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Abstract It has been widely recognized that agriculture practice emits a significant amount of 

carbon dioxide. Long-term practice of organic agriculture accumulates organic matter in the 

soil; however, at the same time releases carbon dioxide. The study indicated that carbon flux 

from the organically managed sweet corn stand fluctuated during the growing period. However, 

the increasing rate of vermicompost did not influence carbon flux unless soil disturbance had 

occurred (tillage and heaping). When soil disturbed, high rate of vermicompost emitted carbon 

dioxide higher than the lower one. In addition, soil organic matter at 0-10 cm depth for 3-year 

accumulation increased at a higher rate of vermicompost but not at a depth of 10-20 cm. Soil 

organic matter accumulation brought about a reduction of exchangeable Al; accordingly, rising 

in soil pH. Carbon released from organically managed land in tropical highland was highly 

dependent on soil disturbance and crop growth stage. 
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Introduction 

 

Soil organic matter is of importance for maintaining land productivity. 

Organic farming practices are suggested to increase in organic matter content in 

the soil continuously, consequently improvement of soil quality (Kaleem 

Abbasi et al., 2015; Muktamar et al., 2016; Sudjatmiko et al., 2018) and sweet 

corn productivity (Fahrurrozi et al., 2016; Muktamar et al., 2017a).  Jarecki and 

Lal (2003) noticed that soil organic carbon sequestration was enhanced by no-

tillage, surface residue mulching, continuous cropping, cover cropping, 

agroforestry, manure, and bio-solid application. Enhancement of soil organic 

matter will stimulate microbial respiration (Ferreras et al., 2006), which is 

controlled by amendment application rates (Yazdanpanah, 2016). However, 
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McGee (2015) reasoned that organic farming enhanced the total amount of 

greenhouse gas emitted from agricultural land. 

The released CO2 from soil respiration is mainly associated with the 

decomposition of organic matter in the soil. Soil tillage and cropping 

management have a significant effect on CO2 concentration in the soil surface 

and the atmosphere (Flessa et al., 2002; Dalgaard et al., 2003). A study by 

Reicosky et al. (2008) noticed that CO2 concentration in the no-tillage system 

was higher than that in conventional tillage. However, another study confirms 

that the accumulation of soil organic matter such as no-tillage system is 

considered less CO2 emissive (Utomo et al., 2012). 

Carbon dioxide released from microbial respiration in the soil is 

dependent on soil temperature and moisture content. Study in the temperate 

zone by Chen et al. (2017) noticed that soil carbon flux significantly increased 

at soil temperature higher than 10 
o
C. The study also revealed that there was a 

linear increase in soil carbon release with soil water content up to 40%. Soil 

tillage also stimulates an increase in carbon release from soil (Giacomo et al., 

2014).  

Land use has also been reported to control carbon emission. Comparing 

carbon emission from peat soil under selected crops, Barchia (2016) found out 

that soil under oil palm exhibited the highest emission, followed by vegetable 

crop and rice. Another study shows that annual carbon emission is highest 

under pasture, followed by vegetables, cassava, and maize (RosenStocky et al., 

2016). Irrigated sweet corn has higher cumulative CO2 flux that non-irrigated 

one as pointed out by Haile-Mariam et al. (2008). Current information on CO2 

flux under organic farming practice is evidently limited. The objective of this 

study was to evaluate CO2 release, and soil organic matter accumulation under 

sweet corn stand in the long-term organically managed land.  

 

Materials and Methods 

 

Study site and experimental design 

 

The study was carried out in sweet corn-cultivated cropland at Closed 

Agriculture Production System station located at Air Duku Village, Rejang 

Lebong, Indonesia, at 1054 m above sea level. The study site was established in 

2009 and different sweet corn-based crop rotations were raised with 

fertilization of compost at a rate of 15 Mg ha
-1

 for each growing season. Since 

2016, the site was designed as long-term research for evaluation of soil quality 

in organic cropland with organic fertilization of 5, 10, 15, 20, and 25 Mg ha
-1

. 

The soil was classified as Andept and contained 20.1 g kg
-1

 total soil organic 
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carbon (TSOC), 1.90 g kg
-1

 total soil nitrogen (TSN), 4.95 mg kg
-1

 available 

phosphorus (P), 74.1 mg kg
-1

 exchangeable potassium (K), 220 mg kg
-1

 calcium 

(Ca), 27.6 mg kg
-1

 magnesium (Mg), 31.76 cmol kg
-1

 cation exchange capacity 

(CEC), 11.1% clay, 34.94% silt, 53.96% sand, and soil pH of 5.50 (Muktamar 

et al. 2017b). Completely Randomized Block Design (CRBD) was assigned to 

allocate five treatments of vermicompost, i.e., 5, 10, 15, 20, and 25 Mg ha
-1

. 

The treatment was replicated 3 times.  

 

Crop management 

 

The soil was plowed using hoes to 15 cm depth and cleaned from weeds. 

A day after soil tillage, vermicompost was incorporated into the soil according 

to each treatment. Sweet corn seeds were sown in corresponding plots at a 

spacing of 70 cm by 25 cm just after vermicompost fertilization. Thinning was 

performed two weeks after planting by leaving the healthier plant. Liquid 

organic fertilizer (LOF) was side-dressed as a supplemental nutrient for sweet 

corn. Each plant weekly received 150 ml LOF, starting at the second to fifth 

weeks after planting. Heaping was carried out at 21 days after planting for 

controlling weeds and strengthening sweet corn stands. Sweet corn was 

harvested at 78 days after planting.  

 

Soil sampling and carbon emission measurement 

 

At sweet corn harvesting, composite soil sample at a depth of 0-10 cm 

and 10-20 cm was collected using soil sampling probe. The sample was air-

dried, ground, sieved using 0.5 mm screen, and analyzed for total soil organic 

carbon (TSOC) using Walky and Black Method and soil pH using pH meter at 

1:1 ratio of soil and distilled water and exchangeable Al using titration after 

extraction with 1N KCl (BPT, 2009). Total soil organic carbon is reflected as 

an accumulation for the period of organic farming practice. 

Soil carbon emission was measured using a modified method developed 

by Anderson (1982), where CO2 was captured using KOH instead of NaOH 

(Utomo et al. 2012). The emission was determined at a day before and tillage, 1, 

2, 3, 4, 10, 17, 28, 35, 41, 49, 56, 63, 70, and 77 days after tillage. At the same 

time, soil temperature at 15 cm depth was also recorded using a soil 

thermometer. Carbon dioxide flux was quantified twice a day (at 9.00 am and 

3.00 pm) with 2 hours of incubation, respectively. The measurement was 

carried out by inserting upside down 12 cm diameter jar into the plot. A small 

plastic vial containing 20 ml 0.1N KOH was placed inside the jar. The control 

consisted of a vial with the alkali incubated in a completely sealed plastic jar 
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placed in the field. The alkali solution was titrated with 0.1N HCl, and the 

difference between control and the treated solution was considered as the 

quantity of alkali that had not reacted with CO2 to determine the C-CO2 

equivalent (Anderson, 1982). 

 

Results 

 

Soil organic matter accumulation 

 

Soil organic carbon is a primary indicator of organic matter content in the 

soil, which has a significant role in the quality of the soil. Application of 

organic amendment since 2009 has led to a considerable increase in TSOC. 

Organic matter is mostly accumulated in the upper part of the soil profile, as 

shown in Figure 1. Result indicated that higher rate of vermicompost exhibited 

greater TSOC; consequently, soil organic matter accumulation was even higher. 

Total soil organic carbon was 27.2% higher for 25 Mg ha
-1

 at 0-10 cm depth 

while only 16.0% at 10-20 cm depth than those of 5 Mg ha
-1

. The differences of 

TSOC content between the two depths was greater as the rate of vermicompost 

higher, indicating accumulation of organic matter was mostly at the upper 

portion of the soil profile.  

 

 
Figure 1. Total soil organic carbon at a different rate of vermicompost 

 

Opposite fashion to TSOC is noted in exchangeable Al, as seen in Figure 

2. Exchangeable Al showed drastically lower as the rate of vermicompost high. 

The decline was more profound at 0-10 cm depth than the deeper depth, 

indicating that most vermicompost is located at the upper depth of soil profile. 

Application of vermicompost at the rate of 25 Mg ha
-1

 reduced almost double 

exchangeable Al of the 0-10 cm depth, as compared to that 5 Mg ha
-1

 while at a 

depth of 10-20 cm, the decrease was only 70%. Reduction of exchangeable Al 
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declined its saturation in soil solution, leading to the improvement of 

rhizosphere for plant growth. 

 

 
Figure 2. The influence of vermicompost on soil exchangeable aluminum 

 

The decline in exchangeable Al led to an increase in soil pH, as shown in 

Figure 3. Soil pH is rised by around 11% for both depths as the application of 

vermicompost is enlarged from 5 to 25 Mg ha
-1

. For both depths, soil pH at the 

rate of 20 Mg ha
-1

 was approximately equal to that of 25 Mg ha
-1

, as also seen 

in Figure 2 where exchangeable Al was the same for both rates. A similar trend 

is also observed for the rates of 10 and 15 Mg ha
-1

. 

 

 
Figure 3. Soil pH as affected by the application of vermicompost 

 

Carbon Dioxide Emission 

 

The long-term organic farming practice has led to the accumulation of 

soil organic matter mainly at the upper part of the soil profile. Application 
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organic amendment released nutrient for plant growth, and at the same time, its 

decomposition also emitted CO2. Respiration also releases CO2 to the 

atmosphere. Therefore, CO2 flux is both from soil organic matter 

decomposition and respiration. Carbon dioxide flux fluctuated during the sweet 

corn growing season, as indicated in Figure 4. Release of CO2 considerably 

increased at soil tillage, after heaping, and at maximum sweet corn growth 

stage (tasselling). At those periods, a significant increase in CO2 release was 

observed as vermicompost rates were higher than it. Nonetheless, it tended to 

be steady when there was no soil disturbance such as at 2-20 and 50-78 days 

after plowing. No significant effect was detected as higher rates of 

vermicompost application. 

Measurement of CO2 release was carried out twice a day; 9.00 am and 

3.00 pm. Average flux fluctuated during the season and was mostly low in the 

morning measurement (Figure 5). However, it was also observed high flux in 

the morning for several days during the season such as 4 and 78 days after 

plowing. Higher flux for those days might have been related to air temperature 

and heavy rain. 

 

 
Figure 4. Soil carbon flux during sweet corn growing season 

 

 
Figure 5. CO2 flux in the morning and the afternoon 
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Soil temperature was recorded twice a day during the CO2 flux 

measurement. Average soil temperature fluctuated throughout the growing 

season, ranging from 294.2 to 300.6 
o
K as indicated in Figure 6. For all 

treatment, the soil temperature was approximately 4 
o
K lower at 71 days after 

plowing than the previous week. However, the application of vermicompost to 

the rate of 25 Mg ha
-1

 did not affect the soil temperature throughout the study. 

Soil temperature in the morning was lower than the afternoon, and at both 

measurements, the temperature fluctuated throughout the growing season 

(Figure 7). The soil temperature a day before and 36 days after plowing were 

similar due to cloudy days.  

 

 
Figure 6. Soil temperature as affected by vermicompost during the growing 

season 

 

 
Figure 7. Soil temperature in the morning and afternoon during the growing 

season 

 

Correlation analysis was carried out to determine the relationship between 

CO2 flux and soil temperature. Figure 8 showed that for all treatments, there 

was no significant correlation between CO2 flux and soil temperature with very 
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small R
2
, ranging from 0.001 to 0.0067. In general, higher vermicompost rate 

exhibited lower R
2
. The insignificant correlation indicated that in the humid 

tropical highland, CO2 flux was independent on soil temperature. 

 

 
Figure 8. Correlation between soil temperature and soil CO2 flux 

 

Discussion 

 

Prolong application of organic fertilizer has accumulated organic matter 

in the soil. The buildup has led to the improvement of soil quality indicated by 

greater content of TSOC, reduction of exchangeable Al, and an increase in soil 

pH. Previous researches concluded that addition of organic fertilizer enlarged 

soil organic carbon (Gong et al., 2009; Sudjatmiko et al., 2018; Muktamar et 

al., 2015). Decomposition of plant nutrients, leaving by-products are mainly 

humic substances such as humic and fulvic acids. The two acids are abundant in 

functional groups, primarily carboxyl and phenolic (Spark, 2003). Both 

functional groups are able to covalently bind Al to form an insoluble organo-

metal complex (Sposito, 1984), leading to the decline in exchangeable Al. A 

study by Muktamar et al. (2016) also suggested that the application of organic 

amendment considerably reduced exchangeable Al in soil. Another result 
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reported by Ifansyah (2013) concluded that humic acid lowered concentration 

of Al in soil solution. 

Formation of Al-organo complex reveals lower Al hydrolysis in soil 

solution, reducing proton production and raising soil pH. The result was similar 

to Anggita et al. (2018) where the application of liquid organic fertilizer 

increased soil pH of an Ultisol. Another study conducted by Muktamar et al. 

(2016) indicated that addition of water hyacinth compost to the rate of 25 Mg 

ha
-1

 increased soil pH. The most prominent increment was in Udult as 

compared to Udept and Andept.  

Soil CO2 flux fluctuated for sweet corn growing season. Considerable 

increase in the flux was observed when the soil was disturbed, such as tillage 

and heaping and at sweet corn tasselling. An increasing rate of vermicompost 

significantly accelerated soil CO2 flux; otherwise, the rate had no effect on the 

flux. Neogi et al. (2014) confirmed that minimum tillage emitted greater CO2 

than conventional tillage. Utomo et al. (2012) also concluded that soil CO2 

release was prominently lower in no-tillage than conventional tillage. Soil 

tillage and heaping lead to the enhancement of soil structure and an increase in 

porosity; consequently, improving oxygen supply in the soil. Sufficient supply 

of oxygen accelerates organic matter decomposition and respiration; 

accordingly, increase in CO2 release. The previous study by Chen et al. (2011) 

revealed that oxygenation markedly enriched oxygen content and soil 

respiration.  

Release of CO2 measured in the morning was generally higher than in the 

afternoon, even though it was not dependent on soil temperature. A different 

result was reported by Chen et al. (2017), where soil temperature had a 

significant influence on carbon flux, mainly soil temperature over 10 
o
C. The 

different result might have been associated with the range of soil temperature 

throughout the experiment. Soil temperature over a period of this study ranges 

from 294.2 to 300.6 
o
K (tropical environment) while that reported by Chen et al. 

(2017) was around 253 
o
K to more than 300 

o
K (subtropical site). The slight 

difference between the highest and lowest soil temperature throughout this 

study is responsible for the insignificant effect of the temperature on CO2 

release from the soil.  

The long term organic farming practice has enhanced soil organic matter, 

leading to the reduction of aluminum saturation in the soil, accordingly raising 

soil pH. In the tropical environment, CO2 release from the soil is independent 

on soil temperature but highly dependent on soil disturbance such as tillage and 

reaping. Unless the soil is disturbed, the increase in vermicompost application 

to the rate of 25 Mg ha
-1

 had not influenced on the flux of CO2 from the soil. 

 



 

 

 

 

984 

Acknowledgment 

 
Highly appreciation goes to the Directorate General of Research and Extension, The 

Ministry of Research, Technology and Higher Education, Republic of Indonesia, for providing 

financial support for the project. Gratitude is also handed to CAPS Research Station for 

supporting the experimental site and other necessary resources. 

 

References 

 

Anderson, J. P. E. (1982). Soil Respiration in Page A.L. Page (ed) Method of Soil Analysis Part 

2: Chemical and Microbiological Properties. Second Ed. ASA Publisher, pp. 831-866. 

Anggita, T., Muktamar, Z. and Fahrurrozi, F. (2018).  Improvement of selected soil chemical 

properties and potassium uptake by mung beans after application of liquid organic 

fertilizer in Ultisol. TERRA, 1:1-7.  

Barchia, M. F. (2016). Carbon Release from Agricultural Cultivated Peats at Sungai Hitam 

Wetland, Bengkulu Province, Indonesia. Agriculture and Agricultural Science Procedia, 

11:71-76.  

Balai Penelitian Tanah (BPT) (2009). Pentunjuk Teknis Analisis Kimia Tanah, Tanaman, Air, 

dan Pupuk. Balai Penelitian Tanah (in Indonesian). 

Chen, X., Jay Dhungel, J., Bhattarai, S. P., Torabi, M., Pendergast, L. and Midmore, D. J. 

(2011). Impact of oxygation on soil respiration, yield and water use efficiency of three 

crop species. Journal of Plant Ecology, 4:236-248. 

Chen, Z., Xu, Y., Fan, J., Yu, H. and Ding, W. (2017).  Soil autotrophic and heterotrophic 

respiration in response to different N fertilization and environmental conditions from a 

cropland in Northeast China. Soil Biology and  Biochemistry, 110:103-115. 

Dalgaard, T., Hutchings, N. J. and Porter, J. R. (2003). Agroecology, scaling and 

interdisciplinarity. Agriculture, Ecosystems and Environment, 100:39-51. 

Fahrurrozi, Muktamar, M., Dwatmadji, Setyowati, N., Sudjatmiko, S. and Chozin, N. (2016). 

Growth and Yield Responses of Three Sweet Corn (Zea mays L. var. Saccharata) 

Varieties to Local-based Liquid Organic Fertilizer. International Journal of Agricultural 

Technology, 6:319-323. 

Ferreras, L., Gomez, E., Toresani, S., Firpo, I. and Rotondo, R. (2006).  Effect of organic 

amendments on some physical, chemical and biological properties in a horticultural soil. 

Bioresource Technology, 97:635-640. 

Flessa, H., Ruser, R., Dörsch, P., Kampb, T., Jimenez, M. A., Munchb, J. C. and Beese, F. 

(2002).  Integrated evaluation of greenhouse gas emissions (CO2, CH4, NO) from two 

farming systems in southern Germany. Agriculture, Ecosystems & Environment, 

91:175-189. 

Giacomo, G., Stefano, B., Angelo, F., Fabio, B. and Riccardo, M. (2014). Measurements of soil 

carbon dioxide emissions from two maize agroecosystems at harvest under different 

tillage conditions. Scientific World Journal, 2014:1-12. 

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.sciencedirect.com/science/article/pii/S0960852405001884#!
https://www.sciencedirect.com/science/article/pii/S0960852405001884#!
https://www.sciencedirect.com/science/article/pii/S0960852405001884#!
https://www.sciencedirect.com/science/article/pii/S0960852405001884#!
https://www.sciencedirect.com/science/article/pii/S0960852405001884#!
https://www.sciencedirect.com/science/journal/09608524


International Journal of Agricultural Technology 2019 Vol. 15(6):975-986 

 

985 

 

 

 

Gong, W., Yan, X., Wang, J., Hu, T. and Gong, Y. (2009). Long-term manure and fertilizer 

effects on soil organic matter fractions and microbes under a wheat–maize cropping 

system in northern China. Geoderma, 149:318-324. 

Haile-Mariam, S., Collins, H. P. and Higgins, S. S. (2008). Greenhouse gas fluxes from an 

irrigated sweet corn (Zea mays L.)–potato (Solanum tuberosum L.) rotation. Journal of 

Environmental Quality, 37:759-771. 

Ifansyah, H. (2013). Soil pH and solubility of aluminum, iron, and phosphorus in Ultisol: Roles 

of humic acid. Journal of Tropical Soils, 18:203-208. 

Jarecki, M. K. and Lal, R. (2003). Crop management for soil carbon sequestration. Critical 

Reviews in Plant Sciences, 22:471-502. 

Kaleem Abbasi, M., Mahmood Tahir, M., Sabir, N. and Khurshid, M. (2015).  Impact of the 

addition of different plant residues on nitrogen mineralization-immobilization turnover 

and carbon content of a soil incubated under laboratory conditions. Solid Earth, 6:197-

205. doi:10.5194/se-6-197-2015. 

McGee, J. A. (2015). Does certified organic farming reduce greenhouse gas emissions from 

agricultural production? Agriculture and Human Values, 32:255-263. 

Muktamar, Z., Hasibuan, S. Y. K., Suryati, D. and Setyowati, N. (2015). Column study of 

nitrate downward movement and selected soil chemical properties’ changes in mine 

spoiled soil as influenced by liquid organic fertilizer. Journal of Agricultural Technology, 

11:2017-2027.  

Muktamar, Z., Justisia, B. and Setyowati, N. (2016). Quality enhancement of humid tropical 

soils after application  of water hyacinth (Eichornia crassipes) compost. Journal of 

Agricultural Technology, 12:1211-1227.  

Muktamar, Z., Sudjatmiko, S., Chozin, M., Setyowati, N. and Fahrurrozi. (2017a). Sweet corn 

performance and its major nutrient uptake following application of vermicompost 

supplemented with liquid organic fertilizer. International Journal on Advance Science, 

Engineering, Information Technology, 7:602-608. 

Muktamar Z., Sudjatmiko, S., Fahrurrozi, F., Setyowati, N. and Chozin, M. (2017b). Soil 

chemical improvement under application of liquid organic fertilizer in closed agriculture 

system. International Journal of Agricultural Technology, 13:1715-1727. 

Neogi, S., Bhattacharyya, P., Roy, K. S., Panda, B. B., Nayak, A. K., Rao, K. S. and  Manna, M. 

C. (2014). Soil respiration, labile carbon pools, and enzyme activities as affected by 

tillage practices in a tropical rice–maize–cowpea cropping system. Environmental 

Monitoring and Assessment, 186:4223-4236. 

Reicosky, D. C., Gesch, R. W., Wagner, S. W., Gilbert, R. A., Wente, C. D.  and Morris, D. R. 

(2008). Tillage and wind effects on soil CO2 concentrations in muck soils. Soil & 

Tillage Research, 99:221-23. 

RosenStock, C. S., Mpanda, M., Pelster, D. E., Butterbach-Bahl, K., Rufino, M. C., Tongo’o, 

M., Mutuo, P., Abwanda, S., Rioux, J., Kimaro, A. A. and Neufeldt, H. (2016). 

Greehouse gas fluxes from agricultural soils of Kenya and Tanzania. Journal of 

Geophysical Research-Biogeosciences, 121:1-14. 

Spark, D.  (2003). Environmental Soil Chemistry. 2
nd

 ed. Academic Press. London. 

https://www.sciencedirect.com/science/article/pii/S0016706108003807#!
https://www.sciencedirect.com/science/article/pii/S0016706108003807#!
https://www.sciencedirect.com/science/article/pii/S0016706108003807#!
https://www.sciencedirect.com/science/article/pii/S0016706108003807#!
https://www.sciencedirect.com/science/article/pii/S0016706108003807#!
https://www.sciencedirect.com/science/journal/00167061


 

 

 

 

986 

Sposito, G. (1984). The Surface Chemistry of Soils. Oxford University Press. New York. 

Sudjatmiko, S., Muktamar, Z., Chozin, M., Setyowati, N. and Fahrurrozi, F. (2018).  Changes 

in chemical properties of soil in an organic agriculture system. IOP Conf. Series: Earth 

and Environmental Science 215. doi :10.1088/1755-1315/215/1/012016. 

Utomo, M., Buchari, H., Banuwa, I. S., Fernando, L. K. and Saleh, R. (2012). Carbon storage 

and carbon dioxide emission as influenced by long-term conservation tillage and 

nitrogen fertilization in corn-soybean rotation. Journal of Tropical Soils, 17:75-84. 

Yazdanpanah, N. (2016). CO2 emission and structural characteristics of two calcareous soils 

amended with municipal solid waste and plant residue. Solid Earth, 7:105-114.  

doi:10.5194/se-7-105-2016. 

 

(Received: 18 July 2019, accepted: 30 October 2019) 


