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ABSTRACT
In Indonesia, the yield losses of local sweet potato variety due to sweet potato weevil (SPW) caused by the Cylas formicarius insect could reach 100%. The most useful C. formicarius control technology is to use the resistant varieties. This study aims to evaluate the level of resistance of six sweet potato clones to SPW. The field test was conducted in dry season (May - October 2024) in two locations in Lumajang Regency, East Java Province namely Karanganom Village, Pasrujambe District, and  Sarikemuning Village, Senduro District. The design used was a Randomized Block Design with four replications. Each sweet potato genotype was planted on a plot of 5 m x 5 m, plant distance of 100 cm x 25 cm (1 steck per hole). The clones were tested in the field and in the laboratory. Observation of tuber borer pest attacks on tested clones Laboratory resistance testing aims to prove and ensure the tolerance level of candidate sweet potato varieties to tuber borer pests. The sweet potato harvest from the field is then cleaned from the soil using water, then healthy tubers (free from C. formicarius) with uniform sizes are selected. Furthermore, the tubers are put into plastic mylar with a height of 20 cm and a diameter of 8 cm. The resistance test method used were choice and without (no)-choice. Results of the trials showed that sweet potato Gatotkoco has a level of resistance to sweet potato weevil equivalent to the check variety Sari which is classified as a resistant, while Bima Pasru has a level of resistance equivalent to the check variety Beta 2 which is classified as an intermediate resistant. These two local varieties of Lumajang (Gatotkoco and Bima Pasru) could be developed to overcome the problem of sweet potato weevil  in the field.	Comment by nanda: delete	Comment by nanda: add was used.	Comment by nanda: delete	Comment by nanda: delete
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1. INTRODUCTION
Sweet potatoes have several advantages, including the nutrients contained in them and the taste of the tubers. Orange sweet potato tubers contain a lot of beta-carotene which is a pro-vitamin A. Beta-carotene compounds function to provide protection (prevention) against cancer, aging, decreased immunity, heart disease, stroke, cataracts and muscle disorders (Ginting et al., 2012). 
In Indonesia, Lumajang Regency of East Java Province,  is one of the sweet potato centers with an annual planting area ranging from 600 - 700 ha. Local sweet potatoes planted by farmers generally have a sweet taste which is usually called Ubi Madu (honey yam). In 2023, the harvest area was 363 hectares, with a production of 8,869 tons and a productivity level of 24.4 t / ha (BPS, 2024). 
The local sweet potato variety has quite high tuber productivity and has a potential as a functional food ingredient to substitute rice as a staplefood.  However, most of the local varieties are not quite resistant to sweet potato weevil (SPW) caused by the Cylas formicarius insect (Reddy et al. 2012; Devi et al. 2014). Yield losses caused by this pest could reach 100%. The sweet potato tubers which are attacked by C. formicarius can not be used  for human consumption because they contain furan terpene and coumarin compounds which can cause human cancer disease. This obstacle make farmers could change to other more beneficial crops. These tuber borer insects damage the tubers in the larval phase, develop inside the tubers in the soil causing the chemical insecticidal compounds that are applied are unable to reach the target insects. The most useful C. formicarius control technology is to use resistant varieties (Stevenson et al. 2009).
In order to determine the level of resistance of in controlling the tuber borer insect, it is necessary to evaluate the level of resistance of sweet potato clones to C. formicarius. This study aims to evaluate the level of resistance of  sweet potato clones to tuber borer (Cylas formicarius Fabricius) in Lumajang upland, East Java, Indonesia. 

2. MATERIALS AND METHODS
2.1. Location Criteria
Sweet potato clone resistance test to tuber borer insect (Cylas formicarius) attack was conducted in two locations in Lumajang Regency namely Karanganom Village, Pasrujambe District, and  Sarikemuning Village, Senduro District. The trial was conducted  in dry season (May - October 2024). Lumajang Regency is located in the southern part of East Java Province, Indonesia, with an area of ​​approximately 1,790.90 km² and is surrounded by three volcanoes: Mount Semeru, Mount Bromo, and Mount Lemongan, which give its soil high fertility. This area has a tropical climate with two main seasons, the rainy season from November to April and the dry season from May to October, with annual rainfall between 1,500 to 2,500 mm and an average temperature of 22°C to 33°C. According to Schmidt and Ferguson climate classification, most of Lumajang area is included in climate type C, while some other sub-districts have climate type D23. Soil types in Lumajang Regency are very diverse, including andosol, regosol, mediterranean, and alluvial.
Table 1 shows the soil nutrient content sufficient for sweet potato growth, except for the element N. The elements Fe, Zn, Cu, and Mn play a role in determining the nutritional value of sweet potatoes, increasing the growth and development of sweet potato plants (Saha et al. 2022).

Table 1. Soil nutrient content in two Villages in Lumajang Regency, 2024
	
	
	Karanganom Village
	Sarikemuning Village

	No.
	Nutrient
	Nutrient value
	Criteria
	Nutrient value
	Criteria

	1
	N
	0.16
	low
	0.29
	low

	2
	P
	168
	very high
	149
	very high

	3
	K
	1.87
	very high
	2.48
	very high

	4
	C organik
	1.52
	rendah	Comment by nanda: give in english
	2.85
	intermediate

	5
	PH
	6.9
	neutral
	6.2
	quite acid

	6
	Fe (ppm)
	14
	high
	31
	high

	7.
	Zn (ppm)
	1.3
	intermediate
	1.82
	intermediate

	8
	Cu(ppm)
	7.9
	high
	1.30
	intermediate

	9
	Mn(ppm)
	6.7
	high
	1.13
	intermediate





2.2. Research Design
The design used was a Randomized Block Design with four replications. The treatments were six sweet potato genotypes, namely three local clones and three check varieties (Table 2). Each genotype was planted on a plot measuring 5 m x 5 m (plot area 25 m2), with a planting distance of 100 cm x 25 cm (1 steck per hole). 

Table 2. Genetic material used in adaptation test.
	No.
	Clone name
	Clone origin

	1
	Bima Pasru
	Lokal Lumajang

	2
	Gatotkoco
	Lokal Lumajang

	3
	Asban Ace 
	Lokal Lumajang

	4
	Sari 
	Improved released variety (check 1)

	5
	Beta 2
	Improved released variety (check 2)

	6
	Papua Solossa
	Improved released variety (check 3)



2.3. Trial Maintenance
The fertilizer dose used was 300 kg Ponska + 100 kg Urea + 2 tons of manure per ha. Implementation in the field began with the preparation of the land to be used. The soil was processed together with the application of manure, then ridges were made. The distance between the tops of the ridges was 100 cm, the width of the ridges was 50 cm, and the height of the ridges was 40 cm. Sweet potato cuttings measuring 25 cm, before planting were soaked in a solution of red onion extract (Allium cepa) for 1 minute to avoid pathogen infection, especially scab (Sphaceloma batatas). Stem cuttings were planted upright on the top of the ridge with 2-3 segments of the vines submerged in the soil. The planting distance between cuttings in the ridge was 25 cm. 	Comment by nanda: use English name
Plant maintenance was carried out by giving the first fertilizer at the age of 10-14 days after planting as much as 1/3 of the fertilizer dose. Fertilizer was given by making a hole with a distance of 10 cm from the plant. Lowering the ridge was done when the plant was one month old along with the first weeding. Repairing the ridge (raising the ridge) was done when the plant was two months old along with the second weeding. The second fertilization was done at the age of two months as much as 2/3 of the fertilizer dose. Turning the stem is done when the plant was 10 and 13 weeks old after planting (adjusting to the type of plant). Water requirements from planting, during the growth period until harvest were given optimally. Harvesting was done at the age of 4.5 months after planting.	Comment by nanda: Vague, please give what you used accurately


2.4. Resistance Test to C. formicarius Insects

Test Insect Propagation  

The activity of propagating test insects (rearing) of C. formicarius imago is carried out to obtain insects in abundant numbers at a uniform imago stage as material for infestation. This activity is carried out by maintaining C. formicarius insects on sweet potato tubers or collecting tubers that have been bored by C. formicarius which can be obtained from sweet potato plantations or at sweet potato sellers. Rearing is carried out every day to obtain/take groups of eggs, larvae or imago in the tubers by splitting the tubers then the insects are kept in plastic jars or gauze bags. Insect maintenance is carried out until a uniform population structure (F2) is obtained as a test insect  with the amount as expected (Figure 1).	Comment by nanda: Not English term	Comment by nanda: italic	Comment by nanda: Italics	Comment by nanda: How many were used per plant or plot or Number per sq.meter???	Comment by nanda: vague term , be specdific	Comment by nanda: 
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Figure 1. Rearing C. formicarius to obtain imago stages with uniform ages.



Infestation of C. formicarius on Sweet Potato Clones in the Field 
Observation of tuber borer pest attacks on tested clones caused by C. formicarius larvae in the field is as follows: before harvesting, observations are made visually by observing the base of the stem, if there are traces of larval droppings with a distinctive aroma, then it can be predicted that the tubers have been attacked by Cylas. Furthermore, observations are carried out destructively in the following manner; all newly harvested tubers from each variety are collected then each tuber that shows wounds from C. formicarius larvae on the tuber skin is split to determine the level of tuber damage (%). Tubers that have been bored by C. formicarius larvae are defective because the tubers already contain toxins, namely furan terpenes and coumarins (terpenoids) from larvae droppings that can trigger liver cancer in consumers. Bulbs that have been eaten will emit a very distinctive and unpleasant aroma so that it is easy to recognize as an indication or sign that the bulbs have been eaten by C. formicarius.	Comment by nanda: italics	Comment by nanda: italics	Comment by nanda: What is the sampling size/plot
The intensity of tuber damage due to C. formicarius larvae is assessed from the percentage of damaged tubers with the following scores: 	Comment by nanda: italics
1. Score 1: damage level <1% 
2. Score 2: damage level 1-5% 
3. Score 3: damage level 6-25% 
4. Score 4: damage level 26-50% 
5. Score 5: damage level 51-100% 
Based on the intensity of damage, the criteria for resistance to C. formicarius are determined by referring to the method of Syahnas et al. (2019) as follows: 
1. Tolerant with a score of 1- <1.5 	Comment by nanda: levels should name  as R,IR,IS,S or define at least
2. Somewhat tolerant with a score of 1.5 - 2.5 
3. Somewhat susceptible with a score of 2.5 - 3.5 
4. Susceptible with a score of 3.5 - 5.

Infestation of C. formicarius on Sweet Potato Clones in the Laboratory
Laboratory resistance testing aims to prove and ensure the tolerance level of candidate sweet potato varieties to tuber borer pests. The sweet potato harvest from the field is then cleaned from the soil using water, then healthy tubers (free from C. formicarius) with uniform sizes are selected. Furthermore, the tubers are put into plastic mylar with a height of 20 cm and a diameter of 8 cm. The resistance test method used were choice and without (no)-choice which refers to the methods developed by Kabi et al. (2003), Dada et al. (2019), and Mau et al. (2021). Infestation of test insects by releasing 20 C. formicarius imago per plastic mylar system without choice (choice test) (Figure 2) or into a container box in the choice method (no-choice test) (Figure 3). The infestation period of test insects in the mylar or box was exposed for three weeks.	Comment by nanda: change	Comment by nanda: italics	Comment by nanda: italics 	Comment by nanda: explain why two types of containers were used and justify your use
[bookmark: _Hlk181764154]The resistance of each candidate variety was assessed based on the level of destructive C. formicarius larvae attack by splitting the tubers if there were traces of burrowing on the skin referring to the method developed by Syahnas et al. (2019), Dada et al. (2020) and Prayogo et al. (2023). Infestation was carried out on tuber samples from all local clones and comparison varieties harvested from Karanganom and Sarikemuning using the choice and no-choice methods (Figures 2 and 3). All candidate varieties and comparisons were tested, in the no-choice method the tubers were put into plastic bottles, each bottle was filled with 1 tuber and infested with a pair of Cylas insects (male and female), while in the choice method each box was filled with five tubers each and then infested with 20 Cylas insects (10 males, 10 females).
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	Figure 2. Resistance test of sweet potato varieties using the “choice” test method

	
	Figure 3. Resistance test of sweet potato varieties using the “no-choice” test method



The resistance criteria of candidate sweet potato varieties to tuber borer pests were calculated using the formula from the Mau et al. (2021) method and have been modified as follows: 
IK = a/(a + B) x 100% 
Description: IK (intensity of tuber damage), a (% of damaged tubers), b (undamaged tubers). 
The intensity of tuber damage due to C. formicarius larvae was assessed from the percentage of damaged tubers with the following scores: 
Score 1: damage level <1% 
Score 2: damage level 1-5% 
Score 3: damage level 6-25% 
Score 4: damage level 26-50% 
Score 5: damage level 51-100% 
Based on the intensity of damage, the resistance criteria to C. formicarius were determined by referring to the Syahnas et al. method. (2019) as follows: 
Tolerant with a score of 1- < 1.5 
Somewhat tolerant with a score of 1.5 - 2.5 
Somewhat vulnerable with a score of 2.5 - 3.5 
Vulnerable with a score of 3.5 - 5.

2.5. Data analysis
All data collected were analyzed using the Minitab 16 program. If there is a significant difference between treatments, then proceed with LSD test at the significance level of 0.05.

3. RESULTS AND DISCUSSION 
3.1. Intensity of C. formicarius Pest Attacks in Field Test
The intensity of tuber borer attacks in Karanganom village ranges from 1-25% with the highest level of tuber damage occurring in the Asban Ace variety. The percentage of tubers bored in the candidate local variety Bima Pasru was much smaller because only 10.38% of the tubers were damaged, making it more tolerant to borer pests compared to the Papua Solossa check variety with a tuber damage level of 25.14%. The candidate local sweet potato variety Lumajang Gatotkoco also appears to be more tolerant to C. formicarius larvae attacks because only 1.05% of the tubers were bored, while the Beta 2 check variety still had tuber damage reaching 5.65% (Figure 4). 	Comment by nanda: relate these findings to area specific characters otherwise there is no discussion
The test results indicate that all types of sweet potatoes that are exposed will eventually be eaten by C. formicarius larvae because sweet potatoes are the main host of tuber borer insects. Prayogo et al. (2023) emphasized that tuber borers caused by C. formicarius insects were the main pests of sweet potatoes and do not have host plants, so technological innovations in controlling these pests can be carried out by applying biopesticides from the entomopathogenic fungus Beauveria bassiana. This statement is supported by research results that convince us that B. bassiana is a more effective biopesticide in suppressing tuber borer pests when compared to synthetic insecticides (Su 1991; Yasuda 1999; Ali et al. 2009; Prayogo et al. 2023).	Comment by nanda: not clear, did you use insecticides for the control as well????


Figure 4. Average attack of tuber borer C. formicarius from field test in Karanganom Village, 2024.


Observation results during harvest time in Sarikemuning Village showed that the highest intensity occurred in the Papua Solossa variety, reaching 29.05%. The intensity of C. formicarius attacks on the Asban Ace variety was also relatively high, at 26.16%, approaching the level of attack that occurred in the Papua Solossa variety. Meanwhile, the intensity of tuber borer attacks that occurred in the three varieties, namely Beta 2, Bima Pasru and Sari, showed that tuber damage due to C. formicarius larvae was relatively the same, ranging from 10-11% (Figure 5). When viewed from the level of tuber borer attacks in the field, the candidate local variety Bima Pasru appeared significantly lower when compared to Papua Solossa with tuber damage of 10.01% and 29.55% respectively. Meanwhile, the level of tuber damage due to C. formicarius in the candidate local variety Gatotkoco also appeared superior when compared to the Beta 2 variety with tuber damage levels of 3.12% and 10.16% respectively. The consistency of the level of resistance of candidate local varieties from field tests needs to be further confirmed through laboratory resistance tests. This activity must be carried out because in order to obtain accurate data on the character of the resistance of candidate local varieties to attacks


Figure 5. Average attack of tuber borer C. formicarius from field test in Sarikemuning Village, 2024.


3.2. Intensity of C. formicarius Pest Attacks in Laboratory Tests
Laboratory tests were conducted to determine the validation of the candidate variety's resistance to tuber borer pests for Bima Pasru, which is more tolerant compared to the Papua Solossa variety as a resistance check. 
The results of samples derived from Karanganom village of the Bima Pasru resistance test against borer pests showed that tuber damage was only around 10.38%. Meanwhile, the borer pest insect on the Papua Solossa variety as a check with a level of tuber damage reached 25.14% (Figure 6). The intensity of tuber borer attacks on the Gatotkoco variety tested in the laboratory showed higher tuber damage of around 0.39% when compared to the Beta 2 variety check which 4.46% tuber damage while Gatotkoco 4.85%. However, the results of the statistical test did not show a significant difference between Gatotkoco and the superior Beta 2 variety.


Figure 6. Average attack of tuber borer  C. formicarius from laboratory test (tuber samples from Karanganom village).

Sample data from Sarikemuning village, laboratory test results showed that the intensity of tuber borer attacks was almost the same as the level of tuber damage that occurred in the field. The level of tuber damage that occurred in the candidate local variety Bima Pasru was significantly lower when compared to the damage to Papua Solossa tubers, which reached 28.98% while Bima Pasru was only 12.05%. Gatotkoco also has a more tolerant character to tuber borer attacks when compared to the resistance of the superior variety Beta 2 in laboratory tests. This fact is shown from the results of the test using the choice method carried out in a box in a 30-day infestation test. The tubers of the candidate variety Gatotkoco in the test were only bored by 3.57%, while the comparison variety Beta 2 with tuber damage reached 13.87% (Figure 7).


Figure 7. Average attack of tuber borer  C. formicarius from laboratory test (tuber samples from Sarikemuning village).

The resistance of local sweet potato genotypes of Lumajang to tuber borer C formicarius in two locations (Karanganom and Sarikemuning) showed differences between clones and between locations. Bima Pasru, Gatotkoco and Beta 2 were classified as intermediate resistant, resistant, and intermediate resistant, respectively. The Sari variety was classified as resistant level among the three check varites. Meanwhile, Asban Ace and Papua Solossa were classified as susceptible varieties (Table 3).	Comment by nanda: The discussion should also directed to give the effect of two climatic zone differences on the infestation etc. 
Table 3. Results of laboratory tests of the resistance level of sweet potato varieties to tuber borer C. formicarius

	
No.
	
Sweet potato varieties
	Intensity of drilled sweet potato tubers in village 	Comment by nanda: Has many meanings literally. Be specific and use appropriate term
	
Intensity average
	
Resistance level

	
	
	Karanganom
	Sarikemuning
	
	

	1.
	Bima Pasru
	10.01 cd
	12.05 bc
	11.03
	IR

	2.
	Gatotkoco
	3.12 e
	3.57 d
	 3.34
	R

	3.
	Asban Ace
	26.15 ab
	27.57 a
	26.86
	S

	4.
	Sari
	 1.15 ef
	3.55 de
	  2.35
	R

	5.
	Beta 2
	10.16 c
	13.87 b
	12.01
	IR

	6.
	Papua Solossa
	29.55 a
	28.98 a
	29.26
	S


Remarks: R = resistant; IR = intermediate resistant; S = susceptible




4. CONCLUSION

Sweet potato Gatotkoco has a level of resistance to sweet potato weevil (C. formicarius) equivalent to the check variety Sari which is classified as resistant, while Bima Pasru has a level of resistance equivalent to the check variety Beta 2 which is classified as an intermediate resistant. These two local varieties of Lumajang (Gatotkoco and Bima Pasru) could be developed to overcome the problem of sweet potato weevil  in the field.	Comment by nanda:  What is the basis for this classification, your own or some other.  Very much unclear
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