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ABSTRACT

The low yield of Coffee arabica could be caused by several factors such as low soil characteristics and depending on the plant age. This study aimed: (1)
to obtain information on soil physicochemical characteristics and productivity of Coffee arabica in different age groups, (2) to evaluate the land suitability
for C. arabica plants and obtain the relationship between land characteristics and C. arabica yielding. This study was conducted on C. arabica smallholders
in Tarutung Subdistrict, North Tapanuli District, North Sumatra, Indonesia from October 2021 to February 2022 and used a descriptive-analytic method.
Overlay maps of soil type, altitude, and slope to obtain a Soil Map Unit (SMU) then surveyed for the plant age distribution of 6-10 and 11-15 years. Land
characteristics were analyzed by matching method and multiple linear regression of yielding using IBM SPSS software. The results showed that the soil
physicochemical characteristics were classified as low and higher productivity was found at 11-15 years old. It was found that the potential and actual land
suitability classes were not suitable (N) in SMU-1 at 11-15 years, and other SMUs were classified as marginally suitable (S3). Altitude, silt, and clay fractions
significantly affected the productivity of C. arabica plants at 6-10 years. However, an increase in altitude, cation exchange capacity, base saturation, and

organic-C could be increased the productivity of C. arabica at 6-10 years.

Key words: Land suitability; overlay; physicochemical; productivity; soil map unit.

1 INTRODUCTION

Coffee plants are a strategic agricultural commodity
that generates foreign exchange in Indonesia, it could be seen
that coffee exports had increased by 3.41% annually from
2000-2021 and coffee export demand reached 384,510.60
tons in 2021 (Statistics Indonesia, 2021). International Coffee
Organization (2018) reported that Indonesia is the fourth
largest coffee exporter in the world after Brazil, Vietnam, and
Colombia. This demand for coffee exports must be balanced
with an increase in coffee yields. It was been reported by
Sihombing, Supriana and Ayu (2021) that coffee yield
significantly increased the export volume to the United States,
Japan, and Malaysia. In addition, the specific flavor and aroma
are also benchmarks for determining coffee exports (Ministry
of Trade, 2018). Farah (2012) added that Coffee arabica had a
greater aroma compared to Coffee robusta.

In Indonesia, the third highest C. arabica yield was
found in North Sumatra Province by 10.05% (Statistics
Indonesia 2020) with the highest yield distribution by 15,220
tons was found in North Tapanuli District in 2020 (Statistics
of Sumatera Utara, 2022). Based on the geography, North
Tapanuli District was classified as a highland area that
supports the growth and yield of C. arabica. Situmeang and
Mutaali (2017) reported that C. arabica from North Tapanuli
had superior quality such as flavor, aroma, taste, and a long
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productive age compared to C. arabica from other districts.
Several sub-districts in North Tapanuli reported a coffee yield
is less than one ton or classified as low in 2021, such as the
Tarutung Subdistrict had a productivity of 612.50 kg year
(Statistics of Tapanuli Utara, 2022). The low yield is feared to
be less supportive of C. arabica exports.

The low yield of C. arabica could be caused by several
factors such as low soil physicochemical characteristics
(Chaudhari et al., 2013; Cyamweshi et al., 2014; De Bauw et al.,
2016; Siahaan et al., 2022), depending on the plant age (Rubiyo;
Martono; Dani, 2013; Anggraeni; Setiawan; Isyanto, 2020), and
other factors. Cyamweshi et al. (2014) reported that soil pH,
Ca, available-P, total-N, and organic-C levels were positively
correlated with C. arabica yield with coefficient values of 71%;
56%; 62%; 30%; and 53%, respectively. Rubiyo, Martono and
Dani (2013) noted that C. arabica plants have produced at the age
of 4-5 years with a productive period of 20 years and productivity
reaches 1.5 to 2 tons ha! year'. Anggraeni, Setiawan and Isyanto
(2020) said that the volume of coffee yield will increase annually
in the range of 6-15 years and the highest coffee yield at the age
of 9 years. Therefore, several alternatives to support C. arabica
productivity are identifying soil physicochemical characteristics,
evaluating land suitability, and their effect on C. arabica yield
by plant age cluster. The objective of this work: (1) to obtain
information on soil physicochemical characteristics and C.
arabica productivity in different age groups, (2) to evaluate land
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suitability for C. arabica and obtain the relationship between land
characteristics on C. arabica yield in Tarutung Subdistrict, North
Tapanuli District, Indonesia.

2 MATERIAL AND METHODS

2.1 Study area and map overlay techniques

The smallholders of C. arabica were selected in this
study from Tarutung Subdistrict, North Tapanuli District, North
Sumatra, Indonesia from October 2021 to February 2022.
Overlay maps (soil type, altitude, slope) was conducted to
produce 19 SMUs (Figure 1) and this study used a descriptive-
analytic method. An initial survey was conducted on 19 SMUs
by collecting data on the distribution of C. arabica plants aged
6-10 and 11-15 years. Based on the survey, there were four
SMU s at 6-10 years and five SMUs at 11-15 years (Figure 2).
Soil samples were collected as deep as 0-30 cm using a soil
auger from each SMU with a distance of 75 cm from the plant
in four cardinal directions and then composited. For each SMU
from the plant age cluster were collected five soil samples and
C. arabica seeds were taken from the soil sample area.

2.2 Data collection and analysis of soil
characteristics

Climatic data (temperature and rainfall) were collected
from the Medan Sampali Climatology Station for the last 10
years (2010-2020). Soil samples were analyzed at the Research
Laboratory, Faculty of Agriculture, Universitas Sumatera
Utara, and the laboratory in Socfin Indonesia, Inc., Medan. The
soil physical characteristics were measured, such as soil texture
using the hydrometer method and bulk density using the ring
sample method, meanwhile, the coarse, drainage, soil depth,
flooding, surface rock, rock outcrop, and erosion were observed
directly in the field. Measurement of coarse material was carried
out by separating gravel with a size of 0.2-2 cm in the soil
sample. Drainage measurements were conducted on soil drilling
to a certain soil depth until the iron spots were found. Soil depth
was carried out by drilling profusely. Flooding was observed
through interviews with farmers about the duration and depth
of the flood. Surface rocks and rock outcrops were measured
by making a square plot. Measured the area and the number
of rocks on the ground surface. Erosion was calculated using
the Universal Soil Loss Equation method. The soil chemical
characteristics were also analyzed including pH-H,O using
an electrometric method, organic-C using the Walkley-Black
method, base saturation (BS), cation exchange capacity (CEC),
and exchangeable cations using ammonium acetate pH 7.

2.3 Yielding characteristics

The yielding characteristics of C. arabica were measured
by collecting coffee cherries from all branches that had harvest
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criteria, such as reddish-purple, pulpy mesocarp, etc. The coffee
cherries were peeled and the seeds were washed and then
dried for a day until the moisture content of 14% and weighed.
Measurement of water content using the Grain Moisture Meter
GM640, then the seeds were counted and weighed to obtain the
seed dry weight per plant and the 100-seed dry weight. Based on
the farmer’s information, harvesting C. arabica in the field was
conducted with small harvests for eight months and large harvests
in four months in annually. The productivity was calculated using
the equation 1, 2 and 3 based on the author’s formulation from a
series of farmer information and field findings.

Small harvest (g)= populations ha' x seed dry weight (1)
per plant x number of small harvests

Large harvest (g)= populations ha' x seed dry weight (2)
per plant x number of large harvests

Small+large harvest
1000g

Productivity (kg ha') = 3)

2.4 Data interpretation

Climatic and soil physicochemical data from each SMU
were matched with the land suitability table for C. arabica
based on Sys et al. (1993) using the matching method. Land
characteristics data were analyzed by multiple linear regression
and t-test to the 100-seed dry weight and productivity using
IBM SPSS software.

3 RESULTS

3.1 Land characteristics and yielding of Coffee
arabica

Data on soil physicochemical characteristics and C.
arabica productivity from each SMU at the age of 6-10 and
11-15 years in Tarutung Subdistrict, North Tapanuli District
could be seen in Tables 1-3. The dominant soil texture was
sandy loam except for SMU-1 at the age of 11-15 years. Bulk
density (BD) in each cluster of plant age ranged from 1.24-
1.76 and 0.88-1.20 g cm™. Bulk density is closely related to
root penetration in the soil, drainage, and aeration. Coarse
materials were also obtained in the ranged of 8.22 to 14.26
and 5.49 to 11.62% (classified as slight). The soil chemical
showed that the C. arabica plants aged 6-10 and 11-15 years
in Tarutung Subdistrict were classified as low. It was seen
from the soil pH classified as very acidic to acid, BS and
exch-Mg were classified as very low to low, CEC and exch-K
were classified as low to moderate, exch-Ca was classified
as very low, and exch-Na classified as low. However, several
SMUs had higher organic-C, namely SMU-1 and SMU-5 for
6-10 years as well as SMU-5 at 11-15 years. Other results
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also showed that the productivity of C. arabica at the age of
6-10 and 11-15 years ranged from 106.51-495.42 and 222.45-
822.34 kg ha'! year, respectively (Table 3). It was indicated
that the productivity of C. arabica at the age of 11-15 years
was higher than the age of 6-10 years and both productivities
were classified as low.

3.2 The potential and actual land suitability

The results showed that C. arabica plants at the age
of 6-10 years for all SMUs had actual land suitability were
classified as marginally suitable/S3 (Table 4). In general, the
limiting factors found in the actual land suitability of C. arabica
plants at the age of 6-10 years include water availability (wa),
rooting conditions (rc), nutrient retention (nr), and erosion
hazard (eh). The potential land suitability of all SMUs at
the age of 6-10 years was classified as marginally suitable
(S3) with the limiting factors of water availability (wa) and

rooting conditions (rc). In C. arabica plants aged 11-15 years
showed different assessment results. Actual and potential land
suitability in SMU-1 was classified as not suitable (N rc).
Actual land suitability in SMU-2 and SMU-8 were classified
as marginally suitable (S3 wa, rc, nr), SMU-5 (S3 wa, rc, nr,
eh), SMU-11 (S3 wa, oa, rc, nr, eh). In general, the limiting
factors found in the actual land suitability of C. arabica plants
at the age of 11-15 years include water availability, oxygen
availability, rooting conditions, nutrient retention, and erosion
hazard. The potential land suitability at SMU-2; 5; 8; and 11
were classified as marginally suitable (S3) with limiting factors
for water availability (wa) and rooting conditions (rc). Among
all the limiting factors, the water availability and rooting
conditions be unable to improve, meanwhile, other limitations
can be improved by adding organic matter, liming (dolomite,
calcite), planting a cover crop, setting planting distances, and
setting terraces.

Table 1: Soil physical characteristics of C. arabica plants based on the age of 6-10 and 11-15 years in Tarutung Subdistrict, Indonesia.

Plant age SMUs Soil texture .fractlon %) Soil texture Coarse material BD%
Sand Silt Clay (%) (g cm?)
1 72.40 16.28 11.32 SL 8.25(S) 1.24
6.10 2 63.82 18.47 17.70 SL 8.51(S) 1.61
5 68.25 18.75 13.30 SL 8.22(S) 1.71
11 58.90 25.44 15.66 SL 14.26 (S) 1.76
1 79.00 13.00 8.00 LS 11.62 (S) 0.99
2 74.00 15.67 10.33 SL 11.27 (S) 0.88
11-15 5 71.90 17.70 10.40 SL 11.24 (S) 0.93
8 61.00 25.00 14.00 SL 9.37(S) 1.20
11 65.00 18.00 17.00 SL 5.49 (S) 0.96

Note: The classification of soil texture and coarse materials refers to Djaenudin et al. (2011). (SL= sandy loam; LS= loamy sand; S/slight <15%).

Table 2: Soil chemical characteristics of C. arabica plants based on the age of 6-10 and 11-15 years in Tarutung Subdistrict, Indonesia.

Organic-C CEC

Exchangeable cations (me/100 g)

Plant age SMUs pH-H,0O %) (me/100 g) BS (%) < Car Mg Na

1 3.88 (VA) 4.35 (H) 2140 M)  4.21 (VL) 0.26 (L) 0.34 (VL)  0.14(VL) 0.16 (L)

6.10 2 416 (VA) 297(M) 1393 (L) 14.68(VL) 039(M) 0.64 (VL)  0.31(VL) 0.21 (L)
4.21 (VA) 3.35(H) 20.17 (M)  8.45(VL) 0.33 (M) 0.61 (VL)  0.23(VL) 0.20 (R)

11 3.97(VA) 229(M) 1425(L) 7.18(VL)  020(L) 0.39(VL) 0.18(VL)  0.21(L)

1 4.10(VA) 238(M) 9.68 (L) 9.92 (VL) 0.22 (L) 0.36 (VL)  0.17 (VL) 0.21 (L)

2 431(VA)  2.68(M) 11.31 (L) 25.69 (L) 0.50 (M) 0.94 (VL)  0.39 (VL) 0.23 (L)

11-15 5 4.35 (VA) 3.92 (H) 1636 (L) 16.88(VL) 041 (M) 0.84 (VL) 0.43 (L) 0.26 (L)

8 4.99 (A) 0.72 (VL) 8.08 (L) 32.92 (L) 0.44 (M) 1.43 (VL) 0.54 (L) 0.25 (L)

11 418 (VA) 231 (M) 1636(L) 642(VL)  0.16(L) 044(VL) 021(VL)  0.20(L)

Note: criteria for pH H,O (very acidic/VA< 4.5; acid/A= 4.5-5.5); organic-C (very low/VL<1%; moderate/M= 2.01-3%; high/H= 3.01-5%), CEC
(low/L= 5-16 me/100 g; moderate/M= 17-24 me/100 g); base saturation (very low/VL<20%; low/L= 20-40%); exch-K (low/L= 0.1-0.3 me/100 g;
moderate/M= 0.3-0.5 me/100 g); exch-Ca (very low/VL< 2 me/100 g); exch-Mg (very low/VL< 0.4 me/100 g; low/L= 0.4-1 me/100 g); exch-Na (low/

L= 0.1-0.3 me/100 g) (Indonesia Soil Research Institute 2009).
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Table 3: Yielding characteristics of C. arabica based on the age of 6-10 and 11-15 years in Tarutung Subdistrict, Indonesia.

Plntage  SMUs  Landarea(h) i S S e et (ke year)
1 0.20 200 290.00 44.38 18.50 106.51
6.10 2 0.58 1145 187.29 22.65 19.66 273.41
5 0.45 950 250.60 32.80 20.44 357.22
11 0.54 880 190.00 37.08 20.80 495.42
Average 229.47 34.23 19.85 308.14
1 0.50 1250 190.00 34.12 22.80 511.80
2 0.31 794 131.33 23.77 18.20 237.60
11-15 5 0.50 924 170.66 33.47 18.89 414.10
8 0.25 625 102.00 29.66 15.70 222.45
11 0.75 1200 177.50 56.22 21.75 822.34
Average 154.30 35.45 19.47 441.66

3.3 The regression and partial test

The results of the regression, partial, and regression
equations of land characteristics on the C. arabica productivity
at the age of 6-10 and 11-15 years in Tarutung Subdistrict,
North Tapanuli District could be presented in Tables 5-7. The
land characteristics significantly increased the productivity
of C. arabica plants at the age of 6-10 years, but it had an
insignificant effect on the 100-seed dry weight (Table 5). The
land characteristics also had an insignificant effect on the
yielding character of C. arabica at the age of 11-15 years.

Based on the t-test, it was found that land characteristics
such as altitude, silt, and clay fractions significantly increased
the productivity of C. arabica plants at the age of 6-10 years,
but other land characteristics had an insignificant effect (Table
6). All land characteristics had an insignificant effect on the
productivity of C. arabica plants at the age of 11-15 years.
The regression equation of land characteristics on the yielding
character of C. arabica at the age of 6-10 and 11-15 years could
be presented in Table 7. At the age of 6-10 years, an increase in
altitude, slope, and soil pH to a certain extent can be increased
100-seed dry weight, as well as an increase in altitude, CEC, BS,
and organic-C can increase C. arabica productivity. At the age
of 11-15 years, an increase in altitude, slope, pH, and organic-C
could increase 100-seed dry weight, as well as an increase in
altitude and CEC could improve C. arabica productivity. The
increase in silt and clay fractions leads to a soil texture that is
suitable to support the yield of C. arabica plants.

4 DISCUSSION

The results showed that the soil physicochemical
characteristics of each SMU at the age of 6-10 and 11-15 years
in Tarutung Subdistrict, North Tapanuli District were classified
as less fertile (Tables 1-2). It was seen from the soil pH, CEC,
BS, organic-C, and exchangeable cations (Ca*’, Mg*, Na',

and K*) were classified as very acidic to acid, and very low to
moderate, except for organic-C at SMU-1 and SMU-5 in 6-10
years and SMU-5 for 11-15 years were classified as high. In
addition, the soil texture and coarse material are also dominantly
sandy loam and relatively slight, and it had bulk density ranging
from 0.88-1.76 g cm™. Soil chemical characteristics are closely
related to plant growth and yield, meanwhile, soil physical are
closely related to porosity, infiltration rate, water availability,
root penetration in the soil, drainage, and aeration. This finding
was supported by Estrada-Herrera et al. (2017) that soil chemical
indicators are categorized as fertile from agricultural areas if the
pH-H,O organic-C, CEC, exch-Ca, exch-Mg, and exch-K were
5.0-7.5; 2-6%; 15-40; 8-35; 2-5; and 0.2-1 cmol/kg. Doran and
Parkin (1994) added physical indicators for soil quality, namely
soil texture, soil depth, infiltration, bulk density, and water
capacity. Marbun et al. (2020a) reported that CEC, BS, total-P,
total-K, and organic-C significantly increased the productivity
of Coffee robusta by 89.30%.

The productivity of C. arabica at the age of 11-15 years
was higher at 441.66 kg ha'! year! than at the age of 6-10 years
(308.14 kg ha! year') in Tarutung Subdistrict, North Tapanuli
District (Table 3). It was indicated that the productivity of both
plant age groups is still relatively low compared to data from
Statistics of Tapanuli Utara (2022) that the productivity of C.
arabica from Tarutung Subdistrict was 1.16 tons ha!. The low
productivity of C. arabica could be caused by low soil fertility
such as pH, organic-C, CEC, BS, and exchangeable cations in
all SMUs in both plant age groups (Tables 1-2). This finding
was supported by McCauley et al. (2017) that soil organic
matter had the function of nutrient retention, soil aggregation,
and the main indicator of soil quality. Higher soil organic
matter had a greater cation exchange capacity (CEC) and can
bind more cations such as calcium or potassium and it also
had a greater buffering capacity. Sousa et al. (2018) reported
that soil organic matter significantly increased the total-N and

Coffee Science, 18:€182123, 2023
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Table 4: Land suitability for C. arabica plants based on the age of 6-10 and 11-15 years in Tarutung Subdistrict, Indonesia.

6-10 years
Land characteristics SMU-1 SMU-2 SMU-5 SMU-11
Data ALS/PLS Data ALS/PLS Data ALS/PLS Data ALS/PLS
Temperature (tc)
Average temperature (°C) 19.40 S1/81 19.40 S1/81 19.40 S1/S1 19.40 S1/S1
Altitude (m asl) 950-1250 S1/S1 950-1250 S1/S1 950-1250 S1/S1 600-950 S1/8S1
Water availability (wa)
Rainfall (mm/year) 2536.30 S3/83 2536.30 S3/83 2536.30 S3/8S3 2536.30 S3/8S3
Oxygen availability (oa)
Drainage dzzi'lle | S1/81 dzfri § S1/81 d}"ﬂe i S1/81 Imd‘;:iee‘gly S83/51
Rooting conditions (rc)
Texture Sandy loam S3/8S3 Sandy loam S3/8S3 Sandy loam S3/8S3 Sandy loam S3/8S3
Coarse material (%) <15 S1/S81 <15 S1/81 <15 S1/81 <15 S1/8S1
Soil depth (cm) 162 S1/S1 165 S1/S1 192 S1/81 169 S1/81
Nutrient retention (nr)
Clay CEC (cmol) 2.14 S2 /81 13.93 S2 /81 20.17 S1/8S1 14.25 S2 /81
Base saturation (%) 421 S3 /81 14.68 S3/S1 8.45 S3/81 7.18 S3/8S1
pH-H,O 3.88 S3/Sl1 4.16 S3 /81 4.21 S3/81 3.97 S3/S1
Organic-C (%) 4.35 S1/81 2.97 S1/8S1 3.35 S1/S1 2.29 S1/S1
Erosion hazard (eh)
Slope (%) 0-8 S1/81 8-15 S2/81 25-40 S3/S1 25-40 S3/S1
Erosion (ton ha! year) 27.01 S2 /81 77.64 S2 /81 109.75 S2/S1 108.40 S2/S1
Flooding hazard (th)
Inundation flood FO S1/S1 FO S1/S1 FO S1/S1 FO S1/S1
Land preparation (Ip)
Surface rock (%) <5 S1/S1 <5 S1/8S1 <5 S1/81 <5 S1/S1
Rock outcrops (%) <5 S1/81 <5 S1/8S1 <5 S1/8S1 <5 S1/81
ALS/PLS S3 wa,re,nr / S3 wa,rc S3 wa,re,nr / S3 wa,rc S3 wa,rc,nr,eh / S3 wa,rc S3 wa,re,nr,eh / S3 wa,rc
6-10 years
Land characteristics SMU-1 SMU-2 SMU-5 SMU-08 SMU-11
Data  ALS/PLS  Data  ALS/PLS Data  ALS/PLS Data ALS/PLS Data ALS/PLS
Temperature (tc)
Average temperature (°C)  19.36 S1/8l1 19.36 S1/81 19.36 S1/81 19.36  S1/Sl1 19.36 S1/8l1
Altitude (m asl) 950-1250 S1/S1  950-1250 S1/S1 950-1250 S1/S1  600-950 S1/S1  600-950 S1/S1
Water availability (wa)
Rainfall (mm/year) 253630 S3/S3 253630 S3/S3 253630 S3/S3 253630 S3/S3 253630 S3/S3
Oxygen availability (oa)
Drainage d\rZierlltd S1/S1 d\rZierlltd S1/S1 d}Zierlltd S1/S1 d\rzztd S1/S1 Inzﬁzriicfy S3/S1
Rooting conditions (rc)
Texture L;):‘;Ey N/N Slzfa‘if S$3/83 Slzzgly S3/S3 Slzziy $3/S3 Sandyloam S3/S3
Coarse material (%) <15 S1/S1 <15 S1/8S1 <15 S1/S1 <15 S1/81 <15 S1/S1
Soil depth (cm) 162 S1/8l1 162 S1/81 192 S1/81 142 S1/81 169 S1/81
Continue.
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Table 4: Continuation.

6-10 years
Land characteristics SMU-1 SMU-2 SMU-5 SMU-08 SMU-11
Data  ALS/PLS  Data  ALS/PLS Data  ALS/PLS Data ALS/PLS Data ALS/PLS
Nutrient retention (nr)
Clay CEC (cmol) 9.86 S2/81 11.31 S2/81 16.36 S1/81 8.08 S2/81 16.36 S2/81
Base saturation (%) 9.92 S3 /81 25.69 S3 /81 16.88 S3/8S1 3292 S3/S1 6.42 S3 /81
pH-H,0 4.10 S3/8S1 4.31 S3/S1 4.35 S3/8S1 4.99 S3/S1 4.18 S3/S1
Organic-C (%) 2.38 S1/81 2.68 S1/81 3.92 S1/81 0.72 S3/8S1 2.31 S1/81
Erosion hazard (eh)
Slope (%) 0-8 S1/81 8-15 S1/81 25-40 S3/81 0-8 S1/S1 25-40 S3/81
Erosion (ton ha' year) 18.66 S2 /81 89.78 S2/81 124.42 S2/81 24320 S2/S1 381.66 S3/82
Flooding hazard (th)
Inundation flood FO S1/S1 FO S1/81 FO S1/81 FO S1/81 FO S1/S1
Land preparation (lp)
Surface rock (%) <5 S1/81 <5 S1/81 <5 S1/81 <5 S1/8S1 <5 S1/81
Rock outcrops (%) <5 S1/S1 <5 S1/81 <5 S1/S1 <5 S1/S1 <5 S1/8S1
r wa,rc,nr rc,nr,ch wa,rc,nr rc,nr,ch
ALS/PLS I\Ii] :c/ S3S3 i;ac:rc / > \gg ’VS;,r(’:e / S3S3 i;alc,;c / > ngi;ac,;c o

Table 5: Regression test of land characteristics on the 100-seed dry weight and yielding of C. arabica plants at the age of 6-10 and

11-15 years.
Plant age Yielding characters Number of squares df Mean of squares F Sig
16.272 9 1.808 0.574 0.792m
100-seed dry weight 31.518 10 3.152
610 47.790 19
6533.441 9 725.938 26318 0.000™
Productivity 275.833 10 27.583
6809.274 19
62.747 9 6.972 2.060 0.138™
100-seed dry weight 33.843 10 3.384
96.590 19
H-15 7066.673 9 785.186 0.198 0.989™
Productivity 39671.860 10 3967.186
46738.533 19

Note: **Correlation is significant at the 0.01 levels (2-tailed). ns= not significant.

S content in coffee plant leaves. Marbun et al. (2020b) also
added that soil fertility based on CEC, organic-C, total-P, and
total-K showed that entisols were higher than other soil types
(inceptisols and ultisols) and it had a linear relationship with
C. arabica productivity in Humbang Hasundutan District,
Indonesia.

The actual land suitability of C. arabica plants at the
age of 6-10 and 11-15 years were classified as marginally
suitable (S3), except for SMU-1 at the age of 11-15 years (not
suitable/N) in Tarutung Subdistrict, North Tapanuli District

(Table 4). The limiting factors found in both age groups
of C. arabica plants include water availability (rainfall),
rooting conditions (soil texture), nutrient retention (CEC, BS,
organic-C, pH), and erosion hazard (slope). Among the limiting
factors, rainfall and soil texture be unable to improve resulting
in the potential land suitability was also similar to the actual,
but the limiting factor is the water availability and rooting
conditions. The limiting factor of water availability (rainfall)
is one of the factors that affect the growth process and yield of
C. arabica plants and their needs to a certain extent. According
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to the Ministry of Agriculture (2014) that C. arabica requires
rainfall in the range of 1500-2000 mm year' and is classified
as highly suitable. Other results showed the limiting factor of
the rooting conditions, especially soil texture in both plant age
groups dominant was sandy loam. It was caused by the sand
fraction in all SMUs being higher compared to the clay and silt
fraction (Table 1), resulting in inhibited root development and
the uptake of nutrients and water by plants. This finding was
supported by Gil et al. (2012) that soil texture can affect the
movement and availability of nutrients and water. Chaudhari
et al. (2013) reported that soil texture affects bulk density and
supports plant yield. Other limiting factors such as nutrient
retention (CEC, BS, organic-C, pH), and erosion hazard
(slope) could be improved by adding organic matter, liming
(dolomite, calcite), planting a cover crop, setting terraces,
planting along contour lines. Cyamweshi et al. (2014) added
that there was an increase in the exchangeable cations (Ca*',

Mg?, and K*) by 5.45; 1.86; and 3.69 cmol/kg, respectively,
and significantly neutralized soil acidity in coffee plants due to
liming. Lanamana and Fatima (2018) also found that contour
planting and terracing were greater for reducing soil erosion
than other soil conservation technologies.

In overall, productivity of C. arabica plants at the age
of 6-10 years was significantly affected by land characteristics
and based on the t-test showed that altitude, silt, and clay
fractions significantly increased productivity (Tables 5-6).
In contrast for 11-15 years. Regression equations at the age
of 6-10 years showed that an increase in altitude, CEC, BS,
and organic-C could increase the productivity of C. arabica
plants (Table 7). It could be due to the average organic-C
and CEC levels of soil at the age of 6-10 years being higher
than at the age of 11-15 years (Table 2). This finding was
supported by Rubiyo, Martono and Dani (2013) that coffee
yield was influenced by the plant age and it had produced at

Table 6: The partial test of land characteristics on the 100-seed dry weight and productivity of C. arabica plants at the age of 6-10

and 11-15 years.

o o 6-10 years 11-15 years
Yielding characters Land characteristics - ;
t-test Sig t-test Sig

(Constant) -0.379 0.712 0.790 0.448
Altitude 0.175 0.491 0.294 0.775"
Slope 0.576 0.577" 0.445 0.666"
Silt 1.007 0.338m -0.930 0.082
100-seed dry weight Clay 0.308 0.765™ 1.790 0.104"
CEC -0.710 0.494xs -0.640 0.536"
BS -1.050 0.318m -1.185 0.263"
pH 1.076 0.307" 0.384 0.709"

Organic-C -0.087 0.933ns 1.091 0.301"

(Constant) -6.597 0.000 0.352 0.732

Altitude 2.573 0.028" -0.166 0.872"

Slope -0.135 0.895 -0.247 0.810"

Silt 7.919 0.000™ -0.503 0.626"

Productivity Clay 6.954 0.000™ 0.670 0.518
CEC 0.218 0.832 0.091 0.929s

BS 0.019 0.986™ -0.168 0.870"

pH -0.318 0.757" -0.440 0.669"

Organic-C 1.534 0.156™ -0.437 0.672"

Note: * and **Correlation is significant at the 0.05 and 0.01 levels (2-tailed). ns= not significant.

Table 7: Regression equation of land characteristics on the yielding character of C. arabica at the age of 6-10 and 11-15 years.

Plant age  Yielding characters

Regression equation

6-10 100-seed dry weight
Productivity

Y=-13.481+0.013AL+0.013SL+0.165S1+0.089CL-0.114CEC-0.135BS+2.364PH-0.0650C
Y=-693.577+0.136AL-0.025SL+3.837SI+5.952CL+ 0.103CEC+0.007BS-2.068PH+3.4140C

11-15 100-seed dry weight
Productivity

Y=14.896+0.003AL+0.048SL-0.263S51+0.226CL-0.100CEC-0.059BS+0.850PH+0.6040C
Y=227.083+0.066AL-0.921SL-2.342S1+2.889CL+ 0.487CEC-0.286BS-33.356PH-8.2720C

Note: AL= altitude; SL= slope; Sl= silt; CL= clay; CEC= cation exchange capacity; BS= base saturation; PH= soil pH; OC= organic-C.
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the age of 4-5 years with a productive age of 20 years and
its productivity was 0.45-0.50 tons ha! year, but if managed
intensively the productivity reaches 1.5-2.0 tons ha'! year.
Anggraeni, Setiawan and Isyanto (2020) added that the plant
age significantly affected coffee yield and it will an increasing
annually from 6 to 15 years, and the maximum yield was found
at 9 years old. Defrenet et al. (2016) reported that the ring
width at the stem base of coffee plants significantly increased
(P<0.001) from 1-12 years old. De Bauw et al. (2016) found
that a higher altitude can increase soil pH to be more acidic and
significantly decrease the available-P, exch-K, exch-Ca, and
exch-Mg. Siahaan et al. (2022) also reported that altitude was
negatively correlated with N, K, C, and soil pH, but positively
correlated with CEC, available-P, and C. arabica yield.

These findings prove that there are differences in the
productivity of C. arabica plants at different age ranges.
Even though the land suitability in the study were classified
as marginal, it is necessary to increase the CEC, BS, and
organic-C to support C. arabica yields. These findings provide
information for C. arabica farmers to manage the exact
nutrients in increasing production through soil ameliorants,
balanced fertilization, liming, and other efforts.

5 CONCLUSION

The soil physicochemical characteristics in C. arabica
at the age of 6-10 and 11-15 years in Tarutung Subdistrict,
North Tapanuli District were classified as less fertile,
dominantly sandy loam texture, and productivity at the age
of 11-15 years was higher than 6-10 years. All SMUs at the
ages of 6-10 and 11-15 years were classified as marginally
suitable (S3), except SMU-1 at 11-15 years was not suitable
(N). The productivity of C. arabica at the age of 6-10 years
was significantly influenced by land characteristics such
as altitude, silt, and clay fractions. The regression equation
showed that an increase in altitude, CEC, BS, and organic-C
can be increased the productivity of C. arabica plants at the
age of 6-10 years. Efforts are needed to increase CEC, BS,
and organic-C through the application of liming, biochar,
manure, crop residue compost, and others to improve soil
fertility in C. arabica growing areas.
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