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Comprehensive abstract

Introduction

Optimizing nitrogen fertilizer use is crucial for increasing efficiency and reducing its adverse
environmental impacts in rice paddies. However, accurately predicting the timing of nitrogen
requirements and effectively managing it in rice cultivation is challenging. Due to low nitrogen use
efficiency and the difficulty in precisely forecasting plant needs, only 30-50% of the applied nitrogen
is typically absorbed by the crop. Utilizing digital imagery to estimate the nitrogen content in rice
leaves can aid farmers in managing fertilization by providing a relatively accurate assessment of the
plant's nitrogen status. This approach requires establishing a relationship between the amount of
applied nitrogen, the plant's nitrogen content, and the parameters of digital images. Therefore, given
the importance of rice cultivation in Guilan and the necessity of optimizing nitrogen use, this study
was designed and conducted to investigate the effect of varying nitrogen application rates on nitrogen
content, leaf area, and biomass of Hashemi rice in Rasht.

Materials and methods

This experiment was conducted during the 2016-2017 growing season as a randomized complete
block design with three replications at the research farm of the Faculty of Agricultural Sciences,
University of Guilan, on Hashemi rice. Seven nitrogen levels (0, 30, 45, 60, 75, 90, and 105 kg N/ha
from urea) were applied as the experimental treatments. Transplanting occurred on April 30, with three
seedlings per hill, spaced 20x20 cm apart, in plots measuring 3x2 meters. Samples were collected at
various growth stages to measure plant nitrogen content, leaf area, and dry biomass. The data were
analyzed using ANOVA, followed by Duncan's multiple range test for mean comparisons.

Research findings

The analysis of variance revealed that increasing nitrogen application up to 45 kg/ha did not
significantly affect plant nitrogen content compared to the control, while 60 kg/ha resulted in a
significant difference compared to both 30 kg/ha and the control. Further increases beyond 60 kg/ha
had no significant effect on tissue nitrogen content. The findings also indicated that the highest
nitrogen content occurred at the tillering and booting stages, while the lowest was observed at the
transplanting time. Nitrogen application also had a significant impact on leaf area, with the largest leaf
areas recorded at 90 and 105 kg N/ha, and the smallest in the control, which showed no significant
difference from the 30 and 45 kg N/ha treatments. The significant interaction effect of nitrogen
application and sampling time on biomass indicated that the highest biomass was observed at 105 kg
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N/ha during the booting stage. Increasing nitrogen not only increased biomass but also altered the
proportion of biomass accumulated at different growth stages relative to total biomass.

Conclusion

Overall, the findings of this study suggest that the optimal nitrogen rate for enhancing nitrogen
content in rice tissues ranges between 45 and 60 kg N/ha. To achieve at least 95% of the maximum
tissue nitrogen content, a minimum of 57.64 kg N/ha is required. This level of nitrogen application not
only boosts nitrogen content and plant biomass but also plays a crucial role in improving efficiency
and reducing nitrogen losses in rice paddies.
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Table 1. Physicochemical properties of soil at a depth of 0 to 30 cm in the experimental field

Electrical
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Table 2. Analysis of variance of the effect of nitrogen fertilizer and sampling time on tissue nitrogen content, leaf
area, and biomass of rice cv. Hashemi

Mean squares

f variati df
Source of variation Tissue nitrogen Leaf area Biological yield
Block 2 0.216™ 1701249.7° 1678.73"
Nitrogen (N) 6 1.929" 3463678.3™ 1485.21™
Error (a) 12 0.949 257342 111.14
Sampling Date (D) 5 43.33" 40623474.1" 67877.5"
DxN 30 0.45 539067.4 ™ 396.59"
Error 70 0.606 337971.2 222.51
CV (%) - 19.87 38.03 31.26
" *and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
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Figure 1. Variations in tissue nitrogen content of rice plants cv. Hashemi in response to different levels of
nitrogen fertilizer application in Rasht. Values followed by similar letter in each column are not significantly
different by Duncan's test.
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Table 3. Comparison of means of the effect of sampling dates on tissue nitrogen content, leaf area, and biomass
of rice cv. Hashemi in Rasht.

Sampling date Tissue nitrogen (%) Leaf area (cm?)
Transplanting 1.324 43.2¢
Transplant establishment 3.83¢ 117.8¢
Beginning of tillering 5.15% 820.3¢
Tillering 4.45° 2234.5¢
Beginning of booting 3.56° 2603.9
Booting 5.182 3350.4*

Means followed by similar letter in each column are not significantly different by Duncan's test.
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Figure 2. Cumulative percentage of nitrogen content in rice plant tissues across different samplings
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Figure 3. Effect of nitrogen levels on leaf area of Hashemi rice plants in Rasht. Values followed by similar letter
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Figure 4. Effect of sampling times on leaf area variation of Hashemi rice plants in Rasht. Values followed by
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Figure 5. Effect of nitrogen fertilizer x sampling time interaction on biomass of Hashemi rice plants
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Figure 6. Contribution of biomass of different growth stages from the total produced biomass of rice cv. Hashemi
in response to different rates of nitrogen application
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