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ABSTRACT: The vegetable farming sustainability is influenced by soil quality. The objective of the 
research is to determine soils characteristics for vegetable farming in Noongan sub-watershed, Minahasa. 
Research was done by soil survey on land unit area and laboratory analysis. Among the identified 76 land 
unit area in Noongan sub-watershed, about 14 land unit areas were examined. The study found that land 
unit 11, 14, 32, 61 74 and 76 were classified into loam,  land unit 15 was classified into clay loam, land 
unit 31 and 40 were sandy clay, land unit 69 was silty loam and land unit 44, 47, 48 and 49 were loam 
sandy. The soil permeability of land unit 11 and  15 were slow; land unit 32, 47, 48, 49 were medium;  and 
land unit 31, 40, 44, 61, 69, 74 and  76 were slow to medium. The soil pH were ranging from 5.0 to 6.4. 
The  organic carbon were ranging from  0.58 to 2.54 %.  CEC were low, ranging from  7.64 to 24.80 
me/100g. Base saturation was low, ranging from 12 to 52%.  The Nitrogen contents were low (0.10 – 0.30 
ppm).  Phosphor was calculated about  1.36 to 46.27 ppm,  Potassium was low (0.15 – 0.73 ppm). The 
actual potential of land can be classified into very suitable (S1) which found in land unit 14, marginal (S3) 
which found at land unit  11, 15, 40, 44, 47, 48  and 69, and not suitable which found at land unit    31, 32, 
49, 61, 74 and 76. 
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INTRODUCTION 
 

 The rapid development of agriculture needs the proper management of lands. It is particularly important due to 
lands has numerous physical, chemical biological properties which are important to support agriculture productivity. 
Chemical properties of soil affect the productivity of crops. The deficiency of soils mineral has been reported widely 
contributes to the decrease of crop production. Soil biodiversity, for example, offered particular promise as soil health 
indicators. The chemical, physical, and biological characteristics of soil provided opportunities for sustainable 
agricultural lands management (Bindraban ., 2000; Fageria ., 2002). 
 Numerous human activities contribute to soil characters. In the perspective of crop productivity, land quality today 
is altered principally by human. The intensive chemical fertilizer application has been reported widely kill soil 
biodiversity. Forest clearing, illegal logging and burning has been identified contribute to soil quality decrease. Land 
slide and erosion due to forest degradation was reported contributes to agricultural field degradation. Erosion lead to 
the decrease of soil quality, increase of soil compactness, decrease of soil infiltration capacity, decrease of soil 
capacity water holding, huge sedimentation and pollution. Effects of these huge disturbances are crucial in land and 
sustainable agriculture management (Schroth and Sinclair, 2003). 
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 Sustainable agriculture argues that land management is important. Principally, the argument centered on the 
fact soils is media for plants to grow. Many studies have examined the effect of soil nutrients deficiency on plant 
performance. Soil ecologist and agriculturist are particularly interested on how plants utilize nutrients that are 
distributed in soils. Plants growth is affected by the chemical makeup of the soil. Scholars point out that the success 
of sustainable agricultural practices is often considered to be limited by the availability of nutrient in soil. Other factors 
such as soil salinity, humidity and alkalinity also play an important role in crop production. Brady, (2004) found that 
the conserved lands provide opportunities for sustainable agriculture practices.  
 North Sulawesi is an area with potential natural resources which area important for tourism, agriculture and 
numerous economic sector development. North Sulawesi is an area whit abundance soil fertile due to the existence 
of active volcanoes   (Hakim ., 2012; Pioh ., 2014). Noongan sub-watershed in Minahasa is important sites for 
agriculture. The development of sustainable agriculture in Noongan watershed ultimately depends on the land 
management. Unfortunately, the soil property is not well understood. The objective of the research is to determine 
soils characteristics for vegetable farming. 
 

MATERIALS AND METHODS 
 

Study area 
 Field survey was set up at Noongan sub-watershed, Minahasa Regency, North Sulawesi. The Noongan sub-
watershed is part of the Tondano watershed. The Noongan sub-watershed located at 1 6’ 00” - 1 13’ 30“ South 
Latitude and 124 46’ 30” – 124 54’ 00” East Longitude. The altitude was ranging from 600 to 1.556 m asl.  According 
to the geographical data, the Noongan sub-watershed consists of 76 land unit area. Based on the characteristic 
examination, these land unit area can be grouped into 14 land unit area. Administratively the Noongan sub-watershed 
belongs to the Kakas sub district, Kakas Barat sub district; Langowan Timur sub district, and Tompaso sub district,  
Minahasa Regency. The average temperature were recorded 22.2 to  25̊ C;   Humidity were ranging from 86  to 92%. 
The rainfall during 2001 to 2012 were recorded vary from 1,254.9 to 2,653.8 millimeter. Climates were classified into 
B1 and C1. B1 refers to climates condition with number of wet month about 5 to 6 month and dry month were less 
than 2 month. C1 encompasses an area with wet month about 3 – 4 month and dry months less than  2 month. The 
geographical location of Noongan sub-watershed was given in Fig. 1. 
  

 
 

Figure 1. The Tondano watershed area the  location of Noongan sub-watershed 

 
Soil collection and analysis 
 Soil sample were collected from 14 land unit soil area. In each land unit, soil was taken from 0-20 cm depth. The 
sample was taken by a drill and made into composite. About 2 kg soil sample was collected from each land unit. Soil 
sample were collected in plastic bag, labeled and transferred to laboratory for further soil’s physical and chemical 
analysis. In laboratory, Soil sample were prepared and air-dried in room temperature at 6-10 days. Soil sample were 
sifted using 0.5 sifters for soil texture analyses, chemical and physical characteristics. Chemical properties of soils 
were examined in Soil Laboratory of Faculty of Agriculture, Brawijaya University. Some parameter were examined, 
encompasses soil permeability, pH, C-organic, exchangeable base (Ca, Mg, K, Na), Cation capacity exchange 
(CEC), and base saturation. The soil permeability determines following Gee and Baude (1986).  
 Soil characteristics and soil suitability were examined using selected parameter given by Djaenudin ., (2003) and 
Hardjowigeno, and Widiatmaka (2011) as shown in Table 1. 
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Table 1. Selected soils quality parameters as a basic information for lands suitability assessment 

 
Soils quality parameters Land characteristics 

Temperature Average temperature (oC) 
Water availability (wa) Rainfall (mm), Humidity (%), dry period of month 
Oxygen availability (oa) Drainage 
Nutrient retention (nr) Cation capacity exchange (CEC), Base saturation (%), pH,  C-organic (%) 
Erosion hazard  (eh) Slope (%), erosion hazard 

 
 Land suitability evaluation was performed using Automated Land Evaluation System (ALES) (Rossiter and  Van  
Wambeka,  1997).  Physically, land suitability classes were classified into four categories following Djaenudin ., 
(2003) (Table 2), with the relationship between limited factor and land suitability was given in Table 3.  The 
classification of land was following Sys ., (1993).  
 

Table 2. Land suitability class 
 

Class Symbols Land suitability Notes 

1 S1 Very suitable Land without/less barrier 
2 S2 moderate Land with medium barrier 
3 S3 marginal  High barrier factor. 
4 N Not suitable High barrier factor, impossible for cultivation 

 
Table 3. relationship between limited factor and land suitability 

 
No Land barrier Land suitability class 

1 0 = no barrier S1 = Very suitable 
2 1 = few barrier S2 = moderate 
3 2 =  medium barrier S3 = Suitable for  marginal land 
4 3 =  high barrier N1 = Not suitable, but there opportunity for improvement 
5 4 = very high barrier N2=Not suitable, no opportunity for improvement 

 
 

RESULTS AND DISCUSSION 
 

1.1. Soil texture 

 Soils texture is an important factor and influence the physical and chemical properties of soil, particularly in water 
percolation. Soils particles have identified vary greatly in size. Grandy . (2009) found that particle size of soil is the 
physical factor which is affect water percolation. Based on its size, soils particle are classified into sand, silt and clay. 
This particle plays an important role in soil formation, soil drainage and water movement in soils.  
 The soil structure of Noongan sub-watershed was given in Table 4. Principally, the soil texture of Noongan sub-
watershed consist of Loam (lands unit 11, 14, 32, 61 74 and 76), clay loam (land unit 15), sandy clay (lands unit 31, 
40), silty loam (land unit 69) and sandy clay (lands unit 44, 47, 48 and 49). Based on the table 4, soil texture in 
Noongan sub watersheds were dominated by loam and loam sandy. The Clay loam and silty loam were limited in 
particular area. 
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Table  4.  Soil texture in  Noongan sub-watershed 
 

Land unit Sand (%) Silt (%) Clay (%) Texture 

11 55 34 11 Loam 
14 52 10 38 Loam 
15 45 22 33 Clay loam 
31 66 21 13 Sandy clay 
32 46 37 17 Loam 
40 59 33 8 Sandy clay 
44 83 10 7 Loam sandy 
47 87 10 3 Loam sandy 
48 85 8 7 Loam sandy 
49 88 10 2 Loam sandy 
61 46 38 16 Loam 
69 33 50 17 Silty loam 
74 40 44 16 Loam 
76 39 42 19 Loam 

 
 The different soil texture in Noongan can be affected by organic matter content, water availability and movement. 
Matus ., (2008) and Evrendileck ., (2004) point out that soil texture is the important factor to determine Carbon and 
Nitrogen in soil. Clay soil often have dominant microspore and have high ability to hold water in soil with less water 
content, poor drainage with low aeration. Soil with dominant sand have macrospore and the ability to hold water was 
low  (Brady, 2004; Zhao, ., 2003). Therefore, soil texture has direct impact to soil porosity and play an important role 
in water retention, water movement, ability to bind mineral. Soil texture therefore related to soil fertility (Grandy ., 
2009;  Matus, ., 2008). 
 
3.2.  Soil permeability 
 Soil texture and structure contributes to soil permeability.  Soil permeability is the ability of soil to transmit water 
and air. The soil permeability is therefore important for crops (Brady, 2004). The permeability analysis of soil confirm 
that soils of lands unit 11 and 15 were classified as slow,  soils sample from lands unit 32, 47, 48, 49 were moderate, 
and  soils from  lands unit 31, 40, 44, 61, 69, 74 and  76 were classified into slow to moderate. The proper soil for 
crops should be permeable to water. It is important to enhance water and nutrient movement in soils (Marsh and 
Dozier,  1981). Rate of water percolation was related to soil texture. The percolation rates are highest in coarse-
textured soils (Green and Ampt,  2011). 
 
1.1. Soil chemical properties 
 Soil chemical properties from Noongan sub-watershed was given in Table 5. 
 

Table  5.  Soil chemical properties from Noongan sub-watershed 
 

Land 
unit 

pH 1.1 N 
Total 
(%) 

C-
Organic 
(%) 

C/N 
P.Bray1 
mg.kg-1 

NH4OAC1N pH:7 
Base 
(me/100g) 

Base 
saturity 
(%) 

H2O 
KCL 
1N 

K Na Ca Mg KTK 
(me/100g) 

11 6.4 5.3 00.22 1.55 7 8.81 00.43 00.29 86.12 12.42 124.80 9.26 37 
14 5.5 5.1 00.10 0.58 6 2.14 00.22 00.23 84.38 30.63 110.47 5.45 52 
15 5.3 5.2 00.16 1.23 7 2.97 00.22 00.26 53.94 11.42 116.89 5.85 35 
31 5.3 5.1 00.12 0.80 7 6.83 00.67 00.31 64.30 11.08 113.37 6.37 48 
32 5.3 4.8 00.17 1.41 8 1.35 00.73 00.36 56.04 20.64 114.90 7.77 52 
40 5.2 4.9 00.30 2.52 8 12.20 00.67 00.33 54.05 00.49 123.88 5.55 23 
44 5.7 5.5 00.17 1.47 8 15.18 00.03 00.20 62.14 10.15 121.51 2.53 12 
47 5.0 4.8 00.25 2.12 9 16.92 00.19 00.24 22.32 00.77 116.56 3.52 21 
48 5.0 4.8 00.18 1.36 7 27.73 00.20 00.24 33.21 00.31 110.24 3.96 39 
49 5.1 5.0 00.17 1.33 8 47.27 00.15 0025 11.63 00.82 77.64 2.85 37 
61 5.7 4.8 00.22 1.75 8 3.17 00.43 00.33 44.21 11.69 220.31 6.66 33 
69 6.1 5.6 00.23 2.16 9 1.42 00.20 00.30 66.67 33.33 224.54 10.50 43 
74 5.6 5.2 00.21 1.49 7 1.38 00.61 00.35 55.32 11.13 119.43 7.41 38 
76 5.9 5.1 00.21 1.44 7 1.39 00.49 11.21 44.86 11.46 222.79 8.02 35 

 
 Soil acidity is one of the crucial concerns among agronomics. Base on the soil sample analysis, soil pH were 
ranging from 5.0 – 6.4. It is suitable for many vegetables cultivation, including tomatoes and chili cultivation. These 
crops are suitable to grows in soil with pH ranging from 5.0 – 8.2 (Handayanto ., 2011).  Therefore, there are 
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opportunities to cultivate tomatoes and chili in Noongan sub-watershed area. pH has significant contribution in plant 

grows, development and production (Falkengren‐Grerup and Tyler, 1993). 
 Organic carbon is important component in soil health. Organic carbon comes through the decomposition of 
organic matter (i.e. plants and animals residue). Organic Carbon is important in nutrient availability through 
mineralization (Marsh and Dozier,  1981). Organic carbon in important in soil water conservation due to its ability to 
store water and release it when needed. Organic carbon in soil contributes to chemical properties of soil such as pH, 
Cation exchange capacity (CEC)  (Nugroho,   2009). The organic carbon content of soil sample from Noongan were 
ranging from  0.58 – 2.54 %. It is classified as medium.  High content of organic carbon in soil lead to the fertility of 
soil and therefore provide excellent habitat for crop to grows (Marsh and Dozier,  1981; Syekhfani,  2010). Nutrient 
retention is one of the significant factor in soil quality. Nutrient retention has been affected by pH, C-organic content, 
CEC and base saturation.  
 The Cation exchange capacity (CEC) of soil sample from Noongan were ranging from  7.64  to 24.80   me/100g. 
This content can be classified into low to high. Soil's cation exchange capacity is the total number of cations (i.e. 
Calcium, Magnesium, Potassium, Ammonium) in a soil can be hold.  These cations were important for plants. Soil 
with high CEC has high ability to store elements.  The Cation exchange capacity (CEC) is important due to its ability 
to affect soil pH and soil fertility. These will be important for crop cultivation and production (Marsh and Dozier,  1981; 
Nugroho,   2009; Handayanto ., 2011). 
 Scholar point out that Base saturation value is one of the most important aspect for soil management. Base 
saturation is able to inform soil acidity and nutrient ability. Therefore, base saturation information is crucial to 
determine soil fertility. The soil sample from Noongan sub-watershed shows base saturation value range from 12-
52%. This value can be classified as low. Soil with base saturity >80% classifies as fertile soil.  Soil with base saturity 
50-80%  need improvement to enhance crop productivity  (Lal and  Greenland.  2009). 
 The soil sample from Noongan contains Nitrogen ranging from 0.10 to 0.30 ppm. This means the soil sample 
contains low Nitrogen. Nitrogen very important during vegetative grows. Nitrogen is required in amino acid anabolism. 
Amino acid is important component as a building block for enzymes and proteins. Nitrogen contributes to the 
development of chlorophyll, a key plant cell organelles for photosynthesis. The Nitrogen deficiency therefore 
contributes to crop productivity. 
 The soil sample contains Phosphorus about 1.36 – 46.27 ppm. According to Handayanto ., (2011), normally soil 
contains phosphor ranging from 0.10 - 5 ppm. Phosphor is a major nutrient for plant growth (Fuhrman ., 2005). 
Phosphor is the crucial component of DNA. Phosphor deficiency in soil will lead low crop productivity.  Phosphor 
deficiency disturb root, steam and leave development. Leave was disturbed and cause crop productivity (Taiz  and  
Zeiger, 2002).  
 Potassium (K) content in soil from Noongan sub-watershed was low. It was ranging from 0.15 – 0.73 ppm. 
Potassium deficiency potentially leads to plant abnormality. Chlorosis and defoliation in plants are the impact of 
Potassium deficiency. Physiologically, Potassium is considered important in photosynthesis reaction, protein 
synthesis, starch synthesis, and osmoregulation. Scholar point out that potassium is important in plant respond to 
drought (Taiz  and  Zeiger, 2002).  
 
3.3. Land suitability 
3.3.1. The actual land suitability 
 The laboratory analysis  for actual land suitability was given in Table 6. Principally, the actual land suitability 
ranging from very suitable to not suitable for vegetables cultivation.  
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Table  6. The actual land sub-class suitability assessment for tomatoes and chili 
 

Land unit Tomatoes Chili Area size (ha) % 

11 S3Oa/rc S3Oa/rc 3.731,61 35.69 
14 S1 S1 60.66 0.58 
15 S3Oa S3Oa 1.224,72 11.71 
31 Neh Neh 204.22 1.95 
32 Neh Neh 584.64 5.59 
40 S3Oa S3rc 547.42 5.24 
44 S3rc S3rc 431.52 4.13 
47 S3eh/rc S3eh/rc 1.296,14 12.39 
48 S3eh/rc S3eh/rc 817,12 7.81 
49 Neh Neh 1.061,44 10.15 
61 Neh Neh 285,27 2.73 
69 S3eh S3eh 19.49 0.19 
74 Neh Neh 180.08 1.72 
76 Neh         Neh 12.35 0.12 
 10.456,68  

 
 Based on the table  6 and 7, the suitability class and sub class of land unit for tomatoes and chili cultivation were 
described below.  
 
Land suitability for tomatoes 
 Based on the evaluation, the very suitable land unit for tomatoes cultivation (S1) is found in land unit 14 which 
is located at the northern part of Noongan sub-watershed. The marginal-suitable class located at lands unit 11, 15, 
40, 44, 47, 48  and 69 which were distributed at north, east, west and south area of Noongan sub-watershed. The 
unsuitable area for tomatoes cultivation located at lands unit 31, 32, 49, 61, 74 and  76 which were distributed at the 
central, east and south area of Noongan sub-watershed. The limiting factors such as Oxygen availability (Oa), root 
zone medium (rc) and erosion potential hazard (eh) were found in  lands unit  15 (S30a), 40 (S3rc), 44 (S3rc), 47 
(S3rc), 69 (S3eh),  11 (S30a/rc) and 48 (S3eh/rc). For the erosion potential hazard encompasses land unit  31 (Neh), 
32 (Neh), 49 (eh), 61 (eh), 74 (eh) and 76 (eh).  
  
Land suitability for chili 
 The very suitable land unit (S1) for chili cultivation in Noongan sub-watershed was found in land unit 14. It was 
identified located at the northern part of Noongan sub-watersheed. Marginal-suitable class located at lands unit 11, 
15, 40, 44, 47, 48  and  69 which were distributed at north, east, west and south part of Noongan sub-watersheed. 
Unsuitable soils for chili cultivation located at lands unit 31, 32, 49, 61, 74 and 76. These were located at the centre, 
east and south part of Noongan sub-watershed.  Subclass suitability of land with limiting factor encompasses oxygen 
(Oa), root zone medium (rc) and erosion potential (eh) were located at lands unit  15 (S30a), 40 (S3rc), 44 (S3rc), 
47 (S3rc), 69 (S3eh),  11 (S30a/rc) and 48 (S3eh/rc). For the erosion potential hazard were found in lands unit  31 
(Neh), 32 (Neh), 49 (eh), 61 (eh), 74 (eh) and 76 (eh). 
 
3.3.2.  The potential land suitability 
The potential lands suitability for tomatoes 
 Based on the laboratory analysis, actual land for tomatoes were S3 (S30a;  found in land unit 15);  S3 (S3rc; 
found in land unit  40, 44, 47);  S3 (S30a/rc;  found in land unit 11), S3 (S3eh/rc; found in land unit 48) and N (Neh; 
found in land unit 31, 32, 49, 61,  74 and 76). The limiting factor encompasses oxygen availability (Oa), root zone 
medium (rc) and erosion potential (eh) in such lands unit, however, should be countermeasure by proper land 
management. Farmer recommended to implement several sustainable agricultural practices. It is encompasses 
improving drainage, using organic mulch to protect and cover soil, and planting vegetation to countermeasure land 
erosion. These strategy will lead improvement land for tomatoes cultivation in land unit 15  (S20a);  land unit 40, 44, 
47 (S2rc);  land unit 11 (S20a/rc); land unit 31, 32, 49, 61,  74, 76 (S3eh); and land unit 48 (S2eh/rc). 
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Table  7. The potential land sub-class suitability assessment for tomatoes and chili 
 

Land unit Tomatoes Chili Area size (ha) % 

11 S2Oa/rc S2Oa/rc 3.731,61 35.69 
14 S1 S1 60.66 0.58 
15 S2Oa S2Oa 1.224,72 11.71 
31 S2eh/rc S2eh/rc 204.22 1.95 
32 S3eh S2eh 584.64 5.59 
40 S2rc S2rc 547.42 5.24 
44 S2rc S2rc 431.52 4.13 
47 S2rc S2rc 1.296,14 12.39 
48 S2eh/rc S2rc 817,12 7.81 
49 S3eh/rc S3eh/rc 1.061,44 10.15 
61 S3eh S3eh 285,27 2.73 
69 S2eh S2eh 19.49 0.19 
74 S3eh S3eh 180.08 1.72 
76 S3eh S3eh 12.35 0.12 
 10.456,68  

 
 Sigh,   (2008) point out that the proper land management through re-vegetation and improving vegetation cover 
will minimize land erosion hazard. The improvement of soil aeration and drainage has been considered important. 
The burrowing by worm were increasing soil aeration and drainage (Andrén and Balandreau, 1999). Therefore, 
maintaining soil biodiversity becomes crucial in land management. 
 
The potential lands suitability for chili 
 The actual land suitability class for chili cultivation were distributed at land unit 15 (S3 (S30a); lands unit 40, 44, 
47 and 69 S3 (S3rc), S3(S3rc),  S3(S3rc),  S3(S3eh); lands unit 11 and 48 (S3 (S30a/rc) and  S3 (S3eh/rc) (Table 
6). The distribution of land with category not suitable was found at  31, 32, 49, 61, 74 with the limiting factors 
encompasses oxygen availability, root (Oa), root zone medium (rc) and erosion potential (eh). There several 
techniques need to minimize limiting factor in such land. It is particularly crucial in order to increase chili yield.  
Improving drainage, using mulch, and planting vegetation to countermeasure land erosion were important. These 
improvements addressed to meet the potential land suitability for chili cultivation. The marginal land  (S3) in land unit 
15  changes to  suitable  (S20a);  the marginal land in land unit 40, 44, 47S2 changes to be suitable land for cultivation 
(S2rc). The marginal and in land unit 11 changes to be suitable (S20a/rc); marginal land in land unit 48 changes to 
be suitable land (S2eh/rc).   
 
Conclusion 
 The understanding of land characteristics is important for sustainable agriculture practices. The suitability of land 
leads to the proper land management to increase crop production. Noongan sub-watershed is a potential area for 
vegetable cultivation and production development. The soil texture in Noongan sub-watershed can be classified into 
Loam  which were distribute at land unit 11, 14, 32, 61 74 and 76; Clay loam which found in land unit 15, Sandy clay 
which found in land unit 31 and 40, Silty loam which found at land unit  69, and Loam sandy which were found at 
land unit 40, 44, 47, 48 and 49. Soil permeability can be grouped into slow (in land unit 11 and 15), medium (land 
unit 32, 47, 48, 49) and slow to medium (land unit 31, 40, 44, 61, 69, 74 and  76). Soil pH were ranging from 5.0 to 
6.4; Carbon organic were ranging from 0.58 – 2.54 % and such value lead soil in Noongan sub-watershed has 
medium content; CEC were ranging from 7.64 to 24.80   me/100g, means CEC were low to high; base saturation 
was low, range from  12 – 52 %;  the Nitrogen were low, ranging from 0.10 to 0.30 ppm; the availability of Phosphor 
(P) were ranging from 1.36 to 46.27 ppm;  Potassium (K) was low, ranging from  0.15 to 0.73 ppm; and organic 
content were recorded medium. The actual potential of land can be classified into very suitable (S1) which found in 
land unit 14, marginal (S3) which found at land unit  11, 15, 40, 44, 47, 48  and 69, and not suitable which found at 
land unit    31, 32, 49, 61, 74 and 76.  
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