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Abstract
Coffee plantation in south Sumatra, Indonesia, is developed on the slopes in hilly areas, where soil erosion is a
severe problem. Introduction of weed as cover plant has been found to be effective in the reduction of soil erosion. Here the effect of weed management, weeding and coverage with Paspalum conjugatum Berg. or natural
weeds, on soil chemical properties was investigated. After 4 years, contents of total C, total N, available P, and
exchangeable 共ex.兲 Mg in the 0–10 cm and 10–20 cm depth layers were significantly greater in the Paspalum
conjugatum and natural weed plots than in the weeding plot. In the 0–10 cm layer, ex. K and ex. Ca were also
greater in the weed-introduced plots than in the weeding plot. Decrease in soil pH 共H2O兲 and the increase in ex.
Al under coffee plantation were reduced by the coverage with weeds. Thus soil coverage with weeds in coffee
plantation on slopes was effective in the maintenance of soil fertility.

Introduction
Red acid soils, widely distributed in Indonesia, have
low crop productivity due to low nutrient supplying
potential and high soil erosion. Soil erosion is a severe problem, especially in plantation of coffee and
fruits developed on the steep slopes of hilly areas,
because ca. 2500 mm of annual precipitation occurs
in about 4 months of rainy season. To reduce soil
erosion, an application of plant mulch 共Michels et al.
1995; Buerkert and Lamer 1999兲 or an introduction
of cover plant 共Daniels and Gilliam 1996; Robinson
et al. 1996; Gilley et al. 2000兲 is recommended. The
use of grass hedge has been reported to reduce soil
loss by 50–85% 共Daniels and Gilliam 1996; Robinson et al. 1996; Gilley et al. 2000兲. Afandi et al.
共2002, 2003兲 introduced a gramineous perennial weed
Paspalum conjugatum Berg. into coffee plantation as
cover plant to prevent soil erosion. Paspalum conju-

gatum is widely used in private or public park areas
in Indonesia. It grows rapidly with roots produced irregularly from stalks crawling over the ground and
making dense rhizomes. Soil erosion was reduced
when the land was covered with weeds, and the soil
loss during the 4-y period was 4.96 and 0.28 mm in
the weeding and Paspalum conjugatum plots, respectively 共Afandi et al. 2002兲. Salam et al. 共2001兲 determined enzyme activities in a coffee soil to evaluate
the biochemical effect of weeds. They found higher
activities of acid phosphatase and ␤-glucosidase in
the Paspalum conjugatum plot than in the weeding
plot. In this paper, the coverage of coffee soil with
weeds is evaluated with respect to the soil chemical
properties by comparing them with a weeded soil.
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Materials and methods
The field experiment was conducted on a slope with
an altitude of 780 m and 15o gradient in Sumberjaya,
Province of West Lampung, Sumatra, Indonesia
共105o01⬘ EL; 04°34⬘ SL兲. Soil was classified as Vertic Dystrudepts. The average rainfall was ca. 2500
mm y–1 and the average air temperature was 22 °C.
Shrubs grew wild at the site before the experiment.
They were cut down, the land was cleared without
burning, and herbicides were applied. The initial contents of soil total C in the layers of 0–10, 10–20, and
20–30 cm were 33.4, 18.1, and 14.5 Mg ha–1, respectively.
Three plots of 20 m slope length and 5 m width
were prepared as follows, and six-month-old coffee
Arabica was transplanted with 2 m ⫻ 1.5 m spacing
in November 1995. Treatment 1 共T-1兲: ground surface
was kept bare by hand-weeding at an interval of four
weeks, which is a common management practice followed by native farmers. Treatment 2 共T-2兲: seeds of
Paspalum conjugatum Berg. were sowed. The soil
coverage reached 100% by May 1996. Treatment 3
共T-3兲: natural weeds were allowed to grow. Weed
species observed in T-3 were described by Sriyani et
al. 共1999兲. As basal fertilizer, urea, Ca共H2PO4兲2, and
KCl were applied at the rates of 200 kg ha–1, 45 kg
P2O5 ha–1, and 100 kg ha–1, respectively, just after
transplanting, and then half the amount was applied
again every April and October. Each plot was
surrounded by 30-cm-high zinc metal sheets. In T-2
and T-3, hand-weeding was conducted for the area
within 1 m around each coffee plant to avoid the
competition of nutrients between coffee and weeds.
Weeds were mowed before and after the rainy season
at a height of 15 cm from the soil surface. Biomass
of weed roots during the experimental period was in
the range of 0.2–0.4, 1.1–2.3, and 0.8–6.1 kg dry
weight 共dw兲 m–3 in T-1, T-2, and T-3, respectively
共Sriyani et al. 1999兲. That in T-1 was about half compared with the initial time 共0.74 kg dw m–3; personal
communication兲.
Soil samples were collected on 1 November 1999
from three lines at 5, 10, and 15 m from the top of
each plot. The direction of sampling line was decided
to take the length of plot and the influence of erosion
into consideration. Three soil profiles were made at
each line, and soil was collected from three layers of
0–10, 10–20, and 20–30 cm depth. Bulk density was
1.04 to 1.05 for T-1 soils, 0.87 to 0.94 for T-2 soils,
and 0.91 to 1.01 for T-3 soils. Three soil samples col-

lected from the same depth at each line were combined to make a composite sample, then air-dried and
sieved 共 ⬍ 2 mm兲.
Total C and total N concentrations of the soil
samples were determined using a NC analyzer, Sumigraph NC-800 共Shimadzu, Japan兲 after pulverization
with a vibration mill 共TI-100, Heiko Ltd., Japan兲. Soil
pH was measured in suspensions of soil with deionized water mixed at the ratio of 2.5 mL to 1 g. Available P was extracted with a mixture of 0.03 M NH4F
and 0.1 M HCl according to the Bray-2 method
共Shiga and Miyake 1975兲 and determined using the
molybdenum blue method. The cation exchange capacity 共CEC兲 was obtained by titration of the remaining ammonium ion in extract after replacement of
cation exchange sites with neutral 1 M ammonium
acetate. Exchangeable 共ex.兲 K, Mg, and Ca in the
ammonium acetate extract were determined using an
atomic absorption spectrophotometer AA 782 共Nippon Jarrell-Ash兲. The exchangeable Al was determined by the KCl method 共Thomas 1982兲. Particle
size distribution of soils was measured by a hydrometer method according to Gee and Bauder 共1986兲.
The variations in soil chemical properties among
three samples collected from the same layers at different lines of a plot were small for some cases whilst
very large for other cases, and on the whole, they
were too large to consider each sample as an average
of the plot. Hence, we treated three soil samples from
different lines as replications to estimate the differences in soil chemical properties among the plots and
layers. Significance of differences was analyzed by
ANOVA.

Results and discussion
Soil pH 共Table 1兲 of the 0–10 cm layer was lower in
T-1 compared with T-2 and T-3. The initial soil pH
was reported to be 4.92, 4.89, and 4.91 for the layers
of 0–10 cm, 10–20 cm and 20–30 cm, respectively
共Afandi et al. 2002兲. Hence, soil pH was maintained
or increased slightly due to coverage with weeds.
Total C and total N contents 共Table 1兲 were significantly greater in T-2 and T-3 than in T-1 in all the
layers, except for those in the 20–30 cm layer
between T-1 and T-2. No significant difference was
found between T-2 and T-3. Both the accelerated decomposition of soil organic matter in T-1 under no
weed conditions and the larger supply of organic
matter in T-2 and T-3 may be the causes of the dif-
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Table 1. Chemical properties of coffee soils with and without coverage by weeds.
Layer

0–10 cm

10–20 cm

20–30 cm

Treatmenta

T-1
T-2
T-3
T-1
T-2
T-3
T-1
T-2
T-3

pH 共H2O兲

4.50 e
4.94 bc
5.23 a
4.49 e
4.63 de
5.10 ab
4.53 e
4.78 cd
4.63 de

Total C

Total N

Available P

CEC

Exchangeable cation 共kg ha–1兲

共Mg ha–1兲

共Mg ha–1兲

共kg ha–1兲

共kmolc ha–1兲

K

Mg

Ca

Al

29.9 b
37.6 a
39.4 a
19.1 c
27.2 b
30.1 b
11.9 d
15.8 cd
20.8 c

2.20 b
2.84 a
2.90 a
1.52 cd
2.15 b
2.30 b
1.03 e
1.33 de
1.71 c

13.3 b
14.9 b
32.5 a
3.9 ef
6.6 d
10.8 c
2.0 f
3.1 ef
5.1 e

174 a
167 a
177 a
154 a
156 a
164 a
146 a
150 a
176 a

15.2 bc
23.0 a
18.1 ab
12.4 cde
13.7 bcd
13.4 bcde
11.2 cde
8.9 de
7.9 e

3.0 d
12.0 bc
19.7 a
2.6 d
8.4 c
14.9 b
2.5 d
4.7 d
10.7 bc

11.0 d
22.7 bc
43.5 a
9.5 d
15.9 cd
31.5 b
7.4 d
10.9 d
28.9 b

25.0 a
7.7 cd
3.3 d
25.9 a
12.3 bc
5.4 cd
26.4 a
19.4 ab
22.5 a

Values not followed by the same letter differ significantly 共P ⬍ 0.05兲. a T-1, weeding; T-2, coverage with Paspalum conjugatum Berg.;
T-3, coverage with natural weeds.

Table 2. Particle size distribution of coffee soils with and without
coverage by weeds.
Layer

Treatmenta

Sand 共%兲

Silt 共%兲

Clay 共%兲

0–10 cm

T-1
T-2
T-3
T-1
T-2
T-3
T-1
T-2
T-3

43.5
44.2
43.7
43.2
42.5
39.8
38.2
41.5
36.8

19.3
20.9
22.7
13.4
18.6
19.1
10.4
14.0
17.3

37.1
35.0
33.6
43.4
39.1
41.2
48.4
44.5
46.0

10–20 cm

20–30 cm

a
a
a
a
a
a
a
a
a

abc
ab
a
bc
ab
ab
c
bc
abc

ab
ab
b
ab
ab
ab
a
ab
ab

Values not followed by the same letter differ significantly 共P ⬍
0.05兲; aT-1, weeding; T-2, coverage with Paspalum conjugatum
Berg.; T-3, coverage with natural weeds.

ferences in total C and total N. The applicability of
the latter to the lower layer 共20–30 cm兲 was supported
by the differences in root biomass, which were 18, 17,
92, and 135 g dw m–2 on average for the initial soil,
T-1, T-2, and T-3, respectively 共Sriyani et al. 1999,
and personal communication兲.
The available P 共Table 1兲 was also greater in T-2
and T-3 than in T-1 in the upper two and all three layers, respectively. Higher activities of acid and alkali
phosphatases in the topsoil 共0–20 cm兲, subjected to
the same treatments as T-2 and T-3 compared to the
topsoil of the weeding plot 共Salam et al. 2001兲 agreed
with our results.
The CEC values did not differ significantly among
the samples 共Table 1兲. Although soil texture also did
not vary among the samples 共Table 2兲, the proportion
of clay fraction showed an opposite trend of total C
content 共Table 1兲. This was conspicuous between the
20–30 cm layer of T-1 with the highest clay percentage and lowest C content among the samples and the

0–10 cm layer of T-3 with the lowest clay percentage
and highest C content. Since the turnover time of soil
organic matter is expected to be longer in a smaller
particle size fraction 共Balesdent 1996兲, the closer relationship of total C to the proportion of silt fractions
共r ⫽ 0.617***兲 than to that of clay fraction suggests
the low stability of organic matter in the Sumberjaya
coffee soil.
The ex. cation contents differed between the plots.
The effect of weed introduction was more remarkable
on ex. Mg. In the upper two layers, ex. Mg contents
in T-2 and T-3 were 3.2–4.0 and 5.7–6.6 times as large
as those in T-1, respectively. In the 0–10 cm layer, ex.
Ca was also greater in T-3 followed by T-2 and T-1,
while a significant difference in ex. K content was
detected only between T-2 and T-1. A portion of ex.
cations associated with soil organic matter in T-1 may
have been lost following the decomposition of soil
organic matter. As the growth of coffee plants was
better in T-2 than in T-3 共Sriyani et al. 1999兲, larger
absorptions of P, Mg, and Ca by native vegetation in
T-3 than by Paspalum conjugatum in T-2, followed
by their return to soil, is a possible mechanism leading to the differences in contents of available P and
ex. Mg and Ca, as well as pH, between T-2 and T-3.
The opposite trend of ex. bases was observed for
ex. Al. The ex. Al contents in the 0–10 and 10–20 cm
layers were much lower in T-2 and T-3 than in T-1.
Ex. Al in T-2 and T-3 increased with soil depth, and
the difference from T-1 was insignificant in the layer
20–30 cm. These results suggested that the ex. Al
content in the upper soil could be reduced by the introduction of weeds in comparison with the conventional soil management, which may be associated
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with the retardation of decomposition of soil organic
matter and the maintenance of ex. cations.
Based on the present results, it was concluded that
the introduction of weed as cover plant to coffee on
slopes was effective in maintenance of chemical
properties of soil. The suppression of coffee growth
in the weed-introduced plots could not be avoided in
the present experiment, which was indicated by the
ratio of canopy area T-1:T-2:T-3 ⫽ 6:3:2 共Sriyani et
al. 1999兲. Hence, improvement is required to guarantee the initial growth of coffee plant, e.g., delaying the
seeding of Paspalum conjugatum or keeping bare in
a larger area around coffee plant than the present
study.
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