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ABSTRACT

A field experiment was carried out to find the best management practices to enhance yield and Zn loading in grain. Eight
treatments viz. basal Zn application with three different doses, basal Zn at three different doses along with a foliar spray
at booting and two foliar spray at maximum tillering and booting long with a Control were studied. Soil application of Zn
increased the available Zn content in soil at harvest and this increase was higher where Zn was applied at higher dose or
applied both in soil and through foliar spray. One soil application of Zn along with one foliar application at booting stage
had the better efficiency in terms of loading of Zn in grain compared to only soil application. Soil application of Zn @ 10
kg hal along with one foliar spray of ZnS0+7H20 @ 0.5% at booting stage produced highest grain (5.72 t ha'l) and
straw (7.57 t ha'1) yield. Available Zn content in soil was significantly correlated with Zn content in root (0.79**), shoot
(0.64**) and grain (0.62**). Increase in available Zn increased plant height (0.78**), number of tillers per square meter
(0.83**), and test weight (0.76**) as well which ultimately resulted in higher grain and straw yield. Grain and straw yield
was significantly correlated with number of tiller, plant height and test weight.
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INTRODUCTION

Zinc is one of the important micronutrients essential for plants, animals and human health. It is needed in
very small amount but from the nutritional point of view, it is indispensable like any other essential
nutrients. Among the micronutrients, Zn is the most researched and talked about nutrients not only in
India, but in the world. Fertilization of crop with zinc (Zn) has received considerable attention in recent
year due to world-wide spread of its deficiency in soil and also due to malnutrition, especially in
developing countries. Zinc deficiency was found to be one major reason for child death worldwide, and
was responsible for nearly 450,000 deaths in children less than 5 years of age (4). According to a report
published in 2002 by WHO, Zn deficiency is considered as the fifth most important risk factor responsible
for illness and death in the developing world. In human body, Zn plays an important role in maintaining
the structure and function of large number of macromolecules and is also found responsible for
controlling over 300 enzymatic reactions (28). (12) stated that Zinc deficiency is the highest priority
among micronutrients for agriculture to address.

The Zn plays very important role in plant metabolism by influencing the activities of hydrogenase and
carbonic anhydrase, stabilization of ribosomal fractions and synthesis of cytochrome (29). Plant enzymes
activated by Zn are involved in carbohydrate metabolism, maintenance of the integrity of cellular
membranes, protein synthesis, regulation of auxin synthesis and pollen formation (18). The regulation
and maintenance of the gene expression required for the tolerance of environmental stresses in plants
are Zn dependent (3). Its deficiency results in the development of abnormalities in plants which become
visible as deficiency symptoms such as stunted growth, chlorosis and smaller leaves, spikelet sterility. Zn
deficiency can also adversely affect the quality of harvested products; plants susceptibility to injury by
high light or temperature intensity and to infection by fungal diseases (18; 3).
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Cereals (rice, wheat, etc.) are the major staple food in India and South East Asia which contribute more
than 70% of the total energy in the diet of young children. Rice which is highly sensitive to zinc deficiency
is the main food crop grown in India. India include high rainfall/drought conditions, continuous use of
traditional varieties due to non-availability of seeds of improved varieties or unawareness of the farmers
about them, heavy infestation of weeds/pests, low soil fertility, imbalanced use of fertilizers and many
more which altogether result in low rice production. Among these factors, low soil fertility is the most
important factor which not only seriously affects the rice production but reduce the quality of the rice. (5)
reported Zn deficiency as a key factor in determining the rice production in several parts of India.
According to Singh (26), 48% soils in India are afflicted with Zn deficiency. In countries like India where
the diet is mainly cereal based, consumption of rice grown on these low Zn soils resulting low intake of
zinc in young children and population. Inadequate intake of Zn to humans leads to impairment in growth
and immune functions causing to infectious diseases and the risk of mortality.

Zinc has emerged as the most widespread micronutrient deficiency in soils and crops worldwide,
resulting in severe yield losses and deterioration in nutritional quality. Since cereal grains are inherently
low in Zn concentrations, growing them on zinc deficient soils further decreases grain zinc concentration.
Almost half of the soils in the world are deficient in available zinc (25). The available Zn content is also
very low in Indian soils; however, the total and available Zn content in soil holds good relationship.
Significant response to Zn fertilization has been reported in a number of field crops. The Zn availability in
soil is influenced by soil and management factors. Since alteration in native soil factors is not easy, hence,
Zn management practices are viable and most effective methods in correcting Zn deficiency.The use of
chemical fertilizers and manures, to enhance soil fertility and crop productivity has often negatively
affected the complex biogeochemical cycles [27]. On the other hand, high cost associated with the
application of Zn fertilizers in order to correct Zn deficiency places considerable burden on resource poor
farmers. Suitable management practices are the need of the hour to combat Zn deficiency in soil as well as
to produce good quality crops. With this background, the present study was undertaken to address
appropriate management of zinc fertilizer as well as time and method of zinc application in rice.

MATERIAL AND METHODS

The experiment was laid out at Central Research Farm (AICRP on Micronutrients) Gayeshpur, BCKV,
Nadia (22.96°N, 88.49%E and 8.4m above MSL) under Gangetic Alluvial Zone of West Bengal. The soil of
the experimental area was clay loam (sand (25.6 %), silt (35.4 %) and clay (39.0 %)) in texture, slightly
acidic (pH 6.2), medium in oxidizable organic carbon (5.6 g kg'1) and low in Zn (2.2 mg kg1) (table 1).

Rice (variety: Swarnamasuri) was grown conventionally in the Kharif season (June to November) with
recommended dose of fertilizers, i.e. 60:30:30and applied through urea and sufala (10:26:26) along with
well decomposed FYM (6 Mg ha-1). Water level up to 5 cm height was maintained in the plots from
transplanting to grain filling stage. Seven different treatments of Zn were laid out along with a control, in
a randomized block design (RBD) with three replications (altogether 24 plots) in 3mx26m plot size
each.viz. T1: Control (No Zn), T2: Soil application of Zn @ 2.5 kg ha-1, T3: Soil application of Zn @ 5 kg ha-
1, T4: Soil application of Zn @ 10 kg hal, T5: Soil application of Zn @ 2.5 kg ha! along with one foliar
spray of ZnS04.7H,0 @ 0.5% at booting stage, T6: Soil application of Zn @ 5 kg ha! along with one foliar
spray of ZnS04.7H20 @ 0.5% at booting stage, T7: Soil application of Zn @ 10 kg ha! along with one foliar
spray of ZnS04.7H,0 @ 0.5% at booting stage, T8: Two foliar application of ZnS04.7H,0 @ 0.5% at
maximum tillering stage and at booting stage.

Surface soils (0-0.20m) were collected at three different stages viz. maximum tillering, panical initiation
and harvesting stages from all three replications. Subsequently soil samples were air-dried, grinded and
mixed thoroughly and then passed through 2mm sieve for analysis of different parameters. Collected soils
were analyzed for pH water and electrical conductivity (EC) as described by Jackson et al, 1973.
Oxidizable organic carbon and was determined following the acid digestion method (30). Available zinc
was extracted following the DTPA extraction method (16) and analyzed in Atomic Absorption
Spectrophotometer (AAS).
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Table 1: Initial properties of soil

Initial soil properties

Sand (%) 25.6
Silt (%) 35.4
Clay (%) 39.0
Textural class Clay loam
pH 6.2

EC (dSm1) 0.13
SOC (gkg!) 5.6
Available Zinc (mg kg1) 2.2

Root and shoot samples were collected at three replicates during maximum tillering, panical initiation
and after harvest. Subsequently the samples were sun dried followed by oven drying, grounded and
analysed for total zinc content by dry ashing method (21)along with the grain samples collected after
harvest. Ashed samples were extracted with 5 ml of 2N HCI and analyzed in AAS.

Simple correlation matrix was worked out between soil properties and different forms of sulphur. Also
linear regression equations have been drawn between different methods of sulphur estimation.

RESULTS AND DISCUSSION

Soil samples collected at three different stages of rice were analysed for pH. Electrical conductivity (EC)
and oxidizable organic carbon (SOC) and the results were depicted in table 2. pH in soil varied from 5.9 to
6.3 at maximum tillering, 5.8 to 6.2 at panical initiation (PI) and 5.5 to 5.8 at harvesting stage. The
variation in pH was non-significant among the treatments applied. Though, there was slight decrease in
pH towards harvesting from maximum tillering stage. There was slight increase in EC towards harvesting
from the initial value. Irrespective of treatments applied and different stages of rice growth, EC varied
from 0.087 to 0.187 dSm-1. With the advancement of growth stages of rice, EC was increased lightly. Also
there was significant increase in EC due to the applied zinc. This increase in EC with the advancement of
growth stages as well as with the Zn fertilization might be explained by the application of huge amount of
fertilizer (N,P,K and Zn) along with manures that resulted in release of soluble salts and their
accumulation in soil. (23) also

Table 2: Properties of soil affected by different level of applied Zn at three different stages of rice growth
pH EC(dSm1) SOC(gkg1)
Treatments | Max. PI Harvesting | Max. PI Harvesting | Max. PI Harvesting
tillering tillering tillering

T1 6.32 6.23b 5.82 0.087e 0.109f | 0.117s 8.35p 7.654 6.43d

T2 6.2b 6.22 5.82 0.0974 0.117¢ | 0.120f% 9.432 8.23¢ 6.66¢

T3 6.2b 6.0abe 5.7ab 0.103¢ 0.1304 | 0.140¢ 9.442 8.31¢ 6.474

T4 6.0b 6.0bc 5.6bc 0.1092b | 0.135¢ | 0.150d 9.412 8.60P 6.68¢

T5 6.1b 6.0abe 5.82 0.0964 0.151» | 0.156¢ 9.402 8.64b 6.69¢

T6 6.2b 5.9¢ 5.7ab 0.107bc | 0.1792 | 0.177b 9.472 8.882 7.482

T7 5.9¢ 5.8¢ 5.5¢ 0.1122 0.1832 | 0.1872 9.482 8.72ab | 7.55a

T8 6.2b 6.03abe 5.82 0.0974 0.122¢ | 0.124f 9.292 7.694 7.21b

T1= No Zn (Control); T2= Soil application of Zn @ 2.5 kg ha-1; T3= Soil application of Zn @ 5 kg ha-1; T4= Soil
application of Zn @ 10 kg ha-1; T5= Soil application of Zn @ 2.5 kg ha-1 + one foliar spray of ZnS04.7H20 @ 0.5% at
booting stage; T6= Soil application of Zn @ 5 kg ha-1 + one foliar spray of ZnS04.7H20 @ 0.5% at booting stage; T7=
Soil application of Zn @ 10 kg ha-1 + one foliar spray of ZnS04.7H20 @ 0.5% at booting stage; and T8= Two foliar
application of ZnS04.7H20 @ 0.5% at maximum tillering and booting stage. Values with different lower case (a-g)
superscript letters are significantly different between treatments at P <0.05 (Duncan multiple range tests for
separation of mean).

Reported similar results on the relationship between soil solution EC and solution concentration of basic
cations in flooded Asian soils. (9) also reported that there was a significant positive relation between NO3-
N values and EC values in a manure addition study. (6) observed increase in soil EC with application of
chicken manure.
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Table 3: Available Zn content in soil affected by different level of applied Zn at three different stages of

rice growth
Treatments | Max. tillering PI Harvesting
mg kg™t
T1 2.23d 1.95f 1.74f
T2 3.30¢ 3.464 3.68d
T3 3.63b 4.01c 3.90d
T4 3.78b 4.37b 5.13b
T5 3.36¢ 4.44pb 4.78¢
T6 3.82ab 4.872 4.88¢
T7 4.052 5.11a 5.41a
T8 3.12¢ 3.15¢ 3.40¢

Values with different lower case (a-f) superscript letters are significantly different between treatments at
P <0.05 (Duncan multiple range tests for separation of mean).

Oxidizable organic carbon in soil varied from 8.35 to 9.48 at maximum tillering, 7.65 to 8.88 at panical
initiation (PI) and 6.43 to 7.55 g kglat harvesting stage (table 2). Irrespective of different growth stages
of rice all the treatments showed build up in SOC content compared to control soil (no Zn application),
and this build up was highest in T6 and T7. Irrespective of treatments there was decrease in SOC content
in soil with advancement of rice growth. We know intensive cultivation exposes soil towards
environment (temperature and microorganism) and thereby leads to oxidation of organic carbon in soil,
particularly during the maturity of rice when there was no standing water. In another study in tropical
Brazil showed that paddy fields loose much SOC when compared to native vegetation in the tropics
117].The rice field ecosystem is commonly characterized by flooding conditions and high percolation rate.
Leaching loss of DOC from paddy soil, which is relatively rich in organic matter, is always overlooked. Soil
wetting and drying cycles influence a large number of biological and chemical processes [14]. Solubility of
soil organic carbon (SOC) and its leaching risks will change when the rice field is exposed to non flooding
conditions under water-saving irrigation management.

Available Zn content in soil was measured by DTPA extraction method and presented in table 3& Fig. 1.
Results showed that Zn content in soil increased at harvest in all the treatments except in control soil
where there was no Zn applied either in soil or as foliar application. At harvest, this increase was
highest(5.41 mg kg-1) where Zn was applied in soil @ 10 kg ha'? along with one foliar spray of ZnS04.7H,0
@ 0.5% at booting stage (table 3).Two foliar application of ZnS04.7H,0 @ 0.5% at maximum tillering
stage and at booting stage resulted in higher Zn accumulation (3.40 mg kg!) in soil compared to control
(1.74 mg kg1) but lesser than all the other treatments. From the result it was clearly seen that soil
application of Zn increased the available Zn content in soil at harvest and this increase was higher where
Zn was applied at higher dose or applied both in soil and through foliar spray, as higher amount of Zn was
left over after the fulfillment of plant requirement. [7] also reported that the application of zinc to rice
crop improved the availability of zinc in post-harvest soil.. There was a decrease in Zn concentration at
harvest (1.74 mg kg1)from the initial content (2.22 mg kg!) in control soil which is understandable. Due
to the crop removal, concentration of available Zn has decreased from the initial content in control soil.(8)
also reported higher DTPA-extractable Zn in soils fertilized with Zn compared to control. Zinc
concentrations generally decreased in rice soils after flooding. The decrease in concentration with the
flooding may be associated with increase in soil pH after flooding [22]. With the advancement of growth
of rice redox potential of soil tends to increase which might be another reason behind the decreased Zn
concentration in soil at harvest, particularly in Control-where no Zn was applied.The main cause of
deficiency of planta vailable Zn in soil is the precipitation or adsorption of Zn with various soil
components, depending on the pH and redox potential [14].lowland paddy fields undergo at least two
flooding and draining cycles, which are known to lead to fluctuations in the redox conditions [20].
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Fig. 1: Effect of different level of applied Zn on available Zn content in soil at three different stages of rice

growth

Total Zn content in root, shoot at maximum tillering and panicle initiation and in root, shoot and grain at
harvesting stage was analyzed by dry ashing method and the results were presented in table 4 and Fig. 2.
Irrespective of treatments Zn content in root and shoot were highest at panical initiation (57.89 and
38.72 mg kg1) followed by harvesting (54.59 and 43.87 mg kg'1) and maximum tillering stage (52.12 and
36.62 mg kg'1). Accumulation of Zn was highest in root (54.59 mg kg1) followed by shoot (43.87mg kg-1)
and grain(39.02 mg kg1) irrespective of treatments. Soil application of Zn @ 2.5 kg ha'1(T5),@ 5 kg ha
(T6)and @ 10 kg ha't (T7)along with one foliar spray of ZnS04.7H,0 @ 0.5% at booting stage resulted in
41.88, 43.25 and 42.92 mg kg! Zn respectively in grain that are significantly higher than any other
treatments. Zn concentration in grain was higher (39.9 mg kg1) where there was two foliar application of
ZnS04.7H20 @ 0.5% at maximum tillering stage and at booting stage (T8)compared to treatments where
only soil application ( T2, T3 and T4) was performed. From the results we can conclude that one soil
application of Zn along with one foliar application at booting stage has the better efficiency in terms of
loading of Zn in grain compared to only soil application. [2] and Yuan et al, [32] also come up with similar
kind of results that amongst different methods, the foliar spray of zinc is an efficient one for enhancement
of zinc content in rice grains.

Table 4: Effect of different level of applied Zn on total Zn content in root and shoot at maximum tillering
and panical initiation and in root, shoot and grain at harvesting stage of rice growth

Treatments Max. tillering PI Harvesting
Root Shoot Root Shoot Root Shoot Grain
mg kg1

T1 44.86¢ 32.11d 50.254 34.02¢ 49.73d 40.644 35.15¢
T2 51.89ab 33.09«d 51.084 34.89de 52.39¢ 40.614 36.35¢
T3 52.682b 33.27d 56.30¢ 36.40¢ 56.702b 41.384 35.86¢
T4 53.672b 38.33ab 55.82¢ 39.26P 57.13a 42.364d 36.88¢
T5 53.33ab 40.732 60.21b 42.472 54.23bc 45.77b 41.882
T6 54.373b 39.95ab 64.99 41.57a 56.432b 47.802 43.252
T7 54.822 38.95ab 63.093b 42.362 57.532 48.302 42.922
T8 51.38b 36.53bc 61.340 38.77b 52.57¢ 44.06¢ 39.90p
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Fig 2: Effect of different level of applied Zn on total Zn content in root and shoot at maximum tillering and
panical initiation and in root, shoot and grain at harvesting stage of rice growth

Effect of applied Zn on growth parameters, uptake of Zn, grain and straw yield of rice was presented on
table 5. Application of Zn in soil along with one foliar spray (T5, T6 and T7) significantly increased the
plant height, number of tiller per m2 and test weight as well compared to control (Table 5). Though with
in them (T5, T6 and T7) there was no significant difference. The increase in plant height and number of
tillers per m? by soil application of Zn may be attributed due to increase in available Zn in soil compared
to Control. Similar results were reported (10;11).Zn application might have increased IAA synthesis
leading to increase in plant height via increase in inter node length as well as number of panicle. These
results are in agreement with [19].

Table 5: Effect of different level of applied Zn on uptake of Zn, yield and other yield attributes in rice.

Plant height Number Test Grain Straw | Harvest | Uptake
- of tiller | weight yield yield index of Zn
Treatments Max. PI Harvesting m-2
tillering

(cm) (8) (tha?) kg hat

T1 33.5¢ 89.1e 96.94 373¢ 20.5¢ 4.63e¢ 6.41b 0.4212 0.1634
T2 37.8a 92.9d 100.7¢ 392b 21.1bc 4.99¢ 6.72ab 0.4262 | 0.181c«d
T3 37.6ab 100.1c 102.1c 413 21.2bc 5.10bc 6.87ab 0.4272 0.187¢
T4 39.1a 101.73bc 103.6bc 418 21.5b 5.12bc 7.02ab 0.4222 0.189¢
T5 39.6a 100.8be 106.02b 421a 224 5.44ab 7.282 0.4282 0.228b
T6 39.9a 104.12b 107.32 4162 23.02 5.45ab 7.452 0.4222 | 0.23620
T7 38.8a 105.12 109.02 421a 23.02 5.72a 7.572 0.4312 0.2462
T8 35.0bc 92.0de 94.44 388bc 21.0bc | 4.79de 7.062b 0.4042 0.191¢

Soil application of Zn @ 10 kg ha! along with one foliar spray of ZnS04.7H,0 @ 0.5% at booting stage (T7)
produced highest grain (5.72 t hal) and straw (7.57 t hal) yield. Soil + Foliar application of Zn
significantly increased test weight in rice compared to only soil application of Zn and Control. Increased
test weight of rice cultivars upon Zn fertilization might be due to the increase in carbonic an hydrase
activity and more carbohydrate accumulation in the seeds (2).Soil application of Zn along with one foliar
spray (T5, T6 and T7) produced higher grain and straw yield compared to only soil application (T2, T3
and T4) or only foliar spray (T8) and Control (T1) (Table 5). Uptake of Zn was higher where Zn was
applied in soil as well as foliar spray. The application of zinc as basal plus foliar spray was found to have
positive and significant influence on grain yield and Zn uptake [16]. Soil application of Zn helps in
increasing number of tillers, plant height and overall growth of rice plant initially which ultimately
reflected in higher yield and Zn uptake particularly in Zn deficient soils. Also the Zn sprayed by foliar
fertilizers is absorbed by the leaf epidermis, and remobilized and transferred into the rice grain through
the phloem [32] with the contribution of several Zn-regulating transporter proteins [9].
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pH Avl. Zn SocC
Avl. Zn -.550%**
SOC -0.264 522**
EC -.575** .832** .691**

** Correlation is significant at the 0.01 level (2-tailed).

Available Zn content in soil was correlated with the properties of soil and the results were presented on
table 6. It was seen that available Zn content in soil was significantly negatively correlated with soil pH (-
0.55**) but positively correlated with oxidizable organic carbon (0.69**) and electrical conductivity
(0.83**). Zinc accessibility is profoundly reliant on pH. At the point when the pH is over 6, the accessibility
of Zn is normally exceptionally low. The accessibility of Zn in antacid soils is decreased because of lower
dissolvability of the dirt Zn (1).Soil zinc found in soil solution, as the free ion Zn2* associated with organic
and inorganic ligands, on exchanged sites of soil, bound by organic matter and occluded in oxides and
hydroxides of Al and Fe (13).With the increase in pH zinc form insoluble complexes like ZnCOs3, Zn(OH)3,
ZnS, etc. and thereby reduces its availability in soil. Whereas organic matter act as chelating agent, forms
stable complexes with Zn and reduces its loss through various means [29). Also mineralization of organic
matter releases a small amount of Zn2+ in soil.

Table 7: Multiple correlations between Available Zn in soil at harvest, Zn in root, shoot, grain, yield and
other yield attributes.

Available Zn in Zn in Zn in Plant No. of Test Grain Straw
Zn root shoot grain height Tiller weight yield yield
Zn in root .799**
Zn in shoot .648** 513*
Zn in grain .626™** 441* .900**
Plant height .786** .660** .641** 555**
No. of Tiller .838** .788** .524** 534** .764**
Test weight .764** 502* .814** .814** .783** .606**
Grain yield .794%* .695%* 724%* 726** .805** 744%* .826**
Straw yield .619** 499% .676%* .615%* 443* 0.39 .555%* .513*
HI .166 .205 .043 136 371 .393 .243 A74% -.498*

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

Pearson correlation was performed between available Zn in soil at harvest, total Zn in root, shoot and
grain, physiological parameters like plant height, number of tiller, test weight, grain and straw yield.
Results were depicted on table 7. Available Zn content in soil was significantly correlated with Zn content
in root (0.79**), shoot (0.64**) and grain (0.62**). Increase in available Zn increased plant height
(0.78**), number of tillers per square meter (0.83**), and test weight (0.76**)as well which ultimately
resulted in higher grain and straw yield. Grain and straw yield was significantly correlated with number
of tiller, plant height and test weight (table 7).

CONCLUSION

Data from these field study show that application of Zn in rice is mandatory to produce at maximum
potential particularly in Zn deficient soils in India. Among different management practices studied soil
application of Zn along with a foliar spray at booting stage of rice (T5, T6 and T7) was most useful in
enhancing the quality (grain Zn content) as well as yield. Though, the rate of Zn application in soil should
be based on its initial Zn content. In our case application of Zn @ 10 kg ha-! (T7) produced maximum yield
as well as Zn content in grain compared to Zn @ 5 kg ha! (T6) and @ 2.5 kg ha-1(T5) as, our soil was low
in initial Zn content. Foliar spray of zinc sulfate is an effective and relatively economical method only in
moderately zinc-deficient soil, but soils with higher requirements might have some limitations for foliar

spray.
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