
SEm ± 0.64 0.53 0.48 0.39

CD (p=0.05) 1.82 1.56 1.41 1.15
Rice Varieties X Zn levels NS NS NS NS
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It is clearly evident from the result that effect of rice varieties and levels of Zn application directly influenced the concentration
of available Zn in soil and a significantly higher available Zn in soil was obtained under PS 5 followed by MTU 1010 over Kranti
variety may be due to less biomass production and lower uptake of Zn from soil. Results further showed significantly higher
available Zn in soil under higher levels of Zn application and maximum available Zn in soil was obtained under 25.0 kg ZnSO4

ha-1 treatment and minimum in control. It might be because of zinc application and accumulation of residual Zn left after crop
harvest. Highest Zn-uptake in grain and straw was obtained in Kranti followed by MTU 1010 and PS-5 varieties. Results further
showed a progressive and significant increase in Zn-uptake due to increase in levels of Zn application and maximum Zn-uptake
in grain and straw was obtained under 25.0 kg ZnSO4 ha-1 treatment and minimum in control. Increase in Zn-uptake in grain and
straw with zinc levels could be ascribed to the variation in the availability of applied Zn in the root zone and their role in the
growth and development which was well supported by the findings of Muthukumararaja and Sriramachandrasekharan (2012).

Table 2: Effect of zinc application in rice varieties on yield attributes.

Main plot treatments (Rice varieties)
Yield attributes Yield (kg ha-1)

Panicles hill-1
Grains

panicle-1
1000-grains
weight (g) Grain Straw

Kranti 13.8 107.9 25.3 4011 5670
MTU 1010 11.2 92.7 24.4 3487 5006

PS 5 9.5 78.5 24.1 3190 4630
SEm± 0.79 4.96 0.31 103.5 193.8

CD (p=0.05) 2.35 14.76 0.88 298.3 569.2
Sub-plot treatments (Zn levels)

Control (No Zn) 6.3 79.9 24.6 2947 4294
Foliar sprays of 0.25 % ZnSO4 at 30 and 60 DAT 8.1 84.7 23.8 3179 4385
Foliar sprays of 0.50 % ZnSO4 at 30 and 60 DAT 9.3 88.9 25.2 3285 4700
Foliar sprays of 0.75 % ZnSO4 at 30 and 60 DAT 11.5 97.6 25.5 3627 5039

Soil application of ZnSO4 @ 25.0 kg ha-1
12.4 105.3 25.6 3746 5213

SEm ± 0.54 5.20 0.32 117.6 189.4
CD (p=0.05) 1.59 9.14 0.93 339.8 547.9

Rice Varieties X Zn levels NS NS NS NS NS

Table 3: Effect of zinc application in rice varieties at different intervals.

Main plot treatments
(Rice varieties)

Soil Organic Carbon
(g kg-1)

Calcium
Carbonate

(%)

Available N
(kg ha-1)

Available P
(kg ha-1)

Available K
(kg ha-1) Available Zinc

(mg kg-1)

55 DAT After harvest 55
DAT

After
harvest

55
DAT

55
DAT

After
Harvest

After
Harvest

55
DAT

After
Harvest

55
DAT

After
Harvest

Kranti 6.21 6.33 6.32 6.52 176.5 160.7 13.6 11.4 219.3 210.2 0.63 0.61
MTU 1010 6.25 6.29 6.53 6.67 181.4 169.2 14.5 11.9 226.5 212.9 0.66 0.63

PS 5 6.44 6.50 6.79 6.59 182.6 174.8 15.7 13.2 231.8 219.6 0.67 0.65
SEm± 0.164 0.284 0.134 0.138 1.53 1.74 0.113 0.129 6.92 7.76 0.008 0.012

CD(p=0.05) NS NS NS NS 4.43 4.93 0.326 0.381 NS NS 0.022 0.034
Sub-plot treatments (Zn levels)

Control (No Zn) 6.10 6.18 6.27 6.50 191.4 179.3 15.9 13.9 246.4 235.8 0.69 0.65
Foliar sprays of 0.25 %

ZnSO4 at 30 and 60 DAT
6.18 6.20 6.48 6.52 180.0 167.6 14.3 12.8 233.7 224.5 0.64 0.62

Foliar sprays of 0.50 %
ZnSO4 at 30 and 60 DAT

6.31 6.33 6.48 6.54 178.1 161.7 13.6 11.5 218.9 210.4 0.68 0.64

Foliar sprays of 0.75 %
ZnSO4 at 30 and 60 DAT

6.35 6.52 6.78 6.69 173.3 156.7 13.2 10.9 212.6 207.6 0.67 0.63

Soil application of
ZnSO4 @ 25.0 kg ha-1 6.46 6.60 6.72 6.66 174.1 159.4 13.6 11.3 216.8 209.8 0.72 0.68

SEm ± 0.230 0.212 0.273 0.214 3.25 3.11 0.117 0.108 8.45 7.86 0.016 0.011
CD(p=0.05) NS NS NS NS 9.17 8.84 0.345 0.296 14.89 21.82 0.045 0.031

Zn levels X Rice Varieties NS NS NS NS NS NS NS NS NS NS NS NS
Initial value 6.45 6.70 178.6 11.8 261.8 0.71

SUMMARY

All the growth and yield attributing characters like (plant height, dry matter accumulation in shoot and root and number of tillers
hill-1) studied at 35, 55, 75 DAT and at harvest of the crop were significantly influenced by rice varieties and levels of Zn
application at different days intervals. Maximum plant height, dry matter accumulation in shoot and root and number of tillers
hill-1 was obtained in Kranti variety under at soil application of ZnSO4 @ 25.0 kg ha-1 treatment and minimum in control.  The
rice varieties and levels of Zn application significantly influenced the growth and yield attributing characters, yield and uptake of
Zn, N, P and K in shoot, root, grain and straw. Kranti variety and soil application of ZnSO4 @ 25.0 kg ha-1 or foliar spray of 0.75
% ZnSO4 at 30 and 60 days after transplanting was found best for potential production of rice.  It was also concluded that effect
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of rice varieties and levels of Zn application on pH, EC, OC and CaCO3 was not significant. However, available Zn, N, P and K
in soil were significantly altered by rice varieties and levels of Zn application.

FUTURE SCOPE

Rice is one of the most important crop in MP and zinc is the most deficient element in soils of MP .Therefore, if the study
continues we will be able to rectify the correct and right method of its application and use to get maximum profit. The losses due
to zinc deficiency will be checked by this type of studies.
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