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Abstract 

Dryland has the potential to increase agricultural production, by increasing the cropping index.  

The main problem of dryland is the availability of water which depends on rainfall. Groundwater can 

be an alternative option to meet the availability of water in the dryland. This study aimed to determine 
the cropping pattern and increase of cropping index supported by groundwater irrigation in the dryland. 

The research was conducted in the dryland of Playen, Gunungkidul, Special Region of Yogyakarta, 

supported by groundwater irrigation. This research used a combination of survey, interview and  
plot demonstration methods. Surveys and interviews were conducted to determine the condition of 

cultivation and profit in the first and third growing seasons. The plot demonstration, to increase the rice 

cropping index from 1 to 2, was applied in the second growing season. The results showed that rice 
productivity in the first growing season was 5.215 ton ha-1, with a profit of 12,288,000 IDR ha-1 and  

B/C of 1.28. In the second growing season, Sidenuk productivity was 8.025 ton ha-1, with the dry straw 

of 8.049 ton ha-1, grain carbon of 3.471 ton ha-1 and straw carbon of 3.723 ton ha-1, higher than those  

of Situbagendit, but comparable those of Inpari-42, with a profit of 20,700,000 IDR ha-1 and B/C of 
1.54. Rice contributed to higher biomass, carbon and profit than groundnut. In the third growing season, 

groundnut productivity was 2.026 ton ha-1, with a profit of 15,572,000 IDR ha-1 and B/C of 1.78. 

Groundwater irrigation can support the increase in the cropping index on dryland and intensify 

agricultural production as well. 
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INTRODUCTION 

Humans, economy and environmental 

sustainability are influenced by food, energy and 
water, especially in conditions of diminishing 

resources and climate change (Bekchanov et al., 
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2015). Food security is the main agenda of  

a country (Suryana, 2014). The increase in food 

consumption is in line with the increase in 
population (Wahdah et al., 2015). Technically 

irrigated rice fields have decreased by land 

conversion (Nurcholis and Supangkat, 2011),  
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and the opportunities for opening new rice fields 

are getting smaller and this becomes an obstacle 

in meeting food needs. 
Enhancing the potency of dryland is an option 

to increase agricultural production (Adunya and 

Benti, 2020; Indrawan et al., 2020; Arifin et al., 
2021), with water availability as the main problem 

(Nurasa and Supriadi, 2012). The lack of water  

is the main problem in dryland (Viandari and 
Anshori, 2021). Dryland usually can only be 

planted twice a year, planting rice once during  

the rainy season. An increase in agricultural 

production from dryland can be done by 
increasing cropping index. The increase in 

cropping index in dryland requires additional 

water for irrigation, one of which can be obtained 
from groundwater (Anshori et al., 2021b). 

The increase of cropping index is one of 

solutions in overcoming bigger food needs.  
About 37% of the food self-sufficiency in 1984 

came from an increase in the cropping index  

(Las et al., 1999). Increase of cropping index  

is related to the management of soil, water, 
climate and nutrient resources (Singh et al., 2014; 

Sutrisno et al., 2016). These conditions are related 

to climate, soil, water availability, crops and  
costs (Terán-Chaves and Polo-Murcia, 2021).  

The application of cropping patterns can reduce 

food disparities and improve welfare (El-Gafy, 

2013). The cropping patterns can save water  
and energy, as well as multiple agricultural  

yields (El-Gafy et al., 2017). Optimization of 

cropping pattern rises gross net profit by 6.44%, 
compared to existing cropping patterns (Osama  

et al., 2017). 

The groundwater utilization does not exceed 
the safe yield of aquifer, so sustainable (Basso  

et al., 2013). There is a balance between pumping 

and recharging the aquifer, as a sustainable water 

management (Butler Jr et al., 2018), related to 
aquifer thickness, specific yield of aquifer and 

groundwater quality (Ravindran et al., 2015). 

Utilization of groundwater for irrigation takes  
into account rainfall, land cover, river debit  

and evaporation (Mao et al., 2005). Actual 

evapotranspiration is the actual use of water,  
in which a certain amount of water is used to 

produce a certain amount of crop yields 

(Mainuddin et al., 2020). Irrigation facilities and 

irrigation water delivery techniques determine  
the efficiency of irrigation water use (Chen et al., 

2018) and groundwater recharge (Bouimouass  

et al., 2020). On the other side, soil management 
improves soil to make it suitable for crops 

(Viandari and Anshori, 2021). Plant management  

prioritizes the adaptation of rice varieties to 

environmental conditions (Anshori, 2020).  

The sustainability of the groundwater irrigation 
system is attributed to climatic conditions,  

soil parameters, hydrogeological parameters, 

information on channels and rivers, cropping 
patterns and other related factors (Liu and  

Chen, 2020). Thus, there is a match between  

the availability of water from groundwater, soil  
as a growth medium and plants in accordance  

with environmental conditions. The use of water 

to increase the cropping index does not exceed  

the aquifers’ safe yield. 
The use of groundwater for irrigation has been 

developed in several countries. Groundwater 

irrigation in Bangladesh requires 1,402 l of water 
per kg of rice, with an evapotranspiration rate  

of 661 l. The government supports it through  

water saving policies (Mainuddin et al., 2020). 
China has developed groundwater irrigation as  

the main irrigation supplemented by surface water 

irrigation and used water as additional irrigation 

(Liu and Chen, 2020). Groundwater development 
is an option in management, supported by 

modeling (Mao et al., 2005). 

The dryland area in Indonesia is estimated  
of 144.5 million ha (Mulyani, 2015), with  

water as a limiting factor (Suwarno, 2010),  

which has great potential to support food 

production. Groundwater irrigation increases 
water availability, productivity and crop index 

(Anshori et al., 2020). It can be technically 

implemented in dryland. Irrigation increases 
percolation, which in turn increases groundwater 

recharge (Pakparvar et al., 2017), which will 

support the sustainability of groundwater 
irrigation systems. Grounsdwater irrigation has 

the capacity to increase carbon sequestration 

through the formation of plant biomass. 

Groundwater irrigation is also potential to support 
the dryland development and increase the national 

food production.  

The area of Gunungkidul Regency is 
dominated by dryland, which mostly relies on 

rainfall, has the main cropping pattern of rice-

groundnut-fallow and is representative area for 
dryland agricultural research. The research 

location is dryland supported by groundwater 

irrigation. Groundwater irrigation has the 

potential to increase the cropping index from  
rice-groundnut-fallow to rice-rice-groundnut, 

which in turn increases rice production. The 

increase in agricultural production, especially 
rice, can be achieved by increasing the cropping  

index by changing the cropping pattern to  
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rice-rice-groundnut. In terms of environmental 

sustainability, responsible use of groundwater 

will encourage groundwater conservation and 
carbon sequestration. This study was conducted 

determine the cropping pattern and increase  

of cropping index in dryland supported by 
groundwater irrigation. The goals of the study 

include: (1) to determine the farmers' existing  

rice cultivation in the first growing season,  
(2) to increase rice cropping index from 1 to 2  

in the second growing season supported by 

groundwater irrigation and (3) to increase  

the cropping index 2 to 3 by planting groundnut, 
which is supported by groundwater irrigation. 

Research results can be applied to areas that  

have similar agroecosystems, with commodities 
and management adapted to the nature and 

conditions of groundwater or aquifers. 

MATERIALS AND METHOD 

The research was conducted on dryland  

in Playen, Gunungkidul, Special Region of 

Yogyakarta, Indonesia, starting from January  

to November 2020, at three growing seasons.  

The field research is located in 7.93192°N, 

110.54454°E and lies on 207 m above sea  

level. The research location is dryland,  

with groundwater irrigation. Installation of 
groundwater irrigation was built about one year 

before this research. The existing cropping pattern 

when the study conducted was rice-groundnut-
fallow, without irrigation. This research changed 

the cropping pattern to rice-rice-groundnut, with 

groundwater irrigation. The first growing season 

was during December 2019 and March 2020  
with rice plants, the second growing season was 

during April and July 2020 with rice plants,  

while the third growing season was during  
July and September 2020 with groundnut plants. 

The annual rainfall average was 1,852 mm,  

with consecutive 5 months of rainy season and  

6 months of dry season. The soil has neutral pH, 
low organic carbon, low total nitrogen and  

high cation exchange capacity. The climate  

and soil properties can be seen in Table 1. Water 
availability comes from rainfall and groundwater 

pump irrigation. This research uses a combination 

of survey methods, interviews and demonstration 

plots. 
In the first growing season survey and 

interview was conducted. The survey was 

conducted in three farmers' fields with the 
Situbagendit rice variety and the farmers  

were interviewed. The water availability was 

maintained from rainfall and the technology of 

rice cultivation based on the existing technique. 

The data collected were regarding the rice 
cultivation for the existing techniques, the 

productivity of harvested dry rice and dry straw, 

carbon absorption in grain and straw, and socio-
economic conditions of farmers. The productivity 

of harvested dry rice and dry straw was measured 

from tiles based on Makarim et al. (2017) and 
carbon absorption in grain and straw by dry ashing 

method based on Eviati and Sulaeman (2009)  

and then, the mean and standard deviation were 

calculated. Farmer profits are calculated based on 
the farming analysis (Hendayana, 2016).  

The rice demonstration plot and interviews 

were applied in the second growing season.  
The demonstration plot was used to increase  

the rice cropping index 1 to 2 by utilizing water 

availability from rainfall and groundwater 
irrigation. The rice varieties in the demonstration 

plot were Situbagendit, Inpari-42 and Sidenuk, 

with three times of replications. The specific 

location technology component was explored 
with the farmers, and then used a basis for the plot 

demonstration. The observation parameters 

include the productivity of harvested dry rice  
and dry straw from tile (Makarim et al., 2017)  

and carbon absorption in grain and straw by  

dry ashing (Eviati and Sulaeman, 2009). Data 

were analysed using SPSS to determine the 
variance of various parameters. Significant 

treatment was determined by F-test and Duncan 

multiple range test (DMRT) to find the interaction 
effect of treatments to estimate by least significant 

difference (LSD) at significance level of < 0.05 

(Steel and Torie, 1978). The groundnut was used 
as a comparison for the increase in rice cropping 

index. The pod productivity and groundnut 

biomass were determined from tile based on 

Suparman and Abdurahman (2003) and carbon 
absorption in pod and biomass by dry ashing 

based on Eviati and Sulaeman (2009). Farmers’ 

profit from rice and groundnut cultivation are 
determined by economic analysis based on 

(Hendayana, 2016). 

The survey and interview were applied in  
the third growing season. Groundnut was planted 

in this season with water irrigation from 

groundwater. The technology component of 

groundnut followed the habits of farmers.  
The three farmers were interviewed and continued 

with the survey in each farmers’ land. The data 

collected were groundnut productivity as 
harvested pod, dry biomass, carbon absorption  

in pod and biomass, and socio-economic 
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conditions of farmer. The pod productivity  

and groundnut biomass were determined by  

tile according to Suparman and Abdurahman 
(2003), carbon absorption was decided by  

dry ashing method proposed by Eviati and 

Sulaeman (2009) and the mean and standard 
deviation were then figured. Farmer profit was 

calculated based on economic analysis according 

to Hendayana (2016). 

RESULTS AND DISCUSSION 

Rainfall, groundwater and cropping pattern 

Water utilization refers to the Law of the 

Republic of Indonesia No. 17 of 2019 concerning 
water resources. At the regional level, the 

implementation of the use of water resources, 

including groundwater, is in accordance with 
regional regulations issued by each regional 

government. The Ministry of Agriculture through 

the Indonesian Agency for Agricultural Research 
and Development issued technical guidelines  

for increasing the rice cropping index (Center  

for Agricultural Technology Studies and 

Development, 2017), which is supported by the 
implementation of water harvesting infrastructure 

(Kartiwa et al., 2017). Rules are made to achieve 

sustainable water resources. 
Utilization of groundwater requires initial 

capital for the construction of groundwater wells 

and irrigation canals and this becomes particular 

costs for farmers. Anticipating these conditions, 
the local government facilitates the construction 

of groundwater wells and irrigation canals.  

The initial capital for building groundwater wells 
and water canals is managed by the government. 

In some places, farmers build groundwater 

irrigation at their own expense. The Department 
of Agriculture and Food of Gunungkidul  

built 7 units of shallow groundwater irrigation  

and 10 units of medium groundwater irrigation 

(Department of Agriculture and Food of 
Gunungkidul, 2022). It was reported that there are 

229 units of groundwater irrigation in Lombok 

Island, 152 units in Sumbawa and 264 units  
in Bima-Dompu (Rengganis, 2016). Beside  

from quantity, the quality aspect of irrigation 

water becomes a major concern, as in Jembrana 

Regency (Inayah et al., 2022). The utilization  

of groundwater irrigation has the potential to 

increase crop production in a dryland.  
Dryland farmers of Playen, Gunungkidul 

planted rice during the first growing season, 

relying on water from rainfall. In the second 
growing season, farmers grew corn/groundnut/ 

soybean, according to Riyanto et al. (2021) with 

monoculture or intercropping system. In the third 
growing season, farmers planted feed corn/ 

groundnut/fallow, but mostly fallow, adjusting  

the rainfall. The original cropping pattern was  

an adaptation of farmers to rainfall. Increasing 
agricultural production could be done through 

crop intensification in the first growing season 

and increasing the cropping index in the second 
and third growing seasons, supported by 

supplementary irrigation, such as groundwater.  

The increase in the cropping index  
was reinforced by groundwater irrigation.  

The increase in rice cropping index 1 to 2 was 

maintained in the second growing season. 

Commodities changed from corn/groundnut/ 
soybean to rice. Groundwater irrigation allows 

planting in the dry season, when there is no rain. 

Groundwater is a source of supplementary 
irrigation, when rainfall is unavailable or 

insufficient for crops. Supplementary irrigation  

is a form of weather/climate factor substitution. 

The dryland cropping pattern supported by 
supplementary irrigation can be seen in Figure 1. 

About 361 mm of rainfall occurred in April  

(10 daily of I, II and III) and May (10 daily  
of I, II and III). The water obtained from  

rainfall was not sufficient for the growth and 

development of rice plants in the second  
growing season. The water irrigation was done 

according to the physical conditions of plants  

and land. Sufficient water was from the irrigation 

of groundwater pump. The effort to increase  
the rice cropping index in the second growing 

season could be carried out with the support  

of groundwater irrigation. The groundnuts  
were planted in the third growing season. During 

the third growing season, the water requirement  

of groundnut plants was fulfilled by groundwater 
irrigation.

 

Table 1. Soil and climate properties at dryland of Playen, Gunungkidul 

Type of 

land 
pH 

TOC 

(%) 

TN 

(%) 

CEC 

(cmol(+) kg-1) 

pF 2.54 

(%) 

pF 4.20 

(%) 

Permeability 

(cm h-1) 

P 

(mm) 

Dryland 6.64 1.36 0.14 29.47 39.41 17.73 1.74 1,852 
Note: TOC = total organic carbon; TN = total nitrogen; CEC = cation exchange capacity; pF = percent of moisture 

content at soil moisture potential; P = annual precipitation 
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Figure 1. Rainfall and cropping pattern supported by groundwater irrigation at dryland of Playen, 

Gunungkidul, Special Region of Yogyakarta in 2019 to 2020 

 

Rice cultivation in the first growing season 
Rice was planted in the first growing season 

depending on the availability of water from 
rainfall. Rainfall is the main source of water.  

The first growing season was in the rainy  

season, with the peaks of rain in January  
and February. The irrigation was applied only 

under special conditions when rice plants needed 

additional water. The technology components 

applied were the rice superior varieties of 
Situbagendit, quality seeds, 20 cm x 20 cm 

planting method, N fertilizer 100 kg ha-1 and  

NPK 250 kg ha-1, integrated control of plant  
pests and timely harvesting and threshing  

with pedals thresher. Rice harvest yield and 

economic analysis of the first growing season  
are presented in Table 2. 

The rice productivity was 5.215 ton ha-1 of 

harvested dry grain, in conditions without 

supplementary irrigation. The farmers’ profit  
was 12,288,000 IDR ha-1 with a B/C value of  

1.28. Rice productivity in dryland during the  

rainy season can be increased by the application 
of recommended technology components 

(Erythrina et al., 2021). Technological 

components are new high-yielding varieties 

(Shoidah and Adnan, 2021), the jajar legowo 
system (Witjaksono, 2018), the application  

of organic fertilizers, soil nutrients and 

supplementary irrigation (Anshori et al., 2021a) 
The increase in productivity will be largely 

determined by the performance and interaction  

of the recommended technology components  

and the growing environment. 
The dry straw of 5.190 ton ha-1 has the 

potential to be a source of organic matter through 

recycling processes to support productivity  
and soil health. The carbon absorption in grain 

and straw of 4.614 ton ha-1 reduces the amount  

of carbon dioxide from the air, lowering  
the concentration of greenhouse gases in the air. 

The straw returning to the field improves  

soil fertility and health (Supriyadi et al.,  

2020; 2021), as well as the sustainability of  
the agricultural system (Viandari et al., 2022). 

Rice farming in the first growing season and  

the rainy season has been carried out by farmers 
across generation and is feasible to develop.  

 

Table 2. Rice harvest yield and economic analysis at first growing season  

Yield ton ha-1 

Harvested dry grain 5.215±0.426 

Dry straw 5.190±0.623 

Carbon absorption in grain 2.221±0.181 

Carbon absorption in straw 2.393±0.287 

Economic analysis IDR ha-1 

Material 1,815,000 

Labor 7,800,000 
Water for irrigation - 

Total cost 9,615,000 

Receipt 21,903,000 

Profit 12,288,000 
B/C 1.28 
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Rice cultivation on the second growing season 

Application of technology 

The rainfall was insufficient for rice 

cultivation in the second growing season on  
the dryland of Gunungkidul. Supplementary 

irrigation is needed to support the increase  

of the rice cropping index. Groundwater  
irrigation is an additional source of water  

with a special management. Irrigation facilities 

are met from pump to distribution. Butler Jr et al. 
(2018) states that management must lead to 

sustainable conditions.  

The increased rice cropping index in second 

growing season was supported by a special 
technology component package, especially 

related to supplementary irrigation. Irrigation  

was provided according to plant and land  
physical conditions. Supplementary irrigation  

was given every four days on average, or  

as needed, in conditions without rain. 
Situbagendit, Inpari-42 and Sidenuk were planted 

in a 2:1 row. The dose of N fertilizer was 100 kg 

ha-1 and 250 kg ha-1 of NPK. Harvest was 

conducted on time, with a pedal threshers and  
the yields were immediately dried. This method 

would determine the quality of yields. 

Technically, technology should be effective and 
easy to implement. 

Rice yields 

The variety of Sidenuk gave the highest  

yields, harvested dry grains, dry straws, carbon  

in grains and carbon in straws, which were 
significantly different from Situbagendit, but  

not significantly different from Inpari-42  

(Table 3). The Sidenuk productivity of 8.025  

ton ha-1 and Inpari-42 of 7.873 ton ha-1 of 
harvested dry grains were high for dryland 

conditions. Both varieties could adapt well  

and thus have the potential to be developed  
to the increase of the rice cropping index in  

dryland. Sasmita et al. (2019) states that Sidenuk 

is an irrigated lowland rice variety, having  
the yield potential of 9.1 ton ha-1 and the average 

yields of 6.9 ton ha-1 of dry grains. Inpari-42 is  

a lowland rice variety, with the potential yields  
of 10.58 ton ha-1 and the average yields of  

7.11 ton ha-1 of dry grains. Sidenuk, Inpari-42  

and Situbagendit produced high dry straws  
(6.053 to 8.049 ton ha-1), carbon absorption  

in grains (2.637 to 3.471 ton ha-1) and carbon 

absorption in straws (2.800 to 3.723 ton ha-1). 

The increase of rice cropping index in  
the second growing season provides higher  

carbon absorption than groundnuts, with higher 

yield. The groundnut pod yield was 2.177 ton  
ha-1 and the biomass (leave, stem and root)  

was 3.151 ton ha-1, with carbon absorption  

in pods of 0.930 ton ha-1 and biomass of 1.519  
ton ha-1, lower than those of the three rice varieties 

(Table 3). There was an increase in yield  

from groundnuts to rice plants. Based on the data 

Table 3, rice yields were 177% to 269% higher 
than groundnut yields, with carbon absorption 

ranging from 169% to 254% higher, and  

dry biomass yields were 92% to 155% higher, 
with carbon absorption ranging from 84% to 

145% higher. Based on the contribution of  

dry grain, biomass and carbon absorption,  

the increase of rice cropping index in second 
growing season has the potential to multiply 

productivity of grain yields and biomass, reduce 

carbon dioxide concentrations from the air  
with carbon absorption and increasing soil  

health with recycling rice biomass. High  

straw productivity leads to the sustainability  
of the agricultural system. The return of  

straw increases the organic carbon content of  

the soil (Anshori et al., 2018; Syamsiyah et al., 

2019; Anshori et al., 2020), further improving  
the physical, chemical and biological properties  

of soil (Anshori et al., 2016). Soil health is 

strongly influenced by the source and availability 
of soil carbon. The absorption of carbon dioxide 

through photosynthetic reactions reduces the 

concentration of carbon dioxide in the air 
(Tkemaladze and Makhashvili, 2016). 

 

Table 3. The dry harvested grains and straws, and carbon absorption at second growing season 

Comodity/ 

rice variety 

Dry Carbon absorption 

Harvest grain Straw Grain Straw 

ton ha-1 

Groundnut 2.177±0.186# 3.151±0.068* 0.930±0.080# 1.519±0.033* 

Situbagendit 6.041±0.190a 6.053±0.314a 2.637±0.083a 2.800±0.145a 
Inpari-42 7.873±0.336b 7.688±0.327b 3.393±0.145b 3.556±0.151b 

Sidenuk 8.025±0.287b 8.049±0.253b 3.471±0.124b 3.723±0.117b 
Note:   # = pod; * = leaf, stem and root of groundnut. The numbers followed by the same letter in the same column 

show no significant difference in the DMRT of 5% 
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Analysis of economy 

The feasibility of farming analysis shows  
that the increase in rice cropping index in  

the second growing season supported by 

groundwater irrigation in the dryland deserves  
to be developed, with a B/C value of 0.95 to  

1.54 (Table 4). According to Hendayana (2016) 

and Priatmojo et al. (2019) positive of B/C value 

means feasible to developed. 
Groundwater irrigation increases the success 

rate of rice cultivation, although it increases  

the farming costs. Farmers’ income is determined 
by the level of farming feasibility from the B/C 

value. Grain is the main component of revenue  

in farming. Cost component consists of farming 
materials, labor and supplementary irrigation  

cost. The increase of rice cropping index in  

the second growing season supported by 

groundwater irrigation in dryland still provides 
benefits to farmers. Economically, the technology 

is profitable and feasible to be developed. 

Groundnut cultivation on the third growing 

season  

Groundnuts were planted in the third growing 

season, dry season, days without rain. Local 
varieties of groundnuts were grown in tiles of  

25 cm x 25 cm. The groundnut water was 

supported by irrigation from groundwater pumps. 
Irrigation was done every 7 days, with a total  

of 9 irrigation times or based on plant and 

environmental conditions. Irrigation was provided 

in during the harvest time to ensure that the soil 
moisture and facilitate the harvesting process. 

Groundnuts required less water than rice and  

the duration of irrigation was longer. Dose of 
NPK was 200 kg ha-1 and N fertilizer 100 kg ha-1. 

Manual weed control was applied. The groundnut 

harvest yield and economic analysis can be seen 
in Table 5. 

Groundnut productivity was 2.026 ton ha-1. 

Farmers profit was 15,572,000 IDR ha-1, with B/C 

of 1.78. The irrigation costs reached 1,800,000 
IDR ha-1, 20.59% of the total production cost. 

Irrigation from groundwater increased the 

cropping index from 2 to 3, contributing to 
biomass, carbon dioxide absorption from the air 

and profit for farmers. Groundnut cultivation in 

third growing season is feasible to be developed. 

Cropping pattern, aquifer and sustainability 
In general, dryland productivity is low, 

because the main source of water only comes from 

rainfall. The dryland is often cultivated without 
irrigation infrastructure, thus, irrigation is difficult 

to develop. Rainwater can only support rice and/or 

other crops a maximum of once or twice a year. 
Supplementary irrigation is needed to increase  

the rice cropping index in dryland (Viandari  

and Anshori, 2021). This additional water can 
come from utilizing water harvested from surface 

runoff or groundwater wells.  

The determination of cropping patterns with 

supplementary irrigation must strike a balance 
between water demand, reserves and input (Zhang 

et al., 2014). The sustainability of water resources 

becomes important (Hassen et al., 2016), plant 
production per drop of water is high, transpiration 

efficiency is required to increase (Basso and 

Ritchie, 2012), and water use must be efficient, 

crops are chosen for water requirements rather 
than for economic returns (Basso et al., 2013). 

The cropping pattern is filled with water in space 

and time. A combination is formed from water 
consumption, water availability, crop yields 

optimization and economy escalation (Terán-

Chaves and Polo-Murcia, 2021). 
The use of groundwater for agriculture  

must also pay attention to other sectors, such as 

human consumption. water as a resource for 

human, animal and plant (Ameur et al., 2015). 
Groundwater is one of the most important water 

resources. Human activities often threaten 

groundwater resources by changing their quality, 
quantity and distribution (Hamzaoui-Azaza et al., 

2013). Groundwater utilization must be based on 

a feasibility, both in quantity and quality (Hassen 
et al., 2016). 

 

Table 4. Economic analysis for groundnuts and all rice varieties in the second growing season 

Component 
Groundnuts Situbagendit Inpari-42 Sidenuk 

IDR ha-1 

Material (seed, fertilizer, pesticide) 02,140,000 01,605,000 01,605,000 01,605,000 

Labor 04,800,000 07,800,000 07,800,000 07,800,000 
Water for irrigation 01,800,000 03,600,000 03,600,000 03,600,000 

Total cost 08,740,000 13,005,000 13,005,000 13,005,000 

Receipt 26,124,000 25,372,000 33,066,000 33,705,000 

Profit 17,384,000 12,367,000 20,061,600 20,700,000 
B/C 17,3841.99 12,3670.95 1.540 1.540 
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Table 5. The groundnut harvest yields and economic analysis in the third growing season 

Yield ton ha-1 

Harvested pod 2.026±0.353 
Dry biomass* 3.006±0.183 

Carbon absorption in pod 0.542±0.094 

Carbon absorption in biomass* 1.490±0.091 

Economic analysis IDR ha-1 

Material 02,140,000 

Labor 04,800,000 

Water for irrigation 01,800,000 
Total cost 08,740,000 

Receipt 24,312,000 

Profit 15,572,000 

B/C 1.78 
Note: * leaf, stem and root of groundnut 

 

Groundwater is stored and flows in an aquifer. 

Aquifer capability is determined by porosity  
and hydraulic conductivity (Sudarmaji, 2013). 

The structure and type of rock affect the 

availability of groundwater. The space between 

grains is a water storage (Fetter, 1994) and  
the ability of rocks to conduct water (Kruseman 

and de Ridder, 1994). Grain size, compaction  

of the stratum, shape and distribution of pore,  
and time of drainage determine the specific  

yield of aquifer. Specific yield is “the ratio of 

volume of the water, that after saturation,  
can be drained by gravity to its total volume” 

(Todd and Mays, 2005). Next, the concept of  

a safe yield was developed. The safe yield is  

“the amount of water which can be annually 
withdrawal without producing a undesirable 

result”. Furthermore, evolving, the concept of  

safe yield is included hydrological, economic, 
quality and legal considerations. Term of the 

sustainable yield appeared later. A new approach 

to aquifer management is managed yield. 
Managed yield is defined “the amount of  

water available from an aquifer, including  

the safe limit, so that changes in the aquifer  

no reach an undesirable condition” (Meyland, 
2011). 

There are many terms in groundwater 

management. However, according to Putranto  
and Setiawan (2019) groundwater conservation  

is carried out to maintain the quality and quantity 

of groundwater. Groundwater conservation can 

also increase the carrying capacity of the soil, 
restore groundwater and reduce groundwater 

pollution such as nitrates (Young et al., 2017), 

thus maintaining the sustainability of the aquifer 
system (Danaryanto et al., 2007). The use of 

groundwater for agriculture is emphasized  

the sustainable aspect, to more. 

CONCLUSIONS 

The cropping pattern of rice-groundnut-fallow 
changed to rice-rice-groundnut is possible  

with the support of irrigation from groundwater. 

The increase in the rice cropping index from  

1 to 2 was made in the second growing season. 
The increase in the cropping index from 2 to 3  

was made in the third growing season. Rice in  

the second growing season and groundnuts  
in the third growing season have improved  

the harvest yield (grain and biomass) and 

absorption of carbon dioxide, when compared to 
the existing cropping pattern. The development  

of groundwater irrigation facilities must take into 

account the safe yield of aquifer and agricultural 

development plans to ensure the sustainability  
of groundwater irrigation utilization. The results 

of this study can be applied to the agroecosystems, 

commodities and management with similar 
settings based on the groundwater or aquifer 

conditions. 
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