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ABSTRACT

One of the most important problems for rice production is the high water need of this plant. Therefore, the use of modern technologies to

increase water-saving in paddy fields is critical to global food security. Hence, the present study aimed to evaluate the effects of different

planting methods and irrigation systems on growth, yield and water productivity in rice. The experiment was arranged as a split-plot in a

randomized complete block design with three replications. The experimental treatments included the main plot assigned to three planting

methods (transplanting at puddled bed [TPB], transplanting at non-puddled bed [TNPB], and direct-seeded rice [DSR]) and the sub-plot

assigned to three irrigation systems (continuous flooding irrigation (CFI), alternate wetting and drying [AWD], and drip irrigation [DI]). The

results showed that the highest grain yield (3962.7 kg.ha�1) and more-water-saving (17.3%) was achieved in the TPB treatment. Total

water productivity for TPB, TNPB, and DSR methods were calculated to be 0.56, 0.43, and 0.34 kg.m�3, respectively. Grain yield in CFI

(3457.6 kg.ha�1) and AWD (3410.3 kg.ha�1) systems was significantly higher than DI treatment (3150.7 kg.ha�1), while no significant differ-

ence was observed between CFI and AWD treatments in terms of rice production. However, the AWD system increased water-saving by

24.8% compared with CFI. Our results highlight that combined application of AWD system and TPB method has a great potential to

reduce total water input without negatively affecting yield.
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HIGHLIGHTS

• Rice plants grown at TPB indicated higher growth, greater yield and lower total water input compared with TNPB and DSR methods.

• The plots maintained under DI system had significantly higher water-saving and lower yield than CFI and AWD treatments.

• Application of management strategies of rice planting by TPB under AWD system has noticeable potential to reduce water shortages, while

also ensuring high grain yield.
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GRAPHICAL ABSTRACT
INTRODUCTION

Rice (Oryza sativa L.) is cultivated in more than 95 countries worldwide (Liu et al. 2015). Rice with an annual production of
782 million tons and a harvesting area of 167 million hectares (Ben Hassen et al. 2017) provides the food needs of a large part

of the world’s population (Carrijo et al. 2017). In Iran, the area under rice cultivation is approximately 0.62 million hectares
with the production of 2,900,000 tons of rice (Pourgholam-Amiji et al. 2021). Mazandaran province has the largest share in
rice production in Iran with the cultivated area of 214,052 hectares and production of almost 26% (1,113,715 tons) of the total

rice produced in Iran (Ahmadi et al. 2019).
The volume of input water in traditional irrigation system is significantly high (Zabihpour Roushan et al. 2022). In the con-

ventional technique of rice production, a large amount of input water is wasted due to the preparation of the planting bed

before transplantation, evaporation and seepage (Kiani et al. 2022). At present, traditional transplanted flooded system is
used in most areas of rice production in Iran, which resulted in an increase in water input (WI) (Ebrahimi Rad et al.
2018). However, a large amount of the total water input (TWI) in a continuous flooding irrigation (CFI) system is lossed
by seepage, percolation, and evaporation (Shao et al. 2015). Rice has higher water use and lower water productivity (WP)

compared to other cereals (Maneepitak et al. 2019). The amount of WI in transplanted-flooded rice is two or three times
more than other cereals like corn and wheat (Liu et al. 2015). In general, the irrigated rice grown under CFI consumes
more water than the crop actual needs (Ebrahimi Rad et al. 2018). Here, one of the main issues in the food security

sector is to produce higher quantities of rice with lower WI to feed the people of the world (Wu et al. 2017). These cases
make it necessary to adopt management methods to water-saving and increase WP for rice production (Carracelas et al.
2019).
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Nowadays, various techniques of planting and water management such as direct-seeded rice (DSR) (Xu et al. 2019; Ishfaq
et al. 2020), transplanting at non-puddled bed (TNPB) (Hossen et al. 2018), alternate wetting and drying (AWD) irrigation
(Carrijo et al. 2017; Anning et al. 2018) and drip irrigation (DI) (Rao et al. 2017; Singh et al. 2019) can become alternative
options for the traditional method of rice production by reducing WI and increasing WP. Bukhari Syed et al. (2021) stated
that the application of geomembrane cover plays a vital role in enhancing the water-saving. The use of proper agricultural
management techniques such as the principle application of mineral fertilizers and appropriate irrigation methods is of
great importance in the agricultural sector (Abdul Rajak 2022).

DSR is a technique of direct sowing of seeds in fields (Kaur & Singh 2017). Direct seeding of rice can replace traditional

transplanting due to the reduction in total WI volume, low labor input and high economic benefit (Ishfaq et al. 2020). Patel
et al. (2018) observed that DSR was able to reduce WI by 35–57% and labor force by 67% when compared with traditional
planting. In other hand, some studies suggest that the rice grain yield at DSR was significantly lower than TPB (Xu et al.
2019).

Transplanting of rice in non-puddling soil helps to establish the plant in time, save energy and thus reduce input costs
(Haque et al. 2016). Hossen et al. (2018) reported that eliminating the puddling operation can reduce the costs of labor,

energy and irrigation water input to land preparation for rice plants establishment. Previous studies indicated that some
researchers believe that DSR or TNPB can be a suitable alternative to transplanting at puddled bed (TPB) (Kar et al.
2018) due to the lower need for energy and labor inputs (Fang et al. 2019).

AWD is an irrigation system based on not flooding the fields during the crop growth period (Sandhu et al. 2017) that helps
reduce WI in paddy fields (Maneepitak et al. 2019). One of the advantages of AWD method is the improvement of WP along
with maintaining or enhancing grain yield of rice (Zhou et al. 2017). Ishfaq et al. (2020) documented that the AWD can rep-
resent a viable alternative to CFI by water-saving by 25–70%.

The use of DI in rice cultivation can help to increase the water supply capacity (He et al. 2022). Singh et al. (2019) observed
that the water requirement of rice plants in the DI method was in the range of 938–1,838 L·kg�1, whereas this value was
4,250–5,508 L·kg�1 in CFI. The DI system is able to reduce the rice demand for water (Rao et al. 2017). Previous studies

showed that the cost of irrigation water was decreased by 2–5.6 times under DI system when compared with CFI (Kruzhilin
et al. 2015).

The issue of water crisis as well as excessive water losses in the crop production require sustainable use of water (Farahza

et al. 2020). Thus, it is necessary to compare the different planting methods and various irrigation systems to achieve the best
strategy to overcome the challenge of the water crisis as well as to help improve farmers’ income. For this reason, the aim of
this research was to investigate agronomic parameters, yield components, yield and water productivity of rice under different
planting methods and various irrigation systems to identify the best management techniques that enhances water productivity

without negatively affecting grain yield.

MATERIALS AND METHODS

Experimental site

This study was performed at the Rice Research Institute of Iran (RRII) (36°280 N, 52°270 E; 29.8 m a.s.l., average annual temp-
erature: 16 °C and average annual rainfall: 800 mm), Mazandaran Province, Iran, during the 2019–2020 rice cropping season.

Meteorological information of the study site during the rice growing season is shown in Table 1. Figure 1 indicates the geo-
graphic location of the test site. The physical and chemical properties of the soil were determined by preparing samples from
the depth of 0 to 30 cm and the results were presented in Table 2.

Experimental design and treatments

This experiment was conducted as a split-plot in a randomized complete block design with three replications. The experimen-
tal treatments included the planting methods at three levels (transplanting at puddled bed [TPB], transplanting at non-puddled

bed [TNPB], and direct-seeded rice [DSR]) as the main factor and the irrigation systems at three levels (continuous flooding
irrigation (CFI), alternate wetting and drying [AWD], and drip irrigation [DI]) as the sub factor.

Field experiment

In this study, rice seeds (cv. Tarom Hashemi) were applied for planting. The plots size was 48 m2 (8 m� 6 m). In order to
prevent lateral seepage, the boundaries of the plots were covered with a plastic film placed at a depth of 30 cm in the soil.
://iwaponline.com/ws/article-pdf/23/9/3563/1298800/ws023093563.pdf



Table 1 | Meteorological information of the study site during the rice growing season

Months

Monthly temperature (°C)

Rainfall (mm) Average relative humidity (%)Min Max Average

Apr 10.8 19.7 15.3 7.7 76

May 14.9 23.9 19.4 29.1 72

Jun 20.5 13.1 16.8 3.2 76

Jul 21.3 30.7 26.0 3.0 76

Aug 21.4 29.3 25.4 54.3 79

Sep 21.8 29.5 25.7 31.0 80

Figure 1 | Geographical location of the test site.
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Table 2 | Soil physical and chemical properties

Soil Texture Sand (%) Silt (%) Clay (%) EC (ds·m�1) pH Organic carbon (%) Available P (mg·kg�1) Available K (mg·kg�1)

Si-L 21 51 28 0.60 7.68 1.36 10 180
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For treatment of TPB, land preparation was done by ploughing, harrowing, puddling and soil leveling, whereas at TNPB, the

plots were dry-plowed without puddling and seedlings were transplanted in plots after one irrigation stage. At both transplant-
ing methods, pregerminated seeds were sown in nursery. Then, the 30-day-old rice seedlings were transplanted with one plant
per hill at a constant spacing of 25� 25 cm by manually transplanting. For treatment of DSR, the soil in plot was dry-plowed
without puddling and then the seeds were sown directly and manually with a distance of 20–23 cm and a depth of 1.5–2 cm.

The amount of seed used for transplanting and DSR methods were 40 and 80 kg·ha�1, respectively.
Under CFI system, the height of irrigation water was 5 cm above the soil level during the whole rice-growing season until 10

days before rice harvest. In the AWD irrigation technique, the polyvinyl chloride tube with a 40-cm-length and 20-cm-diam-

eter and many holes at 2 cm spaces around the pipe were installed to check the depth of water in the soil. After the water level
reached the soil depth of 5 cm, the irrigation was done again until the water level reached 5 cm above the soil surface. Accord-
ing to the daily temperature, the AWD cycles varied from 5 to 8 days until drainage at 10 days before harvest. Under DI

method, two drip line with emitter spaced at 30 cm and flow rate of 4 liter per hour were laid at an interval of 60 cm in
each plot. In this method, irrigation was done with two-day intervals until 5 days before harvest. Figure 2 illustrates the sche-
matic of experimental treatments.

All the plots received phosphorus as triple superphosphate at the rate of 100 kg P2O5 ha
�1 as basal. Nitrogen as urea 46%

and potassium as potassium chloride were applied at the rates of 150 and 100 kg·ha�1, respectively, in three stages (40% as a
basal fertilizer, 30% at tillering stage and 30% at panicle initiation). To control weeds in transplanted plots at puddled bed,
Butachlor (2.5–3 L ha�1) was used 1 week after transplanting and manual weeding was done in 2 week after planting.

To control weeds in transplanted plots at non-puddled bed and direct seeding, the Treflan (3–3.5 L ha�1) and Butachlor
(3–4 L ha�1) was used. To control Chilo suppressalis, diazinon (10% Granule) was used at a rate of 15–20 kg ha�1 at two
stages and to control blast disease, Win fungicide was used at the rate of 400 ml·ha�1 at one stage in all the experimental plots.

Sampling and measurement

At ripening stage, the morphological characteristics of plant height and panicle length were determined by measurement of
15 plants in each plot. The total tillers number per hill and panicle number per hill were calculated from 15 hills per plot. The

filled grains number per panicle was determined by counting from 20 panicles. The 1,000-grain weight was obtained by count-
ing 1,000 filled grains and weighing them. Grain yield was determined by harvesting an area of 10 m2 (5 m� 2 m) from the
middle part of the test plots and based on 14%moisture content. In the entrance part of each plot, the flowmeters were placed
to enable separate monitoring of irrigation treatments. The irrigation water input for all treatment was pumped from the well

and it’s Physicochemical properties are provided in Table 3. Total water input (TWI) volume (m3·ha�1) includes irrigation
water input plus rainfall recorded during growing season. Total water productivity (TWP) (kg·m�3) was calculated as the
grain yield (kg·ha�1) per unit of TWI. The full names and abbreviations of related terms are shown in Table 4.

Statistical analysis

Statistical data were analysed by SAS software (9.2 ver.). Mean comparisons were performed by least significant difference
(LSD) test (p � 0.05). Figures were drawn using MS-Excel software.

RESULTS AND DISCUSSION

Growth parameters

The two-way interaction between planting method and irrigation system as well as the individual impacts of irrigation system
(p , 0.05) and planting method (p , 0.01) were significant for plant height (Table 5).

As shown in Table 6, the plant height was significantly higher at TPB (128.1 cm) than TNPB (104.9 cm) and DSR (99.8 cm).
However, the lower plant height (22.1% reduction) was observed at DSR method. The difference in rice plants growth
between planting methods in our study can be significantly affected by climate conditions. At DSR method, the germinated
://iwaponline.com/ws/article-pdf/23/9/3563/1298800/ws023093563.pdf



Figure 2 | Schematic of experimental treatments (transplanting at puddled bed [a], transplanting at non-puddled bed [b], direct-seeded rice
[c], continuous flooding irrigation [d], alternate wetting and drying irrigation [e], and drip irrigation [f]).
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seeds are often exposed to low temperatures, whereas at transplanted-rice (TPR), the seeds in the nursery are protected by

plastic covering against cold damage (Xu et al. 2018). On the other hand, the low water holding capacity in non-puddling
soils caused a decrease in moisture retention in the planting methods without puddling (TNPB and DSR) in this study
and as a result reduced vegetative growth and plant height. Increasing the water depth at TPB method causes more root
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Table 5 | Analysis of variance for planting method, irrigation system and their interactions on agronomic parameters and yield components
of rice

Source of variation df
Plant
height

Panicle
length

Total tillers numbe per
hill

Panicle number per
hill

Filled grains number per
panicle

1,000-grain
weight

Replication (R) 2 40.1 0.09 2.57 2.73 4.43 0.11

Planting method (PM) 2 2,047.2** 0.76ns 27.7** 35.2** 248.0** 67.4**

Error 4 1.84 0.75 1.09 1.89 9.57 0.22

Irrigation system (IS) 2 77.2* 2.03* 30.0** 35.3** 49.8ns 2.78ns

PM� IS 4 77.2* 3.57** 5.34** 5.29ns 90.9** 1.22ns

Error 12 13.7 0.33 0.97 3.03 13.8 0.85

CV (%) - 3.35 2.40 7.78 14.28 6.59 2.99

ns, *, and ** are non-significant and significant at the 5 and 1% probability levels, respectively.

Table 3 | Physicochemical properties of irrigation water

parameters Unit Concentration

EC ds·m�1 0.839

pH – 7.28

Carbonate meq·l�1 0.6

Bicarbonate meq·l�1 2.1

Total dissolved solids mg·l�1 593

Calcium mg·l�1 277

Total hardness mg·l�1 487

Table 4 | Glossary of terms

Term Definition

AWD Alternate wetting and drying

CFI Continuous flooding irrigation

DI Drip irrigation

DSR Direct-seeded rice

DDSR Dry direct-seeded rice

TNPB Transplanting at non-puddled bed

TPB Transplanting at puddled bed

TPR Transplanted-rice

TWI Total water input

TWP Total water productivity

WI Water input

WP Water productivity

WUE Water use efficiency
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development, proper absorption of nutrients and subsequently improves rice growth. Soil moisture stress reduces the vegeta-
tive growth of rice by limiting nutrients uptake by plant roots (Anning et al. 2018). Our results are in line with the findings of
Islam et al. (2008), who reported the plant height at TPR method (130.2 cm) was higher than DSR (126.6 cm).
://iwaponline.com/ws/article-pdf/23/9/3563/1298800/ws023093563.pdf



Table 6 | Growth parameters of rice under three planting methods (transplanting at puddled bed [TPB], transplanting at non-puddled bed
[TNPB] and direct-seeded rice [DSR]) and three irrigation systems (continuous flooding irrigation [CFI], alternate wetting and
drying [AWD] and drip irrigation [DI])

Factor Plant height (cm) Panicle length (cm)

Planting method (PM)

TPB 128.1a 24.24a

TNPB 104.9b 23.99a

DSR 99.8c 23.67a

Irrigation system (IS)

CFI 114.0a 24.33a

AWD 110.7ab 24.13a

DI 108.2b 23.43b

PM� IS

TPBþCFI 124.7a 24.97ab

TPBþAWD 131.5a 25.73a

TPBþDI 128.1a 24.10abc

TNPBþCFI 106.6b 24.27abc

TNPBþAWD 100.9b 23.53bc

TNPBþDI 107.3b 23.40bc

DSRþCFI 100.9b 23.16c

DSRþAWD 92.1c 23.73bc

DSRþDI 106.6b 22.87c

Means in columns followed by the same letter(s) are not significantly different by least significant difference (LSD) at p , 0.05.
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In this research, there were no significant differences in plant height between CFI and AWD irrigation. The rice plants

under CFI had 5.1% higher plant height than plants were subjected to DI. Plant height remained similar regardless of irriga-
tion systems at TPB and TNBP, while DSR had significantly lower plant height under AWD than CFI and DI. CFI as a
management technique can increase the growth of rice seedlings by preventing weed germination (Wu et al. 2017).

Panicle length was not affected by the individual impact of planting method; however, the individual impact of irrigation
system (p , 0.05) as well as the interaction between planting methods and irrigation systems (p , 0.01) was significant on
panicle length (Table 5).

In this study, the panicle length was similar in different planting methods, whereas it was significantly lower under DI than

CFI and AWD irrigation systems (Table 6). However, the panicle length showed a slight increase in TPB compared with other
planting methods. Hosseini et al. observed that the rice plants indicated greater panicle length at TPR when compared with
DSR. Pourgholam-Amiji et al. (2021) also documented that the panicle length of rice was significantly higher under CFI than

AWD treatments.
In our study, the panicle length was not affected by planting methods regardless of irrigation systems. The rice plants at TPB

under all three irrigation systems and also TNBP under CFI showed higher panicle length when compared with other exper-

imental treatments. However, the greatest panicle length (25.73 cm) was obtained at TPB under AWD, whereas the panicle
length was reduced by 11.1% at DSR under DI (Table 6). Ishfaq et al. (2020) reported that the panicle length at TPR pro-
duction system was significantly higher than dry direct-seeded rice (DDSR) in both years of the study (Ishfaq et al. 2020).

Yield components and grain yield

The total tillers number per hill was highly significantly (p , 0.01) affected by the two-way interaction between planting

method and irrigation system as well as the individual effects of planting method and irrigation system (Table 5).
The results presented in Table 7 showed that the total tillers numbe per hill at TPB was 17.8% and 23.3% higher than TNPB

and DSR, respectively. There was no significant difference in number of total tillers per hill between the TNPB and DSR.
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Table 7 | Yield components of rice under three planting methods (transplanting at puddled bed [TPB], transplanting at non-puddled bed
[TNPB] and direct-seeded rice [DSR]) and three irrigation systems (continuous flooding irrigation [CFI], alternate wetting and
drying [AWD] and drip irrigation [DI])

Factor Total tillers numbe per hill Panicle number per hill Filled grains number per panicle 1,000-grain weight (g)

Planting method (PM)

TPB 14.68a 14.32a 62.38a 33.44a

TNPB 12.07b 11.84ab 54.80b 31.22b

DSR 11.26b 10.41b 52.30b 28.00c

Irrigation system (IS)

CFI 13.75a 13.50a 58.86a 31.44a

AWD 13.69a 13.17a 56.48ab 30.33b

DI 10.56b 9.91b 54.15b 30.90ab

PM� IS

TPBþCFI 15.67a 15.33a 64.50a 33.67a

TPBþAWD 14.80a 14.70ab 63.80a 33.33a

TPBþDI 13.33ab 12.07abc 58.87ab 33.33a

TNPBþCFI 15.13a 14.13ab 63.57a 32.33ab

TNPBþAWD 13.23ab 9.33cd 52.70bc 30.67bc

TNPBþDI 12.93bc 9.32cd 48.13c 30.50bc

DSRþCFI 11.33bc 10.67bcd 52.93bc 28.67cd

DSRþAWD 9.10c 7.47d 52.70bc 27.00d

DSRþDI 13.10b 12.07abc 49.87bc 28.33d

Means in columns followed by the same letter(s) are not significantly different by least significant difference (LSD) at p , 0.05.
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Typically, plant density at DSR method is higher than TPR method, so rice seedlings need more nutrients at DSR (Xu et al.
2019). Higher competition between rice seedlings to absorb mineral nutrients at greater densities results in a decrease in the
tillers number per hill (Alipour Abookheili & Mobasser 2021). On the other hand, reducing the water depth in the methods
without puddling (TNPB and DSR) in the present study reduces root development and therefore decreases tiller production.

Our findings illustrated that the two irrigation systems of CFI (13.75 tillers) and AWD (13.69 tillers) resulted in similar total
tillers number per hill, whereas the tillers number per hill under DI was reduced by about 23%. The production of a higher
total tillers number per hill with the CFI and AWD can be attributed to more suitable moisture conditions in these two

methods compared with DI method. Total tillers numbe per hill remained similar at TPB irrespective of irrigation systems,
although the plants at TPB under DI had lower tillers number per hill compared with TPB under CFI and AWD. We also
observed that the rice plants at TNPB under DI had 14.5% and 2.3% lower number of total tillers per hill than the same plant-

ing method under CFI and AWD irrigation treatments, respectively, whereas there was no significant difference between the
CFI and AWD at TNPB in terms of number of total tiilers per hill. At DSR method, the plants under DI system indicated
13.5% and 30.5% higher total tillers number per hill than rice plants were subjected to CFI and AWD. However, there

was no significant difference in number of total tillers per hill between the DI and CFI at DSR method (Table 7). Our results
are consistent with findings of Ishfaq et al. (2020) which showed that the total tillers m�2 was similar for AWD and CFI
methods in both years. AWD can help increase the number of tillers in rice by ameliorating root health, shoot growth and
leaf area index (Norton et al. 2017).

Number of panicle per hill was not affected by the two-way interaction between planting method and irrigation system;
however, the individual effects of planting method and irrigation system was highly significant (p , 0.01) on panicle
number per hill (Table 5).

As shown in Table 7, the highest panicle number per hill was observed at TPB method (14.32 panicle), whereas DSR
reduced the number of panicle per hill by 27.3%. However, there was no significant difference in panicle number per hill
between TPB and TNPB treatments. Failure to meet the total transpiration water demand from the deeper layers of the
://iwaponline.com/ws/article-pdf/23/9/3563/1298800/ws023093563.pdf
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soil by the roots can lead to a reduce in growth and yield (Carrijo et al. 2018). Hosseini et al. demonstrated that changing the

planting method from TPB to DSR resulted in the 60% reduction of fertile tillers per hill. Xu et al. (2019) also observed that
the number of spikelet per panicle was significantly lower at DSR when compared with TPR.

The plants grown under CFI and AWD had 26.6% and 24.7% higher panicle number per hill compared with rice plants

under DI. However, there were no significant differences in number of panicle per hill between CFI and AWD treatments,
whereas the DI treatment significantly decreased panicle number per hill (Table 7). Drought stress in the important stages
of rice growth affects the agronomic characteristics and yield components of rice (Maneepitak et al. 2019). For example,
water stress had a significant effect in reducing the number of tillers in rice due to leaf water potential drop, stomata closing

and photosynthesis rate reduction (Dass et al. 2016).
Number of filled grains per panicle was not affected by the individual effect of irrigation system; however, it was highly

significantly (p , 0.01) affected by the two-way interaction between planting method and irrigation system as well as the indi-

vidual impact of planting method (Table 5).
In this study, the TPB had 12.1% and 16.1% greater filled grains number per panicle than TNPB and DSR, respectively

(Table 7). Providing the moisture required by the plant, especially at grain filling stage by TPB method, could lead to an

increase in the number of filled grains per panicle. In similar results, Karimi Fard et al. (2020) documented that the
higher number of filled grains per panicle at TPR compared with DSR. Hosseini et al. found that the filled grains number
per panicle at DSR was reduced by 24.5% and 19.4%, respectively, when compared with TNPB and TPB methods.

Among the three irrigation systems, DI had significantly lower number of filled grains per panicle than CFI and AWD. At
TPB and DSR methods, the three irrigation systems resulted in similar filled grains number per panicle, whereas at TNPB, the
CFI had 17.1% and 24.3% higher filled grains number per panicle than AWD and DI systems, respectively (Table 7). The
application of AWD irrigation method during grain filling phase by increasing root growth improves the nutrients uptake,

enhances accumulation of soluble carbohydrates and ameliorates the transport of assimilates to the grain when the nutrients
supply is limited (Li et al. 2016). In similar results, Maneepitak et al. (2019) demonstrated that the difference in filled grain
percentage among irrigation regimes (CFI and AWD) was not significant, which is consistent with the results of the present

study. In other hand, Pourgholam-Amiji et al. (2021) reported that the highest grain filling percentage was observed when the
plants were under flooding irrigation.

The simple effect of planting method was highly significant (p , 0.01) for 1,000-grain weight. However, the 1,000-grain

weight was not affected by the interaction between planting method and irrigation system as well as the simple effect of irri-
gation system (Table 5). Among the three planting methods, TPB had 6.6% and 16.3% higher 1,000-grain weight than TNPB
and DSR, respectively. However, the lowest 1,000-grain weight (28 g) was observed under DSR method. The increase in
1,000-grain weight at TPB method may be due to reducing source limitation, enhancing photoassimilates and better transport-

ing of these assimilates to the grain by enhancing the moisture availability at grain filling stage. Xu et al. (2019) indicated that
grain weight was significantly lower than that under TPR.

The 1,000-grain weight was similar under two irrigation management practices of CFI and DI, whereas AWD had signifi-

cantly lower 1,000-grain weight than CFI. However, there was no significant difference in 1,000-grain weight between the DI
and AWD. Our results revealed that the 1,000-grain weight remained similar at TPB irrespective of irrigation management
practices, and the same was also true for TNPB and DSR under three irrigation systems (Table 7). Ye et al. (2013) documen-

ted a reduction in 1,000-grain weight under AWD by reduced water availability and lack of nutrient supply due to increased
panicle number. By contrast, Maneepitak et al. (2019) mentioned that changing the irrigation method from CFI to AWD
resulted in an increase in 1,000-grain weight in both dry and wet seasons.

There was no significant interaction between planting method and irrigation system for grain yield; however, planting
method (p , 0.01) and irrigation system (p , 0.05) significantly affected grain yield (Table 8).

The assay for grain yield (Table 9), showed that the maximum grain yield (3,962.7 kg·ha�1) was obtained at TPB, whereas
the yield was decreased by 20% and 27.2% at TNPB and DSR, respectively. However, the rice plants at TNPB and DSR pro-

duced similar grain yields. The higher yield at TPB method could be attributed to higher total tillers numbe per hill, higher
panicle numbe per hill, greater filled grains number per panicle and higher 1,000-grain weight. In similar results, Xu et al.
(2019) indicated that the rice grain yield at DSR method was 12% lower than TPB method. These researchers stated that

yield reduction varies depending on management methods, soil type and weather conditions, and weed and water manage-
ment had the greatest impact on yield. In similar results, Hosseini et al. reported that DSR method reduced the rice grain yield
by 42.9% compared with TPB.
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Table 8 | Analysis of variance for planting method, irrigation system and their interactions on grain yield, total water input and total water
productivity of rice

Source of variation df Grain yield Total water input Total water productivity

Replication (R) 2 331,241.8 9,372.3 0.007

Planting method (PM) 2 2,805,587.1** 5,582,510.7** 0.10**

Error 4 60,890.7 4,068.1 0.001

Irrigation system (IS) 2 245,756.2* 31,622,049.3** 0.05**

PM� IS 4 13,709.3ns 1,432,153.9** 0.001ns

Error 12 50,364.5 6,122.9 0.001

CV (%) – 6.72 1.00 8.15

ns, *, and ** are non-significant and significant at the 5 and 1% probability levels, respectively.

Table 9 | Grain yield, total water input and total water productivity of rice under three planting methods (transplanting at puddled bed [TPB],
transplanting at non-puddled bed [TNPB] and direct-seeded rice [DSR]) and three irrigation systems (continuous flooding irrigation
[CFI], alternate wetting and drying [AWD] and drip irrigation [DI])

Factor Grain yield (kg·ha�1) Total water input (m3·ha�1) Total water productivity (kg·m�3)

Planting method (PM)

TPB 3,962.7a 7,181.9c 0.56a

TNPB 3,171.1b 7,517.3b 0.43b

DSR 2,884.8b 8,682.4a 0.34c

Irrigation system (IS)

CFI 3,457.6a 9,835.0a 0.37c

AWD 3,410.3a 7,397.0b 0.47b

DI 3,150.7b 6,149.7c 0.51a

PM� IS

TPBþCFI 4,079.2a 8,441.3c 0.49bc

TPBþAWD 4,031.2a 7,105.3e 0.57a

TPBþDI 3,729.2ab 6,595.5f 0.62a

TNPBþCFI 3,351.7bc 9,638.0b 0.35d

TNPBþAWD 3,175.0bcd 6,905.0f 0.47c

TNPBþDI 2,986.7cd 5,998.6g 0.50bc

DSRþCFI 2,941.7cd 11,435.7a 0.26e

DSRþAWD 2,736.0d 8,180.7d 0.33de

DSRþDI 2,976.7cd 7,920.7e 0.38cd

Means in columns followed by the same letter(s) are not significantly different by least significant difference (LSD) at p , 0.05.
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The results suggested that the plants grown under CFI and AWD indicated 8.9% and 7.6% higher yield when compared

with DI-treated plants. However, there were no significant differences in rice grain yield between CFI and AWD treatments,
whereas the DI treatment resulted in a significant yield reduction (Table 9). The results of the present work are in line with the
findings of He et al. (2013), who reported that DI system resulted in greater water use efficiency (WUE) and higher economic

benefit in rice, but yield was lower when compared with CFI system. In similar results, Ishfaq et al. (2020) found that the
application of either CFI or AWD could enhance rice grain yield. Carrijo et al. (2017) observed similar increased grain
yield under AWD compared with CFI with a significant increase in water-saving under AWD. In another study, Maneepitak
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et al. (2019) suggested that the rice plants under AWD showed higher grain yield in both wet (15%) and dry (7%) seasons

when compared with plants grown under CFI.
The difference in yields among irrigation management systems in each of the planting methods was not significant. Overal,

the higher grain yield was observed at TPB under CFI (4,079.2 kg·ha�1) followed by statistically similar yield at TPB under

AWD (4,031.2 kg·ha�1) and at TPB under DI (3,729.2 kg·ha�1). The findings of present study that the grain yield exhibited
a significant increase at TPB under CFI was consistent with Kiani et al. (2022) who documented that the rice grain yield
was significantly higher at traditional TPR under flooding irrigation than other production systems. These researchers also
mentioned that changing the planting method from TPR to DSR in all irrigation systems led to a significant reduction in yield.

Total water input and water productivity

Total water input (TWI) was highly significantly (p , 0.01) affected by the two-way interaction between planting method and

irrigation system as well as the individual impacts of planting method and irrigation system (Table 8).
The DSR practice resulted in the highest TWI (8,682.4 m3·ha�1), as shown in Table 9. The plots at DSR showed 13.4% and

17.3% higher TWI than TNPB and TPB, respectively. However, the TPB treatment achieved significant water-saving com-

pared with the TNPB and DSR treatments with an average of 335.4 m3·ha�1 (4.5%) and 1,500.5 m3·ha�1 (17.3%),
respectively. The reduction of water consumption at TPB method can be due to the increase in the water holding capacity
in the soil through puddling compared with two production systems without puddling in this study. Non-puddling soils

may be losing their moisture quickly and eventually become dry soils. Soil drying may also cause contraction and cracking,
resulting in increased soil water waste (Wu et al. 2017). Kiani et al. (2022) observed that changing the planting method from
TPR to DSR resulted in an increase in WI and a 40% reduction in yield. By contrast, Liu et al. (2015) revealed that not only
the WI at DSR was 15% less than conventional planting, but also the yield was similar in both planting systems.

Our results indicated that the plots maintained under CFI had significantly greater TWI than AWD and DI treatments. Pre-
vious studies have documented that CFI in paddy fields leads to more water loss due to seepage and penetration (Shao et al.
2015). The AWD and DI systems reduced the TWI by 24.8% and 37.5% compared with CFI. However, the largest volume of

water-saving was obtained under DI system. Padmanabhan (2019) reported that the DI system increased water-saving by
66.3% compared with CFI. In another research, Kruzhilin et al. (2015) mentioned that the DI system showed higher
water-saving capacity by reducing WI (60–80% reduction) when compared with CFI. Ishfaq et al. (2020) demonstrated

that the plots under AWD at TPR indicated lower TWI compared with CFI at same production method. Maneepitak et al.
(2019) reported that the AWD resulted in a 19 and 39% increase in water-savings in wet and dry seasons, respectively, com-
pared with CFI. Carracelas et al. (2019) also found that TWI was reduced by 13.9% under AWD compared with traditional
CFI. AWD in rice planting to save irrigation water by 40.7% has been suggested by Monaco & Sali (2018) in northern Italy. In

general, rice cultivation under DI system resulted in a significant reduction in TWI in this study, but at the same time, it was
faced with a severe drop in yield, thus the AWD can be a feasible option to reduce the TWI while maintaining yield.

In all three planting methods, TWI was higher under CFI than AWD and DI. The higher TWI was recorded at DSR under

CFI (11,435.7 m3·ha�1) followed by at TNPB under CFI (9,638.0 m3·ha�1) and at TPB under CFI (8,441.3 m3·ha�1). AWD and
DI determined a significant TWI reduction at TPB (15.8% and 21.9%), TNPB (28.3% and 37.8%), and DSR (28.5% and
30.7%) when compared with CFI. However, the lowest water-saving was observed under CFI in all three planting methods,

which can be caused by more water losses through seepage, percolation, and evaporation (Shao et al. 2015). Kiani et al.
(2022) observed the higher water consumption (12,490 m3·ha�1) at DSR under CFI, which is consistent with the results of
this research.

Total water productivity (TWP) was not affected by the interaction between planting method and irrigation system; how-
ever, the individual effects of planting method and irrigation system was highly significant (p , 0.01) on TWP (Table 8).

In our study, the TPB reduced TWI with a corresponding increase in TWP. The TWP at TPB was 23.2% and 39.3% higher
than TNPB and DSR, respectively (Table 9). The higher TWP at TPB method can be attributed the greater grain yield and

lower TWI. Puddling operation enhances irrigation efficiency and WP due to less percolation losses (Monaco & Sali
2018). Wu et al. (2017) reported that one of the strategies of water management was puddling soil to reduce percolation
and seepage losses.

In the present research, the plots maintained under CFI indicated lowest TWP (0.37 kg·m�3). AWD and DI systems resulted
in an increase in TWP by 21.3% and 27.4%, respectively, when compared with CFI. Although the TWP under AWD was
lower than that of DI, the AWD could be improving TWP without yield decline. The results showed that in all three planting
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Table 10 | Impacts of planting and irrigation management strategies on rice in selected papers

Management Impacts References

AWD Reduced WI and Increased WP compared with CFI Ishfaq et al. (2020)

AWD Increased water-saving by 40.7% compared with CFI Monaco & Sali (2018)

CFI Increased WI and reduced WP compared with AWD, Produced similar yield with AWD Pourgholam-Amiji et al.
(2021)

CFI Increased rice yield and TWI by 15% and 13.9%, respectively, compared with AWD Carracelas et al. (2019)

CFI Enhanced grain yield of rice by 13.5% compared with DI Hosseini et al. (2022)

CFI Increased WI by 60–80% compared with DI Kruzhilin et al. (2015)

DI Increased water-saving by 66.3% compared with CFI Padmanabhan (2019)

DI Increased WP compared with CFI and AWD Rao et al. (2017)

DI Reduced TWI by 30.7% and increased WUE by 38% compared with CFI Bansal et al. (2018)

DI Decreased grain yield of rice by 11% and increased WP by 22% compared with CFI Kiani et al. (2022)

DSR Decreased grain yield of rice by 40% and increased WI compared with TPR Kiani et al. (2022)

DSR Decreased grain yield of rice by 33.5% and 42.9% compared with TPB and TNPB,
respectively

Hosseini et al. (2022)

TPB Enhanced grain yield of rice by 12% compared with DSR Xu et al. (2019)

TPB Enhanced grain yield of rice by 14.2% compared with TNPB Hosseini et al. (2022)
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management strategies, there was no significant difference in TWP between DI and AWD systems. The TWP was higher
under DI than CFI in all three planting methods, whereas the TWP under AWD was significantly higher than CFI only at

TPB and TNPB (Table 9). The higher volume of TWI under CFI conditions during the growing season led to a significant
decrease in TWP. In other hand, the lower TWI under AWD and DI systems resulted in higher TWP. Drip irrigation by redu-
cing water loss due to evaporation from a large area of land leads to a reduction in WI and an increase in WP for crops

(Bansal et al. 2018). Previous studies indicated a significant enhance in WP by reducing the volume of WI under DI
system (Padmanabhan 2019). Carrijo et al. (2017) mentioned that the AWD system decreased TWI by 39% and enhanced
TWP by 77% in the dry season, when compared with CFI. Ishfaq et al. (2020) also observed that the WP was higher
under AWD than CFI at both production system (TPR and DDSR) due to higher grain yield and lower TWI. The impacts

of planting and irrigation management strategies on rice in selected papers in present study are presented in Table 10.
CONCLUSIONS

Our findings indicated that TPB could help significant increase in the total tillers number per hill, panicle number per hill,
filled grains number per panicle, and 1,000-grain weight leading towards higher grain yield by 20% and 27.2% compared with
TNPB and DSR methods, respectively. The DSR treatment had the highest total water input and the lowest total water pro-

ductivity, while the TPB method increased the water-saving by 4.5% and 17.3%, respectively, compared with the TNPB and
DSR treatments. Also, the total water productivity at TPB was 23.2% and 39.3% higher than TNPB and DSR, respectively.
The grain yield in two CFI and AWD systems was similar and had no significant difference with each other, while the

yield obtained from DI treatment was significantly lower than the CFI and AWD techniques. The AWD system could be rec-
ommended without a significant reduction in grain yield (1.36% reduction) along with an increase in water-saving (24.8%
increase) and enhance in total water productivity (21.3% increase) when compared with CFI. In general, the results indicated

that choosing the appropriate planting method is of greater importance in improving grain yield and using the correct irriga-
tion system has a vital role in increasing water-saving. Therefore, TPB method under AWD system is recommended to
reducing total water input and increasing grain yield for Indica rice in Iran.
DATA AVAILABILITY STATEMENT

All relevant data are included in the paper or its Supplementary Information.
://iwaponline.com/ws/article-pdf/23/9/3563/1298800/ws023093563.pdf



Water Supply Vol 23 No 9, 3576

Downloaded fr
by guest
on 12 Decemb
CONFLICT OF INTEREST

The authors declare there is no conflict.
REFERENCES

Abdul Rajak, A. R. 2022 Emerging technological methods for effective farming by cloud computing and IoT. Emerging Science Journal 6,
1017–1031.

Ahmadi, K., Ebadzadeh, H., Hatami, F., Abdolshah, H. & Kazemian, A. 2019 Agricultural Statistics Crop Year 2017–2018: Crop Production
(Vol. 1), 1st edn. Ministry of Agriculture, Program and Budget Deputy, Directorate General of Statistics and Information, Tehran, Iran,
p. 95.

Alipour Abookheili, F. & Mobasser, H. R. 2021 Effect of planting density on growth characteristics and grain yield increase in successive
cultivations of two rice cultivars. Agrosystems, Geosciences and Environment 4, e20213.

Anning, D. K., Ofori, J. & Narh, S. 2018 Effect of irrigation management methods on growth, grain yield and water productivity of three
lowland rice (Oryza sativa L.) varieties. West African Journal of Applied Ecology 26 (2), 93–104.

Bansal, R., Sharma, N., Soman, P., Singh, S., Bhardwaj, A. K., Pandiaraj, T. & Bhardwaj, R. K. 2018 On-farm drip irrigation in rice for higher
productivity and profitability in Haryana, India. International Journal of Current Microbiology and Applied Sciences 7 (2), 506–512.

Ben Hassen, M., Monaco, F., Facchi, A., Romani, M., Valè, G. & Sali, G. 2017 Economic performance of traditional and modern rice varieties
under different water management systems. Sustainability 9 (3), 347.

Bukhari Syed, N. S., Shuqi, Z., Babar, M. M. & Kumar Soothar, R. 2021 Analysis of conveyance losses from tertiary irrigation network. Civil
Engineering Journal 7, 1731–1740.

Carracelas, G., Hornbuckle, J., Rosas, J. & Roel, A. 2019 Irrigation management strategies to increase water productivity in Oryza sativa (rice)
in Uruguay. Agricultural Water Management 222, 161–172.

Carrijo, D. R., Lundy, M. E. & Linquist, B. A. 2017 Rice yields and water use under alternate wetting and drying irrigation: a meta-analysis.
Field Crops Research 203, 173–180.

Carrijo, D. R., Akbar, N., Reis, A. F. B., Li, C., Gaudin, A. C. M., Parikh, S. J. & Linquist, B. A. 2018 Impacts of variable soil drying in alternate
wetting and drying rice systems on yields, grain arsenic concentration and soil moisture dynamics. Field Crops Research 222, 101–110.

Dass, A., Chandra, S., Choudhary, A. K., Singh, G. & Sudhishri, S. 2016 Influence of field responding pattern and plant spacing on rice root-
shoot characteristics, yield, and water productivity of two modern cultivars under SRI management in Indian Mollisols. Paddy and
Water Environment 14 (1), 45–59.

Ebrahimi Rad, H., Babazadeh, H., Amiri, E. & Sedghi, H. 2018 Effect of irrigation management and planting density on yield and water
productivity of rice (Hashemi cultivar). Journal of Water Research in Agriculture 31 (4), 625–636.

Fang, H., Rong, H., Hallett, P. D., Mooney, S. J., Zhang, W., Zhou, H. & Peng, X. 2019 Impact of soil puddling intensity on the root system
architecture of rice (Oryza sativa L.) seedlings. Soil and Tillage Research 193, 1–7.

Farahza, M. N., Nazari, B., Akbari, M. R., Naeini, M. S. & Liaghat, A. 2020 Assessing the physical and economic water productivity of annual
crops in Moghan Plain and analyzing the relationship between physical and economic water productivity. Journal of Irrigation and
Water Engineering 11 (42), 166–179.

Haque, M. E., Bell, R. W., Islam, M. A. & Rahman, M. A. 2016 Minimum tillage unpuddled transplanting: an alternative crop establishment
strategy for rice in conservation agriculture cropping systems. Field Crops Research 185, 31–39.

He, H., Ma, F., Yang, R., Chen, L. & Jia, B. 2013 Rice performance and water use efficiency under plastic mulching with drip irrigation. PLoS
One 8 (12), 83103.

He, J., Ma, B. & Tian, J. 2022 Water production function and optimal irrigation schedule for rice (Oryza sativa L.) cultivation with drip
irrigation under plastic film-mulched. Scientific Reports 12, 17243.

Hosseini, S. T., Sharifan, H., Kiani, A., Feyzbakhsh, M. T. & Abyar, N. 2022 Investigation of transplanting and direct cultivation of rice in
terms of yield and yield parameters under different irrigation systems. Iranian Journal of Soil and Water Research 52 (12), 3033–3046.

Hossen, M. A., Hossain, M. M., Haque, M. E. & Bell, R. W. 2018 Transplanting into non-puddled soils with a small-scale mechanical
transplanter reduced fuel, labour and irrigation water requirements for rice (Oryza sativa L.) establishment and increased yield. Field
Crops Research 225, 141–151.

Ishfaq, M., Akbar, N., Anjum, S. A. & Ul-haq, M. A. 2020 Growth, yield and water productivity of dry direct seeded rice and transplanted
aromatic rice under different irrigation management regimes. Journal of Integrative Agriculture 19 (11), 2656–2673.

Islam, M. F., Sarkar, M. A. R., Islam, M. S., Parveen, S. & Hossain, M. S. 2008 Effects of crop establishment methods on root and shoot
growth, lodging behavior of Aus rice. International Journal of Biological Research 5, 60–64.

Kar, I., Mishra, A., Behera, B., Khanda, C., Kumar, V. & Kumar, A. 2018 Productivity trade-off with different water regimes and genotypes of
rice under non-puddled conditions in Eastern India. Field Crops Research 222, 218–229.

Karimi Fard, M., Zakerinia, M., Kiani, A. R. & Feyz Bakhsh, M. T. 2020 The effect of trickle and sprinkler irrigation systems on yield and
water productivity of rice in transplanting and direct cultivation methods. Journal of Water and Soil 34 (5), 1019–1032.

Kaur, J. & Singh, A. 2017 Direct seeded rice: prospects, problems/constraints and researchable issues in India. Current Agriculture Research
Journal 5 (1), 1–13.
om http://iwaponline.com/ws/article-pdf/23/9/3563/1298800/ws023093563.pdf

er 2024

http://dx.doi.org/10.28991/ESJ-2022-06-05-07
http://dx.doi.org/10.1002/agg2.20213
http://dx.doi.org/10.1002/agg2.20213
http://dx.doi.org/10.20546/ijcmas.2018.702.064
http://dx.doi.org/10.20546/ijcmas.2018.702.064
http://dx.doi.org/10.3390/su9030347
http://dx.doi.org/10.3390/su9030347
http://dx.doi.org/10.28991/cej-2021-03091756
http://dx.doi.org/10.1016/j.agwat.2019.05.049
http://dx.doi.org/10.1016/j.agwat.2019.05.049
http://dx.doi.org/10.1016/j.fcr.2016.12.002
http://dx.doi.org/10.1016/j.fcr.2018.02.026
http://dx.doi.org/10.1016/j.fcr.2018.02.026
http://dx.doi.org/10.1007/s10333-015-0477-z
http://dx.doi.org/10.1007/s10333-015-0477-z
http://dx.doi.org/10.1016/j.still.2019.05.022
http://dx.doi.org/10.1016/j.still.2019.05.022
http://dx.doi.org/10.1016/j.fcr.2015.10.018
http://dx.doi.org/10.1016/j.fcr.2015.10.018
http://dx.doi.org/10.1371/journal.pone.0083103
http://dx.doi.org/10.1038/s41598-022-20652-3
http://dx.doi.org/10.1038/s41598-022-20652-3
http://dx.doi.org/10.1016/j.fcr.2018.06.009
http://dx.doi.org/10.1016/j.fcr.2018.06.009
http://dx.doi.org/10.1016/S2095-3119(19)62876-5
http://dx.doi.org/10.1016/S2095-3119(19)62876-5
http://dx.doi.org/10.1016/j.fcr.2017.10.007
http://dx.doi.org/10.1016/j.fcr.2017.10.007
http://dx.doi.org/10.12944/CARJ.5.1.03


Water Supply Vol 23 No 9, 3577

Downloaded from http
by guest
on 12 December 2024
Kiani, A. R., Yazdani, M. R. & Feyzbakhsh, M. T. 2022 Comparison of rice direct seeding and transplanting methods under different irrigation
methods. Journal of Water and Soil 35 (6), 779–790.

Kruzhilin, I. P., Doubenok, N. N., Ganiev, M. A., Abdou, N. M., Melikhov, V. V., Bolotin, A. G. & Rodin, K. A. 2015 Water-saving technology
of drip irrigated aerobic rice cultivation. Извecmuя Ð¢Ð¡Ð¥Ð, вЫпуск 3, 47–56.

Li, Z., Azeem, S., Zhang, Z., Li, Z., Zhao, H. & Lin, W. 2016 Promising role of moderate soil drying and subsequent recovery through
moderate wetting at grain-filling stage for rice yield enhancement. Journal of Plant Growth Regulation 35, 838–850.

Liu, H., Hussain, S., Zheng, M., Peng, S., Huang, J., Cui, K. & Nie, L. 2015 Dry direct-seeded rice as an alternative to transplanted-flooded rice
in Central China. Agronomy for Sustainable Development 35, 285–294.

Maneepitak, S., Ullah, H., Paothong, K., Kachenchart, B., Datta, A. & Shrestha, R. P. 2019 Effect of water and rice straw management
practices on yield and water productivity of irrigated lowland rice in the Central Plain of Thailand. Agricultural Water Management 211,
89–97.

Monaco, F. & Sali, G. 2018 How water amounts and management options drive irrigation water productivity of rice. A multivariate analysis
based on field experiment data. Agricultural Water Management 195, 47–57.

Norton, G. J., Shafaei, M., Travis, A. J., Deacon, C. M., Danku, J., Pond, D., Cochrane, N., Lockhart, K., Salt, D., Zhang, H., Dodd, I. C.,
Hossain, M., Islam, M. R. & Price, A. H. 2017 Impact of alternate wetting and drying on rice physiology, grain production, and grain
quality. Field Crops Research 205, 1–13.

Padmanabhan, S. 2019 Drip irrigation technology for rice cultivation for enhancing rice productivity and reducing water consumtion. In 3rd
Word Irrigation Forum (WIF3), Bali, Indonesia, pp. 1–8.

Patel, T. U., Vihol, K. J., Thanki, J. D., Gudaghe, N. N. & Desai, L. J. 2018 Weed and nitrogen management in direct-seeded rice. Indian
Journal of Weed Science 50 (4), 320–323.

Pourgholam-Amiji, M., Liaghat, A., Khoshravesh, M. & Azamathulla, H. M. 2021 Improving rice water productivity using alternative
irrigation (case study: North of Iran). Water Supply 21 (3), 1216–1227.

Rao, K. V. R., Gangwar, S., Keshri, R., Chourasia, L., Bajpai, A. & Soni, K. 2017 Effects of drip irrigation system for enhancing rice (Oryza
sativa L.) yield under system of rice intensification management. Applied Ecology and Environmental Research 15, 487–495.

Sandhu, N., Subedi, S. R., Yadaw, R. B., Chaudhary, B., Prasai, H., Iftekharuddaula, K., Thanak, T., Thun, V., Battan, K. R., Ram, M.,
Venkateshwarlu, C., Lopena, V., Pablico, P., Maturan, P. C., Cruz, M. T. S., Raman, K. A., Collard, B. & Kumar, A. 2017 Root traits
enhancing rice grain yield under alternate wetting and drying condition. Frontiers in Plant Science 8, 1879.

Shao, G., Cui, J., Lu, B., Brian, B. J., Ding, J. & She, D. 2015 Impacts of controlled irrigation and drainage on the yield and physiological
attributes of rice. Agricultural Water Management 149, 156–165.

Singh, P. K., Srivastava, P. C., Sangavi, R., Gunjan, P. & Sharma, V. 2019 Rice water management under drip irrigation: an effective option for
high water productivity and efficient zinc applicability. Pantnagar Journal of Research 17 (1), 19–26.

Wu, X. H., Wang, W., Yin, C. M., Hou, H. J., Xie, K. J. & Xie, X. L. 2017Water consumption, grain yield, and water productivity in response to
field water management in double rice systems in China. PLoS ONE 12 (12), e0189280.

Xu, L., Zhan, X., Yu, T., Nie, L., Huang, J., Cui, K., Wang, F., Li, Y. & Peng, S. 2018 Yield performance of direct-seeded, double-season rice
using varieties with short growth durations in central China. Field Crops Research 227, 49–55.

Xu, L., Li, X., Wang, X., Xiong, D. & Wang, F. 2019 Comparing the grain yields of direct-seeded and transplanted rice: a meta-analysis.
Agronomy 9 (11), 767.

Ye, Y., Liang, X., Chen, Y., Liu, J., Gu, J., Guo, R. & Li, L. 2013 Alternate wetting and drying irrigation and controlled-release nitrogen
fertilizer in late-season rice. effects on dry matter accumulation, yield, water and nitrogen use. Field Crops Research 144, 212–224.

Zabihpour Roushan, M., Bagheri, A., Asadi, R., Akbari Nodehi, D. & Shirdel Shahmiri, F. 2022 Growth, grain yield, and water productivity of
different rice varieties in response to irrigation management techniques. Water Supply 23 (3), 1208–1219.

Zhou, Q., Ju, C. X., Wang, Z. Q., Zhang, H., Liu, L. J., Yang, J. C. & Zhang, J. H. 2017 Grain yield and water use efficiency of super rice under
soil water deficit and alternate wetting and drying irrigation. Journal of Integrative Agriculture 16 (5), 1028–1043.

First received 28 February 2023; accepted in revised form 28 July 2023. Available online 10 August 2023
://iwaponline.com/ws/article-pdf/23/9/3563/1298800/ws023093563.pdf

http://dx.doi.org/10.1007/s00344-016-9587-0
http://dx.doi.org/10.1007/s00344-016-9587-0
http://dx.doi.org/10.1007/s13593-014-0239-0
http://dx.doi.org/10.1007/s13593-014-0239-0
http://dx.doi.org/10.1016/j.agwat.2018.09.041
http://dx.doi.org/10.1016/j.agwat.2018.09.041
http://dx.doi.org/10.1016/j.agwat.2017.09.014
http://dx.doi.org/10.1016/j.agwat.2017.09.014
http://dx.doi.org/10.1016/j.fcr.2017.01.016
http://dx.doi.org/10.1016/j.fcr.2017.01.016
http://dx.doi.org/10.5958/0974-8164.2018.00069.2
http://dx.doi.org/10.2166/ws.2020.371
http://dx.doi.org/10.2166/ws.2020.371
http://dx.doi.org/10.15666/aeer/1504_487495
http://dx.doi.org/10.15666/aeer/1504_487495
http://dx.doi.org/10.3389/fpls.2017.01879
http://dx.doi.org/10.3389/fpls.2017.01879
http://dx.doi.org/10.1016/j.agwat.2014.11.002
http://dx.doi.org/10.1016/j.agwat.2014.11.002
http://dx.doi.org/10.1371/journal.pone.0189280
http://dx.doi.org/10.1371/journal.pone.0189280
http://dx.doi.org/10.1016/j.fcr.2018.08.002
http://dx.doi.org/10.1016/j.fcr.2018.08.002
http://dx.doi.org/10.3390/agronomy9110767
http://dx.doi.org/10.1016/j.fcr.2012.12.003
http://dx.doi.org/10.1016/j.fcr.2012.12.003
http://dx.doi.org/10.2166/ws.2023.057
http://dx.doi.org/10.2166/ws.2023.057
http://dx.doi.org/10.1016/S2095-3119(16)61506-X
http://dx.doi.org/10.1016/S2095-3119(16)61506-X

	Effect of planting and irrigation management strategies on growth, yield and water productivity of indica rice in Iran
	INTRODUCTION
	MATERIALS AND METHODS
	Experimental site
	Experimental design and treatments
	Field experiment
	Sampling and measurement
	Statistical analysis

	RESULTS AND DISCUSSION
	Growth parameters
	Yield components and grain yield
	Total water input and water productivity

	CONCLUSIONS
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST
	REFERENCES


