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ABSTRACT

Land in Tawangsari District, Sukoharjo Regency, had a limiting factor in water availability. One of the local commodities cultivated for generations on Dryland in this region is gembili (Dioscorea sp.). However, the gembili cultivation process has not produced optimal productivity and was threatened with extinction. Therefore, gembili cultivation and dryland use need to be optimized by carrying out integrated land management. Using dryland increases local food production and sustainability as alternative food and maintains national food security. This research used data on productivity, quantity, and type of fertilizer obtained through interviews with gembili farmers and secondary data on soil types obtained from BPP Tawangsari District, Sukoharjo Regency. The results showed that grumusol and lithosol had no significant effect (p >0.05) on gembili productivity. The results of average productivity were sequentially from grumusol and lithosol (6.1 tons.ha-1 and 7.1 tons.ha-1). Meanwhile, the use of organic fertilizer is 8.06% higher than organic fertilizer + inorganic fertilizer. The results of the multiple regression test for organic fertilizer had a significant effect (p< 0.05) on the productivity of Dioscorea sp..
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INTRODUCTION
Dryland tends to have low fertility levels, and water availability is a limiting factor, apart from irrigation using a rain-fed system. Dryland was categorized as sub-optimal land. However, it can be used as agricultural land because of its potential land area. The dryland area in Indonesia reaches 144.47 million ha. As much as 82% of the total drylands were classified as suboptimal land. Dryland can be classified into acid land with a limiting factor of soil acidity and climatic land with a limiting factor in water availability (Balitbang Pertanian, 2014; Kementrian Pertanian Dikeretorat Jendral Tanaman Pangan, 2022).
The utilization of dryland was sought as an alternative to increase national agricultural production and maintain food security stability. There is no exception for dryland with grumusol and lithosol soil types. Grumusol is soil with a clay content of >30% at a depth of 50 cm. Grumusol is undeveloped soil characterized by an A-C horizon arrangement (Subardja et al., 2014); in research conducted, grumusol was classified as marginal soil (Prasetyowati & Sunaryo, 2018). Lithosol is a soil with a very shallow solum with a depth of ≤ 25 cm above solid rock with an AR horizon arrangement (Subardja et al., 2014). In 2021, Sukaharjo is an area that has dryland with an area of 3663 ha. Grumusol and lithosol are included in the range of drylands in Sukoharjo Regency, Central Java (Pemerintah Kabupaten Sukoharjo, 2021). 

As an agricultural country with diverse food sources, Indonesia has many choices of food commodities, especially local food, that we can develop. According to Minister of Agriculture Regulation Number 56 of 2016 concerning Guidelines for Agricultural Area Development, agricultural development should be carried out with a focus on location, commodities, economic scale, holistic and integrated. In this way, resource utilization is more optimal and efficient.
Gembili, with the scientific name Dioscorea sp. is a type of annual plant from local tubers that has the potential to be an alternative food source to replace rice to support food security programs (Trimanto & Hapsari, 2015). This plant is limited to planting in Tawangsari District, Sukoharjo Regency and can adapt to land that has limiting factors in the form of water availability or is predominantly dry. Gembili has a unique attraction for old farmers in Tawangsari District because Gembili has a history as a substitute commodity for rice during the colonial period (Helbawanti et al., 2023).
According to (Helbawanti et al., 2023), Gembili has a very high potential to be cultivated on dryland because it does not require an irrigation system, low cultivation costs, and easy maintenance. Cultivation of gembili is also intended to preserve local food to achieve preservation and sustainability for this commodity. Cultivation of gembili in Tawangsari District is limited to the level of farmers knowledge of land processing techniques by Good Agriculture Practice (GAP). The great potential of  gembili needs to be explored to obtain the level of suitability, land processing and cultivation. Therefore, this research aims to provide information on land potential factors, biophysical constraints, and fertilizer management that can limit the cultivation of Dioscorea sp. This research is essential for better-integrated management of land and soil nutrients to improve plant nutrition. Apart from that, this research aims to utilize the potential of dryland for cultivating Dioscorea sp. in Tawangsari District, Sukoharjo Regency, so that it continues. 
MATERIALS AND METHODS
The Researchs was conducted in Watubonang Village, Tawangsari District, Sukoharjo Regency. This village is at coordinates 7o 44' 57.012'' South Latitude and 110o 46' 30.468'' East Longitude. The average rainfall in Tawangsari District is 2640 mm/year, with an average of 7 wet months and five dry months. Tawangsari District is at an altitude of 102 meters above sea level (BPS, 2023).
The data research was collected through surveys and interviews with 32 farmers cultivating gembili (Dioscorea sp.). The Data taken from interviews included the productivity of Dioscorea sp., the type and amount of inorganic fertilizer used, and the amount of organic fertilizer used. Meanwhile, soil type data was obtained from a land survey from the Balai Penyuluhan Pertanian Sukoharjo. The soil type at the research location were dominated by grumusol and lithosol. The variables in this research are soil type, cultivation pattern, and use of organic fertilizer and organic fertilizer + inorganic fertilizer (NPK).
  This data was processed using R studio software. The analysis used was multiple regression analysis to determine the effect of organic fertilizer, inorganic fertilizer, soil type and cultivation pattern on the productivity of Dioscorea sp. Then, a multiple regression correlation test was carried out to see the relationship between the parameters of giving organic fertilizer + inorganic fertilizer (NPK) and giving organic fertilizer without a combination with the productivity of Dioscorea sp.. The correlation results were moderate to high and then continued with a multiple regression to test the hypothesis. 
RESULTS AND DISCUSSION
The Potential of Dryland for Gembili Cultivation (Dioscorea sp.)
Gembili (Dioscorea sp.) is a staple food for the poorest people in Africa, Asia, the Caribbean, and Oceania. In the cultivation process, Dioscorea sp. requires high soil fertility requirements. However, sometimes, Dioscorea sp. is carried out on less fertile grasslands (Diby et al., 2011). Because it requires a high level of soil fertility, Dioscorea sp. is planted first after the land has been fallowed (Agbede et al., 2013; Orkwor & Asiedu, 1998). The results of the analysis gembili productivity on dryland with grumusol and lithosol types were not significantly (p> 0.05). Even though they are not significantly, these two types of soil produce an average production of 6.1 tons.ha-1 and 7.1 tons.ha-1, respectively. Referring to research, the potential production of Dioscorea sp. ranges from 10 tons.ha-1 to 27 tons.ha-1 depending on the type of variety and purification of the variety being cultivated. (Diby et al., 2011; Frossard et al., 2017). Cultivation of Dioscorea sp. requires low water irrigation (888 mm) for one growing season compared to Zea mays (1070 mm) and Manihot esculenta (1429 mm) (Acevedo et al., 2015; Odubanjo et al., 2011). Dioscorea sp. need little water, It is very beneficial for countries with uncertain climate anomalies due to climate change. In addition, the low water content in Dioscorea sp. will be better and more efficient for industrial processing (Takada et al., 2017 ). This is undoubtedly a potential development for Dioscorea sp. on dryland. 

The Role of Organic Materials to Increase Soil Productivity and Fertility in Cultivation of Gembili (Dioscorea sp.)
Cultivation of Dioscorea sp. in Tawangsari District added organic material input from manure, furthermore from that organic fertilizer + inorganic fertilizer (NPK) was added.
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Figure 1. The average yield of Dioscorea sp. with the use of organic fertilizer and organic + inorganic fertilizer
The results show the average productivity of Dioscorea sp. (Figure 1) between the application organic fertilizer without a combination is higher (6.7 tons.ha-1) then applying organic fertilizer + inorganic fertilizer. The productivity correlation of Dioscorea sp. with organic fertilizer was moderately correlated with a positive relationship (0.344) (Table 1). This means that an increase in organic fertilizer follows the addition of productivity.
Table 1. Correlation results of types fertilizer use with productivity
	Types of Fertilizer
	Correlation Value 

(r)
	Classification*

	Organic Fertilizer
	0.344
	Moderat

	Organic Fertilizer + Inorganic Fertilizer
	0.164
	Weak


Source: * (Sugiyono, 2017)
Using organic fertilizer gave a higher yield of 8.06% compared to the input of organic fertilizer + inorganic fertilizer. In the cultivation of Dioscorea sp. in Tawangsari, the average input of manure is between 3.5 - 10 tons.ha-1, this is certainly not enough when seen from the high soil fertility required by Dioscorea sp.(Diby et al., 2011).  In research conducted in Nigeria on Alfisol with minimal nutrients, organic material derived from manure at a dose of 20 tons.ha-1 was applied significantly (p=0.05) increased tuber weight and growth of Dioscorea sp. and increased the availability of macro and micronutrients in the soil and leaves. In this research, the application of manure and NPK fertilizer at a dose of 400 kg.ha-1 resulted in the productivity of Dioscorea sp. with similar values (Agbede et al., 2013). The use of manure, apart from increasing the availability of N, P, K, and pH nutrients, also improves the soil's physical properties by reducing the soil's bulk density and increasing soil porosity. (Adeniyan et al, 2011; Agbede et al., 2013; Filho et al., 2011). 
Meanwhile, to see the effect of organic fertilizer (X1), inorganic fertilizer (X2), soil type (D1), and cultivation pattern (D2) on gembili productivity (Y), a multiple regression analysis was carried out with soil type and cultivation pattern as dummy variables. The dummy variable for soil type is 1 (grumusol) and 0 (lithosol), while the dummy variable for cultivation pattern is 1 (polyculture) and 0 (monoculture). The results of multiple regression analysis obtained the equation y=0.1+0.413 X1 + 0.267 X2 – 0.134 D1 – 0.067 D2. To see which variables have an influence (Table 2).
Table 2. Partial hypothesis testing is multiple regression analysis
	Prediktor
	Coefisien
	Standard Error
	T
	P

	Constant
	0.100
	0.270
	0.37
	      0.71

	Organic Fertilizer
	0.413
	0.168
	2.46
	 0.02*

	Inorganic Fertilizer
	0.267
	0.168
	1.58
	0.13

	Type of Soil
	-0.134
	0.336
	-0.40
	0.69

	Cultivation Pattern
	-0.067
	0.375
	-0.18
	0.86


Notes: * significant at the 5% level
Based on Table 2, the variable that has a significant influence on productivity is organic fertilizer. The coefficient is positive, indicating that the addition of organic fertilizer causes an increase in productivity. This is in accordance with research conducted by (Kassi et al., 2017) that there is a positive relationship between the availability of soil organic C and high yields of Dioscorea sp tubers.
The coefficient of determination obtained was 29.9%. This means that 29.9% of the diversity, productivity is influenced by organic fertilizer, inorganic fertilizer, soil type and cultivation patterns. Meanwhile, 70.1% is influenced by factors such as the environment, variety purity, pests and diseases, and farmers' knowledge in providing organic fertilizer input.
Combination of Inorganic and Organic Fertilizers to Increase Productivity and Soil Fertility in Gembili Cultivation (Dioscorea sp.)
The correlation between productivity and the use of organic fertilizer + inorganic fertilizer (NPK) input is faint with a unidirectional relationship (0.164), it means that the addition of organic fertilizer + inorganic fertilizer (NPK) is accompanied by an increase in productivity, but the effect is low. This is due to the use of NPK by farmers to cultivate Dioscorea sp. in Tawangsari, it is still diverse. Most farmers apply NPK <250 kg.ha-1 and >500 kg.ha-1. Meanwhile, based on studies from Asieku et al., (2015) application of NPK for cultivation of Dioscorea sp. recommended 300-400 kg.ha-1. Meanwhile, applications above 800 kg.ha-1 did not have a real effect on increasing Dioscorea sp. tubers (Agbede et al., 2013; Sutrisno & Wahyuningsih, 2021). The application of NPK 300-400 kg.ha-1 can increase the weight of Dioscorea sp tubers. between 15-25 tons.ha-1 (Agbede et al., 2013; Akinrinola & Babajide, 2023). Meanwhile, research conducted in Nigeria applying 2.5 ton.ha-1 organic fertilizer + 200 kg.ha-1 NPK increased tuber yield up to 1.8 times compared to no fertilization and 1.2 times compared to using organic fertilizer alone and NPK alone. Other research states that combining organic fertilizer + inorganic fertilizer (NPK) increases the nutritional and essential functional properties of the flour produced by Dioscorea sp. tubers. The availability of N from NPK by 15-16% increases tuber size and water content. N and P are macronutrients that support and increase the growth of vines and tubers of Discorea sp. (O'Sullivan, 2010). 
Applying a combination of organic and inorganic fertilizers can increase the availability of macronutrients N, P, K, and bases such as Ca, Mg, and impact the cation exchange capacity (CEC) (Ogundijo et al., 2014). This increase is accompanied by increased uptake of N, P, and K nutrients. The nutrient uptake of N, P, and K will be used by cell organelles in the photosynthesis process, which produces carbohydrates to form photosynthate, which is stored in the tubers. This causes an increase in tuber weight and tuber number (Agbede et al., 2013; Sutrisno & Wahyuningsih, 2021). However, using inorganic fertilizer is not recommended because it is related to the organoleptic quality of the tubers. Tubers planted using inorganic fertilizer are more susceptible to damage during storage and are easily affected by disease (Akinrinola & Babajide, 2023; Ogbedeh et al., 2007). In addition from that, the resulting residue impacts on tubers and environment.
The Importance of Soil Fertility Management for the Production of Gembili (Dioscorea sp.) as a Local Food to Mitigate Food Security
Utilization of dryland, which is categorized as suboptimal land (Balitbang Pertanian, 2014; Kementrian Pertanian Dikeretorat Jendral Tanaman Pangan, 2022) requires improvement input so that land productivity increases (Akinrinola & Babajide, 2023). The initial and fundamental challenge to increasing productivity is knowledge about plants. Plant management plays an important role in increasing the production of Dioscorea sp. tubers. Planting Dioscorea sp. is one of the efforts to preserve local food, which is essential to develop for cultural purposes, additional income for farmers and food security for the community in the Tawangsari District (Egesi et al., 2007; Diby et al., 2011; Lebot, 2009). 
Planting of Dioscorea sp. in Tawangsari District, Sukoharjo Regency, still uses conventional processing, which has an impact on land degradation and low productivity. Some farmers who cultivate Dioscorea sp. are small farmers with low land fertility levels. Low soil fertility is the key to hampering tuber productivity (Frossard et al., 2017; Lebot, 2009). Low fertility in soil is caused by the unavailability of macro and micronutrients (Diby et al., 2011; Lebot, 2009). These nutrients are obtained by applying organic and inorganic fertilizers; the high need for plant nutrition makes Dioscorea sp. planted after the land is fallowing. The use of organic fertilizer is most recommended to increase soil fertility because, besides providing additional nutrients, it also improves the physical properties of the soil.
Integration of soil fertility can be achieved by combining land management and cultivation patterns to facilitate the availability of goods for roots (Steiner, 1991). The addition of biofertilizer or organic fertilizer in the form of oil palm bunch ash + manure of 10 tons.ha-1 optimally increases the tubers of Dioscorea sp.(Agbede et al., 2013; Paul & Lade, 2014). Apart from that, the use of local organic material sources such as harvest residues and composted livestock manure can improve the chemical and physical properties of the soil and increase NPK nutrients. The nutrient requirements for N, P, and K are the nutrient requirements for cultivating Dioscorea sp.(Diby et al., 2011; Lucien Degras, 1983). Other factors that influence the productivity of Dioscorea sp tubers are soil fertility, weather conditions, seed quality, cultivar type, cultivation pattern, planting date, pests and diseases, weed management, and land history. (Cornet et al., 2014; Kiba et al., 2020). 
CONCLUSION
Dryland as a suboptimal land, has great potential if managed well for cultivating Dioscorea sp. The addition of soil fertilizers such as organic and inorganic fertilizers is needed to increase land productivity. Good land management and increasing farmers' knowledge is one of the steps to achieve sustainability of Dioscorea sp.. Cultivation of Dioscorea sp. on dryland is one of the steps in preserving culture in Tawangsari District, Sukoharjo Regency. This preservation is an alternative to maintaining and mitigating food security at both local and national levels. Further research is needed to create GAP as a reference in cultivating Dioscorea sp..
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