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ABSTRACT 

In order to investigating zinc (Zn) foliar application in different developmental stages a 
factorial experiment was performed based on randomized complete block design (RCBD) 
with four replications in Mahmoud Abad of Mazandaran Province in 2012. The first factor 
was included 5 different concentrations of Zn fertilizer (0, 0.48, 0.96, 1.44, 1.92 g. L-1), and 
the second factor was different times of its application (mid tillering and booting) . Results 
showed that the increasing Zn concentration in foliar application, increased yield and yield 
components of rice significantly and the maximum yield of the seed (11216.5 kg. ha-1) was 
observed in concentration of 1.92 g.L-1. Whereof the negative and significant correlation(r= 
- 0.63**) of empty seed per ear with the grain yield, the increase of yield in the said 
treatment may be related to as much as 41.49 percent decrease in number of empty seed per 
ear. Also, the time of Zn foliar application was significantly affected all measured 
characteristics of rice such that The highest levels of rice yield and yield components were 
observed when Zn applied at Booting treatment. It seems that increasing the speed of 
absorbing Zn in the said stage and improve the efficiency of applying other nutrition such as 
azote has important role in increasing yield and yield component of rice under flooded 
condition. However reciprocal effect of investigating factors on yield and yield component 
become non-significant. 
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INTRODUCTION 

 

 Zinc is one of the most important microelement for the rice (Smith, 2006) and its deficient may cause 

significant decrease of the rice yield in flooding lands (Hajiboland, 2008). Now a days, developing the high-

product varieties and increasing the application off phosphorous fertilizer, has been resulted in decreasing the 

accessible zinc in flooded condition (Hajiboland, 2008). In this condition and according to the achieved results, 

zinc foliar can be substituted by soil application of Zn fertilizer in rice and lead to increase yield of the rice 

(Rahman, 2008). Generally, in paddy lands, the efficiency of using Zn in shoot is more important in relation to 

the rhizosphere environment (Hafeez, 2009; Nattinee, 2009). Among this, the most important determinant factor 

in effectiveness of Zn foliar application in the plant is its application time (Maralian, 2009). 

 According to the reports, Zn foliar application (Bandara, 2003; Fageria, 2005), resulted in increasing the 

grain yield of the rice in comparison with control treatment. It has been observed that applying zn at 45 days 

after planting, has the most correlation(r=0.89**) with the yield of the rice (Slaton, 2005). Results of a study 

about investigating different densities of Zn(0.5-1 kg per hectare from the source of chelate zn and sulfate zn ) at 

different developmental steps (tillering, booting )indicated that different densities of fertilizer, had significant 

effect on the yield of straw and rice yield, comparing with the control, such that application of 1 kilogram Zn 

per hectare from the source of chelate Zn(as partitioning in both steps) had the most grain yield(4.56 ton per 

hectare) and straw(6.88 ton per hectare) (Maralian, 2009). 

 Results of the another study about investigating different densities of Zn (3.5, 0.035 and 0.007 gram per 

liter) in the rice plant indicated that increasing Zn density results in increasing the plant height, leaf area, root 

and steam dry weight and rice yield. results of a study on the effect of different source of the zinc and its 

application time on rice yield, it has been indicated that applying the said element at different times(pre 

emergency, before flooding the land and at four–leaf) resulted in increasing the rice yield compared with control 
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treatment. Also, Zn foliar (in the level of 1.1 to 2.2 kilogram per hectare) resulted in more increasing of the rice 

yield in comparison with application of its granule fertilizer( in the rate of 11.2 kilogram per hectare of Zn).  

 Results of some studies have indicated that among different source of Zn, Zn chelate have the most 

efficiency such that the rate of Zn movement in plant was about 60 milimeter, 4 weeks after application 

(Maralian, 2009; Smith, 2006; Wissuwa, 2006). 

 Since investigating the effect of Zn foliar requires increased information and knowledge about level and 

critical time of this element in the plant, the aim of this experiment is investigating different levels of Zn foliar 

application in different growth steps, on some agronomy properties, yield component rice yield in flooded 

condition. 

 

MATERIALS AND METHODS 

 

 This experiment was carried out in agronomy year of 2011, in Mahmoodabad province with latitude of 38', 

36
0
 northern and longitude of 16',52

0
 eastern and 20 meter height from sea level, as the form of factorial on the 

base of complete randomized block design with 4 replication. According to the results of laboratory analysis, 

soil texture of region was loamy clay, acidity was 7.7, electrical conductance of the saturated soil juice was 0.43 

desi siemens per meter, organic matter percentage was 2.51, total nitrogen percentage was 0.2, phosphorous 

percentage was 2.5 and potassium was 210 milligram per kilogram. Experimental factors were included 

applying different concentrations of Zn from Zn chelate source in four levels (0.48 – 0.96 – 1.44- 1.92 gram per 

liter) along with control treatment(distilled water)which was sprayed as foliar on rice shoot in different 

developmental steps( mid tiller step and initiation of panicle formation). 

 For this purpose in 14/Apr 2010, after preparing nursery in the form of flat and bed planting ,disinfected 

seeds were planted .then, 40 plots with the length of 5 and width of 4 meter (with the area of 2 square meter) 

were selected and divided in to four block. Along with preparing the land, and on the base of pedology 

experiments, 150 kilograms of superphosphate triple fertilizer and 100 kilograms of Pottasium Chloride 

fertilizer were distributed equally in experimental plots and mixed with the soil . Also, 400 kilograms urea 

fertilizer was distributed as foliar application in experimental plots in three steps(one week before transplanting, 

tiller mean and initiation of panicle formation) (Srivastava, 1999). In order to prevent drainage of these 

fertilizers and not transferring the water of each plot to adjacent ones, plots boundaries parts were covered with 

nylon as much as the depth of 0.5 meter. Young transplants were planted with hand 40 days after seeding) in 

nursery, with distance of 25x25 centimeters from each other as much as three transplant per hill. In order to 

chemical control of weed, butachlor (4 liter per hectare) and bensulfuron-methy weedicides (75 grams per 

hectare) were used one week after transplanting. Weeding was performed 25 days after transplanting too. Also, 

in order to control rice steam borer Diazinon toxin of 10 percent(15 kilogram per hectare) was applied twice .  

 Harvest operation was performed in 6/ Sep/2012. It was removed 0.5 meter from the sides of each plot as 

the border effects and residual area of each plot(12 square meter) was harvest in order to determine yield. Also, 

for determine some agronomical characteristics such as plant height, ear number per square meter, seed number 

per ear, ear length, empty seed number per ear , synchronized with the harvest ,10 hill from each plot were 

selected. 

 Statistical analysis and drawing figures was performed by SAS, Excel and Sigma plot and also mean 

comparison test was performed by the way of conserved LSD and at probability level of 5%.in order to access to 

regression curve, multinomial orthogonal coefficient was used in the frame of variance analysis table.  

 

RESULTS AND DISCUSSIONS 

 

 Plant height: different concentrations of Zn element, had significant effect on rice plant h eight(table 1). 

Such that treatment of 1.92 gram per liter, with the mean of 68.76 centimeter and the treatment of the control 

with the mean of 58.52 centimeter had the maximum and minimum height respectively. With increasing the 

concentration of foliar zinc, rice plant height was increased. Generally, foliar application of zinc, can improve 

the growth of the rice through increasing the concentration and its transfer through plant sap results in increasing 

growth and development of rice (Hacisalihoglu, 2003) therefore, 17.50-percent increase of plant height in 

treatment of 1.92 percent per liter comparing with the control can be associated to increasing the zinc 

concentration in the plant. 

 On the other hand, Z n deficient prevents oxin syntheses and this causes plant dwarf (Hacisalihoglu, 2003; 

Zand, 2007), then significant decrease of plant height in control treatment comparing other treatment of the 

experiment may be as the result of the above effect. 

 The effect of different time of Zn foliar application on plant height became significant. Such that its 

applying at tillering step has more effect on rice plant height compared with initiation step of panicle formation. 

regarding to that the active vegetative step in the rice continues up to tillering step thus vegetative growth in the 

said step increases with the more speed (Srivastava, 1999).  
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 Therefore 2.91 percent increasing of the plant height in tillering step compared with booting can be related 

to the above results. Other researchers reported significant effect of Zn application on increasing rice plant 

height (Hajiboland, 2008; Jiang, 2008; Sarwar, 2011).  

 
Table 1: Mean comparison of some growth characters, yield and yield component of rice under effect of Zn foliar in different growth steps  

treatment Plant 

height(centimeter) 

ear 

number 
per 

square 

meter 

ear length 

(centimeter) 

Seed 

number 
per ear 

Number 

of empty 
seed per 

ear 

1000- 

seed 
weight 

Rice rough 

yield 
(kilogram per 

hectare) 

Zinc(gram 
per liter) 

0 58.52 c 349.25 c 19.59 d 75.50 d 31.75 a 25.27 b 9210.83 c 

0.48 59.51 c 356 c 20.10 cd 77.08 cd 26.71 b 27.84 a 9454.81 c 

0.96 65.41 c 423.88 b 20.63 bc 82.47 bc 22.87 c 26.37 ab 10082.87bc 

1.44 67.28 ab 509.25 a 21.49 ab 86.01 b 19.06 d 27.60 a 10596.61 ab 

1.92 68.76 a 545.63 a 22.35 a 92.67 a 12.92 e 27.82 a 11216.51 a 

Foliar time Tilleing 
mean 

62.04 b 401.83 b 19.97 b 78.93 b 25.17 a 26.95 a 9761.43 b 

booting 63.85 a 441.29 a 21.14 a 84.15 a 22.99 b 27.01 a 10463.17 a 

In each column, means which at least have one common letter have no significant difference at the probability level of 5 percent based on 

LSD test. 
 

Table 2: correlation coefficient of investigating traits in the experiment. 

variations Plant 

height 

Ear number 

per square 
meter 

Ear length Seed 

number per 
ear 

Number of 

empty seed 
per ear 

1000- seed 

weight 

Rice rough yield 

 

Plant heigh 1       

Ear number per 
square meter 

0.67** 1      

Ear length 0.68** 0.72** 1     

Seed number per 

ear 

0.74** 0.61** 0.58** 1    

Number of empty 
seed per ear 

0.74**-  0.73**-  0.62**-  0.75**-  1   

1000- seed weight 0.20 Ns NS 0.28 0.42* 0.20 Ns NS 0.26 1  

Rice rough yield 

 

0.51** 0.59** 0.47* 0.50** 0.63**-  NS 0.31 1 

Ns, * and ** are non-significant and significant at the level of 5 and 1 percent respectively. 

 

Number of ear per square meter:  

 zinc concentration has signific ant effect on number of ear per square meter such that treatment of 1.92 

gram per liter with the mean of 545.63 and control treatment with the mean of 349.25 had the most and least 

number of ear per square meter respectively. Although treatment of 0.48 gram per liter with the mean of 356 ear 

per square meter had no significant difference with the control statistically. Different times of Zn foliar 

application had significant effect on ear number per square meter. Results showed that zinc foliar application at 

initiation step of panicle formation had more number of ear compared with the mean tillering step. With regard 

to that, applying zn element can results in increasing the absorption efficiency of the other nutrition of paddy 

land (Jiang, 2008; Sarwar, 2011) it seems that increasing the number of ear per square meter in treatments of the 

experiment, is due to increasing the efficiency of using nutrition elements. Other researchers reported the 

positive and significant effect of Zn foliar application on increasing the number of the rice ear 920, (Zand, 

2007).  

 Ear length: spraying with different concentration of Zn, had significant effect on ear length of rice. The 

treatment of 1.92 gram per liter with the mean of 22.35 centimeter and the control treatment with the mean of 

19.59 centimeter had the maximum and minimum length of ear respectively. Although statistically, applying the 

treatment of 1.44 gram per liter with the ear length mean of 21.48 centimeter had no significant difference with 

applying the treatment of 1.92 gram per liter, also differ different times of foliar application of Zn fertilizer had 

significant effect on the length of the rice ear. Results indicated that application of the said element(zinc) at 

initiation step of panicle formation with the mean of 21.13 centimeter had more ear length in comparison with 

the mid step of tillering with the mean of 19.96 centimeter. Results of the other researches has indicated that 

fertilizer application results in significant increasing of rice ear length (Sarwar, 2011; Sharma, 1982).  

 

Seed number per ear:  

 Applying different concentration of fertilizer had significant effect on seed number per rice ear, such that 

treatment of 1.92 gram per liter with the mean of 92.67 and the control treatment with the mean of 75.50, had 

the maximum and minimum seed per ear respectively. Results of this study showed that increasing the 

concentration of consuming fertilizer resulted in increasing the number of seed in rice ear. It seems that positive 

and significant effect of Zn foliar application on ear length was very effective in as much as 22.74 percent 
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increase of seed number per ear in treatment of 1.92 gram per liter compared with the control treatment. Also, 

Zn foliar application in different growth steps has significant effect on the said trait. Results indicated Zn 

application at initiation of panicle formation with the mean of 84.15 had more seed number per ear comparing 

its application mid tillering step (87.92). Some researchers reported the positive and significant effect of Zn 

fertilizer on increasing the number of intact seed per rice ear (Fageria, 2005; Sharma, 1982).  

 

Empty seed number per ear: 

 Foliar application of different concentration of Zn fertilizer had significant effect on empty seed number per 

rice ear. Results showed that treating the control treatment with the mean of 16.31 and treating the treatment of 

1.92 gram per liter with the mean of 12.93 had the maximum and minimum number of empty seed per ear 

respectively.  

 In consider with the effect of Zn foliar application in improving growth of the rice (Hacisalihoglu, 2003), it 

seems that more concentration of Zn fertilizer, in addition to increasing the plant dry weight, has an important 

role in producing intact seeds in rice plant panicle, such that this state resulted in as much as 40.98 percent 

decreasing of the empty seed per ear in treatment of 1.92 gram per liter compared with the control. Totally, Zn 

accessibility can results in significant increase in rice shoot dry weight in paddy lands  (Guang cai, 2003; 

Hosseiny, 2008). 

 Different times of Zn foliar application has significant effect on empty seed number in rice ear, such that Zn 

foliar applying in mid tillering step with the mean of 25.17 had much number of empty number in comparison 

with application of the said element at initiation of panicle formation (22.99). with respect to that Zn absorption 

speed at initiation of panicle formation is more than flowering time (Karak, 2005), it seems that increasing the 

number of intact seeds at initiation of panicle in relation to mid tillering step had followed this trend. Other 

researchers, reported significant decreasing of the number of empty seeds in rice ear as the result of applying 

different amount of zinc in paddy lands (Fageria, 2005; Zand, 2007). 

 

1000-seed weight:  

 foliar application of different amounts of zinc fertilizer had significant effect on 1000-seed weight of the 

rice, such that treatment of 0.48 gram per liter, with the mean of 27.84 gram and control treatment with the 

mean of 25.27 had the most and least weight of 1000 seeds respectively, Although this trait had no significant 

difference in different concentration of Zn. Results of this research showed that foliar application of Zn, in 

studying treatments resulted insignificant increase of empty seed number and increasing the number of intact 

seed per ear compared with the control. Therefore, it seems that non existing significant difference between 

treatments of applying different amount of fertilizers had followed this trend. Also, our results indicated that 

different times of foliar application of Zn, had non-significant effect on 1000 seed weight of the rice. Results of 

other researchers have revealed non-significant effect of different treatments of zinc fertilizer application on 

1000-seed weight of the rice (Fageria, 2005; Sarwar, 2011; Sharma, 1982). 

 

Rice rough yield: 

 It was found that rice rough yield of rice, was affected by foliar application of different amounts of 

zinc(table 1). Among studied treatments, maximum yield as much as 11216.50 kilogram per hectare was 

achieved from treatment 1.92 gram per liter.  

 In return, control treatment with the mean of 9210.83 kilogram per hectare, had the minimum rice rough 

yield(table 2). Attaining to the statistical results, the most suitable regression model for monitoring the relation 

between the two variants, is simple linear model(table 3). Therefore, in this research, grain yield of the rice is 

one order function of foliar application of zinc fertilizer(figure 1) such that increasing the concentration of zinc 

results in improving the grain yield of rice. Also based on the achieved results of this research, increasing the 

concentration of different amounts of Zn, resulted in significant increasing of traits number of ear per square 

meter and seed number per ear and on the other hand, it results in significant decrease in empty seeds per ear. 

Therefore considering that the number of ear per square meter (r= 0.59** ) and the number of empty seed per 

ear (r=-0.63**) had the maximum and minimum significant correlation with the grain yield respectively thus 

21.77 percent increase of the yield in treatment 1.92 gram per liter, can be due to the said results. On the other 

hand, applying Zn in addition to remove its deficient, can results in improving the efficiency of using other 

nutrition such as nitrogen (Fageria, 2005; Jiang, 2008; Nattinee, 2009; Sarwar, 2011). This may be due to 

positive and significant effect of Zn application in increasing the length of ricer root under flooded condition(7). 

In consider with positive and significant interaction between two elements of Zn and Nitrogen in paddy lands, it 

can be expressed that partitioning of nitrogen fertilizer as foliar application in tillering steps and initiation of 

panicle formation and its coincidence with foliar application of zn, along with increasing azote absorption 

efficiency could provide pre requisites of increasing the yield in treatments. Other researchers reported positive 

and significant effect of zn foliar application in increasing yield of the rice too (Fageria, 2005; Maralian, 2009; 

Quijano-Guerta, 2002). 
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 Different times of applying Zn fertilizer had significant effect on rice yield such that foliar application of Zn 

at initiation step of panicle formation with the mean of 10463.17 kilogram per hectare, had more yield in 

comparison with mid tillering step with the mean of 9761.43 kilogram per hectare. Since absorption of Zn in the 

rice is faster at initiation of panicle formation until flowering (Karak, 2005), it seems that this topic has an 

important role in improving the grain yield at initiation of panicle formation in relation to mid tillring step, such 

that Zn foliar application at initiation step of panicle formation, resulted in as much as 9.82 percent increase in 

ear number per square meter and also as much as 9.48 percent decrease in number of empty seed per ear. 

Totally, Zn foliar application at the end of vegetative growth, can results in increasing transfer of Zn to the grain 

(Mythili, 2003). 

 Ultimately, based on the achieved results, foliar application of as much as 1.92 gram per liter of Zn chelate , 

meanwhile increasing yield component of rice, results in as much as 21.77 percent of the grain yield comparing 

with the control. Also Zn foliar application at initiation step of panicle formation resulted in improving the yield 

and yield component in relation to tillering step that can be due to increasing the speed of absorbing the said 

element at initiation step of panicle formation and increasing the efficiency of using nitrogen under flooded 

condition.  

 
Table 3: Multi-stage test of different levels of zinc fertilizer  

Source of variation Degree of freedom Sum of square F 

Zinc 4 21596976.24 5.42** 

Linear 1 10621909.83 10.66** 

Deviation from linear 3 10975066.41 3.67* 

Grade two 1 116177.10 0.12 ns 

Division from grade two 2 30898.86 0.01 ns 

ns and **: non-significant and significant at levels of 5 and 1 percent respectively 
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