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ABSTRACT: In order to study the effects of Zn and K on yield and yield components of rice cv. Tarom 
Hashemi, a factorial experiment was conducted in a research farm in Islamic Azad University of Chalus, 
Iran in 2012 on the basis of a Randomized Complete Block Design with three replications. The treatments 
included K fertilization at four levels (0, 50, 100 and 150 kg ha-1) and Zn fertilization at three levels (0, 30 
and 60 kg ha-1). K and Zn were supplied from K2SO4 and ZnSO4 sources, respectively. It was found that 
K had a significant effect on grain yield so that the highest grain yield was obtained by the application of 
100 and 150 kg K ha-1 which can be associated with the number of fertile tillers and the number of grains 
per spike. In addition, the highest straw weight and biological yield and the lowest plant height were 
obtained under the application of 100 and 150 kg K ha-1, respectively. Zn fertilization had no significant 
effect on grain yield. However, the highest grain yield was observed in the treatment of 60 kg Zn ha-1. The 
interaction between K and Zn significantly changed plant height, leaf length, the number of grains per 
spike, biological yield and grain yield. The highest grain yield was produced by the treatment of 100 kg 
K ha-1 + 0 kg Zn ha-1. Finally, it can be recommended to apply 100 kg K ha-1 to realize appropriate yield of 
rice and that Zn application had no influence on yield and yield components of the rice in the present study. 
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INTRODUCTION 
 

 Among factors influencing the production, the yield increase caused by fertilization is about 25% proving the 
great importance of fertilizers in increasing rice production (Malakouti and Kavousi, 2004). After ammonium, 
potassium (K) is the most mobile ion in rice (Dedatta, 1985). As a result of its high mobility, K plays a critical role in 
activating most enzymes that influence important metabolic processes like photosynthesis and proteins formation 
(Kimura, 1977). Potassium helps the duration of the physiological activity of stamen and continuous K uptake until 
the maturity stage is very important for higher yield (Malakouti, 1999). In addition to increasing the power of the 
translocation of the assimilates (Qaribian, 2010), K plays a positive role in the translocation of N and its synthesis to 
protein (Shahidi, 2001). Studies in Iran show the increased outflow of K from rice field and the negative K balance in 
soils in the recent two decades caused by the cultivation of high-yielding cultivars, the use of well water, the increase 
in N and P fertilization and limited use of K fertilizers, and the use of rice straw for feeding animals and preventing 
their return to soil. This trend gradually reduces the capacity of K supply to soils and paves the way for K deficiency 
in soils proving the necessity of the use of K fertilizers for increasing rice yield (Anbumozhi, 1995; Biswas ., 2000). 
Malakouti (2004) believes that the application of a small amount of potassium sulfate does not result in any responses 
on the side of rice growth in most soils because of severe K depletion and high clay content. 
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 K application can enhance the number of grains per spike, the percentage of filled grains and 1000-grain weight 
of rice (Bahmanyar, 2005). Other studies show that K fertilization positively influences the percentage of filled grains 
of rice and K deficiency results in the sterility of pollens and lower number of filled grains (Dedatta ., 1980). In a 
greenhouse study, K fertilizer treatment resulted in significantly higher stem dry weight and grain yield of rice than 
control and increased N uptake (Faraj and Razavipour, 2007). In a study on three K fertilizer rates of 30, 60 and 90 
kg ha-1 in India, K fertilizer rate of 60 kg ha-1 brought about higher grain yield of rice which was mainly caused by the 
improvement of yield components including the number of spikes per unit area, the percentage of filled grains per 
spike and 1000-grain weight (Bajwa, 1986). K does not play an important role in tillering. However, it increases the 
number of grains per spike and 1000-grain weight in contrary (Malakouti and Homaei, 2004). Other studies indicated 
that K application for local and high-yielding rice cultivars significantly impacted the increase in the yield (Sa’adati, 
2002). It has been revealed that the application of 125 kg K ha-1 increased grain yield (Welch, 1986). Also, it has 
been shown that the maximum yield was realized by the application of 200 kg K ha-1 (Welch, 1986). 
 Zinc (Zn) is one of the most important macro-elements whose applicable dose generally decreases in 
waterlogged soils. Continuous, long-time cultivation of rice, the application of stable chemical fertilizers like N and P 
and the lack of the application of other elements including Zn cause the soil of rice fields to be depleted from Zn. Zn 
deficiency may be the most limiting factor in rice fields. Valinejad . (2001) concluded that Zn concentration was below 
the critical limit (1.1 mg kg-1 by Nelson’s method) in 23% rice fields of Mazandaran, Iran. This problem is widely 
observed in almost neutral to alkaline soils, especially in limy soils (Najafi and Tofiqi, 2006). Zn deficiency is known 
as the most widespread and important disturbing factor of micro-nutrients in rice (Dobermann, 2000). Studies show 
that the probability of the occurrence of Zn deficiency is the highest (49%) among all micronutrients (Pals ., 1997). 
This deficiency in rice fields results in lower production of auxin in chlorophyll (Indulkar and Malwar, 1989), lower 
activity of most enzymes, lower production of protein and sucrose, and higher amount of free amino acids due to the 
inhibited activity of enzyme polymerase. Chankan and Revkasem (2009) found that Zn fertilization affects people's 
nutrition regime during rice cooking through the accumulation of Zn and K in white rice. 
The ratio of the application of N, P2O5, K2O and micro-nutrients has been changed from 100-85-30+0 in 1991 to 100-
55-20+1% in 2008 and needs to be changed to 100-40-30+50%+4% in 2002 if fertilizers are supplied on-timely 
(Malakouti and Homaei, 2004). According to greenhouse and field studies, the application of zinc sulfate (in the form 
of Zn-contented urea) increased grain yield in pots, the application of Zn-contented urea in field increased the yield 
from 3.6 to 8.6 t ha-1 and the yield was 6.2 t ha-1 under the application of zinc sulfate (Moayed ., 1989). Salim . (1996) 
reported that the maximum plant height, the number of productive tillers per spike, the number of spikes, the number 
of spikelets per spike, 1000-grain weight, and straw yield were obtained under the application of 12 and 16 kg ha-1 
zinc sulfate, but the difference between them was not statistically significant. Rei . (2000) stated that the application 
of 15 kg ha-1 zinc sulfate as base fertilizer increased grain yield by 630-840 kg ha-1 and resulted in higher yield 
components including the number of spikelets per spike (10%), the number of grains per spike (30%) and 1000-grain 
weight (8%).  
 The application of macro-nutrients as well as zinc sulfate produced the highest straw yield and the application of 
zinc sulfate significantly increased yield as compared to control but reduced P concentration (Yasim ., 1999). K 
application increased Zn availability and uptake by rice plants, especially in soils with coarse textile (Nelsan ., 1986). 
 

MATERIALS AND METHODS 
 

 In order to investigate the effect of Zn and K on yield and yield components of rice, a field study was conducted 
in Islamic Azad University of Chalus, Iran (Lat. 40°58' N., Long. 53°69' E., Alt. 3 m) in 2012. The study was a factorial 
experiment on the basis of a Randomized Complete Block Design with three replication in which the treatments 
included Zn fertilization at three levels [0, 30 and 60 kg ha-1 zinc sulfate (ZnSO4)] and K fertilization at four levels [0, 
50, 100 and 150 kg ha-1 potassium sulfate (K2SO4)]. The different rates of ZnSO4 and K2SO4 were applied during 
transplanting. Before the study, the farm was plowed, ridged and leveled. Prior to transplanting, the farm was fertilized 
with 120 kg ha-1 urea at three stages (50% as base, 25% during initial spike emergence stage, and 25% during full 
spike-bearing stage) according to soil analysis. In addition 15 kg ha-1 sulfur was used to reduce soil pH and facilitate 
Zn and K uptake. The transplanting was conducted in the planting arrangement of 25×25 cm with three transplants 
in each planting spot. The weeds were controlled manually at two stages (18 and 30 days after transplanting). Rice 
stem-borer was controlled with 5% Diazinon Granules at two stages of its invasion. The measured traits on the 
samples taken from six piles per plot included plant height, number of fertile tillers per pile, flag leaf length, number 
of grains per spike, 1000-grain weight and harvest index. To calculate the number of spikes per m2, grain yield and 
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biologic yield, 1 m2 of each plot was harvested. The variance of data was analyzed by MSTAT-C statistical software 
and the means were compared by LSD test at 5% probability level. 
 

RESULTS AND DISCUSSION 
 

 Analysis of variance showed that the influences of K and Zn and their interactions were significant on plant height 
at 1% probability level (Table 1). The highest plant height (153.4 cm) was obtained under the application of 50 kg 
K ha-1 + 0 kg Zn ha-1 and the lowest one (136.5 cm) under the application of 150 kg K ha-1 + 60 kg Zn ha-1 (Table 3). 
Sharma (1986) mentioned ZnSO4 as the reason for the increase in height. Bahmanyar (2005), too, mentioned the 
application of K and ZnSO4 fertilizer as the reason for the increase in plant height. 
 As can be seen in Table 1, only K fertilization significantly affected the number of spikes. The highest number of 
spikes per m2 (244.1) was obtained under no-K fertilization and the lowest one (208.7) under the application of 100 
kg K ha-1 (Table 2). Bajwa (1986) reported that the application of K up to 60 kg ha-1 increased the number of spikes 
per unit area. The interaction between Zn and K was significant on flag leaf length at 5% probability level (Table 1), 
so that the highest length of flag leaf (36.26) was obtained under the application of 50 kg K ha-1 + 0 kg Zn ha-1 and 
the lowest one (28.16) under the application of 150 kg K ha-1 + 0 kg Zn ha-1 (Table 3). Bahmanyar (2005) stated that 
the treatment of K + ZnSO4 fertilizer increased the length and width of flag leaf. Malakouti and Homaei (2004) too, 
related the increase in the length of flag leaf to the application of K fertilizer. 
 K fertilizer and the interaction between Zn and K significantly influenced the number of fertile tillers at 1% 
probability level (Table 1). The highest number of fertile tillers (17.67) was observed under the interaction between 
100 kg K ha-1 and 0 kg Zn ha-1 and the lowest one (10.75) under the interaction between 50 kg K ha-1 and + 0 kg 
Zn ha-1 (Table 3). Seemingly, plants were more capable of mobilizing assimilates under higher K level which resulted 
in higher number of fertile tillers which is in agreement with Qaribian (2010). In a study on different rates of K 
fertilization (0, 75, 150 and 225 kg ha-1) from K2SO4 source, Bahmanyar (2005) found that the increase in the number 
of fertile tillers had the greatest contribution in yield. 
 The interaction between Zn and K was significant for the number of grains per spike at 1% probability level (Table 
1). The highest number of grains per spike (128.6) was obtained under the application of 100 kg K ha-1 + 0 kg Zn ha-

1 (Table 3). Dedatta . (1985) stated that K deficiency resulted in the sterility of pollen and the decrease in the number 
of filled grains. It was shown that the application of 100 kg K ha-1 produced the highest number of grains per spike 
(128.6 grains) (Faraj and Razavipour, 2007). Also, Bahmanyar (2005) stated that K application increased the number 
of grains per spike. In the present study, 1000-grain weight was not affected by the experimental treatments (Table 
1). It seems that 1000-grain weight is a trait which has the greatest dependence on genetic attributes of the cultivars 
and the least dependence on environmental parameters (Izadi and Imam, 2010). 
 Biological yield was influenced by the interaction between Zn and K at 1% probability level (Table 1). The highest 
biological yield (1902 g m-2) was produced under the application of 100 kg K ha-1 + 0 kg Zn ha-1 and the lowest one 
(1163 g m-2) under the application of 0 kg K ha-1 + 30 kg Zn ha-1 (Table 3). Fallah and Sa’adati (1997) reported that 
the application of K fertilizer (K2SO4) resulted in higher biological yield than no K application. Harvest index was only 
affected by the interaction between Zn and K at 1% probability level (Table 1). The highest harvest index (32.20) was 
observed under the application of 150 kg K ha-1 + 60 kg Zn ha-1 (Table 3). Alizadeh (2010) stated that the concurrent 
increase in K and Zn fertilization rates increased harvest index. 
 Analysis of variance indicated that the effect of K on grain yield was significant at 1% probability level and the 
interaction between Zn and K was significant for it at 5% probability level (Table 1). The highest grain yield (541.7 
g m-2) was produced under the application of 100 kg K ha-1 + 0 kg Zn ha-1 and the lowest one (362 g m-2) under the 
application of 50 kg K ha-1 + 0 kg Zn ha-1 (Table 3). It appears that the application of Zn in the present study had no 
effect on rice yield. Many studies show that the application of potassium oxide at the rate of 100-150 kg ha-1 increased 
grain production and that the application of 20 kg ZnSO4 ha-1 increased grain production but further increase in the 
rate of ZnSO4 fertilization had no effect on yield (Fallah and Sa’adati, 1997). In a study, Bahmanyar (2005) proved 
the effect of Zn and K fertilization on the increase in the grain yield of rice. In a study on the effect of different levels 
of potassium chloride on rice yield, Malakouti. (2004) concluded that K fertilization increased rice grain yield from 
400 to 1800 kg ha-1. 
 

 
 
 

Table 1. Means of squares of the measured traits 
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S.O.V. df Plant 
height 

No. of 
grains 

No. of 
spikes 

Fertile 
tillers 

1000-grain 
weight 

Grain 
yield 

Biological 
yield 

Harvest 
index 

Leaf 
length 

Replication 2 6.44 ns 5.98 ns 310.02 ns 0.69 ns 2.77 ns 275.58 ns 82321.19* 23.84 ns 15.47* 
K 3 64.98** 202.74* 2373.13** 18.25ns 7.88 ns 15192.32** 243760.1** 5.96 ns 31.82** 
Zn 2 76.97** 299.12* 1026.86 ns 0.43 ns 0.111ns 5450.25 ns 74856.36 * 5.75 ns 14.11* 
K × Zn 6 62.87** 362.12** 819.41 ns 14.47 ns 2.29 ns 8276.21* 159226.1** 30.34 ns 28.26** 
Error 22 11.32 65.43 492.02 1.43 4.29 2551.58 18933.25 11.12 4.08 
C.V. (%)  2.34 7.67 9.78 7.99 7.88 11.14 8.53 11.62 6.48 

 
Table 2. Means of main effects on the measured trait 

 
Treatment Plant 

height 
(cm) 

Grain no. Spike no. Fertile 
tiller 

1000-grain 
weight 
(g) 

Grain 
yield 
(g m-2) 

Biological 
yield 
(g m-2) 

Harvest 
index 

Leaf 
length 
(cm) 

K (0 kg ha-1) 146.1 a 100.9 b 244.1 a 15.00 ab 27.33 a 429 ab 1606 ab 28.07 a 33.66 a 
K (50 kg ha-1) 145.9 a 103.9 ab 236.3 a 13.36 b 25.22 a 408.1 b 1397 b 29.79 a 31.70 ab 
K (100 kg ha-1) 143.8 a 112.1 a 208.7 a 16.83 a 26.78 a 491.9 a 1794 a 28.09 a 29.52 b 
K (150 kg ha-1) 140.3 a 105.1 a 218.3 a 14.81 ab 25.89 a 484 a 1655 a 28.87 a 29.97 b 
Zn (0 kg ha-1) 146.9 a 111.2 a 223.0 a 15.17 a 26.25 a 461.8 a 1691 a 27.94 a 32.19 a 
Zn (30 kg ha-1) 142.7 a 101.7 a 220.2 a 15.04 a 26.42 a 429.0 a 1533 a 29.30 a 30.04 a 
Zn (60 kg ha-1) 142.4 a 103.7a 237.4 a 14.81 a 26.25 a 469.0 a 1615 a 28.87 a 31.41 a 

 
Figures in each column with similar letter(s) did not have statistically significant differences. 

 
Table 3. Means of interactions for the measured traits 

 
Treatment Plant 

height 
Grain 
no. 

Spike 
no. 

Fertile 
tiller 

Grain 
yield 

Biological 
yield 

Harvest 
index 

Leaf 
length 

0 kg ha-1 K + 0 kg ha-1 Zn 147.5 ab 106.6 bc 251.3 a 16.92abc 439.3 bc 18.26 a 25.37 b 34.21 ab 
0 kg ha-1 K + 0 kg ha-1 Zn 148.4 ab 101.3 bc 237.7 ab 15.17bcd 368.3 c 1163 d 33.29 a 30.81bcd 
0 kg ha-1 K + 0 kg ha-1 Zn 142.3bcde 95.41 c 243.3 ab 12.92 e 479.3 ab 1829 a 25.56 b 35.94 a 
50 kg ha-1 K + 0 kg ha-1 Zn 153.4 a 113.9 b 239.0 ab 10.75 f 362 c 1305 d 28.20ab 36.26 a 
50 kg ha-1 K + 30 kg ha-1 Zn 138.4 de 101.1 bc 220.7abc 12.75ef 427.7 bc 1563 bc 30.98ab 28.81 d 
50 kg ha-1 K + 60 kg ha-1 Zn 145.7 bc 96.85 c 249.3 a 16.58abc 434.3 bc 1323 cd 30.18ab 30.04 cd 
100 kg ha-1 K + 0 kg ha-1 Zn 146.0 bc 128.6 a 183.3 c 17.67 a 541.7 a 1902 a 28.89ab 30.10 cd 
100 kg ha-1 K + 30 kg ha-1 Zn 140.4 cde 94.36 c 201.0 bc 17.42 ab 495 ab 1732 ab 27.29ab 27.54 d 
100 kg ha-1 K + 60 kg ha-1 Zn 145.0 bc 113.5 b 241.7 ab 15.42bcd 439 bc 1748 ab 28.09 a 30.93bcd 
150 kg ha-1 K + 0 kg ha-1 Zn 140.8 cde 96.11 c 218.3abc 15.33bcd 503.7 ab 1730 ab 29.32ab 28.16 d 
150 kg ha-1 K + 30 kg ha-1 Zn 143.6 bcd 109.9 bc 221.3abc 14.83cde 425.0 bc 1673 ab 25.65 b 33.02abc 
150 kg ha-1 K + 60 kg ha-1 Zn 136.5 e 109.2 bc 215.3abc 14.25 de 523.3 ab 1560 bc 31.65ab 28.73 d 

 
Figures in each column with similar letter(s) did not have statistically significant differences. 

 

Conclusion 
      Increment of agricultural performance over the past three decades  has  been  achieved  by degrading  the 
environment and the emergence of problems such as soil erosion, pollution from pesticides, water resources and 
have reduces biological diversity in plants  and  animals  in  the  world.  Therefore,  the using of nutrient fertilizers as 
an aim to achieve maximum production in  a  short  period  of  time  is  different  to  conventional system. Its aim is 
to achieve a stable level of production for long-term environmental compatibility to low inputs and small amounts of 
chemicals (increasing of productivity). In the present study under the simple effect of K fertilization, the highest grain 
yield was obtained by the application of 100 and 150 kg K ha-1 which could be related to the increase in the number 
of grains and fertile tillers. Under the interaction between Zn and K fertilization, the highest grain yield was observed 
under the application of 100 kg K ha-1 + 0 kg Zn ha-1. 
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