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Abstract. Moata MRS, Takalapeta AM. 2021. Short Communication: Agroforestry as sustainable agroecosystem in terrestrial semi-arid 

region, Indonesia: Evidence from soil organic carbon. Intl J Trop Drylands 5: 1-4. Agroforestry system has been recognized as a better 
system for food security, especially during dry season in a tropical region. Therefore, the sustainability of this system becomes crucial 
for rural livelihood, especially in dryland areas. One indicator for sustainable agriculture system is the total amount and quality of the 
soil organic matter (SOM) which is expressed as soil organic carbon (C-org). Therefore, this study focused on soil quality of three land 
uses (forest, dryland agriculture with less input, and agroforestry) under Inceptisol, Entisol, and Alfisol from 36 locations at dryland 
terrestrial ecosystem in West Timor-Indonesia. The results showed that all soils are dominated by clay and silt loam textures (54%) and 
neutral pH (83%) but still have very low SOM and C-org < 1% (48%). However, a mixed cropping system (agroforestry) provides a 
higher C-org compound (5% C-org) than other land uses (< 1% C-org). Carbon has a strong correlation with nitrogen (r=0.90, p= 
0.0004), weak correlation with potassium (r= 0.51, p= 0,13) and correlation with phosphorus-P (r= 0.30, p = 0.40). The SOM in these 

terrestrial ecosystems has a moderate correlation with Cation Exchange Capacity (CEC) (r= 0,64, p = 0.04). It is indicated that most of 
the soil nutrients and CEC were influenced by SOM (C-org) except P (likely from mineral soil). It is a promising finding that 
agroforestry is a sustainable system for agriculture where SOM could be key driver for land productivity in the terrestrial ecosystem.    
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INTRODUCTION 

From the perspective of agro-ecology, dryland can be 

defined as un-irrigated land, up-land, or not permanently 

irrigated land (Anonymous 1997). East Nusa Tenggara 

(ENT), as one of 34 provinces in Indonesia, is located in 

the semi-arid region and is dominated by dryland (94%) 
and only 6% wetland (Nur 2018). This province comprises 

11 agro-ecological zones based on climate, temperature, 

slope, physiography, land uses, type of commodity, and 

soil (BPTP NTT 2007). West Timor area, the Indonesian 

part of Timor Island and administratively under ENT 

Province, consists of four regencies (Kupang, Timor 

Tengah Selatan/TTS, Timor Tengah Utara/TTU, and Belu) 

and one municipality. The variation of climate, 

physiography, and soil in West Timor produces different 

land use systems which are the combination of agriculture, 

forestry and grazing lands (Aldrik 1984) developed in 

dryland agroecosystems. The mixed farming system is 
established in every village in ENT and is called a 

community garden or Mamar. Large numbers of local trees 

are grown in the Mamar which are adaptive to certain areas 

for a long time. This system has supported the 

sustainability of agriculture, forest, environment and socio-

cultural.  

For agroecosystem development, land productivity is a 

critical factor besides stability, sustainability, and 

equitability. One indicator of land productivity is soil 

fertility related to soil organic matter (SOM) (Haynes 

2005). In this regard, soil organic carbon (C) can be used as 

an indicator of soil quality that benefits soil management 

strategy, food production, and agricultural sustainability 

(Ramesh et al. 2015). There are several pools of SOM, 

such as stabile pool (humus), labile pool (particulate 
organic matter-POM), and inert organic matter pool (IOM) 

(Baldock and Skjemstad 1999; Six 2001; Clapp 2005; 

Haynes 2005). Carbon (C) storage in the soil varies among 

SOM pools which are impacted by land-use changes. 

Therefore, SOM structure is an essential factor in 

understanding the effect of land uses and soil quality. For 

example, grassland could increase C level at whole soil, 

humus, and POM but not for IOM. Carbon in coarse 

fraction (POM) has a significant correlation with P than a 

fine fraction (humus), and only organic P pools have a 

close correlation with C, especially soil microbe pools 

(Moata et al. 2016). When the land is used for intensive 
agricultural systems, the C level decreases, especially for 

the un-stabile fraction. Stoichiometry between the organic 

and inorganic forms of soil nutrients will affect C-

sequestration or nutrient release. Therefore, understanding 

the relationship between C and nutrients cycle is 

necessary.  

Stoichiometry of C and soil nutrients varies depending 

on soil type, land uses, climate, and SOM fractions (Barrett 

2007). A study on fine fraction of soil (< 0.4mm) from 

some agro-ecological zone in Australia found that high clay 
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soil has C:N (10.6) and C:P (40) comparable to loamy soil 

(11.9 and 40). However, sandy soil has higher C:N and C:P 

with 13.3 and 60, respectively, and the highest one is sandy 

clay loam (C:N=12.3 and C:P=97) (Kirkby et al. 2011; 

Kirkby et al. 2013). Forest land has similar C:N with that 

of grassland but it has different C:P and N:P ratios (Clevel 

and Liptzin 2007). The stoichiometry of C:N:P also varied 

among agricultural systems (Moata et al. 2015). The 

variation was probably due to the source of C and N that 

are mainly from vegetation biomass, while P is mainly 
from mineralization of SOM and weathered rock. The C:N 

ratio of soil biomass from forest and mineral soils does not 

change much with time (Yang and Luo 2011). 

Stoichiometry of C:N:P varies among clime zones. 

Tropical and sub-tropical regions with high temperatures 

and rainfall could produce large biomass and increase C 

input returned to the soils. Therefore the C:P and N:P were 

higher in a cooler areas, ice, warm, or four seasons places 

while C:N was not changed (Tian et al. 2010). This might 

have happened due to enzymatic activities where Ptot and C 

will increase along with the increase of temperature and 
precipitation (Sinsabaugh et al. 2008). Thus, soil factors, 

land uses, and climate become essential factors in 

determining the stoichiometry of soil nutrients besides 

other factors that influence N and P availability in the 

terrestrial ecosystem.  

This study aimed to assess the stoichiometry of C:N:P 

in semi-arid region in ENT Province, Indonesia. In doing 

so, we focused on dryland areas in West Timor region by 

taking adequate samples representing various agro-

ecological zones. We expected the results of this study can 

inform strategy for developing agricultural systems in the 
region based-on the stoichiometry of C:N:P. 

MATERIALS AND METHODS 

Sampling sites were determined based on geology, 

slopping, and land cover maps using Arc-GIS 10.3 

software for all west Timor regions. Those three maps were 

overlaid and produced 56 sample sites with total land of > 

1 ha each, then 36 locations were selected based on 

accessibility and administrative positions (Figure 1A) for 

physical and chemical soil analysis. This study focused on 

three land uses (i.e. dryland cropping system, mixed 

cropping, and forest) (Figure 1B). All soils were collected 
from a 0-30 cm depth, and only ten soil samples were 

chosen from Kupang Regency to analyze total C 

(combustion-gravimetric analysis), N (Kjeldahl), and P 

(spectrometer). Data were analyzed using linear regression 

analysis to determine the relationships among those 

variables. 

RESULTS AND DISCUSSION 

The research location map was produced based on 

geology, slope, and land uses by referring to the AEZ map 

(BPTP NTT 2007) and updated current information from 

GIS. Soil development in Timor Island was mainly affected 
by parent material (geological formation) than organic 

matter. From the last ten years, the erratic rainfall pattern 

fluctuates from 500 to 2000 mm year-1 with an average 

annual rainfall of 1528 mm year-1 due to climate change. 

The intensity of rainfall decreased in the last five years and 

affected soil quality, causing changes in commodities and 

land use patterns. The sampling sites were located in a 

semi-arid region with 3 - 4 months wet season (December-

March) and 8-9 months dry season (April-November) and 

an average temperature of 28°C. 

 
 

    
 
Figure 1. A. Sampling sites in West Timor region; B. Land uses map in West Timor region, Indonesia  
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Figure 2. Regression of soil Carbon to N, C:P, K dan Soil organic matter to Cation Excgane capacity 

 
 
 

The quality of soils is comparable among regencies in 

Timor Island of ENT. The previous study (Moata et al. 

2018) revealed that the Kupang Regency area has mainly 

clay loam and clay soils (43%) with average clay content 

37%. The soils have neutral soil pH 6.6-7.3 (85%), C-org is 

low to very low <1-2% (67%) though few soils have high 

C-org of 3-4% (11%) of total soils. Meanwhile, the TTS 

Regency area has silty loam soil (65%) and sandy loam 

(17%). These soils are slightly acidic with pH of 6.5 (35%) 

and the rest are neutral (65%). For Kupang soils, C-org was 
low to very low level (55%), and medium level 2-3% 

(27%), and the rest 8% was high to very high C-org levels 

(3-5%). On the other hand, Belu Regency soils have mainly 

50% silty loam soils, 100% neutral pH, and mostly 83% 

low to very low C-org and 17% very high C-org. 

Stoichiometry C:N:P of SOM plays an important role in 

soil biogeochemistry (Knops and Tilman 2000; Clevel and 

Liptzin 2007). This is related to C sequestration in the soil 

and amount of nutrients that can be stored and released into 

the soil. For instance, if the biomass has C:N< 25, the 

mineralization will happen. Otherwise, if C:N> 35, 
immobilization will occur. Also, if the C:P<300, the 

mineralization occurs, and at C:P >400, immobilization 

will occur (Macdonald and Baldock 2010). In particular, 

analysis of soils from Kupang and TTS regencies showed 

that mixed cropping has the highest C-org than the dryland 

cropping system and forest lands. Soils from Kupang 

Regency have C-org in mixed cropping, agriculture, and 

forest, respectively, 1.8%, 1.1%, and 1.1% (Moata et al. 

2018). Meanwhile, TTS soils have C-org in mixed 

cropping, agriculture, and forest of 4.5%, 0.7%, and 0.1%, 

respectively.  

This preliminary study showed that there was a strong 

correlation between soil organic carbon and C:N (r= 0.90; 

p=0.0004) and correlation with SOM:CEC (cation 

exchange capacity) (r= 0.64; P=0.04). However, there was 

weak correlation with C:K (r= 0.51; p=0.13). Finally, C:P 

had a very weak correlation (r= 0.30; p=0.40) (Figure 3). 
These results showed that SOM that consists mainly of 

C-org could be used as an indicator of soil nutrients and 

exchangeability. The increase of SOM (C-org) will 

increase N, K, and CEC in the soil. On the other hand, the 

C-org could not be an indicator of Ptot in the soil. 

Nevertheless, this evidence can not be absolutely accepted 

because the correlation of C:P was very weak, almost no 

correlation. This weak correlation could be due to no 

correlation between C:Ptot and C:Porg (Moata et al. 2016). 

For dryland soils in the semi-arid region, this study resulted 

that these soils having C:N=14. Most likely, P soil is 
mainly weathered soils from the break down of Apatit 

mineral rather than SOM since these soils are dominated by 

low to very low SOM (C-org). Potassium (K) also has a 

weak correlation with C most probably is not from SOM, 

but other sources like Feldspar mineral.  

To conclude, in general, West Timor soils have a 

dominant texture of clay and silty loam with neutral soil 
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pH. However, the SOM, C-org and soil nutrients (N, P, K) 

were categorized as low to very low levels. Stoichiometry 

of C:N:P in terrestrial semi-arid dryland soils has shown to 

have strong correlation of C:N comparable to SOM:CEC. 

But the correlation was not clear for C:K and C:P. It means 

SOM and C-org will direct N and the availability of 

nutrients in the soil from the increase of CEC. The 

stoichiometry of C:N can help to predict mineralization and 

fertilizer input. But, still need further study on Porg and K 

soils to get better and clear understanding of the C:N:P:K 
in dryland semi-arid soils.  
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