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Abstract

:

The underground water and water storage reservoirs are rapidly depleting due to nominal recharging by the rainfalls making water a scarce resource for irrigation resulting in poor crop growth and production. Irrigation water application should focus on the proficient use of each drop of water. Water productivity (WP) in agriculture can be improved through crop diversification, proper land and water management techniques. Considering this, a field investigation was carried out during 2013–2014 and 2014–2015 to study the crop response of rice (Oryza sativa L.) + okra (Abelmoschus esculentus L.) system to land configurations and irrigation regimes. Three raised-sunken beds (RSB) having width (m) ratios of 1:3, 2:3, 3:3 and two irrigation schedules viz. continuous standing water (CSW) of 5 ± 2 cm depth and alternate wetting and drying (AWD) at 3 ± 1 days interval for rice in sunken bed were tested. Rice yield was more (4.36 and 4.89 Mg ha−1) under CSW irrigation than AWD irrespective of raised bed width. The highest okra yield was noted by 14.09 and 15.43 Mg ha−1 with AWD in 1:3 RSB systems, whereas the lowest yield was recorded in CSW 1:3 RSB systems. Rice equivalent yield (REY) was found as the maximum in AWD than CSW irrespective of raised and sunken bed configurations. The AWD in 3:3 RSB systems exhibited the highest WP of 1.02 and 1.01 kg m−3 during the first and second year of study, respectively. Wider RSB system of land configuration ratio of 3:3 saved about 40–45% of irrigation water. Such information will help in the planning of an innovative intercropping system of summer rice + okra in the field by changing the land configuration to the raised bed and sunken bed with the AWD irrigation system.
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1. Introduction


Rice (Oryza sativa L.) is one of the most important grain crops for more than 50% of the world’s population, accounting for approximately 20% of total energy intake and an annual increase of 8–10 million tons is estimated necessary to meet future needs [1,2]. It is the most important crop of India and the second most important crop in the world. Being the staple food for more than 70% of the Indians, our national food security hinges on the growth and stability of rice production. It is a drought-susceptible crop exhibiting serious deleterious effects when exposed to water stress at critical growth stages especially at the reproductive stage [3]. But at the same time, it can adapt to soil water deficit [4]. Again, shortage of water for irrigation is one of the most crucial factors limiting the growth and production of almost all the crops including rice worldwide and the intensity of the issue is aggravating over time [5,6]. In contrast with other crops, rice is particularly more sensitive to water stress especially at critical growth stages such as panicle initiation, anthesis, and grain filling [7,8]. Production growth of rice was marvelous over 3 decades with the introduction of high yielding varieties, irrigation water, and chemical fertilizers. But productivity has now become stagnated or even declining under exhaustive cropping sequences in irrigated ecosystems. In this critical juncture, rice growers have limited options to increase rice productivity when land and water resource are dwindling and the cost of cultivation is soaring.



Okra (Abelmoschus esculentus L.) is a popular vegetable crop in India. Okra crop is very sensitive to the status of soil moisture, as soil water stress or excess water both limits the plant growth and fruit yield. The crop is grown year-round under varied soil and climatic conditions of the country. India is the world’s topmost country covering almost 70% of global okra production [9]. Farmers of lowland areas generally grow low-yielding and long-duration varieties of rice in the rainy season, and after the harvest of rice, the land remains fallow. Therefore, diversification and intensification of the rice-based cropping system is the need of the hour to enhance productivity and income [10]. The inclusion of vegetables in the rice culture can be one of the alternative land-use systems for higher crop water productivity [11].



The underground water and water storage reservoirs are rapidly depleting due to nominal recharging by the rainfalls and continuous silting in the dams, making water a scarce resource for irrigation. This shortage of water for irrigation is one of the most crucial factors limiting the growth and production of almost all crops worldwide. Therefore, irrigation water application should take the knowledge of the need to secure maximum output for each drop of water in terms of crop yield or to enhance the crop water productivity. Water productivity (WP) in agriculture would be the single most important factor that can be attained through crop diversification (includes crops having high value of WP), efficient land, and water management techniques. Proper land configuration can be adopted for growing summer rice in sunken bed and vegetables in raised beds for the utilization of seepage water from sunken bed rice. A simple land configuration through raised and sunken bed system (RSB) is a useful technology for proper land and water management to increase crop water productivity [12]. Modification in field topography through the construction of alternate raised and sunken bed improves the physical environment, particularly the aeration status of the soil and creates the proper condition for the growth of crops [13]. Water management practices like ‘Alternate Wetting and Drying’ (AWD) tackle water scarcity in a better way in irrigated rice cultivation and has the potential to contribute to more sustainable and effective water use. AWD is a knowledge-intensive technology as it is based on the insights gained by scientists at IRRI that rice, despite being a semi-aquatic plant, can tolerate reduced water supply without suffering any negative effects. The water level in the rice field can drop down to 10 to 15 cm below the soil surface without significantly affecting the yield. AWD and non-flooded irrigation have shown promising results in reducing water consumption without a significant effect on rice grain yield [13]. Water productivity in agriculture would be the single most important factor driving water use globally in the future [13,14]. The declining ground water table is more pronounced in tube well-commanded irrigation systems of lower Gangetic Plain Regions of India. Concerning the potentialities of the AWD system as well as raised and sunken bed system as mentioned above, the current study was designed with innovative rice plus okra system, where rice was grown in the sunken bed being a water-loving crop and okra was grown in the raised bed.



All the above information leaves a huge scope for designing an innovative land configuration along with irrigation management practices for high-irrigation demanding summer rice crops. Keeping all these in the background, the present study aimed at the growing of arable vegetables in the raised bed and wet crop rice in sunken bed to save aquifer water in the tube well commanded lower Gangetic Plain. The novelty of the study was to generate new information about environmentally sustainable land configuration methods along with irrigation for the summer rice + okra system.




2. Materials and Methods


2.1. Experimental Site


The field experiment was carried out at the Central Research Farm (CRF) of Bidhan Chandra Krishi Viswavidyalaya (BCKV), West Bengal, India in two consecutive winter seasons of 2013–2014 and 2014–2015. The experimental site was situated at 22°58′ N latitude and 88°29′ E longitude with an altitude of 9.75 m above the mean sea level, and topographically the land is medium in slope (Figure 1). The soil of the experimental field is typical of Gangetic alluvium (Inceptisol) type with medium water holding capacity and moderate fertility status. The soil was sandy loam in texture with a pH of 6.8, organic carbon of 5.5 g kg−1, available nitrogen of 238 kg ha−1, available P of 14.7 kg ha−1 and available K of 145 kg ha−1. Physical properties of the soil in the root zone depth (0–90 cm) were as follows: soil moisture tension at field capacity 0.36 m3 m−3, wilting point 0.16 m3 m−3, bulk density 1.47 Mg m−3, and hydraulic conductivity 8–12 mm h−1. The experimental site belongs to a subtropical humid climate. The summer is hot and the winter is moderate. Pre-monsoon rain is common in the month of April and May (Figure 2).



The normal monsoon of this region breaks in the first week of June. The average annual rainfall is 1500 mm, mostly precipitated during the months of June to September. Monsoon season ceases during October and the cool season sets in November. The meteorological data pertaining to the period of experimentation are given in Table 1.




2.2. Land Configuration


The experimental field was ploughed in a criss-cross manner by a tractor-drawn duck foot cultivator initially. Raised bed–sunken bed (RSB) was configured at width (m) ratios of 1:3; 2:3, and 3:3. These ratios clearly depict that the width of the sunken bed was always 3 m, and the widths of the raised beds were, 1 m, 2 m, and 3 m for 1:3, 2:3, and 3:3 ratios, respectively. A 0–10 cm soil layer was removed to make each sunken bed and deposited on the adjacent raised bed, making the sunken beds 20 cm deeper than the raised bed. Final ploughing with a power tiller in standing water was carried out twice to make the land well puddled, and then laddering was done to get a uniform surface in sunken beds, and spading was done in the raised beds to get a well-aerated and uniform surface. The whole experimental field was divided into 3 blocks, each of which contained 9 plots. Three irrigation channels were provided along the length of the experimental field in between rows of plots. The width of the irrigation channels were 1 m. An area having 1 m width was left as a buffer between the sole plots. Rice was grown on the sunken beds irrespective of all the treatments and okra was grown on raised broad beds of different breadth and widths with 20 cm elevation following the land configuration model (Figure 3). The length of each plot in the RSB system was 6 m. The breadth of all the sole plots for sunken bed was 3 m, and for the raised okra bed three different bed widths of 1 m, 2 m, and 3 m were taken as per the requirement. Land configuration was made in the 1st cropping season and the layout was maintained as such for the next season as well.




2.3. Irrigation Method


Two irrigation schedules, namely I1—continuous standing water (CSW) with standing water of 5 ± 2 cm depth and I2—alternate wetting drying (AWD) at 3 ± 1 days interval for rice in sunken bed, were taken for this study. Continuous standing water for rice was maintained up to the grain filling stage. Afterwards, the water level in the sunken bed was not maintained. Total numbers of irrigations for CSW in first and second year of study were 19 and 15, respectively, while the numbers were 12 and 9 for AWD during 1st and 2nd year. Depth of irrigation water was 5 cm.




2.4. Treatment Details


The field experiment was laid out in randomized block design (RBD) comprising nine treatments with three replications. Thus, there were 27 plots in the experiment. Each plot size for sunken bed rice was 6 m × 3 m in size, and raised bed okra had varied plot sizes with different bed widths of 1 m, 2 m, and 3 m and a uniform length of 6m.The plot size for sole okra crop was 6 m × 3 m. A buffer strip of 1 m was constructed to separate the sole plots both under CSW and AWD irrigation scheduling and also the sole rice AWD plot from the sole okra plot. Treatment details of raised and sunken bed (RSB) with irrigation scheduling are as follows: T1—I1 RSB1 (1:3)—CSW in 3 m sunken rice bed with 1 m raised okra bed; T2—I1 RSB2 (2:3)—CSW in 3 m sunken rice bed with 2 m raised okra bed; T3—I1 RSB3 (3:3)—CSW in 3 m sunken rice bed with 3 m raised okra bed; T4—I2 RSB1 (1:3)—AWD in 3 m sunken rice bed with 1 m raised okra bed; T5—I2 RSB2 (2:3)—AWD in 3 m sunken rice bed with 2 m raised okra bed; T6—I2 RSB3(3:3)—AWD in 3 m sunken rice bed with 3 m raised okra bed; T7—I1 Sole rice with CSW; T8—I2 Sole rice with AWD and T9—Sole okra (SO at IW/CPE ratio of 1.0). IW and CPE denote irrigation water and cumulative pan evaporation, respectively. IW/CPE ratio is a climatological approach for scheduling irrigation. The amount of IW was 5 cm for this study. IW/CPE ratio was 1 for T9. It indicates that when the CPE value reaches 5 cm, then the crop must be irrigated. In the case of sowing sole okra and rice, the flat sowing method was followed.




2.5. Crop Establishment


Crops were raised with standard agronomy practices in raised and sunken beds. Rice (variety—IET 4786) seedlings were raised by wet bed method and transplanted on the 1st week of February when the age of the seedlings was 45 days. Okra (variety—Hybrid Syngenta 152) was sown one week before the transplanting of rice. Straight row planting at 2–3 cm depth was done for rice at a spacing of 20 cm × 15 cm, taking 3–4 seedlings hill−1 with the help of a rope marker in all the sunken beds. The rice seedlings were planted in the North-South direction. Okra seeds were sown on the raised bed at a spacing of 50 cm × 50 cm. Gap filling in rice and thinning in okra was done to obtain optimum plant population in the field. A recommended dose of 120 kg N, 60 kg P, and 60 kg K for 1 ha was applied to the sunken bed rice crop during both the year of experimentation. 25% of N, full doses of P, and half of K were applied as basal during final land preparation. The first top dressing of 50% N at 25 days after transplanting (DAT) and the second top dressing of remaining 25%of N and half K was done at 55 DAT. In the raised bed, N:P:K dose for okra was 120:60:100 kg ha−1. 25% of N, 50% of P, and 50% K were applied as basal after layout preparation. The first top dressing of 50% N, 50% P, and 50% K was done at 25 days after sowing (DAS) and the second top dressing of remaining 25% of N was made at 45 DAS. For effective control of weeds in sunken bed plots, Ambica paddy weeder (Ambica Engineering Works Pvt. Ltd., Talaja, India) was operated between rows rice plants in both directions. Manual hand weeding was done in the respective plots of raised okra bed. Plant protection measures were taken at subsequent growth stages with Chlorpyriphos 20% EC at 2.5 mL L−1 to control yellow stem borer (Scirpophaga incertulas Walker) infestation in the rice plots. Rice was harvested during the 2nd week of May and plucking of okra fruits started from 3rd week of March and continued up to the end of May for both years.




2.6. Wateruse, Productivity and Savings


Water use by the rice crop was calculated using the formula given by Singh et al. [6] and Pereira [15]: Total water use by crop (ET) = Irrigation water supplied (I) + Effective rainfall received (ER) + Capillary rise (C) + Water contribution from the soil profile (ΔSW).



The amount of irrigation water applied in each sunken bed rice plot starting from transplanting to maturity of crop was determined volumetrically, and the total amount of applied irrigation water was worked out from the number of irrigation multiplied by the depth of irrigation. The measurement of effective rainfall was done by the balance sheet method, i.e., effective rainfall (ER) = Total rainfall (P)−Runoff (R)−Evaporation (E)−Deep percolation (D). Rainfall-runoff and deep percolation losses of water from the field were considered zero for the dry season of both the year of experimentation, and no evaporation loss occurred due to full groundcover by the crop foliage during that period. The capillary rise was presumed to be negligible because of the lower depth of the groundwater table (<3 m).



Water productivity (Wp) was expressed in physical terms (kg m−3) following the formula given by Kijne et al. [16]:


  Wp =   Yield    Water   use     











In the raised bed of okra plot, soil samples were collected from the centre and both edges of bed before and after irrigation to the sunken rice bed. Each time soil samples were collected from different depths (0–30, 30–60, and 60–90 cm) with the help of soil auger and kept in an aluminum moisture box. The soil sample was dried in hot air oven at 105 °C for 72 h. The dry weight of the sample with the box was then recorded and moisture percentage was computed by gravimetric method.



The soil moisture content was determined as per the following equation given by Reddy [17]:


Soil water content (depth basis) = Pd × BD × depth of soil (cm)








where, Pd is moisture percentage on a weight basis, BD is the bulk density (g cm−3).



Water use in the system was determined proportionally as per the different raised bed width ratios considering the amount of water applied in sole plots of rice crop. Subsequently, water-saving in the system was computed by subtracting the amount of water used in the system from the amount of water applied through irrigation in sole rice plots, and the percentage of water-saving was calculated accordingly.




2.7. Statistical Analysis


Data collected from the field experiment was subjected to statistical analysis appropriate to the design following Gomez and Gomez [18]. One-way analysis of variance (ANOVA) was used. Statistical significance of different treatments was calculated following least square difference (LSD, p =0.05) test using analysis of variance in Randomized Block Design as per Fisher’s F-test using the statistical software SPSS v.19 (SPSS Inc., IBM, Chicago, IL, USA). All the graphs were prepared using Microsoft Excel software.





3. Results and Discussion


3.1. Water Use


3.1.1. Water Supply in Rice


The irrigation water supply in sunken bed rice crop varied depending upon the irrigation scheduling ranging from CSW to AWD and the land configuration of raised-sunken bed ranging from 1:3 to 3:3 (Table 2).



Irrigation water requirements for rice following CSW and AWD were 1350–1450 mm and 1050–1100 mm respectively. The amount of effective rainfall varied from 129.5 to 201.2 mm but it was received at the later growth stages of the crop during both the experimental years (Figure 4).



The least irrigation water use of 525–550 mm was noted in RSB 3:3 with AWD irrigation scheduling, and the highest water use of 1013–1088 mm was recorded in RSB 1:3 under CSW. Total water use was maximum under sole rice grown with CSW (1551–1580 mm) followed by sole rice grown with AWD (1230–1251 mm) during both the years of experimentation. CSW irrigation scheduling required more irrigation water about 31.82% and 28.57% over AWD irrigation scheduling under sole crop during the first and second year, respectively. On the other hand, AWD recorded 22.21 to 24.17% less irrigation water use over CSW under the RSB land configuration. Adoption of land configuration reduced the total water requirement for rice by 21.72 to 45.88% both in AWD and CSW irrigation schedules. AWD recorded 20.47 to 21.0% and 17.12 to 18.53% less water requirement in terms of total water use with different raised bed width ratio over CSW during both the years of study. This might be attributed with the reduced depth of standing water under AWD irrigation scheduling that lowered the seepage and percolation loss of water from the sunken beds. Li and Barker [19] also observed reduced irrigation water requirements under the AWD practice. Maintaining a very thin water layer through AWD can reduce the amount of water applied to the field by 40–70% compared with the traditional practice of continuous shallow submergence [20].




3.1.2. Seepage Gain in Okra


Okra crop grown in different raised bed widths was not given irrigation but received seepage water from sunken bed rice (Table 2). Seepage gain in okra varied depending upon the water regime (CSW and AWD) created in the sunken bed and the bed width of the raised bed (1, 2, and 3 m). The edge of the raised bed adjacent to the sunken bed received more moisture through seepage gain as compared to the middle part of the raised bed. Okra crop was grown in the narrow bed (1 m) gained more amount of water through seepage than the crop grown in broader beds (2 and 3 m) under both AWD and CSW irrigation scheduling. The highest seepage water gain of 179.4–195.8 mm was recorded with 1 m bed width under CSW water regime in rice but the least seepage gain of 28.3–45.5 mm was noted in a raised bed of 3 m width (RSB 3:3) when sunken bed rice crop was under AWD. This may be due to the continuous supply of water to the adjacent sunken bed of rice, which gets transmitted through seepage to the okra plot grown under the CSW irrigation regime [21]. There was no seepage gain by the sole okra crop. It was grown in the flat-bed and received about 200 mm of water through 4 irrigations based on IW/CPE ratio 1.0. Sole okra crop received the highest amount of water supply to the extent of 330 and 401 mm during 2013–2014 and 2014–2015, respectively.




3.1.3. Water Savings


Raised bed land configuration of different bed width ratios saved about 22.9 to 45.9% and 21.7 to 43.5% of irrigation water under CSW irrigation scheduling and about 22.3 to 44.7% and 20.9 to 41.9% of irrigation water under AWD over sole rice during 2013–2014 and 2014–2015, respectively (Table 2). Sole rice under the AWD water regime saved about 22.2% and 19.3% more water than sole rice CSW during 2013–2014 and 2014–2015, respectively. Water saved by the system was about 20.9 to 44.7% over the sole cropping. Wider bed widths (RSB 3:3 and 2:3) recorded more water savings than the narrow bed widths (RSB 1:3) irrespective of irrigation scheduling. The water ceased more rapidly from the sunken rice beds under AWD, which allowed the surface soil layer to dry away relatively in less time and stored more of the rainwater that resulted in saving of irrigation water. It was also reported that irrigation applied 4 days after the subsidence of standing flood water in fields following AWD saved 42 to 45% water without significant reduction in rice grain yields [21]. Keeping the soil saturated or following AWD irrigation practice in Sindh (Pakistan) saved water without significant yield loss of rice [22].





3.2. Crop Performances


Crop performances of okra and rice were grown in the RSB system were significantly influenced by CSW and AWD irrigation in rice and soil moisture availability in okra (Table 3).



Rice grown in plots with 1:3 bed width ratio under CSW recorded the maximum yield of 4.36 and 4.89 Mg ha−1 as compared to rice grown in other two-bed width ratios, i.e., 2:3 and 3:3 during 2013–2014 and 2014–2015, respectively. It was statistically at par with the yield of sole rice under CSW. Rice grain yield in sunken beds with 1:3 bed width ratio was 13.67–15.34% higher than sole rice under CSW. In sunken bed, rice yield was more under CSW than AWD irrespective of raised bed width. The higher grain yields in CSW during both the dry season of 2013–2014 and 2014–2015 are attributed to higher numbers of filled grains panicle−1, higher panicle weight, and test weight coupled with lower chaffy grain percentage as compared to AWD water regimes [23]. The increased grain yield in CSW might also be attributed to higher nutrient uptake by the plants (particularly N and P) as compared with AWD irrigation scheduling [24].



In the raised bed, the yield of okra varied with the change of bed width and water supply. Okra grown in 1:3 RSB system recorded the highest yield of 14.09 and 15.43 Mg ha−1 with AWD irrigation scheduling in rice but the least okra yield (9.42 and 10.34 Mg ha−1) was recorded in the same 1:3 RSB system while CSW irrigation schedule was followed in rice during 1st and 2nd year of study. This yield reduction was to the tune of 33.14 to 50.90% due to a change of irrigation scheduling in rice from CSW to AWD. This result might be attributed to the variation in the soil water availability to the root zone of okra as reported by Sharma [12]. In the AWD irrigation regime, narrow raised bed (1 m) received more seepage water than wider raised beds (2 and 3 m), on the contrary, in CSW irrigation okra grown in wider beds (3 and 2 m) responded better than 1 m bed as okra was susceptible to water-logging or more water in the root zone.



The RSB land configuration resulted in significant improvement of system production over rice sole cropping through crop diversification and better irrigation water use in the system. Rice equivalent yield (REY) was noted maximum in AWD than CSW irrespective of raised and sunken bed configurations during the first year, while CSW recorded better as compared to AWD during the second year of study. Wider (3 m) raised bed width gave higher REY due to higher yields of okra to the tune of 9.68 to 20.38% and 8.59 to 19.97% over 1 and 2 m beds under AWD irrigation treatment and the increase was about 19.34 and 26.82% more over sole okra crop during 2013–2014 and 2014–2015, respectively. Results revealed that the RSB system following rice-tomato/garden pea cropping system gave the highest REY and production efficiency followed by rice-potato/garden pea system, lowest being in rice mono-cropping [25]. Higher REY from RSB land configuration over sole cropping was due to the inclusion of high-value crops like vegetables in the system. Increased paddy and pointed gourd yield under the RSB technology were also reported by Das et al. [26].




3.3. Water Productivity


Water productivity (WP) of summer rice and okra as a whole in the system was considerably influenced by water supply levels and raised bed width ratio. RSB (3:3) with AWD irrigation dry regime recorded higher system water productivity value of 1.02 and 1.01 kg m−3 water in terms of total water supply (TWS) including rainfall and the increase was to the tune of 27.66 to 29.11% and 16.98 to 18.82% over CSW wetted regime in both the growing seasons (Table 3). It was reported that the AWD technique of irrigation increases the water-productivity remarkably at the farm level [27,28]. This increased system WP was possible due to the inclusion of okra having a high value of WP (16.5–17.0 kg m−3). Higher WP under RSB was mainly due to the inclusion of vegetables having high production potential as compared to rice [29]. An increase in raised bed width increased the dryness in the root zone as a result WP of okra attained higher values. The least system water productivity value of 0.47–0.53 kg m−3 was recorded in narrow raised bed RSB (1:3) with the CSW water regime. The WP value of sole rice was very low (0.27–0.29 kg m−3). The RSB system recorded higher WP, to the tune of 53.2–72.5% and 42.6–68.2%, over sole rice crops both under the AWD and CSW irrigation scheduling. This might be attributed to the better utilization of water in the system throughout the crop growing period as compared to sole rice under AWD and CSW water regimes. A moderate relationship between total water supply (TWS) and productivity of rice was achieved under different irrigation regimes and land configurations (Figure 5).





4. Conclusions


From this study, it may be concluded that water productivity of okra and summer rice grown in raised and sunken bed (RSB) system has been increased by two times and saved precious underground irrigation water by 40–45% as compared to traditional rice cultivation. In respect of system water savings and enhancing crop water productivity, the land configuration of RSB (3:3) is very much effective for growing rice + vegetables simultaneously in tube well-irrigated ecosystem during the summer season in the Indo-Gangetic plains region. Growing of arable okra vegetables in the raised bed and wet crops like rice in the sunken bed will save aquifer water in the tube well commands where ever depleting ground-water aquifer are predominant. Hence, an attempt was made to find out crop diversification and water-saving techniques for higher productivity, i.e., ‘more crop per drop’ or ‘more food with less water’. From this study, it can be concluded that 3 m sunken rice bed with 3 m raised okra bed along with alternate wetting and drying irrigation system is the best concerning system productivity of summer rice + okra system and water productivity. The possible risk for this research is faulty land configuration, which may reduce the productivity of the crops. So, the land configuration is one of the most important concerns for the RSB system.
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Figure 1. Map of the research farm where the study was conducted. 






Figure 1. Map of the research farm where the study was conducted.



[image: Agronomy 11 02087 g001]







[image: Agronomy 11 02087 g002 550] 





Figure 2. Monthly rainfall distribution pattern during the period of experimentation; values above bars denote the amount of total rainfall (mm). 
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Figure 3. Hydraulics of soil water movement in raised bed from sunken bed (RSB) having different raised bed widths. 
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Figure 4. Crop growth stage-wise effective rainfall during 2014 and 2015; ER: Effective rainfall (mm); DAT: Days after transplanting. 
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Figure 5. Relation between total water supply (TWS) and yield of rice. 
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Table 1. Meteorological data during the experimentation.
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Months

	
Temperature (°C)

	
Relative Humidity (%)

	
BRS (h d−1)

	
Epan (mm d−1)




	
2014

	
2015

	
2014

	
2015

	
2014

	
2015

	
2014

	
2015




	
Max.

	
Min.

	
Max.

	
Min.

	
Max.

	
Min.

	
Max.

	
Min.






	
January

	
23.5 ± 0.2

	
13.21 ± 0.4

	
25.1 ± 0.3

	
9.97 ± 0.1

	
95.6 ± 1

	
60.8 ± 1

	
93.7 ± 1

	
49.0 ± 2

	
5.49 ± 0.05

	
5.56 ± 0.04

	
1.06 ± 0.01

	
1.14 ± 0.01




	
February

	
28.9 ± 0.3

	
14.0 ± 0.1

	
29.4 ± 0.4

	
13.5 ± 0.2

	
90.4 ± 2

	
42.9 ± 1

	
91.0 ± 2

	
44.7 ± 1

	
8.71 ± 0.02

	
7.60 ± 0.01

	
2.09 ± 0.01

	
1.99 ± 0.01




	
March

	
34.5 ± 0.2

	
20.6 ± 0.3

	
36.2 ± 0.2

	
20.0 ± 0.3

	
87.9 ± 1

	
36.7 ± 1

	
88.5 ± 1

	
34.2 ± 1

	
8.74 ± 0.05

	
7.98 ± 0.05

	
3.57 ± 0.02

	
3.53 ± 0.02




	
April

	
36.1 ± 0.2

	
24.2 ± 0.05

	
37.6 ± 0.3

	
24.2 ± 0.1

	
87.4 ± 3

	
49.0 ± 1

	
88.0 ± 2

	
43.4 ± 3

	
8.49 ± 0.03

	
8.41 ± 0.04

	
4.82 ± 0.02

	
4.53 ± 0.02




	
May

	
36.7 ± 0.5

	
26.6 ± 0.1

	
34.8 ± 0.2

	
25.7 ± 0.2

	
90.4 ± 1

	
55.6 ± 2

	
90.6 ± 1

	
68.2 ± 4

	
8.39 ± 0.01

	
5.22 ± 0.02

	
4.38 ± 0.02

	
3.42 ± 0.01




	
June

	
37.9 ± 0.3

	
29.1 ± 0.0.5

	
34.2 ± 0.3

	
26.4 ± 0.1

	
88.6 ± 2

	
56.6 ± 1

	
94.1 ± 3

	
78.6 ± 2

	
4.90 ± 0.04

	
4.74 ± 0.03

	
3.20 ± 0.01

	
2.51 ± 0.01








Max.—Maximum; Min.—Minimum; BRS—Bright Sunshine Hour; Epan.—Pan Evaporation; values followed by standard deviation (±) (n = 10).
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Table 2. Irrigation water use of summer rice and okra as influenced by land configuration and water management practices.
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Treatment

	
Water Use in Rice/Okra

	
Seepage Gain

in Okra (mm)

	
Water Savings in the System (%)




	
I (mm)

	
I + P (mm)




	
2013–2014

	
2014–2015

	
2013–2014

	
2014–2015

	
2013–2014

	
2014–2015

	
2013–2014

	
2014–2015






	
T1: I1 RSB1(1: 3)

	
1088

	
1013

	
1218

	
1214

	
195.8

	
179.4

	
22.9

	
21.7




	
T2: I1 RSB2(2: 3)

	
870

	
810

	
1000

	
1011

	
156.1

	
147.3

	
36.7

	
34.8




	
T3: I1 RSB3(3: 3)

	
725

	
675

	
855

	
876

	
138.4

	
137.9

	
45.9

	
43.5




	
T4: I2 RSB1(1: 3)

	
825

	
788

	
956

	
989

	
114.3

	
115.7

	
22.3

	
20.9




	
T5: I2 RSB2(2: 3)

	
660

	
630

	
790

	
831

	
81.2

	
89.7

	
35.8

	
33.6




	
T6: I2 RSB3(3: 3)

	
550

	
525

	
680

	
726

	
28.3

	
45.5

	
44.7

	
41.9




	
T7: I1 Sole rice

	
1450

	
1350

	
1580

	
1551

	
-

	
-

	
-

	
-




	
T8: I2 Sole rice

	
1100

	
1050

	
1230

	
1251

	
-

	
-

	
-

	
-




	
T9: Sole okra *

	
200

	
200

	
330

	
401

	
-

	
-

	
-

	
-




	
F-test0.05

	
**

	
**

	
**

	
**

	
**

	
**

	

	








** denotes significant at 1% level of probability; I—Irrigation, P—Effective rainfall; * Irrigation was made on IW/CPE=1.0 (4 irrigations); I1 RSB1 (1:3)—continuous standing water (CSW) in 3 m sunken rice bed with 1 m raised okra bed; I1 RSB2 (2:3)—CSW in 3 m sunken rice bed with 2 m raised okra bed; I1 RSB3 (3:3)—CSW in 3 m sunken rice bed with 3 m raised okra bed; I2 RSB1 (1:3)—alternate wetting and drying (AWD) in 3 m sunken rice bed with 1 m raised okra bed; I2 RSB2 (2:3)—AWD in 3 m sunken rice bed with 2 m raised okra bed; I2 RSB3 (3:3)—AWD in 3 m sunken rice bed with 3 m raised okra bed; I1 Sole rice with CSW; I2 Sole rice with AWD and Sole okra (SO at IW/CPE ratio of 1.0).
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Table 3. Crop yield and water productivity (WP) of summer rice as influenced by land configuration and water management practices.
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Treatment

	
Crop Yield (Mg ha−1)

	
WP

(kg m−3)




	
Okra

	
Rice

	
REY




	
2013–2014

	
2014–2015

	
2013–2014

	
2014–2015

	
2013–2014

	
2014–2015

	
2013–2014

	
2014–2015






	
T1: I1 RSB1(1:3)

	
9.42 ± 1.0 c

	
10.34 ± 1.1 d

	
4.36 ± 0.21 a

	
4.89 ± 0.17 a

	
5.67 ± 1.09 c

	
6.39 ± 1.11 b

	
0.47 ± 0.03

	
0.53 ± 0.05




	
T2: I1 RSB2(2:3)

	
9.44 ± 0.7 c

	
11.15 ± 2.1 c

	
3.92 ± 0.23 b

	
4.22 ± 0.53 b

	
6.02 ± 1.12 bc

	
6.72 ± 1.18 b

	
0.60 ± 0.01

	
0.67 ± 0.01




	
T3: I1 RSB3(3:3)

	
12.16 ± 1.2 b

	
14.05 ± 0.9 b

	
3.43 ± 0.19 c

	
3.56 ± 0.25 cd

	
6.82 ± 1.15 a

	
7.49 ± 1.09 a

	
0.79 ± 0.04

	
0.85 ± 0.04




	
T4: I2 RSB1(1:3)

	
14.09 ± 2.3 a

	
15.43 ± 1.0 a

	
3.78 ± 0.09 b

	
3.95 ± 0.22 bc

	
5.74 ± 1.17 c

	
6.11 ± 1.09 c

	
0.60 ± 0.05

	
0.62 ± 0.01




	
T5: I2 RSB2(2:3)

	
13.32 ± 2.0 a

	
14.52 ± 0.9 b

	
3.34 ± 0.15 c

	
3.50 ± 0.74 cd

	
6.30 ± 1.09 b

	
6.75 ± 1.08 b

	
0.80 ± 0.01

	
0.81 ± 0.02




	
T6: I2 RSB3(3:3)

	
13.62 ± 1.8 a

	
14.49 ± 0.7 b

	
3.12 ± 0.91 d

	
3.27 ± 0.09 d

	
6.91 ± 1.08 a

	
7.33 ± 1.31 a

	
1.02 ± 0.02

	
1.01 ± 0.05




	
T7: I1 Sole rice

	
-

	
-

	
4.23 ± 0.55 a

	
4.24 ± 0.08 b

	
4.23 ± 1.09 d

	
4.24 ± 1.05 d

	
0.27 ± 0.04

	
0.27 ± 0.01




	
T8: I2 Sole rice

	
-

	
-

	
3.46 ± 0.21 c

	
3.63 ± 0.23 cd

	
3.46 ± 1.05 e

	
3.63 ± 1.15 e

	
0.28 ± 0.01

	
0.29 ± 0.01




	
T9: Sole okra *

	
10.42 ± 1.0c

	
10.40 ± 1.0d

	
-

	
-

	
5.79 ± 1.22 c

	
5.78 ± 1.11 c

	
16.70 ± 2.0

	
16.5 ± 1.3




	
F-test

	
**

	
**

	
**

	
**

	
**

	
**

	

	




	
LSD (p ≤ 0.05)

	
1.09

	
0.83

	
0.16

	
0.48

	
0.37

	
0.40

	
-

	
-








** significant at 1% level of probability; * Irrigation was made on IW/CPE=1.0 (4 irrigations); REY—Rice equivalent yield was calculated on sale price of okra and rice of Indian rupee (INR) 10 and 18 kg−1, respectively for both the years; values followed by the standard deviation (±) (n = 3); Treatment details are listed in the footnote of Table 2; different alphabets followed by mean values denote statistical significance at p ≤ 0.05, otherwise at-par.
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