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Table 2. Combined analysis of variance of the effect of irrigation and nitrogen on the studied traits of rice at 

vegetative and reproductive stages 

Sources of variations df PH PL NPP NSP NFGP 

Year (Y) 1 66.66 ns 128.48** 27.1** 43.22 ns 5.81 ns 

Replication / Y 4 40.12 5.79 31.74 81.96 66.06 

Irrigation (I) 2 140.02ns 5.42ns 1.34 ns 31.14 ns 25.78 ns 

Nitrogen fertilizer (N) 2 25.1ns 11.6ns 4.15ns 171.33 ns 80.81ns 

Growth period (G) 1 4.09ns 0.01ns 1.25ns 203.42ns 130.13 

Y × I 2 38.37 ns 1.64ns 0.07ns 36.58ns 33.42ns 

Y × N 2 131.5ns 0.33ns 0.06ns 15.62ns 55.95ns 

Y × G 1 3.74 ns 1.5ns 4.36** 175.87ns 100.4ns 

I × N 2 353.32** 10.9ns 9.28** 243.4* 272.4* 

I × G 2 624.11** 37.19ns 21.72** 2185.33** 2060.81** 

N × G 2 242.88** 3.1ns 6.78ns 265.46* 344.16* 

Y × I × N 4 36.68ns 2.05ns 0.04ns 190.09ns 73.07ns 

Y × I × G 2 150.88ns 1.35ns 0.33ns 24.5ns 42.55ns 

Y × N × G 2 2.41ns 1.56ns 0.41ns 23.149ns 10.27ns 

I × N × G 4 179.85* 6.07* 16.06* 142.63* 239.07* 

Y × I × N × G 4 67.95ns 1.66ns 0.4ns 72.03ns 40.64ns 

Error 68 87.4 2.21 2.79 115.14 118.72 

CV (%) - 7.93 5.22 10.49 13.12 14.17 
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 

  

  
 �*#E2-                                                                                              %, �                      Table 2. Continued 

Sources of variations df PFP NUGP TGW GY 

Year (Y) 1 0.004ns 0.06ns 0.28ns 2264565.66ns 

Replication / Y 4 0.001 2.09 0.09 1587447.12 

Irrigation (I) 2 0.0008ns 5.19ns 1.63** 9667602.55** 

Nitrogen fertilizer (N) 2 0.002ns 0.71ns 0.03ns 1747431.3ns 

Growth period (G) 1 0.0005ns 2.18ns 2.03** 12563286.17** 

Y × I 2 0.003ns 3.8ns 0.3 ns 10660865.2** 

Y × N 2 0.0014ns 0.21ns 0.02 ns 952108.84 ns 

Y × G 1 0.0006ns 0.01 ns 0.12 ns 6512899.49** 

I × N 2 0.03* 1.08** 0.07 ns 2180405.5* 

I × G 2 0.007* 0.74ns 0.03 ns 699882/86 ns 

N × G 2 0.006* 1.03 ns 0.33ns 536939.16 ns 

Y × I × N 4 0.0058* 1.5 ns 0.39* 29409531.28* 

Y × I × G 2 0.0001ns 0.19 ns 0.05ns 2785278.6* 

Y × N × G 2 0.0002ns 2.2 ns 0.08 ns 1524632.31 ns 

I × N × G 4 0.006** 7.47** 1.08** 1131765.65 ns 

Y × I × N × G 4 0.002ns 1.04ns 0.38ns 39622360.04** 

Error 68 0.002 2.25 0.26 872186.6 

CV (%) - 5.1 14.43 1.95 15.17 
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 

The studied traits are including:: PH, plant height; PL, panicle length; NPP, number of panicle per plant; NSP, number 

of spikelets per panicle; NFGP, number of filled grains per panicle; PFP, panicle fertility percentage; NUGP, number 

of unfilled grains per panicle; TGW, 1000-grain weight; GY, grain yield. 
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Table 3. Comparison of means of the interaction effect of growth period, irrigation and nitrogen fertilizer on the 

studied traits of rice 
Growth 

period 
Irrigation 

N fertilizer 

(kg/ha) 

PH 

(cm) 

PL 

(cm) 
NPP NSP NFGP PFP NUGP 

TGW 

(gr) 

Vegetative 

phase Flooding 

irrigation 

40 1118.75 28.2 16.05 87.04 80.53 0.92 2.59 25.64 

60 125.17 28.52 16.15 87.14 84.5 0.95 2.76 26.9 

80 129.28 30.92 17.77 8.53 82.83 0. 97 3.76 28.48 

7 days 

40 115.11 28.5 14.65 70.24 66.1 0.91 3.24 23.9 

60 114.6 29.07 15.58 79.83 75.91 0.95 3.29 24.17 

80 119.04 29.73 16.11 81.24 85.31 0.94 4.45 25.9 

14 days 

40 113.65 25.87 13.98 63.19 57.14 0.93 3.97 20.79 

60 114.6 27.62 14.75 75.74 72.76 0.93 5.56 22.58 

80 115.94 28.55 16.40 80.19 76.99 0.90 3.45 22.66 

Reproductive 

phase 
Flooding 

irrigation 

40 115.03 28.84 15.63 84.25 79.65 0.89 3.69 25.76 

60 116.08 29.67 16.2 94.24 88.64 0.94 2.89 25.86 

80 124.95 30.15 18.93 92.26 89.3 0.96 4.33 27.11 

7 days 

40 110.88 17.01 15.58 81.76 77.69 0.94 3.19 23.3 

60 117.79 28.47 15.80 83.7 78.89 0.94 3.66 24.18 

80 122.47 29.7 16.86 89.01 80.35 0.95 3.24 23.52 

14 days 

40 105.16 26.84 13.6 69.4 60.61 0.81 5.08 22.91 

60 110.89 29.67 15.4 74.48 70.3 0.93 4.01 23.95 

80 111.83 28.15 16.32 81.06 71.71 0.84 5.54 21.89 

LSD5% 

HSD5% 

14.75 

16.07 

2.03 

2.86 

2.8 

4.09 

11.54 

16.32 

12.01 

15.2 

0.11 

0.16 

0.44 

1.06 

2.17 

3 

The traits abbreviations are presented in Table 2. 
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Figure 1. Comparison of means of rice grain yield under irrigation, growth period and nitrogen fertilizer during 

two experimental years. N1, N2, and N3, 40, 60 and 80 kg.ha−1 nitrogen fertilizer, respectively; G1 and G2, 

vegetative and reproductive growth periods, respectively; I1, I2, and I3, flooding, weekly and two-weekly 

irrigation, respectively. 
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Abstract 

The recent water shortage caused a need to find the best way of water and nitrogen management. In 

this study, the effects of nitrogen (N) fertilizer and irrigation interval at different growth stages were 

investigated on the yield and yield components of rice (Hashemi variety). The experiment was 

conducted in factorial based on randomized complete block design with three replications in Rice 

Research Institute of Iran (RRII), Rasht, Iran, during two years, 2017 and 2018. The studied factors 

included irrigation (flood irrigation, irrigation intervals of one and two weeks), growth stage (vegetative 

and reproductive stages) and nitrogen fertilizer levels (40, 60, and 80 kg.ha−1). The studied traits were 

plant height, panicle length, number of panicles per plant, number of spikelets per panicle, number of 

filled grains per panicle, number of unfilled grains per panicle, panicle fertility percentage, 1000-grain 

weight and grain yield. The results of analysis of variance showed that the main and interaction effects 

of the studied factors on grain yield was significant. Also, the interaction effect of growth period, 

nitrogen fertilizer and irrigation interval on grain yield during two years was significant at the 1% 

probability level. The results showed that the grain yield and yield components (except for the number 

of unfilled grain) significantly increased with the application of nitrogen fertilizer under flood irrigation 

conditions. Among the studied treatments, the highest and lowest grain yield were belonged to flood 

irrigation in the vegetative stage with 80 kg.ha−1 nitrogen fertilizer in 2018, and irrigation interval of 

two weeks in the reproductive stage with 40 kg.ha−1 of nitrogen fertilizer in 2017, respectively. Based 

on the results of this experiment, flood irrigation during the vegetative growth stage and the application 

of 80 kg.ha-1
 nitrogen fertilizer is recommended as the best irrigation and nitrogen fertilizer management. 
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