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INTRODUCTION OQil palm plant grows, develops, and produces optimally if the
availability of groundwater is suf - ficient all years, with a rainfall of 2000-2.500 mm in
the first year and a dry season of less than one month or no dry season ( Henson et al.,
2005; Kal - larackal et al., 2004; Umana & Chinchille, 1991). The oil palm industry has
grown exponentially Application of Empty Fruit Bunches of Oil Palm and Indigofera
zollingeriana for Conservation of Oil Palm Plantation 10.18196/pt.v10i2.15467 Saijo1*,
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ABSTRACT Oil empty bunches materials as fertilizers can applied oil plantations,
reducing use inorganic fertilizers. Indigofera zollingeriana is an appropriate alternative
as an interplant because of its high branch and leaf development.

Functions as a ground cover and a supplier of carbon stocks naturally plays a role in
water and soil conservation. This study aims to determine the effect of oil palm empty
fruit bunches I. zollingeriana land to oil growth production. observed changes soil
content, soil activity, carbon The showed the planted I. zollingeriana and given the
empty fruit bunches of oil palm had a higher soil moisture content. The highest soil
carbon stock, oil palm carbon stock, and vegetation carbon stock were 81.6 t ha -1,
36.60tha-1,and 1.89tha-1, The and of varies. highest microorganisms treated I.



zollingeriana and oil palm EFB (10 5 CFU -1 ), the was (10 5 CFU -1). I. zollingeriana and
providing oil palm empty fruit bunches increased groundwater reserves by 36.71%.
Keywords: Carbon stock, Indigofera zollingeriana, Microorganisms ABSTRAK Tandan
kosong kelapa sawit merupakan bahan yang digunakan sebagai pupuk organik yang
dapat diaplikasikan pada perkebunan kelapa sawit, sehingga dapat mengurangi
penggunaan pupuk anorganik. Indigofera zollingeriana merupakan alternatif yang tepat
sebagai tanaman interplant karena pertumbuhan cabang dan daunnya yang tinggi.
Fungsinya sebagai penutup tanah dan pemasok stok karbon secara alami berperan
dalam konservasi air dan tanah.

Penelitian ini bertujuan untuk mengetahui pengaruh tandan kosong kelapa sawit dan I.
zollingeriana terhadap perbaikan lahan untuk mendukung pertumbuhan dan produksi
kelapa sawit. Variabel yang diamati meliputi perubahan kadar air tanah, aktivitas
mikroorganisme tanah, dan stok karbon. Hasil penelitian menunjukkan bahwa tanah
yang ditanami |. zollingeriana dan diberi tandan kosong kelapa sawit memiliki kadar air
tanah yang lebih tinggi. Stok karbon tanah, stok karbon kelapa sawit, dan stok karbon
vegetasi tertinggi berturut-turut adalah 81,6 t ha -1, 36,60 t ha -1, dan 1,89 t ha -1.

Populasi dan aktivitas mikroorganisme bervariasi. Total mikroorganisme tertinggi pada
perlakuan I. zollingeriana dan TKKS kelapa sawit 105 (10 5 CFU g-1), sedangkan
terendah 60 (10 5 CFU g-1). Penanaman I. zollingeriana dan penyediaan tandan kosong
kelapa sawit meningkatkan cadangan air tanah sebesar 36,71%. Kata kunci: Stok karbon,
Indigofera zollingeriana, Mikroorganisme Planta Tropika: Jurnal Agrosains (Journal of
Agro Science) Vol 10 No 2 / August 2022 over the past years.

This case causes an increase in the number of waste products from the oil palm industry,
especially empty fruit bunch (EFB) of palm oil. EFB is produced in large quantities in the
local area. Recycling EFB through conversion into a usable product is the most
appropriate way to reduce raw waste materials. There are several Article History
Received: 13 Jul 2022 Accepted: 16 Aug 2022 161 potential solutions for EFB to be used
as compost material ( Danmanhuri, 1998 ), and EFB can also be used as ground cover on
the plantation ( Moham- mad et al.,

2012 ), becoming an effective solution and inexpensive waste utilization. Agricultural
land conservation aims to create minimum soil mechanical disturbance, make nurs -
eries without tillage, use organic ground cover, and diversify plants. Benefit potential
includes higher productivity and income, climate change adapta - tion and susceptibility
to erratic rainfall distribu - tion, and reduction of greenhouse gas emissions (Kassam et
al., 2012). Soil and water conservation through the agroecosystem approach can



increase the benefit of farming and improve food security and land productivity (
Robert, 2001 ).

Other efforts include simultaneously applying three principles of soil and water
conservation, namely minimum tillage, use of permanent ground cover, and plant
rotation. A recent study has shown that minimum tillage combined with the cover plant
has the po - tential to offer better soil conservation in cropping systems in tropical
mountain areas, as well as to facilitate stability and increase harvest production several
times, without the main weaknesses found with the hedge contour ( Hobbs, 2007; Shafi
et al., 2007). Pansak et al,,

(2008) found that planting ground cover and legumes showed a positive re - sponse
and helped control lost nutrients in corn on the moderate slope in northeast Thailand,
making this type of soil conservation a proper alternative to tropical mountain areas.
Indigofera zollingeriana is a type of shrub-shaped legume plant that has many leaves.
This plant has an important benefit in developing sustainable oil palm plantations
because the leaves can be used as a ground cover plant, increasing the source of
organic material and carbon stock ( Hassen et al., 2006).

Indigofera zollingeriana can adapt highly to di - verse environments and has a variety of
important morphological and agronomic characteristics to be used as a forage and
ground cover plant ( Hassen et al., 2006). Indigofera zollingeriana can be used as a
ground cover plant to prevent the transport of or- ganic matter and nutrient loss on the
soil's surface (Hassen et al.,, 2006 ). Utilization of oil palm empty bunches of waste
applies the traditional compost- ing method for several months or years to achieve
complete decomposition.

The high C: N ratio and polymer, such as cellulose and lignin in EFB, act as a natural
inhibitor of natural biodegradation (Gaind & Nain, 2007 ). Using organic waste as
organic fertilizer can increase plant productivity, improve soil health, and reduce the
waste prob - lem (Gaind & Nain, 2007 ). This study aimed to determine the effects of
Indigofera zollingeriana and EFB as well as other treatments on improving the growing
environment to support the growth and production of oil palm.

MATERIALS AND METHODS The materials used were 5-month- Indigofera zollingeriana
seedlings, 5-year-old-oil palm plants with a shade range of 33-50%, and EFB. Mean -
while, the equipment used included analytical and digital scales (Shimadzu ATX224),
digital camera (Sony), Oven (Memmer), multimeter (Tofuda DT830B), and binocular
microscope (Olympus). The research was carried out for 12 months from November
2019 to October 2020, at the Oil Palm Plantation at an elevation of 115 m asl. Analysis of



soil, fertilizer, and plant net was carried out at the Soil Fertility Laboratory of IPB Bogor.

Treatments Application The research was arranged in a single factor Randomized
Complete Block Design, consist - ing of five treatments, namely experimental plot
overgrown with natural vegetation, experimental plot without natural vegetation,
experiment plot 162 planted with Indigofera zollingeriana , experiment plot treated with
empty fruit bunch (EFB) of palms oil , and experimental plot planted with Indigofera
zollin - geriana and treated with EFB. Each treatment was replicated three times,
resulting in 15 experimental units.

The data collected were analyzed statistically using ANOVA at a 5% significance level (
Steel and Torrie, 1993) The first step was preparing the experimental field design by
making a test plot with a size of 45 m x 8 m. The number of oil palm plant samples
observed during the study was three plants for each treatment plot, so there were 45
plant samples. The image of the application of empty palm bunches can be seen in
Figure 1, and the performance of 3-month- Indigofera zollingeriana plants can be seen
in Figure 2.

The variables observed in this study were groundwater reserves, activities of soil
microorgan - isms, and carbon stocks. Soil moisture content Measurement of soil
moisture content was car- ried out in an experimental plot using the planted sensor in
the soil at a depth of 10 cm, 20 cm, 30 cm, 40 cm, 50 cm, and 60 cm (Asbur & Ariyanti,
2017 ), which was then measured by a multimeter (Tofuda DT830B). Measurement was
made only once at a determined time in the morning. The measured value was the soll
conductivity value. The value of soil conductivity has a certain cor - relation function
with soil moisture content.

The correlation function was obtained from calibration (Asbur & Ariyanti, 2017). The
activity of soil microorganisms The activities of soil microorganisms observed include
the total number of microorganisms and soil microorganisms'’ respiration. The content
of organic C, total N, available P, and total K was determined using the Walkley and
Black method (Kjeldahl), Bray method and 25% HCL extract by spectrophotometer, and
25% HCL compound with f flame-photometer, respectively. The soil sample was taken
from each plot at 0-20 cm depth ( Asbur & Ariyanti, 2017) Carbon stock Soil carbon
stock was calculated by the formula of C-k n = C-conc x BD x d x CFst. Oil palm carbon
stock was calculated by formula of AGB = 0.0976htotal + 0.0706. Meanwhile, the carbon
stock of natural vegetation was measured by mak- ing a sample plot (1 m x 1 m), and all
vegetation was taken and then dried at a temperature of 80 oC to constant weight.

The dry weight of the biomass obtained was converted to kg ha -1 to determine



biomass weight in the experimental plot. Then, the Figure 1. EFB Application Figure 2.
3-month-Indigofera zollingeriana plants 163 carbon stock was calculated by the formula
of C = biomass (kg ha-1) x vegetation C content. (Hairiah et al., 2011) Data analysis The
formula for calculating soil moisture con - tent is - 100% (1) Soil biological activity is
calculated by the for - mula (2) while the formula for calculating carbon stock in oil palm
plantations is Y = 0,002382 .D2,3385 . H0,9411.

Statistical analysis design, using minitab Software version 19 (Sihombing & Arsani,
2022). RESULTS AND DISCUSSION The study area is located at an altitude of + 115 m
above sea level, with a relatively flat topog - raphy. Climatic conditions show rainfall
ranging from 100-489 mm with an average temperature of 26-300C. Humidity ranges
from 78% to 80%, indicating that external environmental conditions require action to
improve the growing environment by planting Indigofera zollingeriana and giving
empty bunches of oil palm.

Indigofera zollingeriana can be used as a ground cover plant and water storage (Hassen
et al., 2006). It also functions as green fertilizer that can have a symbiotic relationship
with Rhizobium sp. so that it can fix N from the air. Besides, Indigofera zollingeriana
plants are plants adapted to the shade intensity of 40% ( Saijo et al., 2018 ), so they are
planted under oil palm stand 3-5 years after planting. Goh & Hardter (2003) state that
the provision of nitrogen can increase leaf area, number of leaves, and average
assimilation level in oil palm plants.

In this study, the availability of water reserves in the soil was influenced by the planting
of Indigofera zollingeriana and the treat - ment of empty oil palm bunches. Figure 3
shows a multimeter tool used to measure soil moisture content, while the
documentation when measuring soil moisture content is shown in Figure 4. The lowest
soil moisture content was observed in July (28.78%), while in November, the soil
moisture content was 60%. However, the deficit of soil moisture content tended to
decrease by treating EFB and Indigofera zollingeriana as ground cover.

At almost all depths (0-60 cm), the effects of Indigofera zollingeriana could reduce the
deficit of soil moisture content. Water tends to be avail - able below the soil with
Indigofera zollingeriana root system (Hassen et al., 2006). In this case, the role of
Indigofera zollingeriana plant was more significant, especially in dry months, where soil
moisture con - tent in the plot planted with Indigofera zollingeriana Figure 3. Multi
Meter Figure 4. Measuring SMC 164 tended to be better than in the plot without plants.
The extreme conditions of soil moisture content in the dry month (July) and wet month
(November) can be shown in Figure 5.



To retain soil moisture content in the dry sea - son, it is recommended to provide shade
plants (above 80%) and cover the soil with litter (100%) (Saijo et al., 2018). The ground
cover with the ap- plication of Asystasia gangetica can significantly in- crease the soill
moisture content to 33%-66% ( Saijo et al., 2018). From October-February, there was an
increase in the average daily soil moisture content due to the high rainfall that occurred
during these months.

The effects of Indigofera zollingeriana + EFB started to appear in January, especially at
the soil depth of 10-20 cm. The average daily soil moisture content increased in the plot
planted with Indigofera zollingeriana plants as ground cover. In the rainy season,
Indigofera zollingeriana + EFB in retaining soil moisture was effective only at a soil
depth of 30 cm. This result is due to the effective growth and spread of Indigofera
zollingeriana roots at a soil depth of 30 cm, thereby allowing rainwater to be retained in
the zone.

Meanwhile, in November, these plants could retain higher soil moisture levels, up to a
soil depth of 60 cm, because there was water surplus at depths of 10 cm to 60 cm.
Water that enters the soil mostly flows as air percolation so that it is not trapped in the
soil profile. The roots of Indigofera zollingeriana plants can reduce the occurrence of
greater percolation, which is indicated by a lower air deficit at a soil depth of 20 cm. The
activity and population of soil microor - ganisms varied between treatments.

The highest respiration was in the experimental plot planted with Indigofera
zollingeriana EFB CO2-C 100 -1 g soil of day-1), and the lowest was in control (61.71 CO
2-C 100-1 g soil of day -1). Meanwhile, the highest total microorganism was also found
in the plot planted with Indigofera zollingeriana + EFB, which was 105 (10 5 CFU g -1),
while the lowest total microorganisms were in the control plot (60 (10 5 CFU g -1)). The
high level of respiration and the large number of total microorganisms on the plots
treated with Indigofera zollingeriana and empty bunches of palms are thought to be
due to the pres - ence of litter sourced from Indigofera zollingeriana leaves and empty
bunches of palms that contain a lot of organic matter, thereby automatically increas -
Figure 5. Effects of treatments on the soil moisture content in an extremely dry month
(July) and wet month (November) 165 Figure 6.

Effects of the treatments on carbon stocks of soil (t ha-1) Figure 7. Effects of the
treatments on the carbon stocks of palm oil (t ha-1) Figure 8. Effects of the treatments
on the carbon stocks of vegetation (t ha-1) 166 ing the carbon stocks. The effects of the
treatments on respiration and the total population of soil microorganisms can be seen
in Table 1. Soil biological type is directly related to a sustain - able farming system
because it has an important role in the decomposition process that breaks down



complex organic molecules and converts them into available forms to plant ( Friedel et
al., 2001).

Total respiration reflects the activity of soil microorganisms (Pietika et al., 2005). The
higher the total soil respiration, the higher the activity of microorganisms in the soil. This
study result showed that the treatment of Indigofera zollingeriana + EFBOP resulted in
higher soil respiration, which was 72.00 CO 2-C100-1 g soil on day -1 compared to the
soil respiration in control, which was only 61.71 CO 2-C100-1 g soil of day -1. The
increase of microorganisms activity in soil planted with Indi- gofera zollingeriana + EFB
is due to its high organic content (Pietika et al., 2005).

The diversity and population of soil microor - ganisms increased with the treatment of
Indigofera zollingeriana and EFB. This is in accordance with the research by Broughton &
Gross (2000); Maly et al., (2000) ; Wang et al., (2013) , reporting that ground cover plant
affects biodiversity and the population of soil microorganism. Gessner et al., (2010) state
that soil microorganism population is influenced by litter quality, the amount of nutri -
ents, and plant tissue structure, such as protein and lignin. According to Cesarz et al.,

(2013), the plant influences the diversity and soil microorganisms population through
the carbon supply provided by root exudate. The treatment of Indigofera zollingeriana +
EFB resulted in higher carbon stock than other treat - ments. The highest soil carbon
stock was found in the experimental plot planted with Indigofera zollingeriana and
treated with EFB, which was 81.6 t ha-1, while the lowest soil carbon stock was in the
experimental plot cleaned, which was 67.4 t ha -1. Meanwhile, the highest carbon stock
of oil palm was also shown in the experimental plot planted with Indigofera
zollingeriana and treated with EFB, which was 36.60 t ha -1, the lowest one was in the
control plot, which was 18.34 t ha -1.

The EFB treatment resulted in the highest value of vegeta - tion carbon stock, which was
1.89 t ha -1, while the lowest one was in the cleaned experimental plot, which was 0.44 t
ha -1 (Hairiah et al., 2001 ). Carbon stocks of soil, oil palm, and vegetation under oil
palm due to the treatments given in the study can be seen in Table 2. The difference
between the treatments given on the carbon stock of soil can be seen in Figure 6.
Carbon stock is the amount of carbon stored in an ecosystem at a certain time, both in
the soil, plant biomass, and carbon stored in vegetation (Agus, 2011 ). Ohkura et al.,

(2003) , stated that soil carbon content is affected by the soil's physical properties and
the type of vegetation that grows on it. Plants save carbon by absorbing carbon from
Table 1. Effects of treatments on respiration and a total population of soil
microorganisms Treatment Variables Respiration (CO 2 -C100 -1 g soil day -1) Total



Microorganism (x 10 5 CFU g -1) Control 61.71 60 Cleaned 65.14 85 Indigofera
zollingeriana 66.86 80 EFB 60.00 75 Indigofera zollingeriana + EFB 72.00 105 167 the air
through the process of photosynthesis into constituents of plant tissue.

When leaves, twigs, or whole plants die, this material is then returned to the ground and
undergoes decomposition ( Robert, 2001). Azham (2015) reported that the number of
components making up carbon stocks found in vegetation was 5,834 t ha -1, and 22% of
the ground cover was shrubs under pioneer vegetation. Thus, some crops must be
grown on land to balance the amount of free carbon in the air.

Figures 7 and 8 show that the highest carbon stocks were obtained in the experimental
plots planted with Indigofera zollingeriana and treated with empty bunches of oil palm.
CONCLUSIONS The measurement of soil moisture content showed that the
experimental plots treated with Indigofera zollingeriana + EFB retained water more than
the plots with other treatments. The highest soil moisture content in the dry month was
shown in July, which was 28.78% at a depth of 20 cm. The highest carbon stocks of oil
palm and soil were obtained in the treatment of Indigofera zollingeriana + EFB, 81.6 t ha
-1 and 36.60 t ha -1, respectively. The activity and population of soil microorganisms in
the experimental plots treated with Indigofera zollin- geriana + EFB were higher than in
other treatments. The highest respiration was 72.00 CO 2-C 100-1 g of soil day -1, and
the highest total microorganism was 105 x 105 g -1. The implications of the research
results on the current environmental conditions are environmentally friendly, increasing
soil fertility and increasing FFB production.

ACKNOWLEDGEMENTS The authors would like to thank the Rector of Muhammadiyah
University of Palangkaraya and the Institute for Research and Community Service (LP2M)
of PP Muhammadiyah Diktilitbang for funding the research through the MU Research
Scheme Batch V in 2021. REFERENCES Agus, F. (2011). Pengukuran cadangan karbon
tanah gambut . Balai Penelitian Tanah, BALITBANGTAN-Kementrian Pertanian Indonesia.
http://balittanah.litbang.pertanian.go.id Asbur, Y. & M. Ariyanti. (2017). Peran konservasi
tanah terhadap cadangan karbon tanah, bahan organik, dan pertumbuhan kelapa sawit (
Elaeis guineensis jacq.) Jurnal Kultivasi Vol. 16 (3) Desember 2017

(402-411)  https://doi.org/10.24198/ kultivasi.v16i3.14446 Azham, Z. (2015).

Estimasi cadangan karbon pada tutupan lahan hutan sekunder, semak dan belukar di
kota samarinda. Agrifor: Jurnal Ilmu Pertanian Dan Kehutanan, 14(2), 325-338.
Broughton, L. C., & Gross, K. L. (2000). Patterns of diversity in plant and soil microbial
communities along a productivity gradient in a old-field. Oecologia, 125(3), 420-427.
https://doi. org/10.1007/s004420000456 Cesarz, S., Fender, A.-C., Beyer, F., Valtanen, K,
Pfeiffer, B., Gansert, D., Hertel, D., Polle, A., Daniel, R., & Leuschner, C. (2013). Roots from



beech (Fagus sylvatica L.) and ash (Fraxinus excelsior L.) differentially affect soil
microorganisms and carbon dynam - ics. Soil Biology and Biochemistry , 61, 23-32.
https://doi.

org/10.1016/j.s0ilbio.2013.02.003 Danmanhuri, M. A. (1998). Hands-on experience in the
production of empty fruit bunches (EFB) compost. CETDEM Malaysian Organic Farming
Seminar. Petaling, Jaya, Selangor, Malaysia, 50-61. Friedel, J. K., Gabel, D., & Stahr, K.
(2001). Nitrogen pools and turn - Table 2. Effects of the treatments on the carbon stocks
of soil, oil palms and vegetation under 5-year-old oil palm Treatment Carbon stock (CO
2) (t ha -1) Soil Oil palm Vegetation Control 74.4b 18.34b 1.05bc Cleaned 67.4b 19.75b
0.44d Indigofera zollingeriana 74.6b 26.36ab 1.28b EFBOP 72.3b 29.87a 0.82c Indigofera
zollingeriana + EFBOP 81.6a 36.60a 1.89a Remarks: Values followed by the same letters
in the same column are not significantly different based on the DMRT test at a level of
5%.

168 over in arable soils under different durations of organic farming: Il: Source - and -
sink function of the soil microbial biomass or competition with growing plants? Journal
of Plant Nutrition and Soil Science , 164(4), 421-429. https://doi.org/10.1002/1522-
2624(200108)164:4<421::AID-JPLN421>3.0.CO;2-P Gaind, S., & Nain, L. (2007). Chemical
and biological properties of wheat soil in response to paddy straw incorporation and its
biodegradation by fungal inoculants. Biodegradation, 18(4), 495-503.
https://doi.org/10.1007/s10532-006-9082-6 Gessner, M. O., Swan, C. M., Dang, C. K,
McKie, B. G., Bardgett, R. D., Wall, D. H., & Hattenschwiler, S. (2010). Diversity meets
decomposition. Trends in Ecology & Evolution, 25(6), 372-380.
https://doi.org/10.1016/j.tree.2010.01.010 Goh, Kahjoo & Hardter, Rolf. (2003). General
oil palm nutrition. Oil Palm: Management for Large and Sustainable Yields. 191-230.
Hairiah K, Ekadinata A, Sari RR, Rahayu S. (2011). Pengukuran Cadangan Karbon: dari
tingkat lahan ke bentang lahan.

Petunjuk praktis. Edisi kedua. Bogor, World Agroforestry Centre, ICRAF Indonesia xx p.
Hairiah K, Sitompul SM, van Noordwijk M and Palm, C. (2001). “Car - bon Stocks of
Tropical Land Use Systems as Part of the Global C Balance: Effects of Forest Conversion
and Options for ‘Clean Development’ Activities. ASB Lecture Note 4A World Agrofor-
estry - SEA Office, Indonesia. https://www.asb.cgiar.org/ Hassen A, Van Niekerk WA,
Rethman NFG, Tjelele TJ. (2006). In - take and in vivo digestibility of indigofera forage
compared to medicago sativa and leucaena leucocephala by sheep. South African
Journal of Animal Science. 36 (5): 67-70. Henson, I. E.,

Noor, M. R. M. D., Harun, M. H,, Yahya, Z., & Mustakim, S. N. A. (2005). Stress
development and its detection in young oil palm in north kedah, malaysia. Journal of Oil



Palm Research , 17(N), 11. Hobbs, P. R. (2007). Conservation agriculture: what is it and
why is it important for future sustainable food production? JOURNAL OF
AGRICULTURAL SCIENCE-CAMBRIDGE-, 145 (2), 127.  https://
doi.org/10.1017/S0021859607006892 Kallarackal, J., Jeyakumar, P., & George, S. J.
(2004). Water use of irrigated oil palm at three different arid locations in Peninsular
India. Journal of Oil Palm Research, 16, 45-53. Kassam, A., Friedrich, T., Derpsch, R,,
Lahmar, R, Mrabet, R, Basch, G, E. & R.

Conservation agriculture in the dry Mediterranean climate. Field Crops Re- search, 132,
7-17. https://doi.org/10.1016/j.fcr.2012.02.023 Maly, S., Korthals, G. W., Van Dijk, C., Van
der Putten, W. H., & De Boer, W. (2000). Effect of vegetation manipulation of aban -
doned arable land on soil microbial properties. Biology and Fertility of Soils , 31(2),
121-127. https://doi.org/10.1007/ s003740050634 Mohammad, N., Alam, M. Z,
Kabbashi, N. A., & Ahsan, A. (2012). Effective of palm waste filamen - tous fungi: A
review. Resources, Conservation and Recycling, 58, 69-78.
https://doi.org/10.1016/j.resconrec.2011.10.009 Ohkura, T., Yokoi, Y., & Imai, H. (2003).
Variations in soil organic carbon in Japanese arable lands.

p 273-280. Soil Organic Carbon and Agriculture: Developing Indicators for Policy
Analyses. Proceedings of an OECD Expert Meeting, Ottawa Canada .
https://doi.org/10.1016/j.resconrec.2011.10.009 Pansak, W., Hilger, T. H., Dercon, G.,
Kongkaew, T., & Cadisch, G. (2008). Changes in the relationship between soil erosion
and N loss pathways after establishing soil conservation systems in uplands of Northeast
Thailand. Agriculture, Ecosystems & Environment, 128(3), 167-176.
https://doi.org/10.1016/j. agee.2008.06.002 Comparison of temperature effects on soll
respiration and bacterial and fungal growth rates. FEMS Microbiology Ecology , Volume
52, Issue 1, March 2005, Pages 49-58. https://doi. org/10.1016/j.femsec.2004.10.002
Robert, M. (2001).

Soil carbon sequestration for improved land management. Food and Agriculture
Organization of the United Nations. https://www.fao.org/ Saijo, S., Yahya, S., & Hidayat,
Y. (2018). Adaptasi Tanaman Indigo - fera zollingeriana zollingeriana (Miquel
1855)(Leguminosae: Indigofereae) pada Berbagai Tingkat Naungan. Jurnal Ilmu Per -
tanian Indonesia, 23(3), 240-245. https://doi.org/10.18343/ jipi.23.3.240 Sihombing, P.R.
& Arsani, A.M. (2022). Aplikasi Minitab untuk Statis - tistik Pemula. Gemala. Depok.
Indonesia. Shafi, M., Bakht, J., Jan, M. T., & Shah, Z. (2007). Soil C and N dynamics and
maize (Zea may L.)

yield as affected by cropping systems and residue management in North-western
Pakistan. Soil and Tillage Research, 94(2), 520-529. https://doi.org/10.1016/].



still.2006.10.002 Steel Robert GD, Turie JH. (1993). Principles and procedures of
statistick-a biometrical apprroach. Mc Graw-Hill Book Compan. New York. Umana, C. W.,
& Chinchille, C. M. (1991). Symptomatology associ - ated with water deficit in oil palm.
ASD Oil Palm Paper, 3, 1-4. https://doi.org/10.1007/s11427-013-4486-0 Wang, M., Qu,
L., Ma, K., & Yuan, X. (2013). Soil microbial properties under different vegetation types
on Mountain Han. Science China Life Sciences , 56(6), 561-570. https://doi.org/10.1007/

INTERNET SOURCES:

4% - https://journal.umy.ac.id/index.php/pt/article/view/15467/0

<1% - https://www.scribd.com/document/527561263/Draf-Artikel-Palm-Qil-Saijo-1
<1% -
https://idalamat.com/alamat/89943/bank-mandiri-kantor-cabang-palangka-raya-kalima
ntan-tengah

<1% - http://icab.ipb.ac.id/

3% -
https://www.researchgate.net/publication/242074450_Soil_carbon_sequestration_for_im
proved_land_management

<1% -
https://www.researchgate.net/publication/339023932_UJI_KARAKTERISTIK_KOMPOS_pH
_TEKSTUR_BAU_PADA_BERBAGAI_KOMBINASI_TANDAN_KOSONG_KELAPA_SAWIT_TKKS
_DAN_KOTORAN_SAPI_MENGGUNAKAN_MIKROORGANISME_SELULOTIK_MOS

<1% - https://e-journal.janabadra.ac.id/index.php/JA/article/download/1390/944

<1% -
https://repository.uksw.edu/bitstream/123456789/4703/2/ART_Susilawati%2c%20Musto
y0%2c%20E%20Budhisurya%2c%20R.C.W.%20Anggon0%2c%20BH%20Simanjuntak_An
alisis%20kesuburan%20tanah_fulltext.pdf

<1% - http://202.47.80.55/jriXX/article/view/60/0

<1% -
https://media.neliti.com/media/publications/218805-populasi-dan-aktivitas-mikroorgani
sme-rh.pdf

2% -
https://www.researchgate.net/publication/363623943_Application_of_Empty_Fruit_Bunch
es_of_Oil_Palm_and_Indigofera_zollingeriana_for_Conservation_of_Oil_Palm_Plantation
<1% -
https://biointerfaceresearch.com/wp-content/uploads/2020/10/20695837113.10148101
60.pdf

<1% - https://www.sciencedirect.com/science/article/pii/S0167198721003834

1% -
https://www.researchgate.net/figure/Earthworm-populations-under-various-tillage-treat



ments-with-and-without_tbl1_231897330

1% -
https://www.researchgate.net/publication/234077860_Soil_C_and_N_dynamics_and_maiz
e_Zea_may_L _yield_as_affected_by_cropping_systems_and_residue_management_in_Nort
h-western_Pakistan

1% -
https://www.researchgate.net/publication/260317336_Intake_and_in_vivo_digestibility_of
_Indigofera_forage_compared_to_Medicago_sativa_and_Leucaena_leucocephala_by_shee
P

1% -
https://www.researchgate.net/publication/363623943_Application_of_Empty_Fruit_Bunch
es_of_Oil_Palm_and_Indigofera_zollingeriana_for_Conservation_of_Oil_Palm_Plantation/f
ulltext/6325f9360a70852150ff9646/363623943_Application_of_Empty_Fruit_Bunches_of_
Oil_Palm_and_Indigofera_zollingeriana_for_Conservation_of_Oil_Palm_Plantation.pdf
<1% -
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/carbon-to-nit
rogen-ratio

<1% - https://jrip.fp.unila.ac.id/index.php/JRIP/article/view/7

<1% -
https://stats.libretexts.org/Bookshelves/Advanced_Statistics/Analysis_of_Variance_and_D
esign_of_Experiments/07%3A_Randomization_Design_Part_|/7.02%3A_Completely_Rand
omized_Design

<1% - https://ourworldindata.org/palm-oil

<1% - https://journal.ipb.ac.id/index.php/jpsl/article/download/19198/17191

<1% - https://eos.com/blog/soil-moisture/

<1% -
https://scholar.ui.ac.id/en/publications/analysis-of-carbon-stock-distribution-of-mangro
ve-forests-in-the-

<1% - https://trees4dtrees.org/tree/indogofera-zollingeriana-tree

<1% -
https://www.researchgate.net/publication/355200115_Impact_of_Climate_Change_on_So
il_Fertility

<1% -
https://www.researchgate.net/figure/Total-number-of-microorganisms_tbl3_262844200
1% -
https://www.researchgate.net/figure/Effects-of-treatments-on-respiration-and-a-total-p
opulation-of-soil-microorganisms_tbl1_363623943

<1% -

https://www.researchgate.net/publication/225129436_Effect_of vegetation_manipulatio
n_of_abandoned_land_on_soil_microbial_properties



1% -
https://www.researchgate.net/publication/237057039_Soil_microbial_properties_under_d
ifferent_vegetation_types_on_Mountain_Han

<1% - https://www.jstor.org/stable/pdfplus/25661074.pdf

<1% - https://www.sciencedirect.com/science/article/abs/pii/S0304380021000715

<1% - https://www.carboncollective.co/sustainable-investing/carbon-stock

<1% - https://www.eea.europa.eu/publications/carbon-stocks-and-sequestration-rates
<1% - https://www.sciencedirect.com/topics/engineering/soil-moisture-content

<1% -
https://jurnaliainpontianak.or.id/index.php/khatulistiwa/article/download/2136/pdf

<1% - http://ejurnal.untag-smd.ac.id/index.php/AG/article/view/1438/1501

<1% - https://sci-hub.st/10.1007/s004420000456

<1% - https://www.idiv.de/en/profile/107.html

<1% -
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=14297448
<1% -
http://repositori.unsil.ac.id/2928/8/DAFTAR%20PUSTAKA%20%26%20LAMPIRAN.pdf
<1% -
https://ejournal.forda-mof.org/ejournal-litbang/index.php/JPPDAS/article/view/7161
<1% -
https://www.sasas.co.za/journals/intake-and-in-vivo-digestibility-of-indigofera-forage-c
ompared-to-medicago-sativa-and-leucaena-leucocephala-by-sheep/

<1% -
https://www.proquest.com/openview/f78e0ba020ae1381aaf4482b45fc14cd/1?pq-origsit
e=gscholar&cbl=49001

<1% -
https://www.cambridge.org/core/journals/experimental-agriculture/article/abs/water-rel
ations-and-irrigation-requirements-of-oil-palm-elaeis-guineensis-a-review/CC4E0C8360
BF74EB8A25B2A8C866137D

<1% - https://eurekamag.com/research/003/423/003423303.php

<1% -
https://research.amanote.com/publication/OpKz13MBKQvfOBhiUG10/effective-composti
ng-of-oil-palm-industrial-waste-by-filamentous-fungi-a-review

<1% - https://link.springer.com/article/10.1007/BF02988672

<1% -
https://www.semanticscholar.org/paper/Comparison-of-temperature-effects-on-soil-an
d-and-Pietik%C3%A4inen-Pettersson/61df729548c930700e60d4175e0161e2c087bab9/fi
gure/2

<1% - https://uwispace.sta.uwi.edu/dspace/handle/2139/10643

<1% -



https://research.amanote.com/publication/9Jsd3HMBKQvfOBhiShYF/adaptasi-tanaman-i
ndigofera-zollingeriana-miquel-1855-leguminosae--indigofereae-pada

<1% -
https://openlibrary.org/books/OL4418110M/Principles_and_procedures_of_statistics
<1% - https://link.springer.com/article/10.1007/s11427-017-9144-9



