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ABSTRACT
Field experiment was conducted at Rice Research Station, Tirur, Tiruvallur District of Tamil Nadu Agricultural University during 2020-22 to assess the performance of rice based cropping sequences of cucurbits in Tiruvallur district. The experiment is comprised of five cropping  sequences viz., Rice - rice - ashgourd (T1),  Rice - rice - muskmelon (T2), Rice - rice - cucumber (T3), Rice - rice - pumpkin (T4), Rice - rice - watermelon (T5). Cultivation of rice during Navarai (December - March) results in low yield due to water scarcity and majority of the lands are kept fallow in the district. In the present study, cucurbitswere raised during post samba season (  to increase the income instead of keeping the land as fallow. The results revealed that the cucurbits viz., watermelon, cucumber and muskmelon have the suitability of growing during post samba (Dec - March) with good economic returns. In post samba season, watermelon recorded the highest yield (26.10 t/ha) with BCR of 2.46 followed by muskmelon  (yield:25.05 t/ha and BCR;  2.31) and cucumber  (yield: 20.4 t/ha and BCR: 2.37). The findings of this experiment revealed  the suitability for cultivating short duration cucurbits in rice cropping system instead keeping the field as fallows during  post samba season  which could help the farmers in getting additional income.
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INTRODUCTION
Rice is the major crop cultivated in Tamil Nadu which accounts for an area of 22.05 lakh hectares with a production of 122.22 lakh metric tonnes (GoTN, 2022). In Tiruvallur district, rice is cultivated in 96,348 ha with the production of 4,26,203 metric tonnes. Rice based cropping system is a vital part of agriculture in Tamil Nadu . Intensive agriculture  followed by the farmers involving exhaustive high yielding rice varieties  has led to heavy withdrawal of nutrients from the soil and along withimbalanced and discriminate use of chemical fertilizers have resulted in deterioration of soil health (John et al., 2001). Suitable rice based cropping systems have to be evaluated, to assess the stability in production. Rice - rice -pulses and rice - rice - fallow are the existing dominant cropping systems of Tiruvallur district. This continuous cropping results in rapid decline in soil fertility and thus requires a special attention. Thus, the existing rice based cropping sequence has to be diversified with the inclusion of vegetables, pulses, maize and oilseed crops in kharif and summer seasons, to meet the problem of water and labour scarcity and to sustain the soil health. Most highvalue crops are labour-intensive, have low gestation periods and generate quick returns
. Hence, they offer an opportunity for smallholders to utilize surplus labour and enhance their incomes. This price related economic incentives play in crop choice can also pave the way for the next stage of agricultural revolution, where growth originates more and more from value-added production. 
Hence, choice of the component crops needs to be suitably planned to harvest the synergism among them towards efficient utilization of resource-base and to increase overall productivity (Anderson, 2005). Agricultural diversification towards high-value crops can potentially increase farm income. So, diversification has been envisaged as a new strategy for enhancing and stabilizing the productivity towards achieving the sustainable agricultural development. To strengthen the economic security, there is a need to intensify and diversify the existing cropping system by other high value or short duration crops of economic value. Hence, the present study was conducted to assess the feasibility of cultivation of cucurbits under rice based cropping sequences. 
MATERIALS AND METHODS
Field experiments were conducted for two years at Rice Research Station, Tirur during 2020-2022. The experiment is comprised of five treatmen ts as cropping sequences viz., Rice - rice - ashgourd (T1),              Rice - rice -muskmelon (T2), Rice - rice - cucumber (T3), Rice - rice - pumpkin (T4) and Rice - rice-watermelon(T5).             The treatments were laid out in randomized block design with three replications. The curcurbits viz., ash gourd, musk melon, cucumber, pumpkin and water melon were raised after the harvest of rice during the post samba season (Dec –March)  Seeds were sown
 during December and cultivation of the crop is done during post Samba ie., Dec -March. Recommended dose of fertilizers were given to each crop under the cropping sequences. The growth and yield parameters 
were recorded to work out the feasibility and profitability of growing cucurbits in the rice cropping sequence. The data was recorded for two years and the pooled data’s were subjected to statistical analysis of Panse and Sukhatme (1985).
RESULTS AND DISCUSSION

Growth Parameters
The pooled mean data was interpreted for the growth parameters pertaining to post samba season for growing cucurbits under rice based cropping system.. In ash gourd, the growth parameters viz., vine length (679.5 cm) was found to be the highest. In muskmelon, node number at which first male flower appears (2.6), node number at which first female flower appears (4.5) was found to be the highest

. Similarly, days to first appearance of male flower (28.3 days), days to first appearance of female flower (32.2 days), crop duration (119 days) was observed to be highest in cucumber
. Likewise, the growth parameters viz., number of branches per vine (8.7) and sex ratio (15.1) was found to be highest in pumpkin (Table 1). Sharma et al. (2004); Saroch et al. (2005); Tripathi and Singh (2008) reported that diversification of rice-wheat cropping sequences particularly with vegetables gave highest rice equivalent yield
. These findings are in agreement with earlier findings of Soni and Kaur (1984); Bohra et al. (2007); Kumar et al. (2008); Urkurkar et al.(2008). It is observed that inclusion of more than two crops in a year particularly vegetables also showed that the stability of the system in respect of yield and economics (Kalpana, et al., 2009). 
Yield Parameters
In cucumber, the yield parameters viz., number of fruits per vine (13.4) and earlier days to first fruit harvest (48.7 days) was found to be highest when compared to the other cropping sequences. In ashgourd, fruit yield per vine (13.6 kg) was recorded to be highest during post samba season. Also, fruit diameter (48.8 cm) was found to be highest in pumpkin (Table 2). Similarly, fruit length (25.8 cm), fruit weight (3.15 kg), TSS (9.7o Brix) and yield (26.10 t/ha) was recorded to be the highest in watermelon during post samba season. Variations in the yield of crops may be due to the biological and environmental complexities and interactions in the cropping systems (Kalpana et al., 2009). The incorporation of vegetables in the existing cropping sequences is an effective option for improving profitability. Becker et al. (1995); Yadav et al. (2000); Kumar    et al. (2001); Sharma et al. (2004) recorded maximum benefit cost ratio with rice based cropping sequences and with other vegetable crops combination. Arti et al. (2019) reported that this variation could be attributed due to differences in yield and selling prices during both the years. Among all the cropping sequences, sponge gourd-rice-broccoli sequence proved its distinct superiority over rest of the sequences and was followed by ridge gourd-cowpea-tomato. This was mainly due to higher production potential associated with minimum cost of cultivation and higher selling price. During crop growth period, variation in weather condition was observed in both the years which affected their production potential and market demand that resulted in up and down in market price. 

     Economics of Cropping Sytem
Gross return in different cropping sequences was comparatively higher in rice - rice - watermelon cropping sequence. Gross return (Rs/ha) in different cropping sequence differed significantly in both the years and also in pooled data. The pooled data recorded for 2020-21 & 2021-22 revealed that the maximum gross return (Rs.2,08,800/ha) was recorded in watermelon followed by gross return (Rs.2,25,450/ha) in muskm
elon and gross return (Rs.1,83,600/ha) in cucumber was obtained during post samba season. Similarly, net return (Rs/ha) was calculated for both the years and the pooled analysis was interpreted (Table 3). Maximum net returns (Rs.1,27,700/ha) was recorded in muskmelon followed by watermelon  (Rs.1,24,050/ha)  and cucumber (Rs.1,06,080/ha)cumber.
Maximum benefit cost ratio (2.46) was recorded in watermelon followed by cucumber  (2.37)  and muskmelon (2.31) . Becker et al. (1995), Yadav et al. (2000), Kumar et al. (2001) and Sharma et al. (2004) recorded maximum benefit cost ratio with rice based cropping sequences and with other vegetable crops combination. This was mainly due to higher production potential associated with minimum cost of cultivation and higher selling price of the vegetables. During crop growth period, variation in weather condition was observed in both the years which affected their production potential and market demand that resulted in up and down in market price. It might be due to the climatic influence but its higher demand in the market increased their market value.
 The relay cropping of cucurbits were profitable than the sole wheat crop 
and there was no adverse effect on yield attributes. Thus, small and marginal farmers can adopt this system to maximise their profit per unit time and space (Tripathi et al., 2022). 

CONCLUSION
  Based on the findings of this experiment, it can be concluded that under the conditions of Tiruvallur district, watermelon has the suitability of growing during post samba (Dec - March) which can maximize the production with higher benefit-cost ratio under rice based cropping sequences. Hence, this cropping system was found to be an alternate cropping system to the existing rice-rice-rice system. Therefore, this sequence can be considered suitable for farmer’s recommendation where they are benefitted by getting additional income during the low yielding season due to scarcity of water for cultivation of rice during the post samba season. 
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         Table 1. Mean Performance on the growth parameters of cucurbits under rice based cropping system  during post samba season (2020-21 & 2021-22)
	S.No
	Treatments 
	Vine length (cm)
	Number of branches per vine
	Days to first appearance of male flower (days)
	Days to first appearance of female flower (days)
	Node number at which first male flower appears
	Node number at which first female flower appears
	Sex ratio
	Crop duration (days)

	1.
	T1 – Rice - ashgourd - rice

	679.5
	6.2
	68.0
	77.0
	39.0
	44.0
	5.2
	104.0

	2.
	T2 – Rice - muskmelon - rice
	280.0
	8.5
	36.7
	42.6
	2.6
	4.50
	9.3
	115.0

	3.
	T3 – Rice - cucumber - rice
	311.5
	8.5
	28.3
	32.2
	3.1
	4.60
	7.8
	119.0

	4.
	T4 – Rice - pumpkin - rice
	419.5
	8.7
	53.2
	62.1
	16.1
	26.10
	15.1
	102.0

	5.
	T5 – Rice - watermelon - rice
	280.5
	7.1
	33.5
	41.7
	6.9
	13.20
	8.1
	113.0

	
	                               SEd
	5.68
	0.56
	2.65
	2.34
	4.82
	3.56
	3.21
	0.25

	
	                          CD (0.05)
	13.2
	1.65
	6.89
	5.91
	12.3
	7.92
	7.24
	0.638


  Table 2. Mean Performance on the yield parameters of cucurbits under rice based cropping system f during post samba season (2020-21&2021-22)
	S.No
	Treatments 
	Number of fruits per vine
	Fruit length (cm)
	Fruit diameter (cm)
	Fruit weight (kg)
	Days to first fruit harvest (days)
	Fruit yield per vine (kg)
	TSS 
(oBrix)
	Yield 
(t/ha)

	1.
	T1 – Rice - ashgourd - rice
	6.25
	20.5
	47.0
	2.71
	107.4
	13.6
	2.11
	21.20

	2.
	T2 – Rice - muskmelon - rice
	9.3
	17.4
	36.6
	0.515
	77.61
	5.89
	8.95
	25.05

	3.
	T3 – Rice - cucumber - rice
	13.4
	13.2
	16.1
	0.163
	48.7
	2.14
	4.60
	20.40

	4.
	T4 – Rice - pumpkin - rice
	7.3
	15.0
	48.8
	2.570
	87.0
	6.47
	7.26
	16.05

	5.
	T5 – Rice - watermelon - rice
	5.5
	25.8
	36.2
	3.15
	73.0
	12.3
	9.70
	26.10

	
	                               SEd
	0.98
	0.23
	1.85
	1.15
	4.32
	3.85
	2.16
	1.75

	
	                          CD (0.05)
	2.64
	0.58
	4.63
	2.88
	9.64
	10.23
	4.95
	4.45


   Table 3. Economics of cucurbits under rice based cropping system  during post samba season (2020-21&2021-22)
	S.No
	Treatments 
	Cultivation cost
	Gross returns
	Net returns
	BCR

	1.
	T1 – Rice - ashgourd - rice
	100100
	148400
	48300
	1.49

	2.
	T2 – Rice - muskmelon - rice
	97750
	225450
	127700
	2.31

	3.
	T3 – Rice - cucumber - rice
	77520
	183600
	106080
	2.37

	4.
	T4 – Rice - pumpkin - rice
	74325
	128400
	54075
	1.73

	5.
	T5 – Rice - watermelon - rice
	84750
	208800
	124050
	2.46


�This statement is highly generic. State specific to cucurbits


�Not clear ; may be rewritten


�Details on varieties, spacing adopted may be included


�Mention the parameters and the stage at which each parameter is recorded





�


�Is highest? Clarification needed


�Earliest or highest? Clarification needed.


�Not relevant to this sub heading; 





�Variation in weather parameter to be mentioned


�Highest gross return in muskmelon as per value in table 3. Check.


�Too generic statement; needs revision


�Rice or wheat??


�In M&M, it is mentioned as Rice-Rice-ashgourd


Check for all the treatments





