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Influence of intermittent irrigation and drainage on uptake and
harvest index of nitrogen of two rice cultivars

Abdullah-Darzi Naftchali', Ali Mokhtassi-Bidgoli”

Abstract

Due to the increasing environmental and economic costs associated with nitrogen (N)
consumption, improving N use efficiency in rice cultivation systems is of great importance. In
this regard, the combined effect of different surface and subsurface drainage systems and water
management on the nitrogen harvest index (NHI) of rice was investigated. During three rice
growing seasons (2014 to 2016), two rice varieties of Tarom Hashemi and Tarom Daylmani were
cultivated under alternate wetting and drying in paddy fields with surface and subsurface drainage
systems. At harvest, grain yield and biomass and plant and seed nitrogen were measured. The
NHI was determined as the ratio of grain nitrogen to nitrogen absorbed by aboveground part of
plant. The amount of NHI was directly related to the amount of urea fertilizer used, varying
between 58.31 and 68.45 in different seasons. The average nitrogen absorbed by the Hashemi and
Daylmani plants in the subsurface drainage systems was 161.7 and 155.7 kg ha-1, respectively,
and in the control was 144.7 and 193.7 kg ha-1, respectively. Also, the average grain yield, grain
nitrogen, harvest index and NHI in the subsurface drainage systems were 5329.3 kg ha-1, 105.9
kg ha-1, 37.8% and 67.2%, respectively, and in the control treatment was 4667.7 kg ha-1, 88.6
kg ha-1, 32.4% and 56.3%, respectively. Based on the results, drainage through subsurface
drainage systems under intermittent irrigation and drainage management can improve the N use
efficiency in rice cropping system.

Keywords: Nitrogen uptake, rice yield, subsurface drainage, water management.

! Associate Professor, Water Engineering Department, Sari Agricultural Sciences and Natural Resources University,
Sari, Iran. Email: abdullahdazi@yahoo.com, adarzi@sanru.ac.ir.
2 Department of Agronomy, Faculty of Agriculture, Tarbiat Modares University

Email: amokhtassi@yahoo.com



YA

Ol 2! ST 3 6 kel (owiigen (Lidgh (ool 4 pid
VFeo bl slez 9 o ololh p2030 Jlw

Influence of intermittent irrigation and drainage on uptake and
harvest index of nitrogen of two rice cultivars

Abdullah-Darzi Naftchali', Ali Mokhtassi-Bidgoli

Introduction

Flooding irrigation is common water management strategy in paddy fields. However, due to
limited water resources, in recent years, many efforts have been made to increase water use
efficiency in the fields by improving water management, which has resulted in the introduction
of methods such as water table control, mid-season drainage (MSD) and alternate wetting and
drying (AWD). In the AWD management, the paddy field is not permanently submerged and the
soil moisture regime fluctuates between saturated and unsaturated. The results of some studies
indicated that AWD, compared with MSD, improves rice yield and water use efficiency,
decreases accumulation of arsenic in rice grain and increases the uptake of some micronutrients
such as zinc. In addition, it was reported that AWD would significantly increase nitrogen uptake
by rice plants. One of the important criteria for determining the efficiency of nitrogen uptake is
the nitrogen uptake index (NHI). Nitrogen remobilization rate from storage tissues is very
important in grain nitrogen consumption efficiency. A review of available sources indicates that
this issue has not yet been studied under AWD. Due to the increasing environmental and
economic costs associated with nitrogen (N) consumption, improving N use efficiency in rice
cultivation systems is of great importance. Therefore, this study was conducted to investigate the
effect of AWD on NHI of two early- matured rice cultivars in paddy fields with surface and
subsurface drainage systems.

Methodology

In this research, the combined effect of different surface and subsurface drainage systems and
water management on NHI of rice was investigated. The subsurface drainage systems were
D0.90L30, D0.65L.30, D0.65L15 (the values after D and L indicate the depth and spacing of the
pipe drains) and Bilevel, a subsurface drainage system consisting of four drain lines with 15 m
spacing and 0.65 and 0.90 m depths as alternate. A paddy plot which was only under the influence
of an open drain, same as the drainage canal in consolidated paddy fields, was considered as
control plot. During three rice growing seasons (2014 to 2016), two rice varieties of Tarom
Hashemi and Tarom Daylmani were cultivated under AWD in the study field. Under the AWD
strategy, two drainage periods were adopted during vegetative growth period of the crop.
Moreover, a drainage period of 7-14 days was practiced at the end of the growing season, to
provide suitable condition for harvest. Unless drainage periods, a water layer of about 5 cm was
maintained in the paddy plots. At harvest, grain and biological yield and plant and seed nitrogen
were measured. The NHI was determined as the ratio of grain nitrogen to nitrogen absorbed by
aboveground part of plant.

! Associate Professor, Water Engineering Department, Sari Agricultural Sciences and Natural Resources
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Discussion and Conclusion

The amount of NHI was directly related to the amount of urea fertilizer used, varying between
58.31 and 68.45 in different seasons. Increased nitrogen uptake in subsurface- drained area
compared to the control plot caused a significant increase in grain nitrogen and NHI, 19.5% and
19.3%, respectively. The average nitrogen uptake of the Hashemi and Daylmani plants in the
subsurface drainage systems was 161.7 and 155.7 kg ha-1, respectively, and in the control was
144.7 and 193.7 kg ha-1, respectively. As a result of increase in nitrogen transport to rice grain,
grain yield and harvest index increased by 14.2% and 16.6% in subsurface drainage systems
compared to the control field. The average grain yield, grain nitrogen, harvest index and NHI in
the subsurface drainage systems were 5329.3 kg ha-1, 105.9 kg ha-1, 37.8% and 67.2%,
respectively, and in the control treatment was 4667.7 kg ha-1, 88.6 kg ha-1, 32.4% and 56.3%,
respectively. According to the results, a combination of subsurface drainage and AWD during
rice growing season in paddy fields can increase the efficiency of nitrogen-related costs and
reduce related environmental concerns by providing suitable conditions for improving nitrogen
use efficiency.
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