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ABSTRACT  
 
 In order to study effect of nitrogen and potassium rates of mother plant on germination and seedling growth 
of rice seeds, the experiment was factorial experiment in a randomized complete block design in three 
replications. The treatments consisted of nitrogen rates in four levels including: N0, N35, N69 and N104 kg/ha as 
main plots, potassium rates in four levels including; K0, K100, K200 and K300 kg/ha, as subplots applied to mother 
plants at Sari in Iran in 2011. The results indicated that there were significant differences in the seed 
germination speed and seed germination percentage (p ≤ 0.05) by nitrogen rates. The highest of the seed 
germination speed and seed germination percentage were obtained by N104 with 9.07 and 95.17 %, respectively 
and the lowest were obtained in seed germination speed by N35 with 8.07 and the seed germination percentage 
by N69 with 88.33 %. Also, there was significant difference in the seed germination speed (p ≤ 0.01) by 
potassium rates. K100 and K0 had the highest and the lowest of the seed germination speed with 9.15 and 8.21, 
respectively. Generally, nitrogen application in mother plants leads to increase seed nitrogen and potassium 
content, vice versa increasing application potassium in mother plant reduced seed nitrogen and potassium 
content. Therefore, seed germination speed and seed germination percentage increased high nutrient availability 
because of seed metabolic activities by associating them with formation of new tissues and enzyme activity. 
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Introduction 
 
 Seed vigor and germination ability directly 
affect yield and seed quality also affect seedling 
emergence [24]. Seed quality affected by several 
factors and seed germination, vigor and health 
assessment has an important role in determination of 
seed quality [18]. Moreover, some reports also are 
remarkable that application of 0-200-400-600 kg/ha 
nitrogen fertilizer has no effect on seed vigor and 
germination percentage [15]. Also, high application 
of nitrogen fertilizer in pea had decreased yield and 
germinating ability [19]. So, positive effect of 
nitrogen fertilizer in mother plant can attribute to its 
role in delaying aging cycle and providing enough 
time to obtain photosynthetic matters and so more 
weigh and higher quality [5,17].  
 Nitrogen fertilizer increased seed protein content 
in wheat [9] that is a good index for seed quality and 
vigor, as by application of nitrogen fertilizer in 
wheat, seeds had higher final germination percentage 
while the time that 50 % of seeds germinated and 
mean germination time significantly decreased [25] 
and seeds with application 120 kg/ha nitrogen 

fertilizer had more vigor compare to 0-60-180 kg/ha 
in electrical conductivity test [25]. Nitrogen 
application causes crop leaf area increasing that may 
increase dry matter by more light absorption [26]. 
Environmental conditions especially soil nitrogen 
affect seed nitrogen content and sometimes increase 
or decrease yield and yield components [16]. 
Generally, each biotic or non-biotic factor that 
affects seed vigor and germination during seed 
development has a subsequent affect on production 
especially under stress conditions [29]. 
 Young et al., [27] found that seedling 
establishment of medusahead increased with N03 
fertilization, was unaffected by NH4 fertilization, and 
decreased when mineral nitrogen was immobilized. 
These field experiments suggest that modifications in 
soil N availability and mineral nitrogen form may 
decrease establishment of invasive annual grasses 
[27].  
 Bulisani and Warner [2] found that relationships 
between nitrogen nutrition, the accumulation of 
proteins in the seed of other species and its possible 
influence on physiological quality [6]. It is well 
known that proteins are fundamental components of 
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cell membrane system, whose integrity determines its 
selective permeability and is directly related with 
seed performance [1]; these authors emphasized the 
importance of protein reserves for the normal seed 
metabolic activities by associating them with nucleic 
acid synthesis, formation of new tissues of the 
embryonic axis and enzyme activity.  
 Experiments on wheat seeds with uniform size 
but different nitrogen concentration have shown 
higher amount of protein content which may produce 
vigorous seedlings but this not always become true 
[20]. Studies on sunflowers showed that high 
germination in sunflower is gained by using 120 
kg/ha nitrogen fertilizer [22,11]. The aim of this 
study effect of nitrogen and potassium rates of 
mother plant on seed N and K content, its effects on 
germination and seedling growth of rice seeds. 
  
Material and Methods 
 
 This experiment was conducted in laboratory 
and farm at Sari in Iran in 2011. 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 as main plots and potassium rates in four 
levels including K0, K100, K200 and K300 kg/ha, as 
subplots applied to mother plants. Then the 
laboratory experiment was carried out as a factorial 
experiment in a randomized complete block design 
with three replications at the Research Laboratory of 
Faculty of Agriculture of Chalos, Islamic Azad 
University, Iran.  
 Seed density in the planting was 50 plants per 
square meter. For field preparation and 150 kg super 
phosphate triple were added to the soil. The rice 
cultivar used was Tarom (a rice cultivar that is 
widely planted in the region). Seeds were primed 
with water for twenty four hours, at 20°C. After 
priming, seeds were placed in 9 cm glass petri dishes 
on a layer of filter paper (Whatman # 41). Twenty 
five seeds were placed in each petri dish. 
 Germination percentage was estimated 
according to the technique of Standard Germination 
Test [7]. To estimate germination percentage, 
germination was counted every two days till 14 days 
where seeds germinaton were completed. A seed was 
considered germinated when radicle emerged by 
about 2 mm in length. Moreover, germination 
percentage was determined in the end of test. 
Germination speed (GS) was calculated according to 
the formula of McGuire [13] as follows: 
                   Normal                                  Normal  
             seedlings (No)                        seedlings (No) 
GS = ---------------------- + ---- + ----------------------            
         Days to first count              Days to final count 
 
 To determine the seedling dry weight, after the 
14 day, seedlings produced in each petri dish were 

separated from the seeds, dried at 70°C to a constant 
weight and then weighed. 
 Data statistical analysis were done using the 
facility of computer and SAS software [21] and the 
treatment means were compared using the test of 
Duncan multiple range test at 5 % probability level. 
 
Results and Discussion 
 
 Results from variance analysis showed that there 
was significant difference in the seed germination 
speed and seed germination percentage (p ≤ 0.05) by 
nitrogen rates (Table 1). So that, the highest of the 
seed germination speed and seed germination 
percentage was obtained by N104 with 9.07 and 95.17 
%, respectively whereas the lowest were obtained in 
seed germination speed by N35 with 8.07 and the seed 
germination percentage by N69 with 88.33 % (Table 
2). Seed germination speed and seed germination 
percentage was also significant difference, mainly 
due to numerical difference in seed tissue N and K 
concentration. The highest and lowest of seed 
germination percentage was obtained by N0×K100 and 
N69×K300 with 97.33 and 82.00 %, respectively 
(Table 3). Kanzikwera et al., [8] demonstrate that the 
combination of N240K132 result in low germination 
rate and less seedling vigor compared with N240K132. 
 There was significant difference in the seed 
germination speed (p ≤ 0.01) by potassium rates 
(Table 1). So, K100 and K0 had the highest and lowest 
of the seed germination speed with 9.15 and 8.21, 
respectively. High seed nitrogen content had 
increased seed germination speed and seed 
germination percentage. Increasing potassium 
application leads to reduced seed germination speed 
and percentage. Nitrogen content in seed and straw 
increased with increasing nitrogen application. 
Nitrogen fertilizer increased seed protein content in 
wheat [9] while the nitrogen content in seed and 
straw was decreased with increasing potassium 
application. Therefore, interaction of N0×K100 and 
N35×K300 had the highest seed germination speed as 
same 9.60, and lowest was obtained by interaction of 
N0×K300 with 5.70 (Table 3). However, if seed 
nitrogen content is not favorable for germination 
following seed production, seeds may acquire 
dormancy [28] and require specific environmental or 
chemical stimuli like N03- to break dormancy [13]. 
 There were no significant increases in plant seed 
and straw N and K content in nitrogen rates 
compared with potassium rates treatments (Table 3). 
On average, plant seed N content increased by 12% 
in N0 compared with N69, and by 8% in K0 compared 
with K100. Plant straw N content increased by 16% in 
N0 compared with N104 and by 10% in K100 compared 
with K200. Plant seed K content increased by 44% in 
N35 compared with N104, and by 48% in K0 compared 
with K300 but, plant straw K content increased by 8% 
in N0 compared with N69 and by 10% in K200 
compared with K300. Lopez and Grabe, [10] found 
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that wheat seeds containing nitrogen germinate faster 
and develop into larger seedling than those 
containing normal nitrogen. Generally, seed nitrogen 
content increased with increasing nitrogen 
application while vice versa with increasing 
potassium had decreasing trend. Straw nitrogen 
content increased with increasing nitrogen 
application and straw nitrogen content increased with 

increasing potassium application. Seed potassium 
content increased with increasing nitrogen 
application while vice versa with increasing 
potassium had decreasing trend. Straw potassium 
content conversely decreased with increasing 
nitrogen application but, straw potassium content 
increased with increasing potassium application.  

 
Table 1: Mean square of impact of nitrogen and potassium nutrition of mother plant on seed N and K content, germination and seedling growth of rice seeds in 2011. 

Root dry 
weight 

Seedling 
dry weight 

Root 
length 

Seedling 
length 

Germination 
percentage 

Germination 
speed 

Straw K
content 

Seed K
content 

Straw N 
content 

Seed N
content 

DF S.O.V. 

0.028 *0.086 26.64 ** 0.216 ns8.271 ns1.025 ns0.050 *0.027 ns0.050 ns 0.022 ns 2 Replication 
0.085 ns 0.080 0.594 ns 0.579 ns 117.021 * 2.545 * 0.003 ns 0.020 ns 0.033 ns 0.045 ns 3 Nitrogen (N) 
0.053 ns 0.095 0.285 ns 0.184 ns 32.725 ns 5.180 ** 0.013 ns 0.027 ns 0.013 ns 0.016 ns 3 Potassium (K) 
0.108 ns0.113 0.938 ns 1.135 ns32.7150.590.004 ns0.023 ns0.013 ns 0.013 ns 9 N×K 

0.057 0.097 1.223 0.680 6.18 9.13 0.011 0.024 0.016 0.016 30 Error 
11.01 11.67 22.44 11.67 2.68 35.88 15.03 1.37 1.75 18.73 - C.V.(%) 

** and * significant in 1 and 5% level, respectively. ns, non-significant. 
 
Table 2: Mean comparisonof impact of nitrogen and potassium nutrition of mother plant on seed N and K content, germination and seedling growth of rice seeds in 2011. 

Root dry 
weight 

Seedling dry 
weight 

Root 
length 

Seedling 
length 

Germination 
percentage 

Germination 
speed 

Straw K 
content 

Seed K 
content 

Straw N 
content 

Seed N 
content 

Treatments 

g g cm cm %  % % % %  
0.329 a0.200 a 4.800 a 6.925 a91.83ab8.383b0.705 a0.0845 a 0.582 a 0.960 a N0 
0.189 a 0.269 a 5.067 a 7.192 a 94.58 a 8.07 b 0.686 a 0.0771 a 0.624 a 0.968 a N35 
0.221 a 0.383 a 4.683 a 7.308 a 88.33 b 8.12 b 0.645 a 0.0943 a 0.683 a 1.092 a N69 
0.127 a0.222 a 5.158 a 6.842 a95.17 a9.07 a0.689 a0.1662 a 0.695 a 1.023 a N104 
0.231 a 0.254 a 4.900 a 7.000 a 93.58 a 8.21 b 0.711 a 0.1761 a 0.655 a 1.056 a K0 
0.276 a 0.395 a 4.500 a 6.983 a 94.00 a 9.15 a 0.678 a 0.0833 a 0.620 a 0.973 a K100 
0.238 a0.237 a 5.125 a 7.250 a92.50 a8.34 b0.647 a0.0833 a 0.691 a 1.023 a K200 
0.121 a 0.188 a 4.933 a 7.033 a 89.83 a 7.94 b 0.718 a 0.0739 a 0.623 a 0.991 a K300 

Values within a column followed by same letter are not significantly different at Duncan (P ≤ 0.05). 
 
Table 3: Mean comparisonof impact of nitrogen and potassium nutrition of mother plant on seed N and K content, germination and seedling growth of rice seeds in 2011. 

Root dry 
weight 

Seedling dry 
weight 

Root 
length 

Seedling 
length 

Germination 
percentage 

Germination 
speed 

Straw K 
content 

Seed K 
content 

Straw N 
content 

Seed N 
content 

Treatments 

g g cm cm %  % % % %  
0.1017 b 0.1900 b 5.333 a 6.367 ab 94.67 a 9.533 a 0.7247 a 0.0973 b 0.6287ab 1.006 ab N0K0 
0.7300 a0.2043 b 4.670 a 7.600 ab97.33 a9.600 a0.6443 a0.0883 b 0.5193 b 0.981 ab N0K100 

0.3797 ab 0.2197 b 5.133 a 6.833 ab 89.33 ab 8.700 a-d 0.6857 a 0.0763 b 0.5980ab 0.872 b N0K200 
0.1040 b 0.1867 b 4.067 a 6.900 ab 86.00 ab 5.700 f 0.7663 a 0.0760 b 0.5813ab 0.981 ab N0K300 
0.3830 ab0.4193 ab 5.267 a 6.600 ab95.00 a6.600 ef0.7037 a0.0820 b 0.6703ab 0.981 ab N35K0 
0.1330 b 0.2123 b 4.200 a 7.300 ab 92.67 ab 9.133 ab 0.6620 a 0.0697 b 0.5967ab 0.906 b N35K100 
0.1183 b 0.2610 b 5.500 a 7.600 ab 95.33 a 7.267 de 0.6060 a 0.0810 b 0.6287ab 0.914 ab N35K200 
0.1243 b0.1833 b 5.300 a 7.267 ab95.33 a9.600 a0.7703 a0.0757 b 0.6037ab 1.040 ab N35K300 
0.3430 ab 0.1750 b 4.133 a 7.933 a 90.67 ab 7.900 bcd 0.6860 a 0.0903 b 0.6958ab 1.300 a N69K0 
0.0950 b 0.9280 a 4.900 a 6.267 b 90.00 ab 8.533 a-d 0.6717 a 0.0957 b 0.6030ab 1.006 ab N69K100 
0.3443 ab 0.2247 b 5.233 a 7.300 ab 90.67 ab 8.733 abc 0.6387 a 0.1133 b 0.7310ab 1.081 ab N69K200 
0.1010 b0.2057 b 4.567 a 7.733 ab82.00 b7.333 cde0.6617 a0.0770 b 0.7040ab 0.980 ab N69K300 
0.0977 b 0.2330 b 4.867 a 7.100 ab 94.00 a 9.133 ab 0.7310 a 0.4310 a 0.6117ab 1.015 ab N104K0 
0.1463 b 0.2370 b 5.233 a 6.767 ab 96.00 a 9.367 ab 0.6923 a 0.0797 b 0.7627ab 0.989 ab N104K100 
0.1103 b0.2423 b 4.723 a 7.267 ab94.67 a8.667 a-d0.6583 a0.0837 b 0.8047 a 1.120 a N104K200 
0.1553 b 0.1767 b 5.800 a 6.233 b 96.00 a 9.133 ab 0.6727 a 0.0670 b 0.6033ab 0.964 ab N104K300 

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

 

 Therefore, interaction of N69×K0 and N0×K200 
had the highest and lowest seed nitrogen content with 
1.300 and 0.872 %, respectively but in straw nitrogen 
content, interaction of N104×K200 and N0×K100 had the 
highest and lowest with 0.8047 and 0.5193 %, 
respectively (Table 3). Generally, seed nitrogen 
content was more than straw nitrogen content. But, 
seed potassium content was lower than straw 
potassium content. Environmental conditions 
especially soil nitrogen affect seed nitrogen content 
and sometimes increase or decrease yield and yield 
components [16]. 
 Nitrogen rates did not significantly affect on root 
length and seedling length. Root length increased 
with increasing nitrogen application but the severity 
decline in N138. It is also possible that nitrogen may 
have increased radicle elongation and contributed to 
more root growth in the N than the N0 treatment. 
Seedling length increased with increasing nitrogen 
application but the strong decline was in N69. These 
responses may be associated with different carbon 

costs for nitrogen uptake and assimilation in nitrogen 
rates of rice, even though the carbon costs of 
assimilating N03- are generally greater than NH4+ 
[4]. Generally, increasing potassium had increased 
root and seedling length.  
 Nitrogen rates did not significantly affect 
seedling dry weight and root dry weight (Table 3). 
Root dry weight decreased with increasing nitrogen 
but with increasing potassium decreased root dry 
weight. In our experiment generally increased mass 
partitioning to roots in response to low nitrogen. 
Seedling dry weight increased with increasing 
nitrogen application. Early seedling root and shoot 
growth must be tailored to take advantage of soil N 
that rapidly becomes available to plants following 
nutrient flushes associated with precipitation and soil 
disturbance events [3]. Seedling dry weight 
decreased with increasing potassium application. 
These results agree with the general observation that 
low nutrient availability induces greater growth 
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reductions in plant with high potential growth rates 
than those with low potential growth rates [14,23]. 
 
Conclusion: 
 
 In general, the seed nitrogen and potassium 
content was not affect on mother plants by nitrogen 
and potassium rates, however, differences in seed 
nitrogen and potassium content was affected on seed 
germination speed and percentage. So that increase 
application of nitrogen was associated with increase 
seed nitrogen content in mother plants and had 
increased germination percentage. But increase 
potassium fertilizer because to reduce the absorption 
of nitrogen, also seed germination speed had 
decreased, it seems that a negative correlation was 
found between potassium rate and germination rate 
but had no effect on germination percentage because 
of the increase application of nitrogen in mother 
plants leading to increase nitrogen content of seed. 
Also, increase application of nitrogen in mother 
plants had increased seed potassium content and 
resulted in increase germination percentage and 
germination speed. Thus, nitrogen application on 
mother plants leads to increase in seed nitrogen and 
potassium content, however increasing potassium 
application is reduced seeds nitrogen and potassium 
content in mother plant. Germination percentage and 
germination speed is affected by nitrogen content but 
no seed potassium content, mainly due to the 
different nutrient levels that are contained in the 
harvested seed. Although, the high seed nitrogen and 
potassium content had increased germination 
percentage and germination speed but it seems that 
because increasing potassium application is not 
increases the seed potassium content but straw 
potassium content had increased and the reduction of 
nitrogen and potassium content of seed lead to 
reduce the germination percentage and germination 
speed. We can be expressed as potassium is most in 
construction organs in particular stored in straw so 
that the plant is resistant to the factors unsuitable and 
resulting in the potassium seed is not transferred to 
the seed destination. Therefore, we concluded that 
N104 and K100 is the best combination for obtaining 
not only the production of seed when the production 
was focused on the yield but also was obtained 
germination percentage. 
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