
 
Indonesian Journal of Agricultural Research Vol. 06, No. 01, 2023 | 43 – 50 

 

I n J A R  
Indonesian Journal of Agricultural Research 

 
 

*Corresponding author at: Department of Agrotechnology, Faculty of Agriculture, Universitas Sumatera Utara, 
Medan, Sumatera 
 

E-mail address: razali@usu.ac.id 
 

Copyright © Indonesian Journal of Agricultural Research 2023 Published by Talenta Publisher 
p-ISSN: 2622-7681 | e-ISSN: 2615-5842 | DOI 10.32734/injar.v6i01.8217 
Journal Homepage: https://talenta.usu.ac.id/InJAR 

Effect of Soil Texture on the Productivity of Two Shallot 
Varieties 

Razali1*, Zulkifli Nasution1, Rahmawaty2, and Chairani Hanum1 
1Department of Agrotechnology, Faculty of Agriculture, Universitas Sumatera Utara, Indonesia 
2Department of Forest Management, Faculty of Forestry, Universitas Sumatera Utara, Indonesia 

Abstract. The Lake Toba Catchment Area (LTCA) has long been known as a producer of 
shallots in North Sumatra. The Samosir variety is the mainstay local variety of the farmers. 
Due to the lack of quality seeds and disease attacks on the Samosir variety, farmers began to 
cultivate the Bima Brebes variety. This study aims to prove the difference in productivity of 
shallot varieties Samosir and Bima Brebes cultivated in the LTCA region by considering soil 
texture as a factor affecting productivity. This study was conducted in 6 shallot producing 
districts included in the LTCA. For analysis, 30 samples were selected based on the level of 
shallot productivity, with details of 10 low category production (< 4.5 tons/ha), 10 medium 
category production (4.5-7.5 tons/ha), and 10 high category production (> 7.5 tons/ha), along 
with the results of soil texture analysis. Correlation analysis was conducted to find the type 
of soil fraction that influenced productivity. ANCOVA to analyze the relationship between 
soil fraction and shallot productivity in each variety and analyze the difference in the 
productivity of Samosir and Bima Brebes shallots. The results showed that the sand fraction 
had an effect on shallot productivity in LTCA. The shallot cultivation land in LTCA has a 
sand fraction of 69-76% (sandy loam texture), where the greater the percentage of sand 
fraction, the higher the productivity of both shallot varieties. There was no difference in the 
productivity of Samosir and Bima Brebes shallots varieties. Bima Brebes variety can be a 
substitute seed for shallot cultivation in LTCA.   
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1. Introduction 

Shallots (Allium cepa L.) have been cultivated as a vegetable or seasoning since ancient times.  

In addition, shallots have long been known as a medicinal plant [1]. Shallot is one of the most 

important crops cultivated in millions of hectares worldwide [2]. FAO data show that 3.7 million 

hectares are planted with onions yearly in about 175 countries [3]. 

Shallots are widely grown in Indonesia and are high-value crops. This species includes many 

varieties developed by the government and the private sector because of their distinctive 

characteristics, such as yield, resistance to disease, taste, smell, and color [4]. For Indonesia, the 
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shallot is a commodity of high economic value and has a vast market prospect. In addition to 

meeting domestic needs, it is also targeted to become one of the export commodities [5]. 

Sumatra Utara Provincial Government pays special attention to the shallot commodity because it 

is one of the sources of inflation triggers and in order to achieve shallot self-sufficiency [6]. Lake 

Toba Catchment Area, a highland area in North Sumatra, has long been known as a shallot-

producing center. This area is famous for its local shallots, namely the Samosir (Medan) variety. 

Shallots of the Samosir variety are location-specific; if planted in other areas, the aroma will differ 

[7]. 

Lack of quality local seeds and disease outbreaks in the last decade have caused a sharp decline 

in shallot production in the Lake Toba Catchment Area. Various efforts were made to meet the 

needs of shallots in this region, including disease control efforts and new varieties cultivation. 

Bima Brebes is a shallot variety with high productivity and adaptability [8], characterized by a 

savory taste and a fragrant sulfur aroma [9]. These critical characteristics attract local farmers to 

cultivate shallots of the Bima Brebes variety in the Lake Toba Catchment Area. 

The spatial variability of soil properties affects the yield of shallots [10]. Soil texture significantly 

affected the productivity of shallots in LTCA [7] and [11]. Soil texture is a physical property of 

soil that is difficult to change and takes a long time to change [12]. Soil texture is determined by 

the percentage of sand, silt, and clay particles, where small particles (silt and clay) have a larger 

surface area compared to larger sand particles [13]. Soil texture affects many physical and 

chemical properties of the soil so that it affects soil fertility and productivity [14]. Soil texture 

affects plant growth and nutrient absorption because it changes the availability of water in the soil 

[15]. The variations in soil particle sizes changed the soil's physiochemical characteristics and 

enzymatic activities [13]. An essential indicator of a soil's potential productivity is its texture [16]. 

This study aims to analyze the effect of soil texture on the productivity of the local and new shallot 

varieties (Samosir and Brebes varieties) in LTCA. We hypothesize that the soil texture in the 

study area still supports the growth of shallots of the Bima Brebes variety as an introduced variety 

so that its production is equivalent to the production of the Samosir variety as the mainstay variety 

in the location. 

2. Materials and Methods 

This research was conducted in 6 shallot-producing regencies namely Karo, Simalungun, Dairi, 

Samosir, Humbang Hasundutan and North Tapanuli that are included in LTCA. It is an area 

around Lake Toba with delineation boundaries based on the delineation of the Water Catchment 

Area. Geographically it is located between the coordinates 98°25'40’’– 99°14'35’’ East Longitude 
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and 2°13'07’’ - 2°44'26’’ North Latitude. Located in Bukit Barisan mountains with an altitude of 

900 - 2200 m above sea level. 

This study was conducted by recording the shallot production of each farmer through a 

questionnaire and taking soil samples from the shallot plantation. For analysis, 30 samples were 

selected based on the level of shallot productivity, with details of 10 low category production (< 

4.5 tons/ha), 10 medium category production (4.5-7.5 tons/ha), and 10 high category production 

(> 7.5 tons/ha). The initial plan of 30 samples consisted of 15 each of Samosir and Bima Brebes 

varieties. However, from the data obtained, only 13 samples of Bima Brebes variety data were 

available. Selected samples were analyzed for soil texture (using the hydrometer method). 

This research is using 2 analyses: 

a. First, Correlation analysis. The purpose of this step is to find the correlation of soil fraction 

with shallot productivity. 

b. Second, Analysis of Covariates (Ancova). Ancova is a combination of comparative and 

correlational tests, in this case it will test the comparison and also the relationship. In this 

study, the test was conducted to analyze the difference in productivity of Samosir and Bima 

Brebes shallots and analyze the relationship between soil fraction and shallot productivity in 

each variety. 

3. Results and Discussion  

3.1. Productivity 

The statistical productivity (ton/ha) description of Samosir and Bima Brebes varieties of shallots 

in LTCA can be seen in Table 1. 

Table 1. Statistical Productivity (ton/ha) Description of Samosir and Bima Brebes Varieties of 
Shallots in Lake Toba Catchment Area 

Shallot variety N Min Max Mean Std. Deviation 

Samosir 17 2.00 16.67 7.57ns 4.703 

Bima Brebes 13 1.60 12.50 5.65ns 3.316 
ns = not significant at p ≤ 0.05 

Table 1 shows no statistical difference in productivity (by T-test) between the Samosir variety (a 

local variety in the Lake Toba Catchment Area) and the Bima Brebes variety as an introduced 

variety. Although the Bima Brebes variety is a shallot variety intended for lowland areas [17], it 

has a high adaptation to highland areas. 

3.2. Soil Texture 

Soil texture is the relative proportion of sand, silt, and clay particles in the soil and is an important 

component of soil surveys to estimate the potential and limitations of land use and management 
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[18]. The description of the sand, silt and clay fractions of all 30 soil samples for analyzing shallot 

cultivation in LTCA can be seen in Table 2. All analyzed soil samples for texture according to 

the USDA texture triangle are belong to the sandy loam texture class. The USDA soil texture 

triangle is a diagram often used to figure out a soil textural class of the soil [19]. 

Table 2. Statistical Soil Fraction Description of Shallot Cultivation in Lake Toba Catchment 
Area 

Fraction 
Samosir Shallot Variety Bima Brebes Shallot Variety 

N Min Max Mean Std. Dev. N Min Max Mean Std. Dev. 

Sand_% 17 69 75 71.65 2.473 13 70 76 72.15 2.075 

Silt_% 17 13 21 17.59 2.623 13 11 20 16.46 2.696 

Clay_% 17 10 14 10.82 1.286 13 10 16 11.38 1.758 

The soil of shallot cultivation in LTCA has a sandy loam texture (Table 2). Sandy loam texture 

has advantages over soil texture with a higher percentage of sand fraction (loamy sand and sand 

texture). [20] proved that, plant N uptake and crop yields on fully irrigated land were higher in 

sandy loam textures than loamy sand and sand textures. The ability of sandy loam texture soil can 

still be improved by adding biochar. Giving biochar with sizes < 1mm to sandy loam soils will 

greatly increases water availability and soil structure [21], reduces bulk density [22], and increases 

nutrient retention [23]. 

3.3. Correlation of Soil Fraction with Productivity 

Table 3 shows the correlation of sand, silt and clay fractions with the productivity of Samosir and 

Bima Brebes shallots varieties in Lake Toba Catchment Area.  

Table 3. Correlation of Soil Fraction with Shallot Productivity in Lake Toba Catchment Area 

Fraction 
Productivity 

Samosir Variety Bima Brebes Variety 

Sand 0.662** 0.580* 

Silt -0.668** -0.550ns 

Clay 0.179 ns 0.158ns 
** = significant at p ≤ 0.01; * = significant at p ≤ 0.05; ns = not significant at p ≤ 0.05 

Table 3 shows the correlation of soil texture fractions with the productivity of shallots in the Lake 

Toba Catchment Area. The percentage of clay fraction, although positively correlated but not 

significantly correlated with the productivity of shallots. The percentage of silt fraction shows a 

negative correlation with productivity. Significantly negative correlation with shallot productivity 

of Samosir variety but not significantly negative correlation with productivity of Bima Brebes 

variety. The percentage of sand fraction is significantly positively correlated with increasing the 

productivity of shallots. Thus, only sand fraction used in the next step, Ancova analysis. 
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3.4. Effect of Soil Fraction on Productivity Each Variety 

Before being analyzed using ANCOVA, the data has been confirmed to meet the normality test 

(Kolmogorov test), and homogeneity test (Levene's test). ANCOVA test results can be seen in  

Table 4. 

Table 4. Ancova Test Table 

 df F value Sig. 

Corrected Model 2 10.359 .000 

Intercept 1 15.398 .001 

Sand 1 18.225 .000 

Variety 1 4.187 .051 
R Squared = .434 (Adjusted R Squared = .392) 

From Table 4 can be seen that for varieties, the sig value is 0.051, greater than 0.05. This means 

that there is no significant difference in productivity between shallot varieties. For Covariate 

(percentage of sand fraction) sig value is 0.000, less than 0.05. This means that the percentage of 

sand fraction has a very significant effect on the productivity of shallots. For Corrected Model the 

value of sig is 0.000, less than 0.05. Simultaneously the percentage of sand fraction and variety 

has a very significant effect on the productivity of shallots (Figure 1). The value of R squared is 

0.434, means that 43.4% of the productivity of shallots in LTCA is influenced by the percentage 

of soil sand fraction and shallot varieties. 

 
Figure 1. The relation between sand fraction and productivity in each variety 

Although Bima Brebes variety productivity is lower than Samosir variety which is a local variety 

in LTCA (Table 1), statistically the productivity is not significantly different (Table 4). Bima 

Brebes variety is able to produce as well as the Samosir variety which is a mainstay local variety. 
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This proves that Bima Brebes variety is able to produce well in the highlands of Lake Toba 

Catchment Area. Several studies have shown the ability of Bima Brebes variety compared to other 

shallot varieties. [8], [24] and [25] stated that Bima Brebes variety is a shallot variety that has 

high productivity and adaptability. 

Table 4 proves the very significant effect of the sand fraction on the productivity of shallots in 

Lake Toba Catchment Area. Figure 1 shows the shallot cultivation area has a sand fraction of 69-

76%, including sandy loam texture (texture category is rather coarse). In that sand fraction range, 

the greater the percentage of the sand fraction, the higher the productivity. Bima Brebes variety 

showed an increasing positive linear productivity pattern, similar to the Samosir variety. [26] 

stated that there is a positive correlation between the percentage of sand and Allium production. 

Land with a sufficient percentage of sand fraction which has good aeration, the soil is more porous 

and will cause optimal respiration and plant growth. If the percentage of sand is very high it can 

cause the production to be low, this is due to the low water capacity and available nutrient content. 

If the percentage of the sand fraction decreases and the clay fraction increases, it will interfere 

with the productivity of shallots. [24] stated that soils containing high clay fractions can interfere 

with shallot tuber development, resulting in small tubers.  

Bima Brebes variety was proven to be able to produce as well as the Samosir variety, which is a 

mainstay local variety in the sandy loam texture of Lake Toba Catchment Area. Shallot crop 

yields in number, weight and size of tubers are influenced by environmental factors, genotype 

and agronomy [10]. In reality, successful shallot production is highly dependent on the selection 

of varieties that are suitable for cropping environmental conditions [27]. 

4. Conclusion  

The shallot cultivation area in Lake Toba Catchment Area has a sand fraction of 69-76% (sandy 

loam texture), where the greater the percentage of sand fraction, the productivity of both shallot 

varieties will increase. The production of the shallots (Samosir and Bima Brebes) planted in the 

Lake Toba Catchment Area was identical for both kinds. The Bima Brebes variety can be relied 

upon to increase shallot production again in the Lake Toba Catchment Area. 

REFERENCES  

[1]  N. Fitriana and R. Susandarini, “Short communication: morphology and taxonomic 
relationships of shallot (Allium cepa L. group aggregatum) cultivars from Indonesia,” 
BIODIVERSITAS, vol. 20, no. 10, pp. 2809−2814, 2019. 

[2]  A. Sekara, R. Pokluda, L. Del Vacchio, S. Somma, and G. Caruso, “Interactions among 
genotype, environment and agronomic practices on production and quality of storage onion 
(Allium cepa L.) – A review,” Hort. Sci. (Prague), vol. 44, no.1, pp. 21−42, 2017. 



Indonesian Journal of Agricultural Research Vol. 06, No. 01, 2023  49 

 

[3]  L. Orden, N. Ferreiro, P. Satti, L. M. Navas-Gracia, L. Chico-Santamarta, and R. A. 
Rodríguez, “Effects of onion residue, bovine manure compost and compost tea on soils and 
on the agroecological production of onions,” Agriculture, vol. 11, no. 10, pp. 962, 2021. 

[4]  F. R. A. Basundari, E. Sulistyaningsih, R. H. Murti, and T. R. Nuringtyas, “Metabolite profile 
of two Allium cepa L. aggregatum group cultivars by Nuclear Magnetic Resonance,” 
BIODIVERSITAS, vol. 22, no. 8, pp. 3127−3135, 2021. 

[5]  E. Syam’un, A. Yassi, M. Jayadi, S. Sjam, F. Ulfa, and Zainal, “Meningkatkan produktifitas 
bawang merah melalui penggunaan biji sebagai bibit,” Jurnal Dinamika Pengabdian, vol. 2, 
no. 2, 2017. 

[6]  D. Novita, M. Assad, and T. Rinanda, “Potensi dan peluang pengembangan sentra produksi 
bawang merah Provinsi Sumatera Utara,” Agrica (Jurnal Agribisnis Sumatera Utara), vol. 
12, no. 2, 2019. 

[7]  R. F. Hutapea, Z. Nasution, and Razali, “Lokasi penanaman bawang merah lokal Samosir 
berdasarkan ketinggian tempat di daerah tangkapan air Danau Toba,” Jurnal 
Agroekoteknologi, vol. 4, no. 1, pp. 1713−1720, 2015. 

[8]  S. Upe and T. Sau, “Adaptasi keberagaman varietas terhadap pertumbuhan dan produksi 
pada wilayah marginal pertanaman bawang merah (Allium ascalanicum L.),” Journal 
TABARO, vol. 2, no. 1, 2018. 

[9]  O. Yofananda, Sobir, C. H. Wijaya, and, H. N. Lioe, “Variability and relationship of six 
Indonesian shallots (Allium cepa var.ascalonicum) cultivars based on amino acid profiles and 
fried shallot’s sensory characteristics,” BIODIVERSITAS,  vol. 22, no. 8, pp. 3327−3332, 
2021.  

[10]  S. Marino, B. Basso, A. P. Leone, and A. Alvin, “Agronomic traits and vegetation indices of 
two onion hybrids,” Scientia horticulturae, vol. 155, pp. 56−64, 2013. 

[11]  A.B. Simanungkalit, “Analisis sifat fisik tanah lokasi penanaman bawang merah di daerah 
tangkapan air Danau Toba”. B.S thesis, Dept. Agrotechnology, Agriculture, Universitas 
Sumatera Utara, Medan, Indonesia, 2019. 

[12]  Riskawati R., D.P.T. Baskoro and L.M. Rachman, “Analysis of soil physical quality index 
(case study: groundnut/ Arachis hypogeal L.),” E3S Web of Conferences, vol. 306, 2021. 

[13]  H. Ahmad and J. Li, “Impact of water deficit on the development and senescence of tomato 
roots grown under various soil textures of Shaanxi, China,” BMC Plant Biol, vol. 21, no. 
241, 2021. 

[14]  D. Radočaj, M. Jurišić, V. Zebec, and I. Plaščak, “Delineation of soil texture suitability zones 
for soybean cultivation: a case study in continental Croatia,” Agronomy, vol. 10, no. 6, pp. 
823, 2020. 

[15]  Y. A. Hamoud, Z. Wang, X. Guo, H. Shaghaleh, M. Sheteiwy, S. Chen, R. Qiu, and M. M. 
A. Elbashier, “Effect of irrigation regimes and soil texture on the potassium utilization 
efficiency of rice,” Agronomy, vol. 9, no. 2, 2019. 

[16]  D. Wang, Z. Wang, J. Zhang, B. Zhou, T. Lv, W. Li, “Effects of soil texture on soil leaching 
and cotton (Gossypium hirsutum L.) Growth under Combined Irrigation and Drainage. 
Water, vol.13 (24):3614, 2021. 

[17]  Balitsa, “Deskripsi bawang merah varietas Bima Brebes,” balitsa.litbang.pertanian.go.id 
https://balitsa.litbang.pertanian.go.id/ind/index.php/varietas/cabai/36-halaman/616-
bawang-merah-varietas-bima-brebes (accessed Okt. 11, 2021). 

[18]  Q. Xia, T. Rufty, W. Shi, “Soil microbial diversity and composition: Links to soil texture 
and associated properties,” Soil Biology and Biochemistry, vol.149, 2020. 

[19]  M. A. Ahmed, M. M. M. Ibrahim, H. Nasser, Dafalla, and I. S. Ibrahim, “Intrinsic Problems 
in Determination Of Soil Texture In Calcareous Soils Of Arid Zones,” International Journal 
of Scientific & Technology Research, vol 6, pp.76-80, 2017. 



Indonesian Journal of Agricultural Research Vol. 06, No. 01, 2023  50 

 

[20]  J. Fang and Y. Su, “Effects of soils and irrigation volume on maize yield, irrigation water 
productivity, and nitrogen uptake,” Scientific Reports, vol. 9, no. 7740, 2019. 

[21]  A. G. Alghamdi, A. Alkhasha, and Ibrahim, H. M., “Effect of biochar particle size on water 
retention and availability in a sandy loam soil,” Journal of Saudi Chemical Society, vol. 24, 
no. 12, pp. 1042−1050, 2020. 

[22]  F. Verheijen, A. Zhravel, F. Silva, A. Amaro, M. Ben-Hur, J. Keizer, “The influence of 
biochar particle size and concentration on bulk density and maximum water holding capacity 
of sandy vs sandy loam soil in a column experiment,” Geoderma. vol. 347, pp. 194−202, 
2019. 

[23]  Y. L. Kuo, C. H. Leea, and S. H. Jien, “Reduction of nutrient leaching potential in coarse-
textured soil by using biochar,” Water, vol. 12, no. 7, 2020. 

[24]  Rusdi and M. Asaad, “Uji adaptasi empat varietas bawang merah di Kabupaten Kolaka 
Timur, Sulawesi Tenggara,” Jurnal Pengkajian dan Pengembangan Teknologi Pertanian, 
vol. 19, no. 3, pp. 243−252, 2016. 

[25]  T. Kartinaty, Hartono, and Serom, “Penampilan pertumbuhan dan produksi lima varietas 
bawang merah (Allium Ascalonicum) di Kalimantan Barat,” Buana Sains, vol. 18, no. 2, pp. 
103−108, 2018. 

[26]  D. I. Septiyan and Soemarno, “Karakteristik lahan untuk tanaman bawang putih (Allium 
Sativum L.) pada inceptisol dan alfisol di Kecamatan Pujon, Malang,” Jurnal Tanah dan 
Sumberdaya Lahan, vol. 6, no. 2, pp. 1391−1403, 2019. 

[27]  A. A. A. Azoom, K. Zhani, and C. Hannachi, “Performance of eight varieties of onion 
(Allium cepa L.) cultivated under open field in Tunisia,” Notulae Scientia Biologicae, vol. 6, 
no. 2, pp. 220−224, 2014. 


