IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

The Role of Tree Crops On Nutrient Availability, And production of
Coffee Agroforestry
To cite this article: Suherman et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 270 012049

View the article online for updates and enhancements.

This content was downloaded from IP address 114.125.185.53 on 14/05/2019 at 03:18

The 1st Biennial Conference on Tropical Biodiversity
IOP Conf. Series: Earth and Environmental Science 270 (2019) 012049

IOP Publishing
doi:10.1088/1755-1315/270/1/012049

The Role of Tree Crops On Nutrient Availability, And
production of Coffee Agroforestry
Suherman1, A Nuddin1, Nurhapsa1
1

Muhammadiayah Parepare University, Indonesia

E-mail: suherman.umpar@ymail.com
Abstract. The Agroforestry systems require special treatment, especially in crop selection.
Penaung can be a competitor for major crops such as coffee. So research needs to be conducted
to examine the role of shade trees on nutrient availability and coffee crop production in the
agroforestry system. The research location is community plantation land that implements an
agroforestry system in Enrekang Regency. The land is determined by a Land Use System (SPL)
based on the type of shade, namely SPL 1 (shade of legumes), SPL 2 (shade of plantation), and
SPL 3 (shade of fruit trees). Coffee plants are mature plants between the ages of 15-17 years.
The research parameters are soil nutrient content, namely C, N, C/N, P2O5, and K2O, and coffee
plant production. ANOVA analyzed data. The results showed that between treatments did not
significantly affect all parameters. Availability of C, N, and K2O contents with various types of
shade is obtained by a low content, while the C/N, andP2O5ratios are of moderate content. The
highest C, and N values in shade of fruit trees. The highest C/N ratio value in shade of
Leguminosae, and fruit plants. The highest P2O5and K2O content in plantations shade. The
average production of coffee plants with an agroforestry system is relatively low due to high
rainfall. The highest amount of production is obtained in the shade of Leguminosae, this indicates
that there is no nutrient competition in the shade of Leguminosae.

1. Introduction
Coffee is one of the plantation's leading export commodities that has an important role in contributing
to foreign exchange, and as a source of income for farmers [1]. Based on 2017 Ministry of Agriculture's
coffee production statistics, 2017 production (637 thousand tons) has decreased compared to 2016
production (639 thousand tons), amounting to 2000 tons. Many factors cause a decrease in production,
especially land, and environmental damage has an impact on the carrying capacity of land that is
declining [2]
The occurrence of conversion of agricultural land raises a problem of decreasing soil fertility [3], the
damage is getting more severe with the application of conventional cultivation to coffee plantations due
to a decrease in soil organic matter content [4]. The use of external inputs results in dependence on
synthetic compounds, so efforts need to be made to reduce external inputs, and preserve the
environment. The use of local resources to implement alternative agricultural practices, and suppress
external inputs with the aim of increasing production, is needed in increasing coffee production and
maintaining the environment.
Existing (local) resource management aims to maintain, and enhance livelihoods for coffee farmers
in the tropics [5], such as Indonesia. One of the developing systems to maintain the coffee cultivation
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environment is the agroforestry system. Agroforestry can be a practical solution to save the environment,
and provide benefits as a source of community livelihood [6].
Agroforestry systems play a role in creating multispecies agroecosystems, the introduction of shade
trees influences coffee adaptation to shade [7]. Costa Rica provides a good example in the
implementation of agroforestry systems as an ecological, and socio-economic context, thus giving birth
to management designs that can increase farmers' sources of income, and minimize environmental
damage [5].
Integrating tree crops with coffee plants in agroforestry systems can increase the sustainability of
coffee, both economically, and ecologically [6]. The existence of multispecies interactions in
agroforestry is a key factor, whether there is competition or facilitation between plants. Mixed cropping
systems allow for environmental changes in a separate way [4].
One area known for its coffee yield potential is Kabupaten Enrekang. Generally, farmers in Enrekang
District have implemented agroforestry systems. The management of existing agroforestry systems in
Enrekang District tends to apply based on hereditary experiences, namely agrisilviculture [7]. The use
of shade is grouped into three, namely (1) shade of fruit trees, (2) shade of timber trees, and (3) ordinary
shade classified as Leguminosae [8, 9].
Pattern systems in agroforestry require special treatment, especially in crop selection. Integration of
components from forestry, and agriculture as complex constituents [10] characterizes adaptations
between plants, especially coffee. The results of several studies found that there were negative effects
resulting from shade due to improper management resulting in interference between competition
between plants [11,5]. The use of shade makes it possible to become a competitor, which affects the
production capacity of major crops such as coffee. Therefore, this study aims to examine the role of
shade trees on nutrient availability, and coffee crop production in the agroforestry system in Enrekang
District.
2. Material and Method
Determination of the study site using community coffee plantations that applied agroforestry systems in
two sub-districts in Enrekang District, namely Masalle District, and Baroko District. Based on
preliminary research, the Land Use System (SPL) is determined based on the type of shade used which
is dominantly used by farmers, consisting of SPL 1 with shade plants of legumes (lamtoro, dadap, and
gamal), SPL 2 under the shade of other plantation species ( cloves, and cacao), and SPL 3 with shade
plants of fruit (jackfruit, banana, durian, and avocado). Coffee plants each SPL are plants that have
produced with the age of plants between 15-17 years.
This study uses two approaches to obtaining data. First, data from the results of soil analysis are
taken from each SPL. The soil was analyzed to find out the nutrient content available based on SPL with
the use of various shelters. Soil samples taken by Sisak consisted of 15 sample points of each SPL which
were then compiled, and analyzed by the laboratory. The results of the subsequent analysis were
compared with the criteria for assessing soil chemical properties based on the approach taken by [12]
using a comparison table (Table 1).
Table 1. Criteria for assessing soil chemical properties Soil
properties
Organic C (%) *
N (%) *
C/N *
P2O5 (me / 100gr) **
K2O (me / 100gr) * *
Source: [13].

Very
Low
<1.00
<0.10
<5.0
<10
<10

Low

Medium

High

1.00 - 2.00
0.10 - 0.20
5.0 - 7.9
10 - 20
10 - 20

2.01 - 3.00
0.21 - 0.50
8.0 - 12.0
21 - 40
21 - 40

3.01 - 5.00
0.51 - 0.75
12.1 - 17.0
41 - 60
41 - 60

2

Sangh
High
> 5.00
> 0.75
> 17
> 60
> 60
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Second, to find out the production based on the use of shade-based SPL, production data is primary data
obtained through in-depth direct interviews with farmers. Respondents used were farmers from each
sample based on the SPL used. Coffee production is the product obtained now, and the previous year
using trend analysis based on [14]. To determine the relationship between the use of shade, and nutrient
availability, and production of coffee plants, it was analyzed using ANOVA.
3. Results and discussion
3.1. Nutrient content
The results of the laboratory analysis of nutrient content in various systems of land use based on shade
used can be seen in Table 2. The content of the percentage of availability of Carbon, Nitrogen, andK 2O
were all low, while the C/N, andP2O5 ratios were moderate.
Table 2. Availability of nutrient content in various uses of shade trees.
SPL
Leguminosae
Plantation Plants
Fruit Plant
Average
Description:

C
N
------% -----1.65
0.17
1.85
0.19
1.98
0.20
1.82
0.18
Low
Low

C/N
10.00
9.50
10.00
9.83
Medium

P2O5

K2 O

24.10
25.29
16.25
21.88
Medium

16.79
17.50
12.09
15.46
Low

highest

Based on the results of soil chemical analysis obtained if the use of shade is not significant for soil
nutrient availability of coffee agroforestry systems, but the highest C and N content is seen in the use of
fruit shade. Leguminosae plants are not able to contribute high C, and N as a source of organic material,
although Leguminosae is plants that can affect symbiosis with rhizobium in producing nitrogen. It is
suspected that the availability of organic material from the shade of Leguminosae returned to the soil is
less, because farmers tend to make leaves, and stalks of legume plants as animal feed. Leguminosae
plants have the potential to be used as animal feed because they contain good nutrition [15].
Fruit plants and plantation crops contribute C, and N which are quite high. The high content of C and
N in the shade of fruits is supplied from the results of litter biomass that fall to the ground. Nutrients
released by plants depend on the type of plant, part of the plant, and the volume of biomass aborted
[16,12]. The number and age of shade plants greatly influence the occurrence of seizures between plants
[12]. Generally, the spacing of fruit trees has a wider spacing so that the population is less than the other
shade. The C/N ratio is obtained by the same value in the leguminous, and fruit shade. The availability
of sufficient organic material in fruit shade has a positive effect. According to [17], the C/N ratio of land
ranges from 10-12 to be used by plants. The size of the C/N ratio indicates the amount of N which
decomposes less [18]. Important factors for the level of weathering of organic matter are the
concentrations of C, and N, the C/N ratio, and the mass of organic matter [19].
The highest P2O5, andK2O content, was obtained from the use of plantations shade. This shows that
plantation crops can contribute to the increase of nutrient elements P, and K. Plantation crops such as
clove plants generally have an older plant life of almost 20 years. Other research results show that
plantation trees have a good influence on the content of P2O5, andK2O, especially at a depth of the soil
surface 0-5 cm [20,21]. Plants with a lower age have a smaller contribution to total biomass than older
ones [21].
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3.2. Production Average
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Figure 1. Average coffee crop production based on the use of shade in agroforestry systems.
Production results are not significant for the average value of each use of shade types. But the use of
Leguminosae shade trees provides the highest production compared to other types of shade (Figure 1)
The low production average is more likely to be influenced by climate, the high rainfall for 2 years
causes a decrease in production in coffee plants at the study site. Coffee plants need a dry month period
of 3 months for flower primordia formation, flotation, and pollination [22]. A long rainy season can
reduce coffee production to 80% [23].
Although the C and N content is low the C/N ratio is high in the shade of Leguminosae, so the
availability of nutrients in the soil can be utilized properly by coffee plants. This shows that there is no
competition in absorbing nutrients between the shade of leguminous, and coffee plants. The availability
of P2O5, andK2O content which is high enough to use Leguminosae shade can increase production.
Macronutrients such as P and K are needed for coffee plants for the development of roots, enzymatic
suppression, and protein formation [24]. The use of legume shade tends to produce greater results than
other shade [25] while the low N content does not affect the production of coffee plants.
4. Conclusion
Availability of C, N, andK2O contents with shade types is low, while the C/N, andP 2O5 ratios are of
moderate content. The highest C, and N values in shade of fruit trees. The highest C/N ratio value in
shade of Leguminosae, and fruit plants. The highest is P2O5, andK2O in shade plantations.
The average production of coffee plants with an agroforestry system is relatively low due to high
rainfall. The highest amount of production is obtained in the shade of Leguminosae, this indicates that
there is no nutrient competition in the shade of Leguminosae.

References
[1] Nopriyandi, R., & Haryadi, H 2017 Analisis ekspor kopi Indonesia Jurnal Paradigma Ekonomika
12 1-10

4

The 1st Biennial Conference on Tropical Biodiversity
IOP Conf. Series: Earth and Environmental Science 270 (2019) 012049

IOP Publishing
doi:10.1088/1755-1315/270/1/012049

[2] Prawoto, A. A 2008 Hasil kopi dan siklus hara mineral dari pola tanam kopi dengan beberapa spesies
tanaman kayu industri Pelita Perkebunan 24 1-21
[3] Widianto, K. H., Suharjito, D., & Sardjono, M. A 2003 Fungsi dan Peran Agroforestri. International
Center for Research In Agroforestry (Bogor : ICRAF) p 67-70
[4] Hairiah, K van Noordwijk, M & Suprayogo D 2008 Interaksi Antara Pohon Tanah Tanaman
Semusim (Sistem Agroforestri ) p 6-9
[5] Campbell, L 2012 Biophysical drivers of tree crop performance in shade agroforestry systems the
case of coffee in Costa Rica (Doctoral dissertation) p 8-10
[6] Garrity, D P & Agus F 2000 Natural Resource Management on Watershed Scale Agroforestry
Contribute 8 8-9
[7] Bulan, R., Nurkin, B., & Millang, S. 2003 Studi Sistem Agroforestri di Desa Buntu Pema Kecamatan
Curio Kabupaten Enrekang Propinsi Sulawesi Selatan (Bogor:Agroforestri) p 22
[8] Kuncoro S A Budidarsono, S 2008 Improving Resilience through Diversity (USA : American
Pshycologgical Association) p 90
[9] Budidarsono, S., & Wijaya, K 2004 Praktek konservasi dalam budidaya kopi robusta dan keuntungan
petani Agrivita 26 107-117
[10] Hairiah, K., Sardjono, M. A., & Sabarnurdin, S 2003 Pengantar agroforestri Bahan Ajaran 1 1-8
[11] Beer, J., Muschler, R., Kass, D., & Somarriba, E 1997 Shade management in coffee and cacao
plantations Agroforestry systems 38 139-164
[12] Yamani, A 2010 Analisis kadar hara makro dalam tanah pada tanaman agroforestri di Desa Tambun
Raya Kalimantan Tengah Jurnal Hutan Tropis 11 37-46
[13] Soepraptohardjo 1983 Surver Kapabilitas Tanah (Bogor:Lembaga Pusat Penelitian Tanah, Bogor)
p 89-90
[14] Saragih, J R 2010 Kinerja produksi kopi Arabika dan prakiraan sumbangannya dalam pendapatan
wilayah Kabupaten Simalungun Jurnal VISI 18 98-112
[15] Toruan-Mathius, N. Suhendi, D 1992 Potential of six cultivars of diploid Leucaena diversifolia as
animal feed Leucaena Research Reports 13 56-58
[16] Rosmarkam, A., & Yuwono, N. W 2002 Ilmu kesuburan tanah (Yogyakarta:Kanisius) p 9-11
[17] Setyorini, D., Saraswati, R., & Anwar, E. K 2006 Pupuk organik dan pupuk hayati Balai Besar
Sumberdaya Lahan Pertanian (Bogor : Badan Litbang Pertanian)p 9
[18] Setiawan, S., Sugiyarto, & Wiryanto 2003 Hubungan Populasi Makrofauna dan Mesofauna Tanah
dengan Kandungan C, N, dan Polifenol, serta Rasio C/N, dan Polifenol/N Bahan Organik Tanaman
Biosmar 5 134-137
[19] Meriem, S 2016 Carbon And Nitrogen Stocks Of Different Dead Wood Decay Stages In Natural
And Converted Tropical Lowland Forests Graduate School, Bogor Agricultural University p 35-50
[20] Inagaki, M., & Titin, J 2009 Evaluation of site environments for agroforestry production
Development of agroforestry technology for the rehabilitation of tropical forests JIRCAS working
report 60 26-31
[21] Bhusara, J B 2014 Productivity and carbon Sequestration under Prevalent Agroforestry Systems
in the Valsad District (Doctoral Dissertation, Silviculture and Agroforestry Dept Aspee College of
Horticulture and Forestry Navsari Agricultural University Navsari p 7-9
[22] Kandari, A. M. Safuan, L A. O. D. E., Amsil, L. M 2013 Evaluasi Kesesuaian Lahan Untuk
Pengembangan Tanaman Kopi Robusta (Coffea canephora) Berdasarkan Analisis Data Iklim
Menggunakan Aplikasi Sistem Informasi Geografi Land Suitability Evaluation for Development
of Coffee Robusta (Coffea canephora) Based Jurnal Agroteknos 3 8-13
[23] Syakir, M., & Surmaini, E 2017 Perubahan Iklim Dalam Konteks Sistem Produksi Dan
Pengembangan Kopi Di Indonesia Jurnal Penelitian dan Pengembangan Pertanian 36 77-90
[24] Sudomo, A 2007 Pengaruh Tanah Pasir Berlempung Terhadap Pertumbuhan Sengon dan Nilam
pada Sistem Agroforestri Jurnal Pemuliaan Tanaman Hutan 1 63-72

5

The 1st Biennial Conference on Tropical Biodiversity
IOP Conf. Series: Earth and Environmental Science 270 (2019) 012049

IOP Publishing
doi:10.1088/1755-1315/270/1/012049

[25] Suherman, Millang, S., and Asrul, L 2016 Respon Morfofisiologi, Fenologi, dan Produksi Tanaman
Kopi Terhadap Berbagai Naungan dalam Sistem Agroforestri di Kabupaten Enrekang J. Sains &
Teknologi16 197-202

6

