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Abstract 

A field experiment was conducted in Department of Soil Science and Agricultural Chemistry, College of 

Agriculture, BAU, Ranchi during kharif season 2012 and 13 to study the movement and availability of 

Zn in soil at different growth stage of rice. The treatments consisted of control (T0), 5 kg Zn ha-1(T1), 10 

kg Zn ha-1 (T2) and 5 kg Zn ha-1 + 2 foliar sprays (T3). The basal dose of NPK at the rate of 80:40:30 kg 

ha-1 respectively, was applied to all treatments. The treatments were arranged in randomized complete 

block design with three replications. The results of this study showed that each incremental levels of Zn 

application contributed towards higher Soil Zn content. The maximum contribution of soil Zn built up 

was achieved at soil+ foliar application level. After flooding, rice fields undergo different physical, 

chemical and biochemical changes which affect the availability of Zn to crop. 
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Introduction 

Zinc deficiency is related with many soil and environmental factors which affect its 

availability to crop. Zinc availability/deficiency are reported to be closely associated with soil 

pH, soil O.M., soil texture, moisture and climatic conditions (Havlin et. al. 2005) [8]. The 

major factors which are responsible for zinc deficiency are; alkaline calcareous soil, sandy 

texture, low organic matter, high pH, use of high analysis NPK fertilizer, high yielding 

genotypes and ignorance of Zn fertilizer etc. (Cakmak, 1998) [3]. 

Zinc deficiency in soils occurs mainly due to precipitation and adsorption of zinc with various 

soil components depending on pH and redox potential (Impa and Johnson-Beebout, 2012) [10]. 

The flooding of the soil changes soil redox potential, which give rise to a decrease in the 

plant‐availability of Zn, whether from native soil Zn or Zn that has been added to soil in 

fertilizer which means that soil applied Zn fertilizer sometimes becomes unavailable to rice 

plants long before it can have any effect on grain Zn. 

As reported by Havlin et al., (2007) [9] sandy soils and acid soils, highly leached with low total 

and plant-available zinc concentrations, are highly prone to zinc deficiency. Availability of 

zinc decreases with increasing soil pH due to increased adsorptive capacity, the formation of 

hydrolysed forms of zinc, possible chemisorption on calcium carbonate and coprecipitation in 

iron oxides. Alkaline, calcareous and heavily limed soils tend to be more prone to zinc 

deficiency than neutral or slightly acid soils. 

In submerged condition, such as puddled rice soils, reducing conditions result in a rise in pH, 

high concentrations of bicarbonate ions, sometimes raised concentrations of magnesium ions 

and the formation of insoluble zinc sulphide (ZnS) under strongly reducing conditions. The 

reducing environment in periodically submerged soils also causes increase concentrations of 

divalent ferrous (Fe2+) and manganese (Mn2+) ions from the dissolution of their hydrous oxides 

and these could compete with zinc ions for uptake into roots. Rice releases phytosiderophores 

in small amounts (Suzuki et al., 2008) [16], which are important in regulating Zn uptake by 

plants (Arnold et al., 2010) [1]. 

Generally, submergence of a well-drained paddy soil depletes oxygen, decreases redox 

potential and increases pH in acidic soils (Renkou et al., 2003) [15], whereas in alkaline or 

calcareous soils, pH is decreased (Renkou et al., 2003) [15]. Zinc deficiency in rice occurs after 

transplanting and is a prevalent phenomenon limiting productivity under lowland conditions 

(Quijano-Guerta et al., 2002) [14]. After flooding, rice fields undergo different physical, 

chemical and biochemical changes, which are important factor for rice production. 

Dobermann and Fairhurst (2000) [7] reported that accumulation of organic acids in root cells 

through stimulation of phosphoenol pyruvate carboxylase in the cytoplasm appeared to inhibit 

root growth in lowland rice with high bicarbonate contents or pH and resulted in early 

development of Zn deficiency symptoms under reduced soil conditions (Yang et al., 1994) [17]. 
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The efficiency of applied Zn fertilizer is reduced under 

continuous flooding due to formation of insoluble ZnS and 

zinc franklinite ZnFe2O4 (Ponnamperuma, 1972) [13], ZnCO3 

formation due to organic matter decomposition (Bostick et al., 

2001) [2]. 

In soil, zinc may be available in soil solution, exchange site of 

soil minerals, free ion (Zn2+), bound with organic matter or 

attached with organic and inorganic ligands and occluded in 

oxides or hydroxides of Al, Fe, and Mn. Only the free ion 

zinc or Zn-ligand complex are available directly to plants. 

Havlin et al., (2007) [9] reported decrease in extractable zinc 

with increase in pH of soil. They further explained that 

activity of zinc reduced 100 times with increase in one unit of 

pH from 6.2 to 7.2. Moreover, another study explained in this 

context that about 100 fold zinc availability decreased with 

increase in one unit of pH. 

 

Materials and Methods 

A field experiment was conducted at Ranchi Experimental 

field of the Department of Soil Science and Agricultural 

Chemistry, Birsa Agriculture University, India on the rice 

(Oryza sativa L.), cultivar "Shahbhagi" during 2012 and 2013. 

The experimental site located on latitude 23°17′N and 

longitude 85° 19′E and an altitude of 625 meters above mean 

sea level. 

Composite surface soil samples were collected from surface 

horizon (0−15 cm) of the soil before the experiment was 

initiated, air-dried, passed through a 2- mm sieve and 

analyzed for the following properties. Selected soil chemical 

and physical characteristics for the soil are presented in Table 

1. 

Four rates of zinc were applied and the rates of 0 (T0), 5.0 

(T1), 10 (T2) and 5 kg Zn ha-1 + 2 foliar sprays @0.5% of 

ZnSO4. H2O at tillering and before flowering stage (T3) were 

applied using zinc sulfate monohydrate. 

Half of nitrogen, total phosphorus and total potassium was 

applied as basal dose in the form of Urea, DAP and MOP 

(80:40:30) at the time of transplanting and one fourth of 

nitrogen was top dressed after 25 DAT and rest one fourth 

after 50 DAT in the form of urea in split doses. At the time of 

foliar spray the pH of zinc sulphate solution was adjusted to 

neutrality by adding lime. The experimental design was 

performed using Randomized Block Design (RBD). 

Soil samples were collected at tillering, before flowering, 

panicle initiation and post-harvest stage at maturity period. 

Soil samples were collected randomly from four different 

places from each plot and then made a composite sample. 

Grain and straw yield of crop was observed at physiological 

maturity. 

 

Results and Discussion 

Zinc content in soil at tillering stage 

At tillering stage Zn contents of soil (Table 2 and Fig. 1) 

under T0, T1, T2 and T3 levels of Zn application were recorded 

to be 2.85, 3.45, 3.56 and 4.05 mg kg-1 respectively in 2012. 

The corresponding values recorded in 2013 were 2.95, 3.45, 

3.62 and 3.98 mg kg-1 under T0, T1, T2 and T3 respectively. 

The data revealed that the soil Zn content improved with the 

additional levels of Zn applications both in 2012 and 2013. 

However, the soil zinc content was more in 2013 compared to 

2012 under all the levels of Zn application except T3. This 

could be probably due to lesser utilization of Zn by the plant 

at tillering stage in 2013 than its utilization in 2012 which is 

evident also from the fact that the rice crop performed better, 

in terms of grain yield, than its performance in 2013. As per 

the pooled analysis the soil Zn content were recorded to be 

2.90, 3.45, 3.59 and 4.01 mg kg-1 under T0, T1, T2 and T3 

respectively. All the levels of Zn applications (T1 to T3) were 

found significantly superior over the control. Among the 

levels, T1 and T2 were found at par with each other but T3 was 

found significantly superior over T1 and T2 also. It is inferred 

that Zn application at the rate of 5 kg ha-1 along with two 

foliar applications of 0.5% Zn (T3) was even superior to T2 

with higher dose of soil Zn application at the rate of 10 kg ha-

1. Hence simply by adding two foliar applications of 0.5% Zn 

could reduce the Zn dose by 5 kg (50%) compared to T2. The 

flooding of the soil changes soil redox potential, which causes 

a decrease in the plant‐availability of Zn, whether from native 

soil Zn or Zn that has been added to soil in fertilizer 

(Johnson‐Beebout et al., 2009) [11]. It means that soil applied 

Zn fertilizer sometimes becomes unavailable to rice plants 

long before it can have any effect on grain Zn. 

 

Zinc content in soil at pre flowering stage 

Soil Zn content (Table 4.13 and Fig 4.9) in 2012 was recorded 

to be 2.15, 2.56, 3.22 and 3.92 mg kg-1 under T0, T1, T2 and T3 

respectively whereas in 2013 the values were 1.95, 2.34, 3.10 

and 3.73 mg kg-1 under T0, T1, T2 and T3 respectively. 

Contrary to tillering stage the soil Zn content at pre- flowering 

stage in 2013 were lesser than 2012 except in case of T3 

wherein the soil Zn contents were more in 2012 than in 2013. 

The pooled data exhibited soil Zn content values of 2.05, 

2.45, 3.16 and 3.83 mg kg-1 under T0, T1, T2 and T3 

respectively. Over all the pooled value of soil Zn at pre 

flowering stage were lesser than its corresponding values at 

tillering stage more pronouncedly in case of T2 and T3, this 

depletion of soil Zn content may be attributed to higher take 

up of Zn by plants, at pre flowering stage apart from the taken 

up from that foliar spray due to increased plant vigor and 

thereby increased Zn requirement. After flooding, rice fields 

undergo different physical, chemical and biochemical changes 

(Das, 2002) [5], which are considered important in determining 

suitability for rice production (De Datta, 1981). Generally, 

submergence of a well-drained paddy soil depletes oxygen, 

decreases redox potential and increases pH in acidic soils 

(Renkou et al., 2003) [15], Increasing soil pH from 5.5 to 7 

reduces the solubility of Zn in soil up to 45- fold (Cakmak, 

2009) [4]. At this stage too, all the levels of Zn application 

could maintain significantly higher soil Zn contents than the 

control. Among the levels of Zn application, the highest soil 

Zn content (3.92 mg kg-1) was recorded under T3 followed by 

T2 (3.22 mg kg-1) and by T1 (2.56 mg kg-1). The higher 

contribution of lower level of Zn application supported with 

two foliar applications than the higher level of Zn application 

(T2) as exhibited at tillering stage has been reflected at pre 

flowering stage as well. 

 

Zinc content in soil at panicle initiation stage 

The panicle initiation stage (the sink development) exhibited a 

different pattern of soil Zn content, wherein the soil Zn 

content (Table 4.13) exhibited higher values than the 

corresponding values of pre flowering stage except under T3, 

where it decreased slightly. In 2012, the soil Zn contents were 

recorded to be 2.39, 3.19, 3.41 and 3.40 mg kg-1 respectively 

under T0, T1, T2 and T3. The soil Zn contents in 2013 were 

2.37, 3.11, 3.32 and 3.46 mg kg-1 respectively under T0, T1, T2 

and T3. In both the years all the levels of zinc applications 

were found to be superior than control but the levels were at 

par among themselves. The pooled analysis also exhibited 

that all the levels of Zn applications could maintain 
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significantly higher soil Zn content than the control. Among 

the levels, T1 and T2 were at par with each other, T2 and T3 

were also at par with each other but T3 was significantly 

superior over T1 and over the control. The pooled values of 

soil Zn content were 2.38, 3.15, 3.36 and 3.48 mg kg-1 

recorded under T0, T1, T2 and T3 respectively. It is interesting 

to note that all the levels of Zn application including the 

control reflected into higher soil Zn content at panicle 

initiation stage than pre flowering stage except T3, wherein 

the decreased soil Zn content was exhibited at panicle 

initiation stage. This could be explain as the plants exhausted 

more soil Zn under this treatment (T3) probably due to 

enhanced capability of plants to extract more Zn, might have 

been induced by the foliar application of Zn at preceding 

stage. Zinc concentration in the soil solution decreases after 

flooding, though it may temporarily increase immediately 

(Mikkelsen and Kuo, 1976) [12]. The efficiency of applied Zn 

fertilizer is reduced under continuous flooding due to 

formation of insoluble ZnS and zinc franklinite ZnFe2O4 

(Ponnamperuma 1972) [13], Zinc carbonate (ZnCO3) is also 

formed due to organic matter decomposition (Bostick et al., 

2001) [2]. 

 

Zinc content in soil at maturity 

At maturity stage the soil Zn contents (Table 4.13) were 

recorded to be 2.44, 2.98, 3.73 and 4.61 mg kg-1 under T0, T1, 

T2 and T3 respectively in 2012 whereas in 2013 the values 

were 2.41, 2.98, 3.73 and 4.66 mg kg-1, respectively under T0, 

T1, T2 and T3. In both the years, all the levels of Zn 

application (T1 to T3) were significantly superior over the 

control with respect to soil Zn content. The pooled data 

exhibited the soil Zn content of 2.43, 2.98, 3.73 and 4.64 mg 

kg-1 under T0, T1, T2 and T3 respectively. The same impact of 

different levels of Zn application were observed also under 

pooled analysis wherein the levels of Zn application (T1 to T3) 

could maintain significantly higher soil Zn content than soil 

Zn content under control. Among all levels, T3 has been found 

to bring about the highest positive impact with respect to soil 

Zn content and its utilization by the rice plant at different 

stages of growth. 

 
Table 1: Soil physical and chemical analysis Property 

 

Physical properties Value 

Textural analysis 

Sand (%) 50.07 

Silt (%) 32.49 

Clay (%) 18.08 

Textural class Sandy loam 

Chemical properties 

pH (1:2.5 soil water suspension) 4.68 

Electrical conductivity (dSm-1) 0.395 

Organic carbon (%) 0.41 

Available nitrogen (kg N ha-1) 330 

Available phosphorus (kg P ha-1) 30.63 

Available potassium (kg K ha-1) 142.5 

Available zinc (mg kg-1) 1.08 

Available iron (mg kg-1) 15.27 

Available manganese (mg kg-1) 6.91 

Available copper (mg kg-1) 1.02 

Available boron (mg kg-1) 0.31 

 
Table 2: Zn content (mg kg-1) in soil at different growth stages of rice 

 

Level of Zn application 
Tillering stage Pre flowering stage Panicle initiation stage Maturity stage 

2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled 

T0 2.85 2.95 2.90 2.15 1.95 2.05 2.39 2.37 2.38 2.44 2.42 2.43 

T1 3.45 3.45 3.45 2.56 2.34 2.45 3.19 3.11 3.15 2.98 2.98 2.98 

T2 3.56 3.62 3.59 3.22 3.10 3.16 3.41 3.32 3.36 3.73 3.73 3.73 

T3 4.05 3.98 4.01 3.92 3.73 3.83 3.4 3.48 3.45 4.61 4.66 4.64 

CD at 5% 0.20 0.28 0.22 0.21 0.18 0.12 0.26 0.25 0.22 0.32 0.28 0.21 

CV % 9.72 6.81 7.61 8.54 7.94 5.19 10.1 9.89 8.48 11.3 9.68 7.45 

 

 
 

Fig 1: Soil zinc content at differnet stages in rice 
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