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Abstract

To compare the conventional permanent flood irrigation regime with the intermittent
irrigation regime utilizing mole drainage in Hashemi variety rice fields, a factorial
experiment was conducted using a randomized complete block design with three
replications during the 2020-2021 crop year at the Faculty of Agricultural Sciences,
University of Guilan. The experimental factors included three levels of drainage
treatments (D0: no drainage, D1: mole drainage without gravel, and D2: mole
drainage with gravel) and two irrigation regimens (I1: permanent flooding until the
end of the growth period and 12: intermittent irrigation starting after the tillering
stage with a 5-day irrigation interval until the end of the growth period). The results
showed that the highest grain yield was achieved under the I1 irrigation regime, with
a yield of 7601.4 kg/ha, while the 12 regime yielded 6655.0 kg/ha, indicating a
12.45% decrease in grain yield for 12 despite a 22% reduction in water consumption.
Additionally, interaction effects revealed that the highest dry matter yield of 18849.0
kg/ha and water productivity based on dry matter of 1.57 kg/m?® were observed in
treatments D1xI1 and D1xI2, respectively. Therefore, for optimal grain yield and
dry matter production under conditions without water limitation, the DI1xI1
treatment is recommended, while in scenarios with water limitations, the D1xI12
treatment is suggested for achieving higher water productivity indices based on both
grain yield and dry matter, providing viable options for rice cultivation in the Rasht
region.
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1. Introduction

The depletion of water resources and the low efficiency of irrigation in rice fields, along with a growing
population and increasing demand for rice and related products, necessitate fundamental measures for
sustainable rice cultivation and enhanced production. To address these challenges, integrating irrigation
with controlled drainage is a promising solution that considers climatic conditions, water resources, and
economic factors. Yupu et al. (2019) conducted an experiment demonstrating that the integration of
irrigation and controlled drainage systems effectively manages water, reducing nitrogen losses through
underground drainage and ammonia volatilization following fertilization in paddy fields. Given these
considerations, it is crucial to reassess traditional water consumption methods in paddy fields with existing
underground drainage and explore new solutions. Therefore, an experiment was conducted to compare the
interaction effects of various irrigation regimes and mole drainage on rice yield, water consumption, and
water productivity.

2.Materials and Methods

To compare the traditional permanent flood irrigation regime with an intermittent irrigation regime using
mole drainage in Hashemi variety rice fields, a factorial experiment was designed as a randomized complete
block design with three replications at the Faculty of Agricultural Sciences, University of Guilan, during
the 2020-2021 crop year. The experimental factors included three levels of drainage (DO: no drainage; D1:
mole drainage without gravel; D2: mole drainage with gravel) and two irrigation regimens (I1: permanent
flooding until the end of the growth period; I12: intermittent irrigation after the tillering stage with a 5-day
interval until harvest). The plots were established by blocking the desired land, followed by creating mole
drains using a specialized blade (Tuohy et al., 2016; Polat and Bilgili, 2023). Polica pipes were installed at
the end of each mole tunnel to facilitate drainage, connecting to a sub-pipe collection system leading to a
main surface drain. The experiment consisted of 18 plots measuring 9x6 meters each, with a spacing of 1.5
meters between plots and two meters between replications; plants were spaced 20 cm apart. Irrigation water
was measured using a water meter (accuracy: 0.1 liters) installed in the water transfer system post-pump.
Nitrogen fertilizer was applied at a rate of 180 kg/ha using urea, and Butachlor was utilized as a herbicide.
Upon reaching the harvesting stage on August 28, one square meter (25 plants) from each plot was selected
for yield determination, harvested manually using the floor-picking method. Grain yield (paddy), grain-
based water productivity index, and harvest index were calculated by drying plants outdoors until stable
weight was achieved, separating straw and stubble with a paddy thresher before weighing on a digital scale
(accuracy: 0.1 grams). Moisture content was measured using a hygrometer to calculate grain yield based
on 6% moisture content. Additionally, dry matter yield and physical water productivity based on dry matter
were assessed by drying straw, stubble, and paddy from each treatment at 70 degrees Celsius in a ventilated
oven before weighing. Statistical analyses were performed using SAS software (version 9.4), with mean
comparisons conducted via the minimum significant difference test at the 5% probability level; Excel
software was employed for graphing.

3.Results

The average data comparison revealed that the highest grain yield was achieved under the I1 irrigation
regime at 7601.4 kg/ha, while the lowest yield of 6655.0 kg/ha occurred under 12, indicating a decrease of
12.45% in grain yield alongside a 22% reduction in water consumption. Furthermore, interaction effects
indicated that the highest dry matter yield (18849.0 kg/ha) and physical water productivity based on dry
matter (1.57 kg/m?®) were observed in treatments D1x11 and D1xI2 respectively. The results of analysis of
variance of the data showed that the effect of drainage system, irrigation regime and their interaction on
economic water productivity based on net profit from grain was not significant. Therefore, despite the fact
that the mole drainage treatments had an initial cost compared to the non-drained treatment, there was no
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significant difference in terms of economic water productivity based on net grain yield. The results of
comparing the mean data showed that the highest harvest index with 50.72 percent was obtained in the non-
drained treatment with intermittent irrigation regime, which was significantly different from the other
treatments

4. Discussion and Conclusion

In this study, although grain yield in the intermittent irrigation treatment was lower than that in the
permanent flooding irrigation treatment, the percentage of water saving was greater than the percentage of
yield reduction. Probably, the application of intermittent irrigation regime after the tillering stage prevented
the transfer of nutrients to the plant and reduced photosynthesis, which resulted in a decrease in grain yield.
The results of the present research are consistent with the research results of Sedaghat et al. (2013) based
on that the yield of rice grains in the intermittent irrigation regime was lower than in the permanent flood
irrigation regime (Arif et al., 2024). Also, comparing the average data showed that the highest harvest index
was obtained in the treatment without drainage with intermittent irrigation regime, which had a significant
difference with the other treatments. Mahdavi et al. (2005) concluded in a study that cultivars with a high
harvest index allocated a greater amount of dry matter to seeds. In other words, by distributing more
photosynthetic materials to the reservoirs, a large portion of the dry matter was allocated to the economic
yield of the seeds, which led to an increase in the harvest index. Therefore, for more grain yield and dry
matter in conditions of no water limitation, D1xI1 treatment and in water limitation conditions, for higher
water productivity indices based on grain yield and dry matter, D1xI2 treatment can be used as introduced
suitable options in Rasht region.
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