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Abstract

Background and Objective: Nitrogen is the most important external input for crop production, and efficient nitrogen
management is essential for improving long-term sustainability in modern agriculture. This study aimed to develop an
effective approach for optimizing fertilization and improving the efficiency of nitrogen fertilizer use in rice.

Methods: The present study was conducted as a factorial (2x3x4) randomized complete blocks design with 24 treatments
and three replications in the research farm of the Deputy of the National Rice Research Institute in Mazandaran during
two cropping years. The treatments included four nitrogen levels (i.e., 0, 46, 69, and 92 kg N ha™! applied as urea) and
three phosphorus levels (i.e., 0, 23, and 46 kg P,O5 ha™! applied as triple superphosphate). At the harvest stage, grain and
straw yield, nitrogen and phosphorus uptake, and nitrogen use efficiency (NUE) indices were measured and computed
using established equations.

Results: The results indicated statistically significant effects of treatments on the measured traits and certain NUE indices
at the 1% probability level. Specifically, the No, treatment yielded grain and straw amounts of 864.2 and 1263.4 kg ha™',
respectively, representing increases of 88.23 and 43.02% relative to the control (i.e., Ny), which corresponded to 98.8 and
160% higher nitrogen uptake in grain and straw, respectively, compared to Ny. Relative nitrogen productivity declined
with increasing nitrogen rates in ratoon crops but rose with higher phosphorus application across different nitrogen levels.
Apparent nitrogen recovery efficiency increased up to the Neo treatment and declined at the highest nitrogen rate (i.e.,
N92).

Conclusion: Nitrogen and phosphorus interactions increased grain yield and NUE, which was accompanied by increased
nitrogen uptake. Therefore, balanced application of nitrogen and phosphorus is recommended to enhance yield and NUE
in ratoon rice systems. Increasing the NUE of rice is urgently needed for sustainable agricultural development.
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Table 1. Physical and chemical properties of the soil used in the experiment

KﬂVa Pava Jl> CA—éL’
CCE (%) OC (%) EC. (dS m™) SP (%) pH ’

mg kg! Soil texture
224 8.25 29 2.51 0.99 68 6.7 Clay loam
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Table 2. Variance analysis of the effect of nitrogen (N) and phosphorus (P) application rates on yield and nitrogen and phosphorus
uptake in straw and grain of rice ratoon (Hashemi cultivar) in two crop years.

Mean squares (il o - Sle) 4 5 e
< ’UT Sources of
TPU GPU SPU TNU GNU SNU SY GY i variation
0.203 0.103 0.018 0.408 0.215 0.713 63050 2351.2 2 Block < L
94.71%*%  58.86*%*  4.30%* 600.0%* 163.3%* 138.0%*  500609%*  526795** 3 N 0554
2.92%% 1.53**  (.233** 54.93%* 19.53%* 9.02%* 21034%* 70677** 2 P .
0.00001  0.00001  0.00001 1220%* 314.7%* 295.6%*%  675606%*  586264** 1 Year Jlo
0.659%*  0.415%*  0.146%* 2.68%* 1.04%* 0.946%*  555395%* 3341** 6 NxP
0.00001  0.00001  0.00001 8.48%* 0.349 5.51%* 1338 847.4 3 N x Year
0.00001  0.00001  0.00001 25.80%* 7.59%* 5.55%* 379.5 24549%* 2 P x Year
0.00001  0.00001  0.00001 3.71%* 0.880** 1.31%* 720.4 3188.1%* 6 Nx P x Year
0.074 0.043 0.011 0.686 0.249 0.359 1875.6 537.2 44 Erorr Us>
3.62 3.38 7.73 4.47 4.52 8.03 4.19 3.38 CV) &l i o 52

—Jd>) Grain Nitrogen Uptake :GNU (oS 035 x5 —Jd>) Straw Nitrogen Uptake :SNU ((olS 5 Jib..;) Straw Yield :SY «(«ls > Jih,.c) Grain Yield :GY
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Table 3. Mean comparisons for the effect of nitrogen (N) and phosphorus (P) application rates on yield and nitrogen and phosphorus
uptake in straw and grain of rice ratoon (Hashemi cultivar) in two crop years.

TPU GPU SPU TNU GNU SNU SY GY la e
(kg ha!) Treatments

4.51d 3.83d 0.671d 11.21d 7.13d 4.07d 881.3d 459.1d 0

7.45¢ 6.04c 1.41c 17.22¢ 10.45¢ 6.77c 947.9¢ 662.6¢ 46 N
8.41b 6.89b 1.54b 10.74b 12.36b 8.37b 1041.9b  749.8b 69

9.95a 8.13a 1.82a 24.83a 14.18a 10.65a 1263.4a 864.2a 92

7.25¢ 5.99¢ 1.25¢ 17.35¢ 10.38b 6.97b 1001.0b  741.2¢ 0

7.54b 6.17b 1.36b 17.94b 10.67b 7.27b 1044.9a 665.6b 23 P
7.94a 6.49a 1.45a 20.22a 12.07a 8.15a 1056.8a 744.9a 46
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In each column and each group, numbers with similar letters are not significantly different (Duncan, p < 0.05).
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Fig. 2. Mean comparisons for the interaction effect of year x nitrogen % phosphorus on grain nitrogen uptake in rice ratoon (Hashemi
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Table 4. Variance analysis of the effect of nitrogen (N) and phosphorus (P) application rates on nitrogen use efficiency indices in
rice ratoon (Hashemi cultivar) cultivation in two crop years.

(Mean squares) le o Soke 35T a4 s ¥ s

IEx PEx REN AEN RPFx df Sources of variation
10.92 22.50 0.002 0.733 0.188 2 Block 5k

152.4%x* 4463 .6%** 0.069%* 66.82%* 680.3%* 3 N O35 4
2.09 18.36%* 0.011%* 11.56%* 12.21%* 2 P .

928.0%* 755.1%% 0.00001 8.83* 77.46%* 1 Year Jlo
2.85 10.98** 0.0027%* 1.83%* 1.84%* 6 NxP
0.498 96.75%* 0.001%* 1.31%* 11.92%%* 3 N X Year
2.68 10.50* 0.005%* 6.32%* 5.85%* 2 P X Year
221 5.79 0.002%* 2.01%* 1.82%* 6 N X P X Year
1.76 3.01 0.00001 0.143 0.082 44 Erorr
3.45 7.41 10.98 13.12 3.31 (CV) O i

‘REx (05,50 s ‘}J_IJlS) Agronomic Efficiency of Nitrogen :AEx (03 20 s (S50 J.«Lp) Relative Nitrogen Productivity Factor :RPFy
_s:1,18) Internal Nitrogen Efficiency 1Ex (555 58 _I,S) Physiological Efficiency :PEx (055,28 <l 3L ),8) Nitrogen Recovery Efficiency
(05548 902

sl Aoy Y 50 Jlaz C;@ﬁ)!;@#,‘m,vb@”;n 340 Sl oS S i g % as

ns, * and ** denote non-significantt effect, and significant effects at the 5 and 1% probability levels, respectively.
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Fig. 4. Mean comparisons for the interaction effect of year x nitrogen x phosphorus on the relative nitrogen productivity factor
(RPFn) in rice ratoon (Hashemi cultivar) crop. Bars with similar letters are not significantly different (Duncan, p < 0.05).
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Fig. 7. Mean comparisons for the simple effect of nitrogen on internal nitrogen efficiency (IEn) and the interaction effect of nitrogen
x phosphorus on physiological nitrogen efficiency (PEN) in rice ratoon (Hashemi cultivar) yield. Bars with similar letters are not

significantly different (Duncan, p < 0.05).
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