Growth, productivity and profitability of rice under the different nutrient management practices in Lamjung, Nepal
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Abstract
A field experiment was conducted on farmer’s fields at two sites of Lamjung district viz. Bhotewodar and Sundarbazaar to evaluate the performance two commonly grown rice varieties viz US-382 and Ramdhan under two nutrient management practices [Nutrient Expert®(NE) rice model recommendation, and government recommendation(GR)]. Four replicates of four treatments were arranged in randomized completely block design. Rice varieties responded differently under the different nutrient management practices in terms of plant height, grains per panicle, sterility%, panicle weight, grain yield at 15% moisture, straw yield and harvesting index. The highest grain yield was obtained from NE field of US-382 variety which was followed by GR for US-382. NE based practices for US-382 variety produced the highest biological yield, net revenue and benefit cost ratio as compared to GR. NE attainable rice yield and revenue compared with observed yield and revenue observed from the trials in farmer’s field and NE-based fertilizer recommendations proved the validity in reaching the estimated yield targets as the observed rice yields were higher than the NE estimated attainable yields.
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Introduction:
Rice (Oryza sativa L.) is one of the most important cereal crops in Nepal  occupying 1.43 million ha area and despite the government’s efforts for making the country self-sufficient in rice production, both the production and productivity is quite low (3.35 t ha-1) (MoAD, 2015).  Increase in rice productivity of rice is, thus, necessary for satisfying the food requirement of the country (NARC, 2013).  Among the external inputs required for crop production, nutrients are the most limiting factors for rice production in Nepal.  In mid-hill region of the country, farmer’s nutrient management practices seems unscientific and even the government bodies are  recommending blanket doses of fertilizer applications  that do not consider the site and variety specific nutrient need of rice crop. On the other hand, site specific nutrient management is a new concept for Nepal. This has resulted in under or over fertilizer application. The objective of this study was to compare the effectiveness of Nutrient Expert (NE®) model nutrient recommendation and government recommendation method on crop yield in rice crop. 

Materials and Methodology:
This study was held in western Nepal in  Sundarbazar, Lamjung district (28° 8' 41"N and 84° 24' 43" E;  610 masl), proximity to the Lamjung campus, were selected.  Farmer’s group discussion and Interview schedule were carried out to assess the nutrient management practices for rice production, and were used to generate the Nutrient Expert® fertilizer recommendation dose as well as expected yield for two commonly grown rice varieties viz. US 382 (hybrid) and Ramdhan (improved) - which were later on used for the study. Then, four rice growing sites (replications) were purposively selected. At each site, seedling were raised in nursery bed for 24 days before transplanting to the experiment plots (100 m2) having two nutrient management practices (Government recommended dose and Nutrient Expert dose). Thus, our experiment consisted of four treatment combinations [2 Nutrient management practices and 2 varieties].


	Table 1: Fertilizer applications for different treatments under study

	Fertilizer application
	Variety
	N2(kg ha-1) 
	P2O5(kg ha-1)
	K2O (kg ha-1)

	Nutrient Expert
 
	US – 382
	126 (38:44:44)*
	27
	57

	
	Ramdhan
	97 (29:34:34) *
	22
	40

	Government recommendation
	US – 382
	120 (36:42:42) *
	45
	45

	
	Ramdhan
	100 (30:35:35) *
	30
	30

	The value within the paranthesis indicates the three times allocations- i. basal application during field preparation, ii. Top dressing at 30days after transplanting, and iii.  Top dressing at 60 days after transplanting



Farmers were gathered in group discussion and among them, four farmers mostly growing rice were selected.  The prepared questionnaire developed for the nutrient expert software were used to collect the date and detail information were taken by taking interview with the farmer when visiting the farmer’s field. 
The information was collected from the farmers and simulated attainable yield for each farmer field was obtained by using the Nutrient Expert® software. Through the group discussion including farmers, the two common varieties viz US 382 and Ramdhan was selected for our research. 

Each experimental plot was hydrologically separated by constructing 25 cm tall bund at borders.  5 to 10 cm water level was maintained until one month before harvesting at 19th November, 2015. Other intercultural practices such as weeding were carried at weekly interval. Yield attributing characters such as number of effective tillers per hill, length and weight of each panicle, number and weight of grains per panicle, test weight, and straw and grain yield, harvest index was observed /calculated.
Nutrient Expert® (NE) estimated attainable rice yield and gross revenue provided by the NE software  were compared with actual yield and gross revenue from experimental trial. Data were analysed using  IBM SPSS Windows Version 16.0 and treatment means were compared using Tukey Test at 0.05% level of significance.


Result and Discussion:
The result showed that relative performance of NE US-382 rice was found better over GR . The mean data showed that plant height at the time of harvesting, grain per panicle, panicle weight, Harvestng Index , sterility%, paddy yield were significantly influenced by the different treatment.
	Table 2 (a): Yield attributes of different rice cultivars under different nutrient management practices in Lamjung

	Fertilizer practice
	Variety
	Effective 
Tiller/ hill
	Plant Height
	Straw yield
	Biological Yield
	Harvest Index

	
	
	
	
	(tha-1)
	(tha-1)
	

	NE
	US-382
	18.6
	103.2a
	9.93a
	17.298a
	42.40ab

	
	Ramdhan
	16.65
	86.08cd
	7.37bc
	12.57bc
	41.71ab

	GR
	US-382
	16.95
	102.3ab
	8.72ab
	14.85ab
	41.12b

	
	Ramdhan
	16.02
	78.95d
	6.20c
	10.90c
	42.79ab

	
	Sig
	Ns
	**
	**
	**
	*

	
	S Em(±)
	1.032
	2.23
	0.466
	0.596
	1.289

	
	LSD (0.05)
	3.302
	7.14
	1.491
	1.907
	4.125

	
	CV%
	15.7
	4.8
	11.1
	12.8
	9.2

	ns= non-significant; Significant “*”; highly significant “**


	Table 2 (b): Yield attributes of different rice cultivars under different nutrient management practices in Lamjung

	Fertilizer practice
	Variety
	Panicle
Length
	Filled Grain/panicle
	Panicle Weight
	Test weight
	Sterility

	
	
	(cm)
	
	(g)
	(g)
	(%)

	NE
	US-382
	24.9
	157.10b
	5.452a
	24.22
	16.65b

	
	Ramdhan
	24.3
	90.07c
	2.735b
	23.72
	27.94a

	GR
	US-382
	24.1
	205.75a
	5.702a
	23.75
	14.57b

	
	Ramdhan
	24.9
	82.25c
	2.372b
	22.85
	27.70a

	
	Sig
	ns

	**
	**
	ns

	**

	
	S Em(±)
	0.99
	9.21
	0.42
	0.92
	1.67

	
	LSD (0.05)
	3.17
	29.46
	1.34
	2.97
	5.35

	
	CV%
	6.9
	13.1
	23
	8
	14.6


ns= non-significant; Significant “*”; highly significant “**
The mean data presented in Table 2 showed that the highest plant height was found in US-382 rice under NE treatment (103.2) which was followed by GR treatment for US-382 (102.3 cm) ,NE treatment for Ramdhan(86.08)and GR Ramdhan(78.95 cm). Table  showed that plant height height increased with balanced fertilizer used that required by the site field. M. A. Salam et al., 2011, Haqet al., 2002 and Awanet al.,1984  reported that highest plant height was found in high and balanced NPK fertilizer.
The mean data presented in Table2 showed that highest straw yield  i.e.(9.93 t/ha) was obtained in the NE US-382 field followed by GR US-382 field i.e (8.72 t/ha)and NE improved(7.37t/ha) .Similar results were reported by Mirzaet al. (2010). Nitrogen influenced vegetative growth in terms of plant height and number of tiller hill-1 which resulted in increase straw yield(Table 2). Similar trend of straw yield was also reported by Srivastava et al. (1987), Kanda and Dixit (1996).
	

	Figure 1:- Average grain yield at 14% moisture


Highest grain yield at 14% moisture was obtained in the NE field for the US-382 rice i.e. (7.362 t/ha) which was followed by GR for US-382 variety (6.12t/ha), NE for improved variety(5.20 t/ha)  and GRI (4.70 t/ha). Rice yields were far more stable and varied within a short range as the NE recommendation for each individual farmer was designed to achieve the maximum attainable yield of HYV rice in the kharif season.( M.K. Mandal et al., 2015).Studies using NE for other crops like maize and wheat also showed significant yield advantage from the tool-based fertilizer recommendation as compared to existing practices (Satyanarayana et al., 2012; Sapkotaet al., 2014).Dobermannet al., 2003 also reported the same result that NE or SSNM practice showed the highest yield than the farmer practiceThe highest filled grain per panicle was found  in GR for US-382 variety i.e(205.75) followed by NE for US-382 (157.10) and the lowest filled grain per panicle was found in NE for improved variety,i.e(82.25).Panicle weight of US-382 and improved variety of rice was found highly significant  in NE treatment(Table2). Highest panicle weight was found in GR for US-382 rice,i.e(5.70g) which was followed by NE US-382 ,i.e(5.45g), FFP (3.095),NE improved (2.73g)and  lowest panicle wt. was found in GR for improved variety of rice i.e( 2.372 g). Highest sterility was obtained in field of NE for Ramdhan i.e. 27.9% which was followed by treatment GRI i.e (27.7%),NEHi.e(16.65%) and GRH i.e(14.57%).

	Table4:Effect of different nutrient management practices on economics of rice in mid-hills of Nepal

	Fertilizer practice
	Variety
	Total cost
	GrossRevenue per ha (Rs)
	Net Revenue
	B:C ratio

	
	US-382
	73753.10a
	238160a
	164410a
	2.228a

	NE
	Ramdhan
	72888.50c
	169620c
	96733c
	1.326bc

	
	US-382
	73567.20ab
	200480b
	126910b
	1.725b

	GR
	Ramdhan
	73070.00bc
	151470c
	78402c
	1.073c

	Significance
	
	**
	**
	**
	**

	SEm((±)
	
	137.5
	6421.5
	6479.2
	0.091

	LSD
	
	423.8
	19786.7
	19964.5
	0.28

	CV%
	
	0.2
	7.5
	26.1
	26.1

	
	highly significant =“**”


The result showed that the cost of cultivation showed highly significant results for different treatments. The cost of cultivation was found higher in the NE recommendation for US-382 variety followed by GR US 382 , GR Improved ,NE Improved and was least for FFP (Table 4). The gross revenue was significantly influenced by  the different  nutrient management treatment .The gross revenue was the highest under NE for US-382 variety (Rs.238160) followed by GR US-382 field (Rs200480),NE improved field (Rs.169620),GR Improved field (Rs. 151470) and  FPP(Rs.148390) .The  highest gross revenue in NE practice for US-382 variety was due to its highest yield. Under the different nutrient management treatments, there was a significant difference in net revenue. The highest net revenues were found in NE US-382 field (Rs.164410), followed by GR US-382 field (Rs.126910), NE improved field (Rs.96733), FPP (Rs.79716) and GR Improved field (Rs.78402). Although the cost of cultivation was the highest in NE recommendation the gross revenues was also the highest because of higher grain and straw yield under NE recommendation. The B:C ratio was the highest under NE  US-382 field(2.228) followed by GR US-382 field (1.725), NE improved field (1.326) ,GR improved field (1.073)and FFP . Similar results were also depicted by IRRI (2010).

Conclusion:
The above discussed growth and yield parameters of rice proved that the site specific nutrient management under NE-based fertilizer recommendations was found better over GR in terms of yieldand profitability as a result of balanced fertilization and application of right source of fertilizer at right place and time in right amount. Moreover in comparision to hybrid and improved varieties, hybrid ones under NE –based fertilizer recommendation gives significantly higher yield. The tool was able to capture the inherent differences between conventional and conservation practices of crop management and site specific nutrient recommendations from NE rice performed better than GR . Although performance differences were large among sites, SSNM can be considered a low-risk technology for most environments. So the further testing of the NE -Rice is required with multi-location trials in different agro-ecological regions of Nepal to develop confidence and for its wider applicability. 
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