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Abstract

A pot culture study entitled “Effect of zinc through agronomic fortification in paddy” was conducted
during kharif 2017-2018 at Dept. of Soil Science and Agricultural Chemistry, Dr. Panjabrao Deshmukh
Krishi Vidyapeeth, Akola. The significantly highest yield and growth characters were observed in the
treatment of soil application of RDF+ ZnSO4 @ 25 kg ha. The higher N, K, Zn, Fe and Mn content and
uptake was recorded with the soil application of RDF+ ZnSOs @ 25 kg hal. But the highest P and Cu
content and uptake was observed in the treatment of recommended dose fertilizer (RDF) due to
antagonistic effect of zinc with these elements. It is concluded that, the soil application of ZnSO4 @ 25
kg hal + RDF (100:50:50 kg ha! N, P20Os, K20) at the time of sowing recorded highest paddy grain and
straw yield, growth characters and nutrient uptake.
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Introduction

Rice (Oryza sativa L.) being the staple food for almost two thirds of the population plays a
pivotal role in Indian economy. It serves as a major source of calories for about 60 per cent of
the world population. India ranks first in the world in area of rice cultivation with 42.96
million ha and second in production with 158.75 million tonnes 1.

In plants, zinc plays a vital role as a catalytical, structural, and regulatory cofactor of many
enzyme reactions. Zinc is necessary for the metabolism of carbohydrates, protein synthesis, the
biosynthesis of growth hormones, in particular of indole acetic acid, and the maintenance of
the integrity of cell membranes 1. Plants suffering from acute zinc deficiency exhibit stunted
growth, chlorosis of leaves, shortened internodes and petioles, and clustering of small
malformed leaves at the top of the plant (classic rosette symptom of dicotyledons) . The
deficiency symptoms first appears on young leaves as zinc is an immobile nutrient in plants.
Zinc deficient leaves remains small with extended necrotic spots and interveinal chlorosis on
the upper leaf surfaces. The most noticeable symptoms in rice are; leaf wilting due to loss of
turgidity, basal leaf chlorosis, delayed development, leaves bronzing and in some cases death
of the rice seedlings.

In humans zinc is a component of a large number of enzymes (>300) and participates in
various metabolic processes such as synthesis and degradation of carbohydrates, proteins, and
nucleic acids. Zinc plays a vital role in the functioning of the nervous, reproductive, and
immune systems and is important in the physical growth and cognitive development of
children ™. Numerous health problems such as retarded growth, skeletal abnormalities,
delayed wound healing, increased abortion risk and diarrhoea are formed due to zinc
deficiency [*3l. Approximately one- third of the world's population is suffering from zinc
deficiency 1. The situation is even more adverse in developing countries where more than half
of the children and pregnhant women are suffering from iron and zinc deficiencies. This
situation is largely attributed to the high consumption of cereal based foods viz., rice (Oryza
sativa L.), wheat (Triticum aestivum L.), and maize (Zea mays L.), in these countries (1],
Cereals are the major source of zinc for the world’s population, especially for the poor people
living in rural areas. However, zinc contents of cereal-based foods are quite inadequate to meet
human demands. The problem is especially acute for rice consumers, as rice (Oryza sativa L.)
has the lowest zinc content among the cereals. Considerable variation in brown rice zinc has
been found among different rice genotypes. Ranges of 13.5 to 58.4 mg Zn kg™ have been
reported for a large rice germplasm at International Rice Research Institute (IRRI) which
averaged only 25.4 mg zinc kg compared with 35.0 mg zinc kg™ in wheat (Triticum aestivum
L.) [l
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Materials and Methods

A pot culture experiment was conducted during kharif season
of 2017-18 at Department of Soil Science and Agricultural
Chemistry, Dr. PDKV, Akola. The soil for filling the pots
where collected from long term fertilizer experiment unit, Dr.
PDKYV, Akola which was deficient in zinc. The experimental
soil which was collected from LTFE unit was slightly alkaline
in reaction, medium in organic carbon, moderately calcareous
in nature, low in available N, medium in available P, very
high in available K, marginal in available S, and sufficient in
micronutrients but deficient in zinc. The certified seed of
paddy (SYE-1) were sown in kharif season by drilling method
at rate of 100 kg ha' (20 seeds per pot). Basal dose of
nitrogen, phosphorous and potassium was applied through
urea, single super phosphate and murate of potash except
absolute control treatment (T1). For Ts treatment ZnSO4 was
applied @ 25 kg ha'. Foliar treatments were applied
according to the treatments such as T, treatment was applied
through ZnSO, @ 0.5% at the time of 50% flowering, Ts
treatment was applied through two foliar spray of ZnSO, @
0.5% at 50% flowering and at dough stage, Te treatment was
applied through foliar spray of Zn-EDTA @ 0.25% at 50%
flowering stage and T; treatment was applied through two
foliar spray of Zn- EDTA @ 0.25% at 50% flowering and
dough stage.

Results and Discussion
The results obtained from the present investigation have been
presented under following heads.

Growth characters

Plant height

At 120 DAS observation RDF + ZnSO, @ 25 kg ha' (Ts)
treatment was significantly higher and it was on par with
other treatments except absolute control (T1) and RDF (T>).
The foliar application of ZnSO, and Zn EDTA with varying
concentration did not affect the plant height significantly
because the application time was at 50% flowering and dough
stage. At this stage, vegetative growth period of paddy was
completed so it did not affected in plant height significantly.
But soil application influenced the plant growth and was
significantly higher over other treatments. In the study it was
seen that plant height was increased by 3.2%, 7.3% and
17.2% at 30, 60 and 120 DAS observations respectively on
RDF + ZnSO, @ 25 kg ha* (Ts) than RDF (T>) treatment.
The increase in plant height of paddy due to zinc through soil
application corroborate with the findings of Kadam (2018) 1.
She reported that application of zinc through soil application
increased the growth attributes of paddy over foliar
application. She obtained maximum height of plant up to
32.33 cm at harvest stage by soil application of RDF + ZnSO4
@ 25 kg ha'. Khan et al. (2007) also suggested that there was
an increase in plant height due to zinc application [,

Dry matter accumulation

Maximum dry matter accumulation (12.28 g plant?) was
observed in RDF + ZnSO, @ 25 kg ha? (T3) which also
contributed to total dry matter accumulation (61.40 g pot™?)
per pot. But this values were found to be at par with
treatments such as RDF + ZnSO4 two foliar spray @ 0.5% at
50% flowering and dough stage (Ts), RDF + Zn EDTA two
foliar spray @ 0.25% at 50% flowering and dough stage (T7),
RDF + ZnSO, foliar spray @ 0.5% at 50% flowering stage
(T4), RDF + Zn EDTA @ 0.25% spray at 50% flowering
stage (Ts). The lowest dry matter accumulation (7.16 g plant™,

35.83 g pot?) was found in the absolute control (Ti)
treatment. Whereas, foliar application of either ZnSO4 0.5%
or Zn EDTA 0.25% with RDF and with different stages of
application ie, one foliar spray at 50% flowering stage and
with two foliar spray at 50% flowering and at dough stage
was found to be significantly at par with each other and also
with the soil application of zinc as ZnSO4 @ 25 kg ha* (Ts)
but all this treatments were significantly higher dry matter
over RDF indicating that addition of ZnSO, or Zn EDTA
either by foliar or soil application was beneficial to increase
the dry matter accumulation. Similar trend of treatment
differences was observed in dry matter accumulation per pot.
The apparent and significantly higher dry matter
accumulation in rice plant was obtained with soil application
of RDF + ZnSO. (T3) compared to the values obtained in
other treatments in this study, might be due to better
nourishment derived from the soil as a result of balanced
fertilization which improved soil nutrient status. Reason may
be due to the zinc addition in combination with RDF as soil
application provided distribution of zinc within rice plant
through xylem and translocated in phloem, which increases
vegetative tissue formation resulted in the improved
photosynthetic activity, which shows boosted growth of plant
parts and increment in dry matter. These results were in
support with the results of Kadam et al. (2018) ©l. Yin et al.
(2016) also suggested that there is an increase in biomass of
paddy through the soil application as compared to foliar
application 171,

Number of tillers

Tillers are the grain bearing part and it possesses the leaves.
The application of zinc either as soil or foliar application
through ZnSQO, or Zn EDTA was found to be non significant.
But the maximum number of tillers (7.33 tillers plant™) was
found in the soil application of zinc as RDF + ZnSO, @ 25 kg
ha (Ts). And the lowest number of tillers (5.53 tillers plant™)
was seen in absolute control (T1) treatment.

Over all plant growth is directly reflected in production of
tillers in rice plant. Therefore, counting of tillers provides
adequate basis for measuring the treatment differences owing
to various micronutrient treatments. The application of zinc
with RDF might have increased the use efficiency of added
nutrient and supplied it continuously to the plant throughout
the crop growth period and promoted various physiological
activities in plant which is considered to be indispensable for
proper growth and development. Zinc also helped in
formation of growth hormones and auxin metabolism which
helped the plant for increase in tillers. These findings are in
accordance with Kadam (2018) . Khan et al. (2007) also
concluded that application of zinc increased the number of
tillers significantly over control treatment (2],

Number of seeds

The number of seeds (195.66 seeds plant™) were significantly
superior in RDF + ZnSO4 @ 25 kg ha' (Ts) than other
treatments which was about 32.80% higher over RDF (Ty)
treatment which shows that application of zinc increased its
reproductive potential. The lowest number of seeds (128.33
seeds plant?) was found in the absolute control (T;) treatment.
The favourable response of zinc application on number of
seeds has also been reported by Talib et al. (2017) in paddy
and reported that there is an increase in number of seeds per
panicle with application of zinc [*51. Ghasal et al. (2015) also
reported the increase in grains per panicle with increase in
zinc doses in basmati rice I,
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Yield

The significantly higher seed yield (23.30 g pot!) of paddy
was observed in the treatment of soil application RDF +
ZnS0O4 @ 25 kg ha* (T3) and it was on par with RDF + two
foliar application of ZnSO, @ 0.5% at 50% flowering and
dough stage (Ts), RDF + Zn EDTA two foliar spray @ 0.25%
at 50% flowering and dough stage (T7), RDF + ZnSQ, foliar
spray @ 0.5% at 50% flowering stage (T4) and RDF + Zn
EDTA @ 0.25% spray at 50% flowering stage (Ts). The
lowest seed yield of paddy (11.96 g pot?) was recorded in
absolute control treatment (T4). Hussain (2017) observed the
effect of zinc application in increasing the grain yield of
paddy [, whereas Saha (2015) reported that grain yield of

paddy increased when zinc was applied through both soil and
foliar application [2. Shivay (2015) reported that zinc
application in rice had positive effect on yield and yield
attributing characters [*4l, He also reported that application of
zinc through soil application was significantly superior over
foliar application and the application of 5 kg Zn ha™* recorded
significantly higher yield over foliar application but soil +
foliar treatment was significantly highest over others.

The significantly higher paddy straw yield (38.10 g pot™) was
also observed with soil application of RDF + ZnSO4 @ 25 kg
ha? (T3) and it was found to be on par with RDF + two foliar
application of ZnSO4 @ 0.5% at 50% flowering and dough
stage (Ts), RDF + Zn

Table 1: Growth characters and yield of paddy as influenced by different treatments of zinc

H -1

Plant | Dry matter | . = Dry matter |\ o of LYield (g pot?)
Treatments height | accumulation tillers plantt accumulation seeds plant | Grain | Straw

(cm) | (gplant?) P (g pot) P
T Absolute control 42.70 7.16 553 35.83 128.33 11.96 | 23.87
Recommended dose fertilizer (RDF)
T2 100:50:50 kg hat 46.29 8.54 5.90 42.73 147.33 16.42 | 26.31
Ts RDF + ZnSO4 @ 25 Kg ha'® 54.26 12.28 7.33 61.40 19566 | 23.30 | 38.10
1 0, 0,
T, |RDF+2ZnS0q foliar spray @ 0.5% at 50% | g, g, 11.79 7.00 58.97 183.00 | 21.66 | 37.30
flowering stage
1 0,
T, | RDF + ZnS0. two foliar spray @ 0.5%at | o5 g 12.09 7.26 60.45 188.66 22,50 | 37.94
50% flowering and dough stage
T, | RDF+ZnEDTA @ 0.25% spray at 50% | g, 4, 1133 7.00 56.67 180.66 | 21.08 | 35.58
flowering stage
RDF + Zn EDTA two foliar spray @

T7 | .259% at 50% flowering and dough stage | 210 11.96 7.23 59.84 187.33 | 22.30 | 37.54
SE (m)+ 1.70 0.38 0.75 1.93 1.88 136 | 1.46

CD at 5% 5.16 117 NS 5.88 573 415 | 4.43

EDTA two foliar spray @ 0.25% at 50% flowering and dough
stage (T7), RDF + ZnSO, foliar spray @ 0.5% at 50%
flowering stage (T4) and RDF + Zn EDTA @ 0.25% spray at
50% flowering stage (Te). The lowest seed yield of paddy
(23.87 g pot?') was recorded in absolute control treatment
(T1).Shivay (2015) reported that the application of zinc
through soil application increased the straw yield over foliar
application 4, In this experiment it was seen that soil
application of zinc through ZnSO, @ 25 kg ha! increased the
yield about 44.81% over RDF (T2) and foliar application of
zinc through ZnSO, with one foliar spray @ 0.5% at 50%
flowering stage and two foliar spray @ 0.5% at 50%
flowering and dough stage increased the yield up to 44.20%
and 41.77% respectively and that of zinc through Zn EDTA
with one foliar spray @ 0.25% at 50% flowering stage and
two foliar spray @ 0.25% at 50% flowering and dough stage
increased the yield up to 42.68% and 35.23% respectively.

Nitrogen uptake

The significantly highest total N uptake (0.54 g pot?)) by
paddy was recorded in treatment of soil application of RDF +
ZnSO4 @ 25 kg ha! (Ts) which was found to be on par with
the treatments such as RDF + ZnSO, two foliar spray @ 0.5%
at 50% flowering and dough stage (Ts), RDF + Zn EDTA two
foliar spray @ 0.25% at 50% flowering and dough stage (T7),
RDF + ZnSOQ, foliar spray @ 0.5% at 50% flowering stage
(T4), RDF + Zn EDTA @ 0.25% spray at 50% flowering
stage (Tes). The lowest total N uptake (0.28 g pot™) by paddy
was observed in Absolute control (T:) treatment. The soil
application of zinc showed highest grain, straw and total
uptake than other treatments, which was 44, 58 and 54 per
cent respectively higher than RDF (T,) treatment. The results
are in conformity with findings reported by Keram et al.
(2012) 11,

Phosphorous uptake

The significantly higher total P uptake (0.12 g pot) by paddy
was observed in treatment of soil application of RDF + ZnSO4
@ 25 kg ha? (T3) and it was about 33% higher than RDF (T)
treatment. The lowest total P uptake (0.05 g pot?) was
observed in Absolute control (T;) treatment.

Potassium uptake

The significantly highest total K uptake (0.93 g pot?) by
paddy was observed in treatment of soil application of RDF +
ZnSO, @ 25 kg ha? (T3) and it was on par with RDF +
ZnSO, foliar spray @ 0.5% at 50% flowering stage (T4), RDF
+ ZnSO,4 two foliar spray @ 0.5% at 50% flowering and
dough stage (Ts), RDF + Zn EDTA @ 0.25% spray at 50%
flowering stage (Te) and RDF + Zn EDTA two foliar spray @
0.25% at 50% flowering and dough stage (T7). The lowest
total K uptake (0.47 g pot?) by paddy was observed in
Absolute control (T,) treatment.

Zinc uptake

The highest total zinc uptake (23.38 pg pot?) in paddy was
observed in treatment of soil application of RDF + ZnSO4 @
25 kg ha (Ts) which was statistically on par with RDF +
ZnS0O, two foliar spray @ 0.5% at 50% flowering and dough
stage (Ts), RDF + Zn EDTA two foliar spray @ 0.25% at
50% flowering and dough stage (T;), RDF + ZnSO, foliar
spray @ 0.5% at 50% flowering stage (T4) and RDF + Zn
EDTA @ 0.25% spray at 50% flowering stage (Ts). The
lowest total uptake of zinc (9.77 pg pot') was found in
Absolute control (T,) treatment. The highest total uptake of
zinc in treatment (Ts) was found to be 67% higher than RDF
(T>) treatment.
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Table 2: Total nutrient uptake by paddy influenced by different treatments of zinc

Treatments Nitrogen uptake | Phosphorous Potassium Zinc uptake
(g pot™) uptake (g pot™) | uptake (g pot™) | (ug pot™)

T1 Absolute control 0.28 0.05 0.47 9.77

T2 Recommended dose fertilizer (RDF) 100:50:50 kg ha! 0.35 0.09 0.56 14.00

Ts RDF + ZnSO4 @ 25 kg ha'! 0.54 0.12 0.93 23.38
- 5 S -

Te RDF + ZnSOq foliar sprgt);g@z 0.5% at 50% flowering 0.50 011 088 2148

To RDF + ZnSO4 two foliar spray @ 0.5% at 50% flowering 0.52 011 0.92 2974

and dough stage

Ts | RDF +Zn EDTA @ 0.25% spray at 50% flowering stage 0.48 0.11 0.84 19.76
i 0, 0,

T RDF + Zn EDTA two foliar spray @ 0.25% at 50% 051 011 0.90 2218

flowering and dough stage
SE (m)+ 0.02 0.004 0.05 0.71
CD at 5% 0.07 0.01 0.16 2.15

Acknowledgment
The authors are thankfull to teachers and staff of Department
of Soil Science and Agricultural Chemistry for providing
facilities for the research work. Author is grateful to Dr. V.M.
Bhale Vice- Chancellor, Dr. Panjabrac Deshmukh Krishi
Vidyapeeth, Akola.

References

1.

10.

11.

12.

Alloway BJ. Micronutrients and crop production: an
introduction. Micronutrient deficiencies in global crop
productions, Edn 1, Springer, Dordrecht. Netherlands,
2008, 1-39.

Brennan RF, Armour JD, Reuter DJ. Diagnosis of zinc
deficiency. Zinc in soils and plants, Edn 55, Academic
publishers, Dordrecht, Netherlands, 1993, 167-181.
Broadly MP, Brown |, Cakmak Rengel Z, Zhao F.
Functions of nutrients: micronutrients, Marschner’s
mineral nutrition for higher plants, Edn 1, Academic
Press, San Diego, 2012, 191-248.

FAO, FAO STAT Production Statistics,
Agriculture Organization, Rome, Italy, 2016.
Ghasal PC, Yashbir SS, Pooniya V. Response of basmati
rice (Oryza sativa) varieties to zinc fertilization. Indian
Journal of Agronomy. 2015; 60(3):403-409.

Hotz C, Brown KH. International zinc nutrition
consultative group (IZINCG). Assessment of the risk of
zinc deficiency in populations and options for its control.
Food Nutrition Bulletin. 2004; 25:S91-S204.

Hussain ST, Hussain A, Showkat AD. Biofortificational
benefits of zinc application to rice genotypes. Journal of
Pharmacognosy and Phytochemistry. 2018; 7(1):1555-
1558.

Kadam SR, Bhale VM, Kubade KJ, Deshmukh MR.
Effect of zinc and iron fortification on growth and
developmental stages of upland irrigated rice (Oryza
sativa L.) cultivars. International Journal of Current.
Microbiology and Applied Sciences 2018; 7(1):1950-
1958

Keram KS, Sharma BL, Sawarkar SD. Impact of Zn
application on yield, quality, nutrients uptake and soil
fertility in a medium deep black soil (Vertisol). Indian
Journal of Science, Environment and Technology. 2012;
1(5):1-10.

Khan MU, Qasim M, Khan I. Effect of Zn fertilizer on
rice grown in different soils of Dera Ismail Khan. Sarhad
Journal of Agriculture. 2007; 23(4):72-75.

Pfeiffer WH, McClaffferty B. Harvest Plus: Breeding
crops for better nutrition. Crop Science 2007; 47:88-105.
Saha S, Mandal B, Hazra GC, Dey A, Chakraborty M,
Adhikari B et al. Can agronomic biofortification of zinc

Food and

13.

14.

15.

16.

17.

~1729~

be benign for iron in cereals? Journal of Cereal Science.
2015; 65:186-191

Salgueiro MJ, Zubillaga M, lysionek A, Sarabia M, Caro
R, Paoli TD et al. Zinc as an essential micronutrient: A
Review. Nutrition Research. 2000; 20(5):737-755.
Shivay YS, Prasad R, Singh RK, Pal M. Relative
efficiency of zinc-coated urea and soil and foliar
application of zinc sulphate on yield, nitrogen,
phosphorus, potassium, zinc and iron biofortification in
grains and uptake by basmati rice (Oryza sativa L.).
Journal of Agricultural Sciences. 2015; 7(2):161-173.
Talib S, Bhat MA, Hussain A, Ganai MA, Teli NA.
Effect of levels and sources of zinc on growth yield and
economics of rice (Oryza sativa) under temperate
conditions. Indian Journal of Agronomy 2016; 61(2):186-
190.

Welch RM, Graham RD. Breeding for micronutrients in
staple food crops from a human nutrition perspective.
Journal of Experimental Botony 2004; 55:353-364.

Yin H, Gao XP, Stomph T, Li L, Zhang FS, Zou CQ.
Zinc concentration in rice (Oryza sativa L.) grains and
allocation in plants as affected by different zinc
fertilization strategies. Communications in Soil Science
and Plant Analysis. 2016; 47(6):761-768.



