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Neolamarckia cadamba-Phaseolus vulgaris and terrace systems can increase land use
values, such as soil conservation, crop production, and farmers’ income. The aim of this
study was to analyze silvicultural, hydro-orological, and economic aspects of a
combination of forestry-agricultural crops (N. cadamba — P. vulgaris) and terrace systems
on two slope classes. Two study plots were established on a steep gradient (25-40%) and
a very steep gradient (>40%). The results showed an annual increase in the average
diameter and height of N. cadamba of 1.78 cm and 1.84 m, respectively on the steep
slope, and 1.68 cm and 1.53 m, respectively on the very-steep slope. The surface run-off
and erosion rate were lower on the steep ground compared to the very steep ground.
Erosion hazard indices and levels on the plots in the steep slope and very-steep slope
were categorized as low and very low; meanwhile, the erosion hazard class was |. The
profit of P. vulgaris cultivation was IDR 9,360,000.00 ha™ per cropping seasonon steep
slope and IDR 6,480,000.00 ha™ per cropping season on very-steep slope. The planting of
P. vulgaris as an intercropping plant to fill empty land in between N. cadamba can
increase the economic value obtained from selling P. vulgaris in the short term until the
leaves of the N. cadamba plant are linked. The combination of planting N. cadamba—P.
vulgaris and terrace system on steep slopes is, therefore, more profitable not only from
the economic perspective but also in lowering runoff and potential erosion rates than on
very steep lands.
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1. Introduction

Climate change in terms of increasing frequency and
intensity of floods and droughts, rising average air
temperature, rising sea levels, and salt water intrusion
affects agricultural activities in multi-facet ways (Agus et al.,
2015). Most of the marginal lands are of low quality due to
several limiting factors, such as large topographic slope;
dominance of parent material; low nutrient content, organic
matter and moisture content; and low or high soil pH.
According to data of 2015 of the Soil Research Institute
under the Ministry of Agriculture, the marginal land area in

Indonesia reached 157,246,565 hectares. The increase in the
conversion of agricultural land to non-agricultural land tends
to reduce Indonesia's food security (Handayani et al., 2018).
Although soil erosion activity caused by water is not a threat
to food security but adds high costs to the agricultural sector
in several countries (Panagos et al., 2018). The application of
agroforestry system that combines forestry and agricultural
crops may provide economic value as well as benefit of sail
and water conservation since it can reduce soil erosion. The
existence of forestry trees as the main crop and agricultural
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plants as intercropping can reduce surface runoff and soil
erosion rates. Intercropping that covers soil surface is
effective at restricting surface runoff during rainfall. The
smaller surface runoff tends to reduce soil erosion rates.

The agroforestry systems are often adopted
spontaneously by farmers. The application of agroforestry
on sloping lands can be used as a viable approach to stabilize
the soil. Improving integrated agroforestry systems is also a
way to achieve sustainable livelihoods (Hoang et al., 2017).
The practice of agroforestry systems on small-scale
agriculture and hilly land has an important role in soil and
water conservation (Wolde, 2015). The economic value of
agroforestry products can be increased by applying
appropriate  marketing  strategies, improved owner
education, and economical management of agroforestry
systems (Sollen-Norrlin et al., 2020). Knowledge on soil
governance that is focused on implementing shared
practices and alternative land management is applied based
on farmers’ knowledge and expectations (Cotler & Cuevas,
2019). The indigenous soil conservation technology is useful
as an effective conservation method. Some important
activities, such as contouring, fertilizing, crop rotation, crop
residues, cut-off drains and ditches can increase soil fertility
and productive capacity, and reduce soil erosion. The annual
loss of soil mass on steep slopes can be quite high, 114.59
tonnes ha™ year™ (Mushir & Kedru, 2012).

Surface runoff and soil erosion are higher on agriculture
land than on forest land, while the nutrient content of
sediment is higher on forest land than on agriculture land
(Hidayat et al., 2012). Soil conservation techniques by
utilizing vegetation can reduce surface run-off, soil erosion,
and loss of nutrients. Soil conservation by planting crops
sequentially with a strip system is an effective method to
reduce run-off and soil erosion as well as prevent nutrient
loss (Fuady et al.,, 2015). Agroforestry systems can be
implemented in farming systems to reduce both surface run-
off and soil erosion.

N. cadamba is one of the commercial native tree species
that has good prospects for development in timber estate,
former shifting cultivation, and low production forest areas
(Wahyudi, 2012). Similarly, P. vulgaris is one of the popular
agricultural  products in Indonesia (Romadlon &
Nurisusilawati, 2019). The morphological, physiological, and
anatomical characteristics of the seeds of white jabon
(Neolamarckia cadamba) are more tolerant/resistant to
waterlogging rather than drought stress (Sudrajat et al.,
2015). In general, common beans (Phaseolus vulgaris) can
adapt and recover gradually under conditions of drought
stress until 8 days, but the growth of above-ground organs is
hampered when experiencing a prolonged deficit of air for
12 days (Widuri et al., 2018). Planting Glycine max as an
intercropping in agroforestry of Anthocephalus cadamba - G.
max in the first year of first planting season needs IDR
11,019,000.00 ha™! per cropping season, and results in a
total income of IDR 3,500,000.00 ha=! per cropping season
and a profit of IDR 7,519,000.00 ha™! per cropping season
(Karmini et al., 2017). Several studies on the silvicultural and
economic aspects of applying different combinations of two
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plants or agroforestry and soil slopes have been reported
(Karmini et al., 2017; Karyati et al., 2020; Karyati et al., 2018;
Karyati et al., 2019; Sarminah et al., 2018). The growth
parameters, such as diameter and height increments of
forestry crops and crop production were reported to be
higher on less steep land compared to the steeper land,
while erosion rate, erosion hazard index, erosion hazard
class, and erosion hazard level were found higher on soils
with steep slopes than with less steep slopes (Karyati et al.,
2020; Karyati et al., 2018; Karyati et al., 2019; Sarminah et
al., 2018). The economic benefit of agroforestry system was
obtained from crop yields in the short term while the
forestry plants are expected to conserve the soil and water
in the long term (Karmini et al., 2017). However, studies on
the silvicultural, hydro orological and economic aspects of
the application of agroforestry comprising N. cadamba-P.
vulgaris and terracing systems on land with different slopes
of land are still limited. Therefore, the aim of this study was
to analyze the silvicultural, hydro orological, and economic
aspects of planting with a combination of N. cadamba-P.
vulgaris and terracing systems on different slopes. The
information on growth, hydro orological, and economic
aspects of the application of the combination of N.
cadamba-P. vulgaris and terrace systems on steep to very-
steep slope is crucial. Such information is needed for policy-
making in choosing the suitable species of agroforestry and
management of sloping lands, especially in tropical areas.

2. Material and Methods
2.1. Study site

The study was conducted from March to October of 2018
in the Educational Forest of Forestry Faculty, Mulawarman
University, located in Tanah Merah Village, North Samarinda
District, Samarinda City, East Kalimantan Province,
Indonesia. The site is located at 0°25’10”-0°25'24" South
Latitude and 117°14'00”-117°14’14" East Longitude.

2.2. Data collection and analysis
2.2.1 Experimental procedures

Two trial plots, each of 10 m x 10 m, were established,
one on a slope of 25-40% (steep) and the other on >40%
(very steep). The bench terrace with a terrace width of 2 m,
a length of 10 m and a water channel depth of 25 cm was
made in the trial plots. Sixteen white jabon (Neolamarckia
cadamba) plants were planted at a plant-to-plant spacing of
3 m x 3 min each plot. Jabon trees as forestry plants in this
agroforestry system were planted for conservation of sail
water; so it was planned not to cut down the trees. The
Jabon plants were 6 months old. Meanwhile, bean (P.
vulgaris) was planted among the white jabon as
intercropping by taking advantage of the empty spaces
between the Jabon trees. It was expected that the beans
could cover the soil surface to achieve the soil-water
conservation function and provide economic value through
the sale of the crops. Weeding, fertilising, and watering were
done both for the jabon and bean (Figure 1).
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Figure 1. Photographs of: (a) land preparation, (b) te;'race, (c plantation of white jabon (Neolaarckia cadamba), and (d)

maintenance of bean (Phaseolus vulgaris)

Table 1. Erosion hazard index

Erosion Hazard Index Category
<1.00 Low

1.01-4.00 Moderate
4.01-10.00 High

>10.01 Very high

Source: Arsyad (2010)

An erosion plot of size 3 m x 10 m was built to obtain
data on a surface run-off and eroded soil mass within each
experimental plot. The measurement of hydro orological
parameters was done for 30 rainy events from May to
September of 2018. As a control plot, erosion data of
(Karyati et al., 2018) from a moderate slope plot (> 8-15%)
without plantation were used.

2.2.2. Growth parameters assessment

The growth parameters of the plants were measured
every month during the four months of observation. Four
growth parameters of white jabon — healthy plant, survival
rate, diameter, and height increments — were measured. The
diameter and height increments of N. cadamba in the two
slope classes were compared by performing a t-test. The
growth parameters of bean - healthy plant, ground
coverage, and vyield - were also measured. The
measurement criteria of plant growth followed the
Regulation (Number P.60/Menhut-11/2009) of the Ministry of

Table 2. Classification of erosion hazard level

Forestry of the Republic of Indonesia. The yield of beans was
recorded by harvesting at the end of the observation period.
Jabon trees were not cut down because they were planted
for the purposes of soil and water conservation.

2.2.3. Hydro orological aspect

Based on data from 30 rainfall events, several hydro
orological parameters, such as surface run-off, potential soil
erosion rate, erosion hazard index, and erosion hazard level
were measured/estimated. The erosion hazard index was
calculated by dividing potential erosion rate by tolerable
erosion rate. Based on Arsyad (2010), the categories of
erosion hazard index are given in Table 1. The erosion
hazard level followed the Regulation (Number P4/V-
SET/2013; Table 2) of Directorate General of Watershed
Management and Social Forestry, Ministry of Forestry,
Republic of Indonesia. The potential for erosion in the three
experimental plots (two slope classes and one control plot
without planting) was compared by performing ANOVA test.

2.2.4. Economic aspect

The cost, revenue, and profit were calculated from
implementation of bean as intercropping in white jabon-
bean agroforestry system. The assessment of feasibility and
evaluation of economic benefits was done by calculating
costs, revenue, and profit (Karmini, 2020; Tata et al., 2015).

Erosion class

Soil column (cm) ! I Il v v
Erosion rate (ton ha™ year™)
<15 15—<60 60-<180 180-480 >480
Deep (>90) Very low Low Moderate Heavy Very heavy
Intermediate (60—90) Low Moderate Heavy Very high Very heavy
Shallow (30—<60) Moderate Heavy Very heavy Very heavy Very heavy
Very shallow (<30) Heavy Very heavy Very heavy Very heavy Very heavy

Source: Regulation of Directorate General of Watershed Management and Social Forestry, Ministry of Forestry, Republic of

Indonesia Number: P.4/V-SET/2013
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3. Results
3.1. Silvicultural aspect

The growth parameters of N. cadamba and P. vulgaris in
the two different slope classes are summarized in Table 3.
The healthy plants of N. cadamba and P. vulgaris were
categorized to good (80-90%) on steep and very-steep
slopes. The survival rate, diameter and height increments of
N. cadamba were higher on steep slope than on very-steep
slope. Similarly, ground coverage and vyield of P. vulgaris
were higher on steep slope compared to very-steep slope.

The growth parameters of the implemented vegetation
(N. cadamba - P. vulgaris) and terraces on the sloping lands
were categorized moderate to good, except the ground
coverage of P. vulgaris on very-steep slope that was in low
category (60-69%). The good criteria of healthy plants (80—
89%) of N. cadamba and P. vulgaris were observed on steep
and very-steep slope classes. Similarly, the survival rate of N.
cadamba on steep slope class was categorized as ‘good’. The
survival rate of N. cadamba on very-steep slope was
moderate (70-79%), while the ground coverage of P.
vulgaris was moderate on steep slope. The increments in
diameter (1.78 cm year™) and height (1.84 m year™) of N.
cadamba on steep slope were higher than those (1.68 cm
year™ and 1.53 m year™) on very-steep slope (Table 3).

3.2. Hydro orological aspect

The hydro orological parameters in vegetation (N.
cadamba-P. vulgaris) and terrace combination systems in
the two different slope classes are presented in Table 4.
Both the surface run-off rate and potential erosion rate were
lower on steep slope than on very-steep slope. The erosion
hazard index was also lower on a less steep slope compared
with a more steep slope. The erosion hazard indices on the
two slope classes were categorized as low. The erosion
hazard class and erosion hazard level on both slope classes
were included to very low class.

Table 4 provides the hydro orological parameters —
surface run-off, potential erosion rate, erosion hazard index,
erosion hazard class, and erosion hazard level — in the
vegetation (N. cadamba-P. vulgaris) and terrace
combination system for the two slope classes. The increase
of soil slope gradient augmented the amount of surface run-
off and potential erosion rate. An increase in soil slope was
reported to an increase in soil erosion following quadratic
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function for several lands uses like forest, farm, orchard, and
fallow land (Zhang et al., 2015). Applying a combination of
vegetation and terracing techniques to soil with steep and
very-steep slopes results in the similar erosion hazard class
of very low and erosion hazard level very low. The length
and slope steepness are important factors that affect the
rate of surface run-off and eroded soil mass. The shape of
the slope also affects soil erosion; concave slope forms are
usually more stable and produce less sediment rather than
planar (uniform) slope (Gray, 2016).

3.3. Economic aspect

Combination of vegetative planting (N. cadamba - P.
vulgaris) and terrace systems in different slope gradients
requires expenditure for buying raw materials, depreciation
of equipment, and wage of labor as given in Table 5. The
implementation of this combination provides revenue and
profit, especially from P. vulgaris yield. Table 5 reveals
economic analysis of P. vulgaris as intercropping in
vegetation (N. cadamba - P. vulgaris) and terrace
combination system on different slope classes. The earning
of selling P. vulgaris was IDR 9,360,000.00 ha™ cropping
seasonton steep slope and IDR 6,480,000.00 ha™ cropping
season on very-steep slope.

The economic analysis of the implementation of
agroforestry (N. cadamba - P. vulgaris) and terrace systems
on steep and very-steep slope classes consists of production
cost, revenue, and profit. The economic analysis of P.
vulgaris as intercropping in agroforestry (N. cadamba - P.
vulgaris) and terrace combination system on the two
different slope classes are given in Table 5. The cost of raw
material was required for buying N. cadamba seedling, P.
vulgaris seed, string of raffia, organic fertilizer, NPK fertilizer,
Tetrin, Garsil D, and Furadan. The depreciation cost was
calculated for hoe, chopper, sickle, sprayer, and bucket. The
labor cost was incurred for terracing, land preparation,
planting, plantation maintenance, and harvesting (Table 5).

Besides production cost, the implementation of the
proposed agroforestry and terrace systems generates
revenue from P. vulgaris yield and profit. The revenue of P.
vulgaris was IDR 9,360,000.00 ha™ cropping season™ on
steep slope class and IDR 6,480,000.00 ha™ cropping slope™
on very-steep slope class.

Table 3. The growth parameters of N. cadamba and P. vulgaris in two different slope classes

Slope Plant Healthy Survival rate Ground Yield Diameter Height increment
gradient species plants (%) (%) coverage (%) (kgha™) increment (m year™)
(cm year™)
Steep N. 80-89 80-89 - - 1.78 ns 1.84 ok
slope cadamba (Good) (Good)
(>25-45%)  P. vulgaris 80-89 - 70-79 520 - -
(Good) (Moderate)
Very-steep N. 80-89 70-79 - - 1.68 1.53
slope cadamba (Good) (Moderate)
(>45%) P. vulgaris 80-89 - 60—69 360 - -
(Good) (Low)

Notes: ns = not significant at the 0.05 level; ** = significant at the 0.01 level

101



Karyati et al.

SAINS TANAH — Journal of Soil Science and Agroclimatology, 18(1), 2021

Table 4. The hydro orological parameters in vegetative (N. cadamba-P. vulgaris) and terrace combination system in the two
different slope classes and a control plot without plantation

Slope Soil Surface runoff rate Potential erosion Tolerable Erosion Erosion Erosion
gradient depth (m3ha? year?) rate erosion rate hazard hazard class hazard
(cm) (ton hatyear?) 'tonhalyear?) index level
>25-45%  >100 691.77 *x 2.22 *x 259 0.16 (Low)  Very low Very low
>45% >100 856.28 2.73 254 0.19 (Low) Very low Very low
>8-15%%  >100 1012.21 45.53 254 1.82 Low Low?
(Moderate)

Note: **= significant at p<0.01

UThe tolerable erosion rate was estimated 25 ton ha™year™ for the effective soil depth of >100 cm (Ardiansyah et al., 2013)

2INo plantation
3)Karyati et al. (2018)

The cost due to loss of N. cadamba and P. vulgaris
plantations was IDR 2,427,500.00 ha™ cropping season™ and
IDR 5,307,500.00 ha™ cropping season™ on steep and very-
steep slope classes, respectively (Table 5). Although there
was no profit in the first cropping season from the
application of planting N. cadamba — P. vulgaris in two
different slope classes, the revenue was gained from selling
P. vulgaris. In addition, the benefit of conservation and
environmental aspects would be obtained from N. cadamba
trees on sloping lands. The N. cadamba trees are not
generally planned to be felt until a minimum age of 6 years
when the plants become suitable for harvest.

4. Discussion

The application of a combination of planting N.
cadamba—P. vulgaris and terraces will provide advantages
based on silvicultural, hydro-orological, and economic
aspects when compared to sloping lands that are not
planted or used. The N. cadamba-P. vulgaris combination on
steep and very-steep slopes improved survival rate, ground
coverage, and vyield of P. vulgaris. This increased the
diameter and height of N. cadamba (Table 3), reduced the
rate of surface run-off and potential soil erosion (Table 4),
and added economic benefit of revenue from selling P.
vulgaris’s yield (Table 5). The improvement of survival rate,
ground coverage, and yield production on sloping soils
(Tabel 3) indicated that P. vulgaris has the ability to grow
and adapt on critical lands, such as low soil phosphorus and
moisture deficit conditions in soils (Margaret et al., 2014),
and drought-stress conditions (Darkwa et al., 2016). In
addition, the performance of P. vulgaris grown as
intercropping can be determined by cropping season, agro-
ecological zones, and plant combination design (Nassary et
al., 2020).

The vield of P. vulgaris was 520 kg ha™ on steep slope
gradient and 360 kg ha™ on very-steep slope gradient (Table
3). These yields were lower compared to the average vyield
reported for the East Kalimantan province (8,120 kg ha™)
and Samarinda City (11.480 kg ha™) in 2018 (BPS - Statistics
of Kalimantan Timur Province, 2019) as well as for the
National yield (12,170 kg ha™) (BPS - Statistics Indonesia,
2019). Although the productivity of P. vulgaris in this study
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was relatively low, it appeared that based on several other
growth parameters P. vulgaris could thrive on soils including
steep slopes (steep to very steep gradients). This is
advantageous in terms of the use of vacant lands among N.
cadamba in the early years of implementation of the
agroforestry and terrace systems.

The diameter and height increments of N. cadamba,
planted as forestry plants in agroforestry system (M.
cadamba — P. vulgaris) on the steep slope class, were higher
than those planted on very-steep slope class. Similar results
were also reported for combination of N. cadamba — G. max
(Karyati et al., 2018). Although the diameter increment of N.
cadamba, planted in steep and very-steep slopes, was not
significantly different (p<0.05), the height increment of N.
cadamba on the two slope gradients was highly significant.
The diameter increment of N. cadamba, planted in the
agroforestry of N. cadamba — P. vulgaris on a steep slope
class (1.78 cm year™) (Table 3), was greater compared with
those planted in agroforestry of N. cadamba — G. max on the
same steep slope (1.5 cm year™) (Karyati et al., 2018). The
diameter and height increments of N. cadamba, planted as
forestry plants in agroforestry on sloping land, showed quite
good results compared to that grown as a monoculture crop.
Krisnawati et al. (2011) reported the diameter and height
increment of 1.2-4.8 cm year? and 0.8-3.7 m year?,
respectively for N. cadamba in South Kalimantan.

Reduced soil erosion obtained with the application of a
combination of planting N. cadamba and P. vulgaris on
sloping land was due to a lower rate of surface run-off (Table
4); the lower surface run-off rate minimized soil transport
during intensive rainfall (He et al., 2014; Kovar et al., 2012).
The reduction of surface run-off and eroded soil mass is
more effective with the application of terraces at the study
site. The combined application of planting several types of
crops and terraces results in different run-off and soail
erosion rates (Karyati & Sarminah, 2018). The crowns of N.
cadamba trees play a role in reducing the speed of rainfall
on the ground, thereby reducing the kinetic energy that
damages the soil particles.
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Table 5. Economic analysis of P. vulgaris as intercropping in vegetation (N. cadamba-P.vulgaris) and terrace combination
system in the plots on steep slope and very-steep slope

No. Item Quantity Unit Price (IDR) Unit (IDR hart cr:s;?rl\g season]
Production cost (Steep slope and very-steep slope plots)
Raw materials cost
1 N. cadamba seedling 1,600.00 seedling ha™ cropping season™ 1,500.00 seedling™ 2,400,000.00
2 P. vulgaris seed 25.00 kgha? 55,000.00 pack? 1,375,000.00
3 String of raffia 50.00 units ha™ 10,000.00  units™ 500,000.00
4 Organic fertilizer 50.00 gunny sack ha™ 20,000.00 gunny sack™ 1,000,000.00
5 NPK fertilizer 50.00 pack ha? 15,000.00 pack™? 750,000.00
6 Urea fertilizer 50.00 pack ha? 8,000.00 pack™ 400,000.00
7 TSP fertilizer 250.00 kg ha™ cropping season™ 6,000.00 kg 1,500,000.00
8 Tetrin 50.00 bottle ha™ 10,000.00 pack™? 500,000.00
9 Garsil D 50.00 pack ha? 10,000.00  unit™? 500,000.00
10 Furadan 50.00 pack ha? 15,000.00 unit? 750,000.00
Subtotal 9,675,000.00
Depreciation cost
11 Hoe 2.00 unit ha™ 150,000.00  unit™? 50,000.00
12 Chopper 2.00 unitha™ 120,000.00 unit™? 40,000.00
13 Sickle 2.00 unit ha™ 60,000.00 unit™ 20,000.00
14 Sprayer 1.00 unit ha™? 350,000.00 unit? 35,000.00
15 Bucket 2.00 unitha™ 10,000.00 unit? 5,000.00
Subtotal 150,000.00
Labourers cost
16 Terracing 50.00 days ha™ cropping season™ 100,000.00 day 5,000,000.00
17 Land preparation 12.50 days ha™ cropping season™ 100,000.00 day 1,250,000.00
18 Planting 12.50 days ha™ cropping season™ 100,000.00 day 1,250,000.00
19 Plantation maintenance
a. Replanting 12.50  days ha™ cropping season™! 100,000.00 day™? 1,250,000.00
b. Fertilizing 12.50  days ha™ cropping season™! 100,000.00 day™? 1,250,000.00
c. Control pest and diseases 25.00 days ha™ cropping season! 100,000.00 day™* 2,500,000.00
20 Harvesting 12.50  days ha™ cropping season™! 100,000.00 day™? 1,250,000.00
Subtotal 137.50  days ha™! cropping season! 100,000.00 day™? 13,750,000.00

23,575,000.00
11,787,500.00
11,787,500.00

Total cost of N. cadamba and P. vulgaris plantation
Steep slope plot (>25-45%)
Very-steep slope plot (>45%)

Revenue from P. Vulgaris
Steep slope plot (>25-45%)
Very-steep slope plot (>45%)

520.00
360.00

kg ha™
kg ha™

18,000.00 kg
18,000.00 kg

9,360,000.00
6,480,000.00

Total 15,840,000.00
Profit

Steep slope plot (>25-45%) -2,427,500.00
Very-steep slope plot (>45%) -5,307,500.00
Total —7,735,000.00

The type and cover of vegetation are important factors
that influence the activity of geomorphological processes by
controlling the dynamics of surface runoff and sediment
(Blinkova & Lavrov, 2017). The shape of the slope also has a
significant impact on soil erosion and surface runoff which
are greater on lands with a uniform slope than on lands with
convex and concave slopes (Sensoy & Kara, 2014). The
presence of P. vulgaris as an intercropping plant covering
more than 60% of land surface also slows down the run-off
rate (Table 3). A reduction in surface run-off has the
potential to reduce eroded soil mass, both on steep and

very-steep slopes. Although the erosion hazard indices in the
two studied plots are categorized as low (Table 4), the
erosion hazard index on the steep slope class is lower (0.16)
than that on the very-steep slope class (0.19). There was a
very significant difference between the runoff and potential
erosion rates in the two studied plots and the control plot
without planting.

Soil erosion on land with application of agroforestry and
terraces on sloping land is smaller than on the land with a
combination of soil-water conservation techniques and
agroforestry (Sumarno et al.,, 2011) and agroforestry (N.
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cadamba - Glycine max and F. moluccana - Arachis
hypogaea) in slightly steep and steep slopes (Karyati et al.,
2018; Sarminah et al., 2018). However, our results showed
that combination of planting N. cadamba - P. vulgaris and
terraces on land with steep and very-steep slopes resulted in
greater soil erosion than the combined planting of F.
moluccana - V. cylindrica and terraces on two classes of the
same slope (Karyati et al., 2019). Moreover, forest canopy
and crop cover play a role in restraining the rate of
rainwater and reducing surface runoff and eroded soil mass.

The implementation of vegetation and terrace in the
study plots resulted in lower surface run-off rate, potential
erosion rate, and erosion hazard index compared to the
mixed cropping of N. cadamba and Glycine max on a slightly
steep slope (>15-25%) and a steep slope (>25-45%) as well
as on a moderate slope (>8—15%) without plantation (Karyati
et al., 2018). This practice also induced lower surface run-
off, potential erosion rate, and erosion hazard index rather
than the implementation F. moluccana and A. hypogaea on
steep plots (Sarminah et al., 2018). Lands with moderate
slopes have a high hydraulic conductivity value, which
results in low soil erosion. The amount of erosion can be
determined by the application of conservation techniques in
the area (Siswanto & Sule, 2019).

Apart from the benefits obtained from the silvicultural
and hydro-orological aspects, the combination of planting
seasonal crops among forestry plants on sloping land can
provide economic benefits from selling the seasonal crops
(Table 5). This will increase the income of farmers in the
early years of applying the combination of agroforestry and
terraces on sloping lands. The agroforestry systems have
many important roles in increasing agronomic productivity,
co-production of a variety of food and non-food products,
and ecosystem service providers (Lehmann et al., 2020).
Utilization of the empty space between forestry plants with
planting ground cover crops can be done in the early years
of applying soil and water conservation techniques until the
canopy of forestry plants is linked. The revenue obtained
from the selling of seasonal crops will be the only source of
economic benefit since the planted forestry crops will not be
cut down. The application of mixed crops with agroforestry
systems provides benefits from environmental, social and
economic aspects, as well as increases rural economic
development (Bijarpas et al., 2015).

The profit of P. vulgaris cultivation in implementing
agroforestry (N. cadamba and P. vulgaris) and terrace on
sloping lands (Table 5) was higher than Arachis hypogaea,
Glycine max, Vigna cylindrica, and Sorghum bicolor yields as
intercropping in an agroforestry system (Karmini et al., 2017;
Karyati et al., 2020; Karyati et al., 2019). The total costs, total
revenue, and profit of application of A. hypogaea as an
intercropping in the agroforestry of F. moluccana and A.
hypogaea were IDR 10,985,000.00 ha™ cropping season™?,
IDR 14.000.000,00 ha™ cropping season™, and IDR
3,015,000.00 ha™? cropping season™ (Table 5). The
application of G. max in N. cadamba — G max agroforestry
spent total costs of IDR 11,019,000.00 ha™* cropping season”
1, total revenue of IDR 3,500,000.00 ha™ cropping season™;
and profit of IDR 7,519,000.00 ha? cropping season?,
respectively (Karmini et al.,, 2017). Similarly, the
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implementation of vegetations (sengon and sorghum) and
terrace methods combination on the steep slope expended
total costs of 9,181,128.47 IDR ha™ cropping season™ and
resulted in total revenue of IDR 1,800,000.00 ha™ cropping
season™; and profit of (-) IDR 7,181,128.47 ha™ cropping
season™!, respectively. The total costs, total revenue, and
profit of implementation of this combination on the steeper
ground were IDR 9,181,128.47 ha™ cropping season™, IDR
650,000.00 ha™ cropping season™?, and (-)IDR 8,531,128.47
ha™ cropping season™, respectively (Karyati et al., 2020).
Karyati et al. (2019) reported that the implementation
vegetatives (F. molucccana — V. cylindrica) and terrace on
steep slope gradient gave total costs of 16,135,000.00 IDR
ha™ cropping season™, total revenue of IDR 20,000,000.00
ha™? cropping season™, and profit of 3,865,000.00 ha™
cropping seasont. Meanwhile, the economic analysis of this
implementation on very slope gradient showed total costs,
total revenue, and profit were IDR 16,135,000.00 ha™
cropping season™'; IDR 16,800,000.00 ha™ cropping season™
1. and IDR 665,000.00 ha™ cropping season™, respectively.
Labor cost for terracing comprises the highest cost. If no
terracing were applied in site preparation, it would be
profitable for adapting agroforestry technique in steep
slope. However, if P. vulgaris is planted on flat to slightly
steep slope land, no terracing will be required. It is
estimated that P. vulgaris will be more productive and
profitable than the results obtained in this study.

The combination of vegetation and terraces is able to
improve silvicultural aspects, soil and water conservation, as
well as the economy on sloping land through improving
plant quality, reducing run-off and erosion rates, and
increasing economic value. The choice of combination of
forestry and agricultural crops is a key factor in the
agroforestry system. The selected plant species must be able
to grow and adapt to low soil fertility and high soil acidity as
well as contribute organic nutrients to the soil that can
support plant productivity.

5. Conclusion

The application of agroforestry on sloping lands that
combines the vegetative and terrace methods can be
considered suitable based on silvicultural, hydro orological,
and economic aspects. Agricultural crops, planted as
intercropping with forestry crops, provide additional
economic value in the short term. While forestry crops
provide benefits of soil and water conservations from
silvicultural and hydro orological aspects by reducing the
rate of surface run-off and eroded soil mass in the long term.
Moreover, biogeophysical, social, and cultural aspects also
play an important role in supporting the successful
application of agroforestry and terracing as part of the effort
of a sustainable land-use system in Indonesia.
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