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Abstract


With increasing water shortages and labor costs, rice planting is gradually undergoing a transformation from traditional transplanting to direct seeding. However, the yield of direct-seeded rice is unstable and the reasons for this instability are disputed. Therefore, we established a field experiment conducted over 3 years to investigate the reasons for the difference in rice yield under different planting methods. The planting methods compared were transplanting (TR), broadcast sowing (BS), and sowing in line (SL). The yield of rice under TR was higher (10,390 kg ha−1) than that of BS (7790.7 kg ha−1) and SL (9105.2 kg ha−1). Given that the harvest index showed little variation among the three planting methods, the yield differences reflected that shoot dry matter production under TR was higher. Two reasons for the latter observation are suggested: (1) the planting density under TR was lower than that under BS and SL, thus competition for nutrient resources would have been reduced; (2) the growth period of TR was longer. The higher shoot dry matter accumulation under TR contributed to enhanced panicle number per m2 and number of spikelets per panicle than under BS. A significant correlation between number of spikelets per panicle and yield was observed. Although yield was highest under TR, the costs under TR were the highest among the three planting methods. In contrast, the benefit-to-cost ratio under SL was higher than that of TR and BS. The higher yield under TR reflected the production of larger spikelets per panicle than those produced under direct-seeding methods. However, the benefits of SL are conducive to enhanced profitability of rice production.
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1. Introduction


Rice (Oryza sativa L.) is one of the most important grain crops in the world, accounting for 27% of the global grain yield [1]. Rapid population growth and economic development are escalating the demand for increased food production. Global rice production must increase by more than 1.2% annually to meet the growing demand for food [2]. In Asia, rice production is required to increase by 43% over the next 30 years to meet the food requirements of an increasing population [3]. The possibility of future expansion of the rice production area is limited. To meet the increasing demand for grains as a result of population growth, increasing the rice yield per unit area remains a critical problem to be addressed [4].



In addition to breeding high-yielding rice cultivars, rice yields are also largely affected by management practices [5]. There relative contributions of breeding and crop management to rice yield increase has shifted to 0.3:0.7 [6]. Therefore, management measures or planting methods play an extremely important role in the improvement of rice yield. Technological developments have contributed to the proliferation of cultivation techniques around the world, of which there are two basic planting methods: (1) direct seeding, which includes broadcast sowing (BS) and sowing in line (SL), and (2) transplanting of seedlings (TR; manually or mechanically). Traditionally, rice is planted by TR, but the planting method differs among regions, with a larger area of direct seeding apparent in developing areas. In recent years, owing to the continuous increase in labor costs, rice planting has gradually shifted from TR to direct seeding because of the reduced labor requirements and lower costs [7,8,9]. Taking Zhejiang Province, China as an example, in 2017, the rice planting area was 828,500 hm2, of which the transplanting area and direct seeding area accounted for 60% and 40%, respectively, while the direct seeding was mainly BS (81.6%) and SL accounted for only 18.4% [10].



Distinct differences in rice yield are observed under different planting methods. Some research shows that the rice yield under BS is higher than that of TR [11,12]. Enhanced shoot dry matter production and a high spikelet number per panicle are considered to be associated with high grain yield under BS, but results are inconsistent [13,14]. Direct-seeded rice shows favorable changes in parameters that improve yield in comparison with those under TR, including earlier seedling emergence [15], stronger root activity, higher percentage seed set, and enhanced dry matter production at early developmental stages [14]. However, some studies show that the yield of TR is higher than that of BS rice [16,17,18,19]. Chen suggested that the lower grain yield of BS relative to TR rice is attributable to an excessive number of tillers formed during early development, lower leaf dry matter, and the photosynthetic rate at advanced developmental stages [16].



Rice yield is determined by sink size, namely the number of spikelets per m2, percentage seed set, and 1000-grain weight. Sink size is considered to be the primary determinant of grain yield in rice because of the stability in percentage seed set and 1000-grain weight of modern rice cultivars [20]. Sink size can be enhanced either by increasing the panicle number per m2 or the number of spikelets per panicle, or both. However, achieving an increase in both of these yield components is not easy because of a strong compensatory mechanism between the two yield components [21]. Therefore, a higher yield is generally achieved either by increasing panicle number per m2 or spikelet number per panicle. In addition, the performance of yield components varies across environments [22,23]. Different planting methods alter the growth environment of rice. A series of experiments have proved that yield component performance can be affected by planting method [16,17]. Therefore, we hypothesized that higher rice yield can be attained under TR compared with direct seeding primarily because the number of spikes per m2 or the spikelet number per panicle are higher under TR.



The rate of grain growth of field crops is initially slow, then enters a linear phase of rapid growth, and ultimately declines with approaching maturity. Grain filling, the final process associated with yield performance, is a crucial determinant of grain yield in cereal crops [24]. In this study, we established a 3-year field experiment that included three different rice planting methods, namely BS, SL, and TR. We focused on monitoring the growth and development of rice after the heading stage under the different planting methods. The main objectives were (1) to compare grain yield under the different planting methods, (2) to determine reasons for differences in grain yield under the different planting methods, and (3) to evaluate the income achieved under the different planting methods.




2. Materials and Methods


The field experiment was carried out in Moyu County, the main irrigated rice-producing area in Xinjiang, China, during the 2015, 2016, and 2017 cropping seasons. The site has an arid climate typical of the area, with average annual rainfall of 37 mm, annual evaporation of 2239 mm, and 2655 annual sunshine hours. The annual average temperature is 11.3 °C, the highest temperature is recorded in July (average for July 24.8 °C), the accumulated temperature ≥10 °C is 4130 °C, and there are 210 frost-free days per year (Figure 1).



The soil type at the study site is a gray desert soil typical of the region. The soil was analyzed before sowing. The chemical properties of the 0–30 cm soil layer were as follows: extracted mineral nitrogen 11.09 mg kg−1, pH (H2O) 7.73, soil density 1.39 g cm−3, Olsen P 16.97 mg kg−1, NH4OAc-extracted potassium 76.33 mg kg−1, and organic matter 12.7 g kg−1.



2.1. Experimental Design


The experiment applied three rice planting methods during three cropping seasons (2015, 2016, and 2017), namely transplanting (TR), broadcast sowing (BS), and sowing in line (SL). A randomized block design with three replicates was used. There were nine plots in total, and the area of each plot was 10 m × 8 m.



Seeds of rice ‘XD11’ (Japonica) were obtained from the Xinjiang Academy of Agricultural Sciences, China. The seedlings for the TR treatment were raised in early April in each year of the experiment. Transplanting of seedlings in the TR treatment and sowing of seeds in the SL and BS treatments were carried out from 6–8 May of each year.



The seeding quantity for TR in the nursery and for SL and BS in the field were 90, 225, and 375 kg ha−1, respectively (Table 1). In the TR treatment, seedlings were transplanted with spacing of 25 cm × 10 cm. Seeding in the SL treatment was carried out using small tractors, with a row spacing of 14 cm. In the BS treatment, artificial sowing was used.



Fertilizer application referred to common practice by farmers. As base fertilizer, 250 kg ha−1 of diammonium phosphate and 200 kg ha−1 of potassium sulfate were applied before transplanting in TR and before sowing in SL and BS. In June, four doses of nitrogen fertilizer were applied at 90 kg urea ha−1, and 120 and 60 kg urea ha−1 were applied in July and mid-August, respectively, for all three planting methods. In each treatment, weeds were removed by hand.




2.2. Plant Harvest


Given that the middle and late developmental stages of rice have the greatest impact on rice yield [21], we conducted three samplings of rice plants in mid-August, early September, and late September, respectively.



At each sampling time point, 1 m2 of rice samples per plot were collected and the leaf area index was measured. The sampled plants were divided into leaves, stems, reproductive organs, and roots. All samples were killed at 90 °C for 30 min, then dried at 70 °C until a constant weight was attained.



Before harvesting, plants within a 1 m2 area per plot were sampled randomly and the number of plants, number of panicles, number of spikelets per panicle, and 1000-grain weight were determined. Theoretical grain yield was calculated on the basis of all harvested plants in each plot. Then the plants within a 2 m2 area per plot were harvested, the grains were weighed, and the harvest index (HI) and actual yield per unit area (kg ha−1) was calculated.




2.3. Data Analysis


The data were analyzed using one-way analysis of variance using SAS version 8.0 software (SAS Institute, Cary, NC, USA, 1998). Means among the planting methods were compared based on the least significant difference at the 0.05 level of significance. A correlation analysis between rice yield and its components was performed. All data were the averages of the results for the 3 years of the experiment.





3. Results


3.1. Yield and Its Components


Significant differences in grain yield under the three planting methods were observed (Table 2). Grain yield was highest under TR (10,390.0 kg ha−1), followed by SL (9105.2 kg ha−1), and lowest under BS (7790.7 kg ha−1). Among the four yield components measured, the effective panicle number per m2 was highest under SL, but the difference from that of TR was not significant. The number of spikelets per panicle under TR was significantly higher (203) than that of SL (160) and BS (146). The 1000-grain weight was lowest under TR among the three planting methods, whereas the percentage seed set was highest under BS.



Correlation analysis showed that yield was negatively correlated with percentage seed set and 1000-grain weight (Table 3), but was positively correlated with the number of effective panicles per m2 and number of spikelets per panicle. The correlation of yield with number of spikelets per panicle was statistically significant (p < 0.05).



The number of plants per unit area under BS and SL was higher than that under TR (Figure 2). However, the number of effective plants that formed a spike was highest under TR among the three planting methods; therefore, the ratio of effective plants to total plants was higher under TR. Thus, under BS and SL (especially under BS), plants formed a higher number of ineffective tillers than those under TR.




3.2. Growth


At three growth stages, the plant dry matter under TR was higher than that of SL, and that under BS was the lowest at each stage (Figure 3). With progression of the growing season, the shoot dry matter increased gradually in all three treatments, whereas the increase in root dry matter differed among the three planting methods. The increase in root dry matter was greater under BS than that under SL, whereas root dry matter under TR showed little change after mid-August.



Given the differences in distribution of shoot and root dry matter under the different planting methods (Figure 3), the ratio of shoot dry matter to root dry matter differed notably among the treatments; the ratio was greater under TR than that under SL, and the ratio under BS was the lowest. The differences were most distinct at advanced stages of development (Figure 4).



From the heading stage, the leaf area index of rice plants showed a decreasing trend with progression of the growing season (Figure 5). In general, the leaf area index under BS and TR was higher than that under SL. In mid-August and early September, the leaf area index under TR was higher than that under BS, especially in early September, but thereafter decreased rapidly.



Little difference in harvest index (HI) was observed among rice plants under the different planting methods (Figure 6).



Given that TR requires the raising of seedlings, the vegetative growth period under this planting method was longer at 107 days, whereas those under BS and SL were 97 and 89 days, respectively (Figure 7). The TR treatment also showed the longest reproductive phase of 60 days, followed by SL (54 days), whereas the reproductive phase was shortest under BS (49 days). Therefore, with regard to the total growth period, the maximum length was 167 days under TR, whereas those under BS and SL were 146 and 143 days, respectively. Within each of the vegetative and reproductive phases, plant growth and development under TR was accelerated compared with that under SL, and that under BS was the slowest. For example, in mid-August, when grain filling was initiated in the TR treatment, plants in the BS treatment were at the heading stage.




3.3. Cost and Income


In rice production, the largest input cost is labor. Differences in labor cost were pronounced among the three planting methods. The labor input under TR was distinctly higher than that under BS, whereas that under SL was the lowest (Table 4). In addition, marked differences were observed in the cost of seed input, which followed the rank order BS > SL > TR. Other inputs, including fertilizers, pesticides, machinery, and irrigation, showed little difference among the three planting methods.



The total production cost was highest under TR, which was 1795.8 US dollars ha−1, followed by BS (1627.4 US dollars ha−1), and the lowest was under SL (1518.3 US dollars ha−1) (Table 5). The income under TR was greater than that under SL and BS, and net income showed the same trend, whereas the cost under TR and BS was higher than that under SL. The benefit-to-cost ratio was highest under SL, followed by TR, and that under BS was the lowest.





4. Discussion


4.1. The Increased Number of Spikelets per Panicle Is the Most Important Factor in the High Yield of Transplanted Rice


Crop yield formation is the process of accumulation and distribution of dry matter. In rice, grain yield is the product of shoot dry matter and HI. The increase in shoot dry matter or HI or both parameters can theoretically increase yield [24]. In terms of growth conditions, Peng believed that under favorable light, temperature, water, and fertilizer conditions, hybrid rice increased yield by increasing the photosynthetic rate and the accumulation of shoot dry matter in the population, and under unfavorable conditions, yield could be maintained by achieving high shoot dry matter transport efficiency and high HI [21]. In the present study, we observed that the HI showed almost no difference under the three planting methods (Figure 6), whereas shoot dry matter (Figure 3) and yield (Table 2) were highest under TR. Yield increased with the increase in shoot dry matter accumulation, which supported the above-mentioned conclusion.



The high yield of hybrid rice is attained mainly from the accumulation of photosynthate after heading, but shows no significant correlation with accumulation of dry matter at the jointing stage and is essentially attributable to increased leaf area and prolonged leaf function [25]. In the present study, using the same rice cultivar, different planting methods essentially created different growth conditions. Compared with BS and SL, the leaf area index of TR remained higher for the majority of the growth period (Figure 5), which provided a guarantee for accumulation of dry matter. In general, we consider that there are two main reasons for the greater shoot dry matter production under TR compared with that under BS or SL (Figure 8). (1) Compared with TR, the BS and SL treatments (especially BS) were more densely planted (Figure 2). The high plant density results in enhanced competition for nutrient resources [26]. Therefore, to obtain greater amounts of nutrient resources, plants growing under BS and SL, especially the former, will allocate higher quantities of photosynthates to the roots, increasing root dry matter production, and thus affecting shoot growth (Figure 3). The lower shoot to root ratio and effective plants to total plants ratio under BS support this inference (Figure 2 and Figure 4). (2) The growth period under TR is longer than that under BS or SL (for the vegetative and reproductive growth phases; Figure 7). Therefore, photosynthetic activity is prolonged, which is beneficial for the accumulation of dry matter products. The duration of grain filling is considered to be an important factor in determination of grain yield. It is generally believed that high yield in temperate environments is mainly due to longer growth duration and greater solar radiation [27,28]. The longer growth period will result in enhanced dry matter production, thereby contributing to improved grain filling and higher grain yield. Yoshida considered that the increase in grain weight showed a linear relationship to the increase in effective grain filling duration [24]. A previous study on the contribution to yield of grain filling period and grain yield showed that the grain yield of different genotypes was mainly determined by grain filling rate [29].



With regard to yield components, it is difficult to increase the percentage seed set and 1000-grain weight owing to their stability [21]. Therefore, the number of spikelets per m2, which represents the sink size, is the most important factor that determines the yield of a cereal crop [30]. When growing in a high-yield, stress-free environment, the sink size can be increased by increasing the number of panicles or number of spikelets per panicle or both parameters [31]. In the present study, no significant difference in the 1000-grain weight of rice under the three planting methods was observed, but the percentage seed set was higher under TR than under BS or SL (Table 2). Correlation analysis indicated that the higher yield under TR reflected the higher number of effective panicles and number of spikelets per panicle (which was strongly correlated with yield; Table 3). Panicle number per m2 and number of spikelets per panicle are negatively correlated [24]; therefore, their balance is important for obtaining the largest sink and only when the panicle number remains unchanged can a higher number of spikelets per panicle be selected to increase the sink size [23]. In rice, the number of panicles per m2 and the number of spikelets per panicle are strongly correlated with accumulation of dry matter at the beginning of heading [31], and grain filling to a large extent depends on accumulation of dry matter from flowering to maturity [24]. These observations indicate that the higher yield attained under TR stems from the increase in dry matter production and thus the enhanced number of spikelets per panicle.




4.2. SL Can Achieve Higher Returns in Rice Production


The traditional rice planting method based on artificial transplanting has failed to meet the needs of social and economic development. There are two main reasons for this. (1) In the traditional transplanting system, the demand for water resources is high. In many areas, surface water and groundwater resources are shrinking, and water has become a limiting factor in rice production [32]. (2) The traditional rice transplanting method carries a higher labor cost because of the need for raising seedlings and artificial transplanting. Therefore, although the yield is often higher, the acquisition of substantial water resources and the greater labor cost reduce the profitability of rice production under TR [33]. It is therefore imperative to develop efficient and labor-saving rice planting methods. Direct seeding can significantly reduce rice production costs [34]. Since the 1950s, direct seeding has been one of the main methods of rice planting [35]. In recent years, in several countries of Southeast Asia, the transformation of rice planting method from transplanting to direct seeding has begun [15]. In the present study, we compared the BS and SL direct-seeding methods. The present results suggested that SL is a more advantageous method for rice production: (1) although yield was lower under SL than that under TR, the difference was relatively small (Table 2), whereas the SL yield was significantly higher than that under BS; (2) the cost of SL is significantly lower (compared with BS, the seeding quantity was reduced; compared with TR, labor input was reduced (Table 4)); and (3) the benefit-to-cost ratio was higher under SL than under BS and TR (Table 5).



Additional factors other than yield also determine the optimal rice planting method, such as factors linked to the local economy and labor resources. Worldwide, it is beneficial to use TR in areas with low labor costs and sufficient water resources, whereas direct seeding is more suitable in areas with high labor costs and insufficient water resources [35]. In economically developed rice-producing countries, rice planting methods have undergone transformation from artificial transplanting to mechanical direct seeding or mechanical transplanting. In China, the area of artificial transplanting is declining, but presently accounts for 50% of the rice production area. Artificial transplanting is mainly practiced in areas with high population density, low per capita cultivated land area, small-scale farmers, and sufficient labor force. The area of direct-seeding rice production increased from 2% in 2000 to about 11% in 2009 [9].



Although many studies have shown that direct seeding of rice is superior to transplanting in many aspects, direct seeding has been practiced for an extended period in many areas, but has not been popularized [36,37]. In 2007, about only 23% of the world’s rice is produced using a direct-seeding method [38]. This is because direct seeding still faces a number of challenges. Farooq et al. provide a detailed summary of these challenges, including the invasion of weeds, relatively low yield, the cultivation of specialized cultivars, low ripening rate, nutrient resource management, disease and insect pests, and water management [8]. The present results suggest that under the conditions of SL, compared with TR, management of nutrient resources may be the most important factor compared with other challenges. As already mentioned, compared with TR, low shoot dry matter production and number of spikelets per panicle are the main factors responsible for the low yield of direct-seeded rice. These factors are closely associated with the higher planting density and reduced capacity to meet nutrient demands (consequently, root growth is promoted by the reduction in shoot growth). Determination of the appropriate planting density and formulation of an effective strategy for management of nutrient resources compatible with the local climatic conditions of the region are crucial requirements to improve the yield and income of direct-seeded rice, especially when using the SL planting method.





5. Conclusions


In this study, rice yield was highest under TR. The yield of rice depends on shoot dry matter production and the HI. Given that the three planting methods showed almost no differences in HI, the differences in yield reflected the shoot dry matter production. The three planting methods showed greatest divergence in planting density and growth period. The planting density under TR was the lowest, so competition for soil nutrient resources was relatively weak. The TR method included 1 month for raising seedlings; thus, the growth period was longer and the duration of grain filling was prolonged compared with those under SL and BS. These two factors contributed to the significantly higher number of spikelets per panicle under TR than that under SL and BS, and ultimately to the higher yield. However, given the substantial investment in labor required, the benefit-to-cost ratio under TR was not the highest. The yield of SL was lower than that under TR, but was distinctly higher than that under BS, and costs were the lowest under SL among the three planting methods; thus, the benefit-to-cost ratio of SL was the highest. Therefore, with increasing labor costs worldwide, SL represents a more profitable method of rice planting.
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Figure 1. Average daily mean temperature and duration of monthly sunshine during the crop growth period at Moyu County. Data are the averages for 2015, 2016, and 2017 (source: China Meteorological Administration). 
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Figure 2. Total number of plants and number of effective plants per hectare of rice plants under three planting methods. The value above the columns represents the ratio of effective plants to total plants. BS, broadcast sowing; SL, sowing in line; TR, transplanting. 
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Figure 3. Dry matter weight of rice plants under three planting methods at three growth stages. Plants were sampled in (A) mid-August, (B) early September, and (C) late September. BS, Broadcast sowing; SL, sowing in line; TR, transplanting. For each plant organ, means with a different lower-case letter were significantly different between the planting methods at the same sampling time at p < 0.05 (n = 9). 
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Figure 4. Ratio of shoot dry matter to root dry matter of rice plants under three planting methods at three growth stages. Plants were sampled in (A) mid-August, (B) early September, and (C) late September. BS, Broadcast sowing; SL, sowing in line; TR, transplanting. 
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Figure 5. Leaf area index of rice plants under three planting methods at three growth stages. Plants were sampled in (A) mid-August, (B) early September, and (C) late September. BS, Broadcast sowing; SL, sowing in line; TR, transplanting. 
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Figure 6. Harvest index of rice plants under three planting methods. BS, Broadcast sowing; SL, sowing in line; TR, transplanting. 
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Figure 7. The growth period and panicle morphology of rice plants under three planting methods. BS, Broadcast sowing; SL, sowing in line; TR, transplanting. 
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Figure 8. Schematic diagram of differences in rice yield attained under different cultivation methods. Compared with the broadcast sowing (BS) method, the planting density of transplanted (TR) rice is lower, the growth period is longer, and the competition from roots for photosynthetic products and soil nutrients is weak. Therefore, under TR, root growth is reduced, but accumulation of shoot dry matter is increased, the number of spikelets per panicle is enhanced, and yield is improved. 
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Table 1. Details of the treatments applied in the experiment.
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	Planting Methods
	Seeding Quantity (kg ha−1)
	Planting Spacing (cm)





	BS
	375
	-



	SL
	225
	14



	TR
	90
	25 × 10







Note: BS, broadcast sowing; SL, sowing in line; TR, transplanting.













 





Table 2. Yield and yield components of rice plants under three planting methods.
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Planting Methods

	
Yield Components

	
Yield (kg ha−1)




	
Effective Panicle Number per m2

	
Spikelets per Panicle

	
Percentage Seed Set (%)

	
1000-Grain Weight (g)

	
Theoretical

	
Actual






	
BS

	
295 b

	
146 b

	
95.5 a

	
23.8 ab

	
8251.5 c

	
7790.7 c




	
SL

	
332 a

	
160 b

	
89.6 b

	
25.4 a

	
10,278.0 b

	
9105.2 b




	
TR

	
324 a

	
203 a

	
91.0 b

	
22.7 b

	
11,538.0 a

	
10,390.0 a








Note: In the ‘Effective panicle number’ column, ‘Effective’ indicates the number of panicles per m2 that contained rice seeds at harvest. BS, broadcast sowing; SL, sowing in line; TR, transplanting. Means in rows followed by different letters are significantly different at p < 0.05 (n = 9).













 





Table 3. Correlation coefficients between yield and yield components.
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Yield Components

	
Correlation Coefficient




	
x2

	
x3

	
x4

	
y






	
Effective panicle number per m2 (x1)

	
−0.0206

	
0.6226

	
−0.1696

	
0.5572




	
Spikelets per panicle (x2)

	

	
0.7674

	
−0.4338

	
0.7952 *




	
Seed setting rate (x3)

	

	

	

	
−0.5645




	
1000-grain weight (x4)

	

	

	

	
−0.4365








* p < 0.05.













 





Table 4. Production cost of rice under three planting methods.
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Planting Methods

	
Cost of Production (US Dollars ha−1)




	
Seeds

	
Labor

	
Fertilizer

	
Pesticides

	
Mechanics

	
Irrigation

	
Others






	
BS

	
338.35

	
517.29

	
293.23

	
186.02

	
180.45

	
100.00

	
12.03




	
SL

	
203.01

	
460.90

	
293.23

	
186.02

	
263.16

	
100.00

	
12.03




	
TR

	
81.20

	
827.07

	
315.79

	
186.02

	
190.98

	
129.32

	
65.41








Note: BS, Broadcast sowing; SL, sowing in line; TR, transplanting. Seeds: the quantity of TR, SL and BS is 90, 225, and 375 kg/ha respectively. Labor: compared with SL and BS, TR requires more labor to transplant seedlings. Fertilizer: under TR, fertilizer also needs to be applied when raising seedlings and the cost is slightly higher than the SL and BS. Mechanics: there is little difference between BS and TR, while SL requires machinery for sowing. Irrigation: TR needs irrigation in the process of seedling raising, so it is higher than the BS and SL. Others: TR has more investment in the process of seedling raising (mainly the construction of seedling-raising sheds).













 





Table 5. Cost of production, income, and benefit-to-cost ratio of rice production under three planting methods.
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Planting Methods

	
Cost and Income (US Dollars ha−1)

	
Benefit-Cost Ratio




	
Cost of Production

	
Income

	
Net Income






	
BS

	
1627.4

	
3280.3

	
1652.9

	
2.02




	
SL

	
1518.3

	
3833.8

	
2315.4

	
2.52




	
TR

	
1795.8

	
4374.7

	
2578.9

	
2.44








Note: ‘Benefit-to-cost ratio’ indicates the ratio of ‘income’ to ‘cost of production’. BS, Broadcast sowing; SL, sowing in line; TR, transplanting.
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