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Abstract: Rice planting system with efficient water management from rainfall to increase water use efficiency and production costs in order to obtain sustainable rice production. The research objective was to obtain water management technology efficiently of rainfed lowland rice in two cropping systems. The experiment was conducted during the first dry season (DS) April – July 2019 in Nguling Subdistrict, Pasuruan Regency, Indonesia in the rainfed lowland area of ​​10,000 m2. The experiment used Inpari 32 rice variety and the treatments were arranged in factorial randomized groups with 8 treatments and 3 replications, namely factor I (planting system): (a) Regular transplanting, and (b) Transplanting of Hazton system ; factor II (Irrigation technique): (a) Inundated, (b) Submerged, (c) Intermittent, and (d) Alternate Wetting and Drying. The results showed that by intermittent irrigation technique using the regular transplanting method yielded 6.93 t/ha Harvest Dry Grain (HDG) and Hazton transplanting method yielded 7.02 t/ha HDG. These two treatments needed water during rice growth as much as 2,744 m3/ha or 67% more efficient, with an R/C ratio of 1.74-1.75 compared to inundated irrigation techniques (control). 
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1. Introduction

Rainfed rice is rice cultivation on land whose irrigation system relies on rainfall. This makes soil management, crop management, and cropping patterns adapted to rainfall opportunities [1]; [2]; [3]; [4]. Incorrect time for planting rice can lead to insufficient (drought) or excess (stagnant) water during the growing phase, resulting in abnormal plant growth, lower yields and crop failure. Planting time is key in rice cultivation in rainfed rice fields [5]; [6]; [7]; [8]; [9]; [10]; [11]. In addition, it can have a broad impact on the decline in rice production due to reduced planting area. Plants with daily water requirements depend on the type, age and environmental condition [12];  [13]; [14]; [15]. The critical times that must be considered in water requirements for plants are planting, flowering, and seed filling [16]; [17]; [18]; [19]; [20]. 
Based on rainfall opportunities, plant growth will be avoided from drought if it is followed by water conservation and management measures accompanied by improvements in cultivation techniques and water availability [21]; [22]; [23]; [24]; [25]. Water available to plants is water in the range between field capacity and the point of permanent wilting. The availability of water in plants with certain soil types and locations can be known through the plant water balance so that it can be used for determining the potential planting time and the right planting pattern in an effort to increase productivity, reduce the risk of farming failure due to drought or flooding and anticipate production accumulation and increase farmer income [26];  [27]; [28];  [29]; [30]; [31]. According to [32]; [33]; [34] water management plays a very important role and is one of the keys to the success of increasing rice production in paddy fields.
The low level of water use efficiency is caused by the habit of using a high puddle of up to 15 cm continuously by farmers (continous flow) [35]; [36]; [37]). When compared with stagnant water supply, the intermittent water supply system is more prospective in water management in lowland rice farming because water use is more efficient by 20-30% and 30-50%, respectively [38]; [39]. Furthermore, [40]; [41] added that with the irrigation technique which aims to wet the land until it is saturated without being flooded from planting until 7 days before harvest in the dry season or rainy season, it can save 40% water use compared to continuous inundation. In line with the results of  research, water regulation in paddy fields in dry and stagnant conditions alternately (Alternate Wetting and Drying) obtained a slight decrease in grain yield by 12.3% compared to continuous flooding, but the efficiency in water use was around 36.75%  [42]; [43]; [44]. The inundation system in paddy soil can cause excessive iron reduction which increases the solubility of iron so that it can cause plants to be poisoned [45]; [46]; [47]; [48]. The combination of the use of organic and inorganic fertilizers with intermittent irrigation systems in paddy fields can not only increase yield and P nutrient uptake of rice plants, but also increase mineralization of organic P to inorganic P in the soil [49]; [50]; [48]).
The rice planting system is an effort to increase rice productivity based on land conditions and the availability of site-specific irrigation. Hazton shifting cropping systems with a high number of plants per clump can cause competition for nutrient absorption and microclimate humidity around the canopy to be higher, making it susceptible to pest and disease attack’s (Blast, Pyricularia grisea, Brown planthopper) [51]; [52]; [53]. The population in plants is quite high (≥ 160,000 clumps/ha), the dosage of fertilizer use is increased 10-15% from the recommended dose [54]; [55]. In addition, seeds that still produce secondary tillers will produce rice grains that vary in age and size [56].

This study aims to obtain efficient water management technology in the rainfed lowland rice cultivation system.

Rice Fields Development in Indonesia 2013-2017

The land in Indonesia that has the potential for agriculture is 94 million ha consisting of 25.4 million ha of wetlands (paddy fields) and 68.6 million ha of dry land (rainfed rice). 30.67 million ha of the total land area that has the potential for agriculture to be used for agricultural expansion in seasonal wetlands (rice fields) of 8.28 million ha, dry land for annual crops of 7.08 million ha, and annual crops of 15.31 million ha [57].The land has changed from year to year. The area of rice fields in Indonesia in 2013 was 8,128,499 hectares, and in 2017 it was 8,162,608 hectares, an increase of 0.42% (Table 1).

Table 1. Rice Fields Development in Indonesia 2013-2017.
	Type of Land
	2013
	2014
	2015
	2016
	2017
	%

	
	Hectar Area
	

	Irrigation Rice
	4,817,170 
	4,763,341 
	4,755,054.10 
	4,782,642.15 
	4,745,026.80 
	-1.50

	Rainfed Lowland Rice 
	3,311,329 
	3,348,252 
	3,337,852.70 
	3,405,091.50 
	3,417,581.20 
	3.21 

	Total Rice Fields
	8,128,499 
	8,111,593 
	8,092,906.80 
	8,187,733.65 
	8,162,608.00 
	0.42 


Source : Ministry of Agriculture, 2018
2. Materials and Methods
2.1. Study Area


Research on water management in the rainfed lowland rice planting system was carried out in the first dry season April - July 2018  on an area of 10,000 m2. Rice planting 
is carried out jointly in accordance with the habits of local farmers and is planted on land located close to irrigation sources.

Rice varieties used Inpari 32 with a legowo double row system with spacing of 40 cm x (20 cm x 10 cm). The research design was arranged randomly into factorial groups of 8 treatments repeated 3 times, namely factor I (cropping system): (a) Regular transplanting, and (b) Transplanting of Hazton; factor II (watering technique): (a) Alternate Wet and Dry, (b) Intermittent, (c) Submerged, and (d) Inundated (Table 3).

Table 3.Water Management in Rainfed Rice Planting System, First dry season  2017, Pasuruan-Indonesia
	No.
	Activities
	Technology Assemblies

	1.
	Planting system
	a. Regular Transplanting, 3-5 seedling per clump

b. Transplanting of Hazton, 30 seedling per clump

	2.
	Watering technique
	a. Alternate Wet and Dry
b. Intermitten

c. Submerged 
d. Inundated


Age of seeds reguler transplanting is 20 Day After Seedling (DAS) and transplanting of Hazton is 30 DAS.

Fertilization dosage used and its application follow the suggested recommendation [59]; [60], i.e.: 100 kg Urea/ha + 250 kg Phonska 15:15:15/ha + 5 t organic fertilizer/ha. All doses of organic fertilizer and ½ dose of Phonska fertilizer and 1/3 dose of Urea are given simultaneously to plants by distributing them evently. Half the dose of Phonska fertilizer and 1/3 dose of Urea fertilizer are given to rice plants aged 21 days after planting (DAP). The remaining one-third of the dose of urea fertilizer is given to rice plants aged 28 DAS [59]; [60]; [61].
The stages of water management in transplanted rice in rainfed rice according to the treatment are as follows: 

(a) Wet and Dry Alternate Irrigation or Dry Wet Irrigation: irrigation that monitors the water level in paddy fields with principles such as making wells. This system uses a monitor (35 cm high pipe), where 20 cm is given a hole and planted in a rice field plot. Enter the water in the rice field as high as 3 cm, then the water intake and discharge doors are closed. Monitor the water level in the pipe, if the water level in the pipe is less than 5 cm, put the water back into the 3 cm high plot of rice. This is done repeatedly until filling the seeds 

(b) Intermittent Irrigation: this system does not use a monitor. Enter the water in the paddy fields as high as 3-5 cm, then the water intake and discharge doors are closed, the water is allowed to run out either in the form of evaporating or seeping into the soil. It is estimated that after 5 days the water begins to decrease and 2 days the soil becomes dry. If the soil shows signs of cracking, re-enter the water as high as 3 cm. This is done repeatedly until the seeds are finished filling
(c) Submerged irrigation: water in the plot is maintained in a submerged condition throughout growth
(d) Inundated irrigation: water in the plot is maintained in inundated condition about 3 cm until it is finished filling the seeds.
The need for water at the farm level is usually called agrohydrology, which is the calculation based on agro-climate data. The following is data on plant water needs in relation to the climate and soil environment [62]:
              Q1 = H x A/T X 10.000 (mm/day or m3/day/ha or lt/sec/ha)
Where :  Q1 = Irrigation water quantity  (lt/sec/ha)               
                H = High standing water (m/day) 
               A = Acreage (ha)
               T = Time of giving water (days or seconds)
Rice plant observations include:

1. Rainfall during rice growth at the study location

2. Analysis of soil nutrients before the experiment
3. Plant height at the age of 30, 60 and 90 Day After Planting (DAP)
4. The number of tillers per hill at the age of 30, 60 and 90 DAP
5.  Weed populations at the age of 40 and 75 DAP
6. Number of panicles per clump
7. Panicle length
8. The number of filled and empty grains per panicle
9.  Weight of 1000 filled grains
10. The yield of harvested dry grain (t/ha)

11. Water needs (m3/ha)

12. Water requirements for grain production (l/kg)
2.2. Farming Analysis

In the analysis of farm profits, there are two things that must be discussed, the income received by farmers and the costs incurred by farmers. Revenue is money earned by farmers during farming activities carried out in one planting season. Cost is the price of production factors to produce farm output. The production costs referred to  labor, production facilities, land and building taxes and depreciation of the means of production. This analysis is to determine the amount of profit that farmers receive in lowland rice farming with the following equation [63]:
Π = TR – TC 

Note :  Π   : Profit

TR : Q x P (Total Revenue)
Q   : Quantity
P    : Price
TC  : TFC + TVC (Total Cost)
    TFC  : Total Fixed Cost
    TVC  : Total Variable Cost
R/C  Ratio[image: image2.png]


 = An analysis that shows a comparison of the total revenue with the total cost of farming.
Note: 
If R/C Ratio < 1,means that the technology applied is inefficient.
If R/C Ratio =1,means that the applied technology breaks even.
If  R/C Ratio > 1 means that the  technology applied is efficient.

3. RESULTS 

3.1. Agroecology of Research Sites

The location of the study area includes rainfed lowland rice field agroecology (<700 m asl), the soil classification is classified as Aeric Endoaquepts [64]. The soil has a clay texture with a high level of soil fertility, which has a CEC value of 32.88 me / 100 g (high), 145 ppm P2O5 (very high), 3.1% C-organic (high), N-total 0 , 20% (low) and K 0.26 me / 100 g (low) with neutral soil reaction (pH H2O 7.2) (Table 4).

Table 4.The results of soil analysis at the research location before the rice research First dry season  in 2017, Nguling-Pasuruan.
	No.
	Parameter
	Value
	Dignity

	1
	pH  (H2O)
	7.2
	Neutral

	2
	C-organik(%)
	3.1
	High

	3
	N-total (%)
	0.20
	Low

	4
	P2O5Olsen (ppm)
	145
	Very High

	5
	K (me/100g)
	0.26
	Low

	6
	Na (me/100g)
	0.56
	Moderate

	7
	Ca (me/100g)
	16.35
	High

	8
	Mg (me/100g)
	11.70
	Very High

	9
	CEC (me/100g)
	32.88
	High

	10
	Sand (%)
	10
	Clay

	11
	Dust (%)
	33
	

	12
	Clay (%)
	57
	

	13
	Texture
	
	


Source: Soil chemical laboratory of AIAT East Java, 2017
Measurement of daily rainfall during the growth of rice plants from the rainfall estimator (Ombrometer) placed at the research location. The intensity and distribution of rain is very low during the growth of the rice plant, from May to June, a total rainfall of 728.3 ml occurs. The complete data from the Umbrometer observations are presented in Table 5.

Table 5. Observation of daily rainfall (mm of water) in breeders of rainfall during the growth of rice plants in first dry season  in 2017,  Pasuruan-Indonesia
	Date
	Month
	Sum
	Date
	Month
	Sum

	
	May
	June
	July
	
	
	May
	June
	July
	

	1
	0
	0
	0
	0
	17
	0
	0
	0
	0

	2
	0
	0
	0
	0
	18
	0
	0.6
	0
	0.6

	3
	90
	0
	0
	90
	19
	0
	0
	0
	0

	4
	0
	0
	0
	0
	20
	0
	0
	0
	0

	5
	0
	0
	0
	0
	21
	0
	0
	0
	0

	6
	0
	0
	0
	0
	22
	0
	0
	0
	0

	7
	0
	0.8
	0
	0.8
	23
	0
	0
	0
	0

	8
	0
	0
	0
	0
	24
	0
	0
	0
	0

	9
	0
	0
	0
	0
	25
	0
	0
	0
	0

	10
	0
	0
	0
	0
	26
	0
	0.9
	0
	0.9

	11
	0
	0
	0
	0
	27
	0
	0
	0
	0

	12
	0
	59
	0
	59
	28
	0
	0
	0
	0

	13
	0
	0
	0
	0
	29
	0
	0
	0
	0

	14
	0
	0.9
	0
	0.9
	30
	10
	0
	0
	10

	15
	0
	0
	0
	0
	31
	35
	0
	0
	35

	16
	0
	0
	0
	0
	Total
	135
	62,2
	0
	197,2


 Source: Primary data is processed
3.2. Growth, Yield Components and Crop Yield
The treatment of irrigation techniques affected the types and populations of weeds during the growth of rice plants. The types of weeds that develop in rice cultivation in lowland rainfed rice include: Echinochloa crusgalli, Limnocharis flava, and water lettuce (Table 6).

Table 6. Weed Populations with Treatment of Irrigation Techniques and Rainfed Rice Planting  Systems, First dry season. 2017,  Pasuruan- Indonesia
	Irrigation techniques and

planting systems
	Weed population (%/m2) 

	
	40 DAP
	75 DAP
	Total 

	Inundated + Regular Transplanting
	5.00
	3.75
	8.75

	Inundated + Transplanting of Hazton
	6.25
	5.00
	11.25

	Submerged + Regular Transplanting
	20.00
	11.25
	31.25

	Submerged + Transplanting of Hazton
	23.75
	10.00
	33.75

	Intermitten + Regular Transplanting
	30.00
	11.25
	41.25

	Intermitten + Transplanting of Hazton
	12.50
	8.75
	21.25

	Alternate Wet and Dry+ Regular Transplanting
	8.75
	6.75
	15.50

	Alternate Wet and Dry + Transplanting of Hazton
	6.25
	5.00
	11.25


Source: Primary data is processed

4. DISCUSSION
4.1. Alternate Wet and Dry irrigation
Inundated irrigation shows that weed growth is inhibited so that the weed population is less than submerged irrigation and intermittent irrigation [6]; [65]; [66]; [67]). However, with Alternate Wet and Dry irrigation, the weed population was low and almost the same as inundated irrigation. This is in line with Taufik's research results that with Alternate Wet and Dry irrigation in conditions of water shortage from broadleaf weeds (Limnocharis flava) and water lettuce, the growth is suppressed due to competition with rice plants that have deeper roots. [35]; [68]. Transplanting of Haztonsystems with efficient intermittent irrigation treatment and Alternate Wet and Dry are more capable of suppressing weed growth than regular transplanting systems. Irrigation techniques and transplanting systems significantly affected plant height and number of tillers per hill at various ages of observation (Table 7). 

Table 7. Plant height and number of tillers with treatment of irrigation techniques and rice planting systems aged 30 DAP (Days After Planting), 60 DAP and 90 DAP in rainfed rice fields, First dry season  2017, Pasuruan-Indonesia
	Irrigation techniques and

planting systems
	Plant height (cm)
	Number of tillers per hill

	
	30 DAP
	60 DAP
	90 DAP
	30 DAP
	60 DAP
	90 DAP

	Inundated + Regular Transplanting
	32.96ab
	72.88ab
	83.56a
	14.58 b
	16.00c
	16.17c

	Inundated + Transplanting of Hazton
	33.00ab
	75.17a
	84.08a
	35.67a
	24.00b
	22.33ab

	Submerged + Regular Transplanting
	34.53a
	66.33c
	83.68a
	14.50 b
	16.50c
	16.58c

	Submerged + Transplanting of Hazton
	32.92ab
	68.13bc
	83.49a
	34.17a
	24.83ab
	23.58a

	Intermitten + Regular Transplanting
	33.27ab
	66.13c
	82.71ab
	13.92 b
	15.17c
	14.83c

	Intermitten + Transplanting of Hazton
	31.13b
	65.21c
	79.68abc
	35.83a
	26.33a
	24.08a

	Alternate Wet and Dry+ Regular Transplanting
	30.56b
	74.29a
	78.05bc
	14.33 b
	16.42c
	16.50c

	Alternate Wet and Dry + Transplanting of Hazton
	33.43ab
	73.04ab
	76.59c
	35.58a
	22.83b
	20.50b

	C V (%)
	6.09
	4.86
	3.81
	6.51
	6.95
	6.74


The numbers followed by the same letter in the same column are not significantly different from DMRT at the 5% level

At the beginning of the growth of rice at the age of 30 DAP with inundation and submerged treatments, an increase in plant height was obtained, while at the age of 60 DAP observations, the highest plant height was seen when water was inundated or Alternate Wet and Dry irrigation, either with a regular transplanting system or transplanting of hazton system. On the other hand, observations at the age of 90 DAP showed a significant increase in plant height with inundation, submerged and intermittent irrigation treatment rather than Alternate Wet and Dry irrigation.


The number of tillers at the age of 30 DAP observations between irrigation technique treatments did not show a significant difference, but the hazton transplanting system obtained the largest number of tillers compared to the regular transplanting system.This is because the number of seeds for transplanting of hazton around 30 seeds per clump, while the number of seeds for regular transplanting is around 2-3 seeds per clump.At the age of 60 DAP observations, transplanting of hazton systems with submerged and intermittent irrigation techniques obtained a higher number of tillers than irrigation techniques and regular transplanting systems. In the observations of the age of 90 DAP, intermittent, submerged and intermittent irrigation techniques with the transplanting of hazton system obtained the highest number of tillers per clump. Irrigation techniques and rice planting systems significantly affected the number of panicles per hill, length of panicles, number of filled and empty grains per panicle (Table 8).
Table 8. Number of panicles per clump, panicle length, number of filled grains per panicle and number of empty grains per panicle with treatment of irrigation techniques and rainfed lowland rice planting systems, First dry season  2017, Pasuruan-Indonesia
	Irrigation techniques and

planting systems
	Number of panicles per clump
	Panicle length (cm)
	The number of filled grains per panicle
	The number of empty grain per panicle

	Inundated + Transplanting
	   14,00b
	   21,12a
	  116,50a
	7,59a

	Inundated + Transplanting of Hazton
	   15,92a
	   20,46a
	  107,92ab
	 3,58bc

	Submerged + Transplanting
	   14,25b
	   20,03ab
	  95,08bc
	 5,08bc

	Submerged + Transplanting of Hazton
	   14,17b
	   20,66a
	  113,58ab
	 5,25bc

	Intermitten + Transplanting
	   13,75b
	   19,71ab
	  96,67abc
	 5,67ab

	Intermitten + Transplanting of Hazton
	   15,67a
	   18,73b
	  83,08c
	3,25c

	Alternate Wet and Dry+ Transplanting
	   14,50b
	   20,03ab
	  115,50a
	 4,83bc

	Alternate Wet and Dry + Transplanting of Hazton
	   13,83b
	   21,21a
	  106,33ab
	7,59a

	C V (%)
	4,89
	5,06
	11,46
	24,67


The numbers followed by the same letter in the same column are not significantly different from DMRT at the 5% level

The highest number of panicles per clump was found with intermittent and inundated irrigation techniques with the transplanting of hazton system, while the length of panicles was almost not significantly different from the treatment of irrigation techniques and regular transplanting systems, except for intermittent irrigation techniques with the transplanting of hazton system.


The highest number of filled grains per panicle was found in the inundated irrigation technique with the regular transplanting system and the Alternate Wet and dry irrigation technique with the regular transplanting system, but it was not significantly different from the transplanting of hazton system using both inundated, submerged, and Alternate wet and dry irrigation techniques. as well as the intermittent irrigation technique with the regular transplanting systemFor the highest number of unhulled unhulled rice per panicle, it was significantly found in the inundated irrigation technique with the regular transplanting system and the Alternate Wet and Dry irrigation technique with the transplanting of hazton system, but it was not significantly different from the intermittent irrigation technique with the regular transplanting system. Irrigation techniques and rice planting systems affect the weight of 1000 filled grains, yield of harvested dry grain, water requirements and water requirements for grain production (Table 9).
Table 9.Weight of 1000 filled grains, rice yield, water needs, and water requirement for grain production with irrigation techniques and rainfed lowland rice planting systems, First dry season  2017, Pasuruan-Indonesia
	Irrigation techniques and planting systems
	Weight of 1000 filled grains (g)
	Rice yield
(t/ha HDG)
	Water needs (m3/ha)
	Water requirements for grain production (l/kg)

	Inundated + Regular Transplanting
	   28.02ab
	 7.21ab
	7,757.2
	1,076

	Inundated + Transplanting of Hazton
	   28.18ab
	 7.29ab
	7,757.2
	1,064

	Submerged + Regular Transplanting
	   28.00ab
	 7.36a
	5,573,2
	757

	Submerged + Transplanting of Hazton
	   26.87b
	 7.46a
	5,573,2
	747

	Intermitten + Regular Transplanting
	   27.75ab
	 6.93abc
	2,213.2
	319

	Intermitten + Transplanting of Hazton
	   28.36ab
	 7.02abc
	2,213.2
	315

	Alternate Wet and Dry+ Regular Transplanting
	   29.53a
	 6.42bc
	  1,877.2
	            292

	Alternate Wet and Dry + Transplanting of Hazton
	   27.84ab
	 6.66c
	  1,877.2
	            282

	C V (%)
	4.37
	11.97
	-
	-


The numbers followed by the same letter in the same column are not significantly different from DMRT at the 5% level

The lowest weight of 1000 filled grains was found in the treatment of submerged irrigation techniques with the transplanting of hazton system, while the highest was found in the treatment of Alternate Wet and  Dry irrigation techniques with regular transplanting systems. 

The increase in grain yield was found in inundated, submerged and intermittent irrigation and each grain yield was not significantly different. The average increase    in     grain      yield      with     the 
transplanting of hazton system was 127.5 kg compared to the regular transplanting system. Treatment of intermittent irrigation techniques with the regular transplanting system yielded 6.93 t/ha of harvested dry grain, whereas when using the transplanting of hazton system the yields were 7.02 t/ha of harvested dry grain with water requirements during rice plant growth of 2,213.2 m3/ha or 71.5% more efficient than inundated irrigation techniques (Figure 1).
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Figure 1. Relation between addition of water (rainfall + irrigation)  and rice yield under treatments of irrigation techniques and planting systems in the first dry season 2017. Pasuruan, Indonesia

If the water requirement is 2,213.2 m3/ha, the yield of grain is 6.93 t/ha (regular transplanting system) and 7.02 t/ha (transplanting of hazton system). So, the need for water to produce unhulled rice using intermittent irrigation techniques with a regular transplanting system requires 319 liters of water to produce 1 kg of harvested dry grain, while the transplanting of hazton system requires 315 liters of water to produce 1 kg of harvested dry grain. As a comparison, the inundated irrigation technique with the usual transplanting system and the tranplanting of hazton system requires 1,064-1,076 liters of water to produce 1 kg of harvested dry grain
4.2. Rice Farming Analysis
The difference in production costs between the irrigation technique and the rice cropping system was influenced by the cost of irrigation power and the cost of seeds (Table 10). When it rains during the growth of the rice plant, conversion is carried out by illuminating the intensity of irrigation from the pump well water supply. As a comparison of the intensity of irrigation for rice during growth, namely Alternate Wet and Dry irrigation 3 times every 5-6 days, intermittent irrigation 4 times every 5 days, submerged irrigation 8 times every 2-3 days, and inundated irrigation 11 times every 1-2 days (Table 10).

Table 10. Farming analysis of rainfed lowland rice per hectare with several irrigation techniques in the first dry season. 2017. Pasuruan-Indonesia
	Treatment Description
	 Treatments

	
	1
	2
	3
	4
	5
	6
	7
	8

	The input of production:
	Value IDR x 1000

	- Seed
	300
	700
	300
	700
	300
	700
	300
	700

	- Chemical Fertilizers
	765
	765
	765
	765
	765
	765
	765
	765

	 - Organic fertilizer
	1,250
	1,250
	1,250
	1,250
	1,250
	1,250
	1,250
	1,250

	· Pesticides
	1,200
	1,200
	1,200
	1,200
	1,200
	1,200
	1,200
	1,200

	Labor
	8,900
	9,400
	8,490
	8,490
	7,090
	7,090
	6,950
	6,950

	Land lease
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000

	Total production cost
	22,415
	23,315
	22,005
	22,405
	20,605
	21,005
	20,465
	20,865

	Income
	37,492
	37,908
	38,272
	38,792
	36,036
	36,504
	33,384
	34,632

	Profit
	15,077
	14,593
	16,267
	16,387
	15,431
	15,499
	12,919
	13,767

	R/C Ratio
	1.67
	1.63
	1.74
	1.73
	1.75
	1.74
	1.63
	1.66


Source: Primary data processed, 2017.

Treatment Description:
1. Inundated + Regular Transplanting
2. Inundated + Transplanting of Hazton
3. Submerged + Regular Transplanting
4. Submerged + Transplanting of Hazton
5. Intermitten + Regular Transplanting
6. Intermitten + Transplanting of Hazton
7. Alternate Wet and Dry + Regular Transplanting
8. Alternate Wet and Dry + Transplanting of Hazton
Based on the results of rice farming analysis, it shows that the application of submerged irrigation techniques obtained high grain yields, but requires more irrigation water during the growth of rice plants than intermittent irrigation techniques which produce grain not significantly different from submerged irrigation techniques. With an intermittent irrigation technique accompanied by a regular transplanting system, the yield was 6.93 t/ha of harvested dry grain with an R/C ratio of 1.75, while the intermittent irrigation technique accompanied by a system of tranplanting of hazton resulted in 7.02 t/ha of harvested dry grain. with an R/C ratio of 1.74, so it is economically feasible because it has an R/C ratio of > 1. Although the hazton transplanting system is able to increase grain yields than the regular transplanting system with intermittent irrigation techniques, the increase is very small (90 kg), and requires higher seed costs (2.5 times) than the regular transplanting system, so that the R/C ratio is lower.
5. CONCLUSION
The transplanting of hazton system requires 2.5 times the seed/seedlings, but there is an increase in grain yield of about 127.5 kg/ha compared to the regular transplanting system with various irrigation techniques on rice plants. Intermittent irrigation techniques with regular transplanting systems and transplanting of hazton systems gave yields of 6.93 and 7.02 t/ha of harvested dry grain, with R/C ratios of 1.74 and 1.75, respectively. These two analyzes require 2,213.2 m3/ha of water during plant growth, an efficiency of 71.5% higher than that of  inundated irrigation techniques.
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