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 In order to study of effects of nitrogen and potassium rates on agronomical traits, a 
field experiment was conducted as a factorial experiment in a randomized complete 
block design with three replications on rice plant in 2011 in the north of Iran. The 
treatments was include nitrogen rates in four levels N0, N35, N69 and N104 kg/ha and 
potassium rates in four levels including K0, K100, K200 and K300 kg/ha. Results 
showed that application of nitrogen cause an increase in agronomical traits and have 
shown significant effects on plant, stem and panicle height, total and effective tiller 
per hill, grain yield and harvest index. But, potassium application had only 
significantly increased straw yield and decrease panicle number but had not 
demonstrated significant effects on grain yield. Furthermore, high application of 
potassium has not shown significantly effects on yield and yield components. Plants 
fertilized with nitrogen had a greater grain yield and straw yield, mainly due to an 
increment in panicle number and total tiller. To increase of nitrogen fertilizer up to 
69 kg ha-1, tended to increase straw and grain yield. The results have also shown that 
although straw and grain yield were increased as harvest index decreased inversely. 

Finally, plant demand to nitrogen was higher than potassium on yield and yield 
 components rice. 
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INTRODUCTION 
 

Potassium is the most abundant macronutrient in soils. It is also the 7th most common element in the 
lithosphere which contains on an average 2.6% K [14]. Response of crops to K depends to a considerable extent 
on the level of N nutrition [14]. Yield response to applied potassium is a function of crop, variety, soil 
characteristics and application of other nutrients [18].  

In the North of Iran is the main rice (Oryza sativa L.) producing country, with approximately 650,000 ha of 
land under irrigated rice cultivation in 2011. Despite the importance of this crop, few studies have analysed the 
application of macronutrients to rice. Then, Elliot et al. [7] indicated that have suggested that potassium 
deficient rice is susceptible to diseases including stem rot (Sclerotiumoryzae Catt.). Tiwari et al. [21] observed 
that K application to rice increased with increasing levels of N. This is an interesting phenomenon of N and K 
interaction on crops and quite a few have worked on it [18,17]. The removal of potassium depends on the 
production level, soil type and whether crop residues are removed or recycled in the soil. When crop residues 
are retained in the field, large amounts of potassium are recycled. Average potassium uptake per ton of grain is 
25.0 kg ha-1 for rice [20]. Optimum application of nitrogen increased potassium uptake by 57% over control 
plots and nitrogen and phosphorus application increased potassium uptake by 145% [20]. 

Also, Elliot et al., [7] showed that potassium fertilization increased grain yield by 8 to 11% above rice 
receivingno K. The predicted K fertilizer rates required to optimize rice grain yield depended on themodel and 
ranged from 51 to 90, 41 to 70, 30 to 55, and 20 to35 kg K ha–1 for soil having Mehlich soil K concentrations of 
60, 70, 80, and 90 mg K kg–1, respectively. Elliot et al., [7] founded that potassium fertilizer applied between 
panicle differentiation and late bootcan reduce yield losses from K deficiency. Although soil acidity and low soil 
P are the major fertility constraints in soils Ultisols and Oxisols, K usually becomes limiting to cropgrowth 
under continuous cultivation [23]. Dierolf and Yost, [4] showed that soil and crop managementfactors also 
contribute to the occurrence of K deficiency. Additionally, removing crop stover from the field hastens the 
depletion of soil K [22]. In addition, Dierolf and Yost [4] showed that rice straw in upland rice system is usually 
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burned in pilesafter threshing. Even if farmers rotate the location of therice burn piles each season, incorporation 
of burnt stover generally results in an uneven distribution of nutrients, which can hasten nutrient depletion [4]. 
The large concentration of cations in one area may exceed the soil effective cation exchange capacity and render 
the nutrient cations susceptible to leaching losses [15]. 

Nitrogen is one of the most yield-limiting nutrients in lowland rice production, and proper N management is 
essential for optimizing rice grain yields [8]. However, the energetic cost of synthesizing N fertilizers is very 
high and N fertilization often represents the most expensive energy input in cereal-based cropping systems [2]. 
Sylvester-Bradley and Kindred [19] state that wheat breeding has greatly increased grain yield and that this 
improvement has been associated with an increase in optimum N rate; the increase in N fertilizer use has 
counter-acted the improvement in grain yield, resulting in a static NUE at optimum N levels. Extensive study 
has been conducted in the northern of Iran rice growing region examining the response of rice to N rates.  

Nitrogen fertilization has been an essential tool for increasing crop yield and quality, especially for cereals, 
and for ensuring maximum economic yield [9]. World consumption of N fertilizers has averaged 83 million 
metric tons (Mt) in recent years, of which about 47 Mt is applied to cereal crops. Furthermore, the N fertilizer 
rate that produced maximum grain yield also produced the highest head rice yield [1]. Nitrogen rates for 
optimum grain yield vary based on cultivar and soil texture [24]. Furthermore, rice cultivars commonly grown 
in the Iran require and respond to large amounts of N. At a global scale, cereal production, cereal yields, and 
fertilizer nitrogen consumption have increased in a near-linear fashion during the past 40 years [5]. More than 
70% of the world’s rice is produced in intensively cultivated, irrigated lowland systems in Asia [10]. In these 
systems, large amounts of mineral nitrogen fertilizers are used. In general, a given percentage increase in yield 
will do much more for profitability than a similar percentage reduction in nitrogen use, because the ratio of 
nitrogen costs to gross revenue from paddy is typically 8% or less [3]. Also, reduction in nitrogen use may be 
possible in some areas without any sacrifice in yields [25]. While rice production in much of the world 
increasingly focuses on optimizing grain yield, reducing production costs, and minimizing pollution risks to the 
environment [11]. Increasing the nitrogen concentration in rice does not always increase grain yield due to 
diminishing returns, and it is not always optimal from an economic perspective [16]. Although, the excessive 
use of nitrogen increases incidence of foliar pathogens and plant lodging [16]. Furthermore, the management of 
the nitrogen nutrition of the rice is difficult because lowland rice culture is conducive to nitrogen losses through 
ammonia volatilization, nitrification–denitrification, leaching, and runoff [18], which decreases the availability 
of N to the rice [16]. The aim of this study to determine interaction effects of nitrogen and potassium rates on 
yield and yield components of rice in the north of Iran 

 
MATERIAL AND METHODS 

 
Field experiments was conducted at the farm of the Research Institute, Chalous (36 38 N, 52 29 E, 14.7 m 

altitude), at the growth season in 2011 in Iran. The precipitation and evaporation were 79 and 888, respectively 
that maximum rain in Sep. with 4.67 mm and minimum was in Jun with 0.05 mm. The soil of the field is loam 
with pH 7.7, 4.7 % organic matter, 0.27 % total N, 62 ppM P, 86 ppM extractable K, and 1.48 µmohs EC.  

The field experiment was conducted on the farm as a factorial experiment in a randomized complete block 
design with three replications on rice plants. The treatments was include nitrogen rates in four levels N0, N35, 
N69 and N104 kg/ha and potassium rates in four levels including K0, K100, K200 and K300 kg/ha.  
 
Table 1: Selected soil properties for composite at experimental site at Chalous in 2011. 

Soil texture K (ppm) P (ppm) N (%) OM (%) OC (%) pH TNV (%) EC (µmohs/cm) Depth (cm) 
CL. L. 107 23.7 0.27 1.34 0.78 7.6 2.5 0.5 0-30 

 
The previous crop was rice. Rice genotype (cv Neda) (a rice cultivar that is widely planted in the region) 

was used of their short plant height (has over 120 cm height). Clean seeds of genotype with a minimum of 95% 
germination rate were soaked in water for 24 h and incubated for another 24 h. Then, the pre-germinated seeds 
were sown in seedling trays filled with soil to produce uniform seedlings. Seeds were sown on 5 May 2011. 
Seedlings 28 days old were transplanted in each hill and with a two plant per hill on 3 June 2011. The size of 
each plot was 5 m × 3 m. Seed density in the planting was 50 plants per square meter. After transplanting, 5 cm 
water depth was maintained in the experimental plots. Insects, diseases, and weeds were intensively controlled 
to avoid any yield loss. Phosphorous fertilizer was used 100 kg P2O5 ha-1 as super phosphate triple as basal 
fertilizers were applied, respectively. Basal fertilizers were applied and incorporated in all plots 1 day before 
transplanting. Nitrogen was used as urea and split-applied: 33.3% at basal, 33.3% at panicle initiation, 33.3% at 
full heading by hand broadcast method.  

Ten days before harvest, the plots were drained to facilitate harvesting. At maturity, 12 hills were sampled 
from a 5-m2 harvest area to determine yield components. Panicle number of each hill was counted to determine 
the panicle per m2. Panicles were hand-threshed and the filled spikelets were separated from unfilled spikelets 
by submerging them in tap water. Dry weights of rachis and filled and unfilled spikelets were determined after 
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oven-drying at 70 0C to constant weight. Biological yield, harvest index, straw yield and grain yield was the 
total dry matter of straw, rachis, and filled and unfilled spikelets from a 3-m2 sampling area within each plot. 
Plant samples were separated into straw and panicles. The dry weight of straw was determined after oven-drying 
at 70 0C to constant weight. Grain yield was determined from a 3-m2 sampling area within each plot and 
adjusted to a moisture content of 0.14 g H2O g-1 fresh weight. Harvest index (100 × filled spikelet 
weight/biological yield) were calculated. 

Data statistical analysis were done using the facility of computer and SAS software and the treatment means 
were compared using the test of Duncan multiple range test at 5 % probability level.  

 
RESULTS AND DISCUSSION 

 
The symptoms of N and K deficiencies were not observed in any of the subplots; however, there were 

highly significant differences by nitrogen application for yield and for yield components but there was no 
interaction between K and N (Table 2). Nitrogen application significantly increased plant height by <4-7% in 
nitrogen rates. At maturity, plant height was highest in N104 (129.4 cm) and all yield components also improved 
in N104; therefore the highest and lowest grain yield was obtained from N104 and N0 with 4392 and 3255 kg ha-1, 
respectively (Fig. 1). Application of N promotes vegetative growth and plant height. In N104, the total tiller and 
effective tiller per hill was higher than 24 and 23, respectively. These differences could mainly be explained by 
the high demand plant to nitrogen. 

 

 
Fig. 1: Effect of nitroge rates on grain yield of rice 

 
The least number of panicle per square meter (186.5 panicle) (Fig. 2) and also the lowest grain yield was 

obtained with N0 (3255 kg ha-1) (Tables 3). Nitrogen application resulted in more vegetative growth, leading to 
higher yield components production and greater grain yield. In contrast, N35 produced the highest HI; in N104, 
straw yield increased more than grain yield, which resulted in a lower HI, although straw yield in potassium 
rates increased mostly in grain yield because number of panicle had been decreased. 

 
Fig. 2: Effects of nitrogen rates on panicle number of rice 
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Rice did not respond to K application and there were no significant difference among potassium, although 

there were significant differences in straw yield and the number of panicle per square meter (Table 2). The 
lowest and highest of number of panicle per square meter were obtained with K300 and K100 (195.82 and 249.20 
panicle, respectively) (Fig. 3) and straw yield were obtained with K0 and K300 (9388 and 11340 kg ha-1, 
respectively) (Fig. 4) (Tables 3). This could be explained by soil moisture status; in irrigated rice, the soil 
moisture was maintained K available, whereas in limited irrigation field conditions, rice responds to K soil 
application. In addition, the high level of potassium in the soil may have limited the yields due to its antagonistic 
effect on other nutrients or possibly, due to retarded respiration rates of roots under anaerobic soil conditions, 
adequate absorption of potassium by rice roots can only be ensured by high potassium levels in the soil [18].  

 

 
 

Fig. 3: Effects of potassium rates on straw yield of rice 
 
Potassium application decreased the number of total tillers; however the decrease in tiller number was 

greater in K300 compared with other rates. Generally the better the crop is supplied with N, the greater the yield 
increase due to K [14]. On the other hand, applied N is only fully utilized for crop production when K is 
adequate [13].  

The variance analysis showed that the nitrogen × potassium interaction produced no significant differences 
in growth and yield (Tables 2). The response was similar between plots because soil had medium nitrogen and 
potassium soil availability. So, the lowest and highest of number of panicle per square meter were obtained with 
N0K300 and N104K100 (139 and 310 panicle, respectively) and straw yield were obtained with N0K200 and N104K300 
(7293 and 15740 kg ha-1, respectively) (Tables 4). 

 

 
Fig. 4: Effect of potassium rates on panicle number of rice  

 
Field crops generally absorb potassium faster than they absorb nitrogen or phosphorus or build up dry 

matter [18]. Finally, the N104K200 was the best interaction in grain yield with 4596 kg ha-1 (Tables 3). 
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Dobermann et al. [6] observed significant yield increase of 12% to potassium in rice at Pantnagar. In a 5-year 
field study on a sandy loam soil, application of 25 kg ha–1 resulted in a mean increase in yield of rice by 280 kg 
grain ha–1, respectively, [12]. 

 
Table 2: Square mean of effects of N and K applications on yield and yield components of rice at Chalous in 2011. 

Harvest 
index 

Straw yield Grain yield Panicle 
number 

Filled 
spikelet 
percentage 

Effective 
tiller per 
hill 

Total tiller 
per hill 

Panicle 
length 

Stem height Plant height DF S.O.V. 

1.394 ns 505818.89 ns 3288332.02* 7844.813** 15.063 ns 11.038 ns 3.563 ns 1.271 ns 52.939 ns 63.063 ns 2 Replication 

26.005 * 61338922.70 ** 2963747.19 ** 9832.472** 89.139 ns 182.028** 195.944** 7.021 * 112.185** 545.910** 3 Nitrogen (N) 

5.612 ns 7931548.40 * 116267.47 ns 6014.528** 30.472 ns 9.694 ns 7.056 ns 3.410 ns 12.044 ns 13.188 ns 3 Potassium (K) 
13.277 ns 3078793.20 ns 501112.43 ns 2819.806 ns 147.009 ns 3.565 ns 2.519 ns 0.836 ns 23.080 ns 24.595 ns 9 N×K 
8.849 1931338.50 6211974.66 1989.546 113.907 6.283 7.607 2.004 17.684 39.485 30 Error 
10.82 13.58 20.87 19.79 13.62 13.52 14.33 6.23 4.06 4.43 - C.V. (%) 

** and * significant in 1 and 5% level, respectively. ns, non-significant. 
 
Table 3: Mean comparison of simple effects of N and K applications on yield and yield components of rice at Chalous in 2011. 

Harvest 
index 

Straw 
yield 

Grain 
yield 

Panicle 
number 

Filled spikelet 
percentage 

Effective 
tiller per hill 

Total 
tiller per 
hill 

Panicle 
length 

Stem 
height 

Plant 
height 

Treatments 

% kg/ha kg/ha m-2 %   cm cm cm  
28.22 ab 8042 c 3255 b 186.5 c 75.17 a 14.45 c 17.92 c 22.75ab 99.72 bc 120.9 b N0 
29.06 a 9102 c 3526 b 202.7 bc 81.83 a 16.08 c 17.17 c 22.50 b 103.0 bc 125.6 a N35 
27.01 ab 10530 b 3944 ab 233.3 b 78.25 a 20.00 b 20.83 b 21.29 b 104.3 ab 126.2 a N69 
25.68 b 13260 a 4392 a 279.0 a 78.25 a 23.33 a 24.08 a 23.70 a 107.1 a 129.4 a N104 
26.49 a 9388 b 3879 a 223.33ab 78.25 a 19.50 a 20.17 a 23.33 a 105.0 a 126.7 a K0 
27.86 a 10080 b 3738 a 249.2 a 76.17 a 19.08 a 19.58 a 23.00 a 103.0 a 124.8 a K100 
27.99 a 10130 b 3839 a 233.2 ab 79.58 a 17.50 a 18.75 a 22.42 a 103.8 a 125.4 a K200 
27.64 a 11340 a 3661 a 195.82 b 79.50 a 18.00 a 18.50 a 22.17 a 103.3 a 125.3 a K300 

Values within a column followed by same letter are not significantly different at Duncan (P ≤ 0.05).  
 

Table 4: Mean comparison of interaction effects of N and K applications on yield and yield components of rice at Chalous in 2011. 
Harvest 
index 

Straw 
yield 

Grain 
yield 

Panicle 
number 

Filled spikelet 
percentage 

Effective 
tiller per hill 

Total tiller 
per hill 

Panicle 
length 

Stem 
height 

Plant 
height 

Treatments 

% kg/ha kg/ha m-2 %   cm cm cm  
27.92 abc 8195 fgh 3383 ab 204.0 b-e 78.67 a 15.00 c 15.67 ef 23.33 abc 101.4 bc 122.0 abc N0K0 
25.05 bc 8942 efgh 3278 ab 205.0 b-e 69.67 a 14.33 c 14.33 ef 22.67 abc 99.30 c 118.0 c N0K100 
31.50 ab 7293 h 3313 ab 198.3 cd 81.00 a 15.00 c 15.00 f 22.67 abc 99.23 c 122.3 abc N0K200 
28.42 abc 7739 gh 3047 ab 139.0 e 71.33 a 14.67 c 14.67 f 22.33 abc 98.93 c 121.3 abc N0K300 
28.03 abc 8370 fgh 3949 ab 210.b-e 84.00 a 17.00 bc 17.33 c-f 23.33 abc 103.2 abc 127.0 abc N35K0 
32.62 a 8661 fgh 2759 b 176.8 de 75.67 a 18.00 bc 18.67 c-f 22.67 abc 105.9 abc 128.7 ab N35K100 
27.32 abc 9573 d-h 3899 ab 229.7 a-d 85.00 a 14.33 c 16.33 def 21.67 bc 102.9 bc 124.0 abc N35K200 
28.23 abc 9804 c-h 3498 ab 195.0 cde 82.67 a 15.00 c 16.33 def 22.33 abc 100.0 c 122.7 abc N35K300 
26.40 bc 9524 d-h 3729 ab 193.3 cde 71.67 a 21.33 ab 22.00 bc 22.67 abc 104.1 abc 126.7 abc N69K0 
26.84 abc 10480 c-e 4506 a 305.7 a 72.00 a 20.00 ab 20.67 b-e 22.00 abc 105.4 abc 127.7 abc N69K100 
27.10 abc 10040 c-g 3548 ab 232.7 a-d 82.00 a 18.00 bc 19.67 cd 22.33 abc 102.3 bc 125.0 abc N69K200 
27.69 abc 12090 bcd 3995 ab 201.3 b-e 87.33 a 20.67 ab 21.00 a-d 20.67 abc 105.2 abc 125.3 abc N69K300 
23.60 bc 11460 b-e 4455 a 286.0 ab 87.67 a 24.67 a 25.67 a 24.00 ab 111.2 a 131.0 ab N104K0 
26.93 bc 12240 bc 4411 a 310.0 a 87.33 a 24.00 a 24.67 ab 24.67 ab 101.4 bc 124.7 abc N104K100 
25.99 bc 13600 ab 4596 a 272.0 abc 87.67 a 23.00 a 24.00 ab 23.00 abc 106.6 abc 130.3 ab N104K200 
26.21 bc 15740 a 4105 ab 248.0 a-d 87.33 a 21.67 ab 22.00 abc 23.33 abc 109.2 ab 131.7 a N104K300 

Values within a column followed by same letter are not significantly different at Duncan (P ≤ 0.05).  

 
Conclusion: 

According to these results the potassium content is higher in rice straw than grain. So, in high potassium 
application was restricted transport to seed and absorbed potassium is stored in straw and leading to straw yield 
is increased and because absorb potassium faster than absorb nitrogen dry matter increases. However, due to 
increased vegetative growth leaf and stem tissues had increase which result in shading was developed in the late 
growth and reduced the number of panicle and this reduces the effect of high potassium on grain yield and is 
decreased. 
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