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ABSTRACT

A study was conducted during two planting seasons, namely planting season 1 (PS-1)
2017/2018 and (PS-2): 2018/2019, in Oelnasi Village, Central Kupang sub-district, Kupang
District, East Nusa Tenggara, Indonesia. This study aimed to evaluate the rotation pattern of
maize with legumes ground covers towards the dynamics of soil carbon and nutrients N, P, K
during the two growing seasons in a dryland farming system. The experiment was designed
using a randomized block design with 3 (three) treatments replicated five times. The treatments
evaluated were: crop rotation patterns consisting of: without rotation (farmer practice) and
rotation pattern with Phaseolus lunatus; rotation pattern with Mucuna pruriens. Legume crops
planted after harvesting the food crop and allowed to grow during the dry season. Approaching
the rainy season, the biomass of the legume crop is returned to the land by immersing them it
together with soil cultivation. Chemical fertilizers is given as an independent variables with a
dose of 150 kg/ha of Urea; 100 kg/ha of SP36 and 100 kg/ha of KCL. The results showed that
the rotation pattern of Mucuna pruriens significantly increased the soil organic C content by
50.56% and legume Phaseolus lunatus by 37.64% to PS-2. The rotation pattern of the legume
covers / covered crop also significantly increased the efficiency of agronomic nutrients (N, P,
and K nutrients) and maize yields during the two growing seasons. On the other hand, the farmer
pattern (without rotation) showed a decrease in soil carbon to PS-2 which of course affect the
efficiency of nutrient absorption.

Keywords: Carbon and nutrient dynamics; Agronomic nutrient efficiency; Crop rotation
pattern; Ground cover legumes.

INTRODUCTION degraded due to intensive farming patterns of

In general, the productivity of dry land
farming in the district of Kupang, East Nusa
Tenggara, Indonesia is relatively low
compared to farming in wetlands. The main
causes are the relatively low soil quality factor
and relatively short (3-4 wet months) rainfall
(Matheus, 2014).

many productive agricultural lands have been

distribution, Currently,

continuous planting patterns, besides erosion
factors that cause a decrease in soil organic
carbon (C) levels as an indicator of soil
quality. It is reported that the soil organic
carbon (C) contented of most agricultural land
in Indonesia in the last three decades has
reached a low level of <2% for wetlands, even
for dry land <1.67% (Matheus et al., 2018).
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The agricultural system can be sustainable if
the soil organic C content is more than 2%
(Handayanto, 1999). The solution to making
dry land farming more productive requires an
increase in soil organic carbon (C) as an
important soil constituent component.

Soil organic carbon (C) is one of the
main indicators of soil quality (Doran and
Parkin 1994; Larson and Pierce 1994; Islam
and Weil, 2000), because of its role in
determining the physical, chemical, and
biological properties of the soil (Olson et al.
2010; Liu et al. 2006). The soil has a high
potential for carbon sequestration because it
can contribute to agronomic, physiological
efficiency, and is important in the recovery of
nitrogen, and
(Rahman, 2013). In addition, carbon (C) soil,

can increase the efficiency of fertilization.

phosphorus, potassium

Apart from organic C, macro nutrients
of N, P, and K are essentially needed by plants
in large quantities, so their availability in the
soil must be considered. The fulfillment is
through fertilization, but the level of
fertilization efficiency is generally still low
(Finck, 1992; Kasno and Rostaman, 2013).
The low uptake of fertilizer nutrients by plants
is due to the low levels of organic C in the soil,
thus affecting the mineralization process of
available nutrients in the soil solution.

The habit of dry land farmers, who
often carry out a continuous monoculture

cropping pattern and do not return crop
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residues after harvest to the land, has
contributed to carbon and nutrient mining and
imbalance of essential nutrients, which in the
end it will disrupt the productivity of food
crops on dry land. To ensure that quality is
maintained, land management  and
fertilization actions are required based on
plant nutrient needs by taking into account the
dynamics of carbon and nutrients in the soil.

Therefore, to ensure that soil quality
levels are maintained, land management
measures through crop residue management
are needed, namely by implementing a food
crop rotation pattern with legume ground
covers during the fallow period. Through land
covered by legume plant biomass during the
fallow period, the physical condition of the
soil is maintained in a sustainable manner
(Matheus, 2019). This rotation pattern is
suitable for dry land farmers because it is easy
and cheap, compared to using manure which
IS more expensive. The rotation pattern of the
legume ground covers can contribute biomass
as a source of carbon as well as that of natural
nitrogen (Matheus, 2014). This study aims to
determine the rotation pattern of the legume
ground covers and their residual effects on the
dynamics of soil organic carbon, N, P, K
nutrients, and corn yields during the two

growing seasons.
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MATERIALS AND METHODS
Study area

Field trials were carried out on land
owned by farmers in Oelnasi Village, Central
Kupang sub-district, Kupang District, East
Field
implemented during for 2 (two) years,
namely: planting season 1 (PS-1) 2017/2018
and (PS-2): 2018/2019. The type of soil in the

experimental site was belonged in the ultisol

Nusa Tenggara, Indonesia. trials

order cambisol soil type. The climate is
tropical with a total rainfall of 1500 mm/year
and an average annual temperature of 29°C.
The experiment site was dry land that was
cultivated continuously and previously

planted with corn.

Design of experiments
This
randomized block (RBD), with a single

study was designed as
treatment of the land rotation pattern consisted

of without rotation (farmer practiced);
rotation pattern with Phaseolus lunatus;
rotation pattern with Mucuna pruriens. The
treatments was repeated 5 (five) times, which
made the total of 15 experimental units. The
legume ground covers were planted before the
corn crop harvested and allowed to grow for 7
months (April-October 2017). Furthermore,
before the legume ground covers biomass in
each experimental plot was harvested, they
were cut into pieces of 3-5 cm long, and
method) into the

returned (immersion
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experimental plot during soil cultivation.
Corns, that were used as the indicator plants
in this study, were planted during two growing
seasons. Fertlizers at a rate of 150 kg/ha of
Urea, 100 kg/ha of SP36, and 100 kg/ha of
KCL, were applied to support the growth of
corn plants.

Observations of soil and plant samples were
carried out during two growing seasons,
namely the rainy season (PS-1 and in the dry
season (PS-2), to determine the effect of
rotation patterns with the legume cover crops
on the dynamics of carbon and NPK nutrients
and corn yields. Soil samples were taken from
three points at a depth of 0-30 cm in five
replicates in each experimental plot and
analyzed in the laboratory. Those samples
were taken three times, namely at planting PS-
1 (after rotation); the end of the PS-1 trial, and
the end of the PS-2 trial. The parameters
(1). Soil
properties, including C-organic (Walkley &
Black); total-N nutrient (Kjeldahl); Available-
P (Bray 1), K (Acetic Acid 1M pH 7); (3)

agronomic

observed in this study were:

nutrient  efficiency, namely
comparing the amount of nutrients transported
by plants with the amount of nutrients from
fertilizers added ((Jagadeeswaran et al., 2005
and Milkha et al., 200; (4) corn yields

(harvested dry kernels).
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Statistical Analysis

Data analysis was performed

statistically using analysis of variance
(ANOVA) or variance test, with a 95%
confidence interval. To observe the effect of
significant differences from the variables due
to treatment, Duncan's multiple distance test
was carried out at the 5% real level (Gomez
and Gomez, 2007). Data processing was
Costat statistical

performed using the

program.

RESULTS AND DISCUSSION
RESULT
The type of soil in the experimental

location was belonged to the cambisol soil
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type, vertisol order, at an altitude of 440 m asl
with flat topography (+ 5%). The results of the
analysis of the soil used in the research area
are presented in Table 1.

The results of preliminary soil analysis
showed that the soils in the study location was
belong to the ultisol order, with high (68.54%)
clay content and the slope of 5%, could cause
poorl drainage of the soil. Soil organic-C,
available-P, potential and available-K were
classified low, which probably due to farmers
do not usually apply KCI fertilizer to plants
and very little plant residues are returned to

the soils.

Table 1 Chemical and physical properties of soil in the experimental location in Oelnasi village,

Central Kupang district, Kupang

No Parameter Unit Value Description *
1 Texture
Sand % 10.52 Cla
Silt % 20.94 y
Clay % 68.54
2 pH (H20) - 7.57 Netral
3 C (Walkley & Black) % 1.87 Low
4 N (Kjeldahl) % 0.15 Low
5 CIN - 13.13 Moderate
6 P205 (available-P) Ppm 6.55 Low
7 K20 (HCI 25%) mg 100g™ 11.00 Low
8 Ca-dd cmol(+) kg? 6.59 Moderate
9 Mg-dd cmol(+) kg? 0.79 Low
10 K-dd cmol(+) kg? 0.17 Low
11 CEC cmol(+) kg* 19.84 Moderate
*) Sulaeman et al., 2005
Dynamics of Soil Organic Carbon main indicator of soil quality. This

Observation of post-rotation soil
organic carbon with legume ground covers is

important because soil organic carbon is the

measurement is to determine whether there is
any influence of the biomass residue of the

legume ground covers the soil organic C

FACULTY OF AGRICULTURE, UDAYANA UNIVERSITY e 30



INTERNATIONAL JOURNAL OF BIOSCIENCES AND BIOTECHNOLOGY e Vol. 8 No. 2 e April 2021

content until the second planting season. Soil
samples were taken at a depth of 0-30 cm. The
results of the analysis of soil organic-C

content due to the rotation pattern with the
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legume ground covers in dry land maize
farming were significantly different between

rotation treatments (Figure 1).
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Fig. 1. Dynamics of soil C-Organic levels due to the practice of rotation patterns with legume

ground covers in dry land maize farming

In Figure 1, it appears that the rotation
pattern with the legume cover crop after corn
planting increased soil organic C content
compared to that without rotation (farmer
practice). Soil organic C content in the
rotation treatment with Mucuna pruriens
significantly increased soil organic C content
from 1.78% to 2.68% or an increase of
50.56%. Rotation with Phaseolus lunatus also
significantly increased organic C to 2.45% or
an increase in organic C was 37.64%, which
were significantly higher than that without
rotation (farmer pattern), with organic-C

content of only 1.80%.
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Figure 2 shows that due to the rotation
with the legume ground covers there had been
a change in soil organic C content until the
second planting season (MT2). The rotation
pattern with Mucuna pruriens up to PS-2
decreased the levels of C-organic to 43.82%
and  with Phaseolus lunatus showed a
decrease in C-organic to 29.21%. This was
different from the practical treatment of
farmers (without rotation), which shows
showed a decrease in C-organic content to

1.51% (low).
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Dynamics of N, P, and K nutrients.
In general, the

with

rotation pattern

treatment legume ground covers
significantly increased the macronutrients (N,
P, and K) in the soil. The results of soil
analysis that were carried out 3 (three) times,
namely at planting time (after immersing the
legume biomass); at the end of harvest PS-1,
and at the end of harvest PS-2, which are
presented in Table 2.

Table 2 shows that there is a tendency

to increase in soil macronutrients (N, P, and
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K) due to rotation patterns with legume
ground covers. The rotation pattern with
Mucuna pruriens and Phaseolus lunatus
showed higher change in macronutrient
content during the two growing seasons
compared to those without rotation. The
content of total N in the soil were also varied.
The highest total N content in rotation with
Mucuna pruriens was (0.35% N) at planting

maize and decreased in PS-2 to 0.21%.

Table 2. Dynamics of soil N, P, and K nutrient content at the experimental site during the two
growing seasons after rotation with legume ground covers

Practice  Pattern Sample Soil nutrient content
Rotations Measurement N (%) P (ppm) K (mg/1009)
Farmer’s practice post fallow 0.17 1 0.02 6.67 £0.90 14.82 + 0.89
(No Rotation) Harvest PS-1 0.14 (1110.02 6.12 £0.90 12.91 +0.34
Harvest PS-2 0.12 (1 0.03 4.81+0.41 10.23 +0.48
Rotation with post fallow 0.35100.03 10.14 + 0.76 29.23 + 0.66
Mucuna Pruriens  Harvest PS-1 0.28 0 0.03 9.22 +0.86 25.22 £ 0.57
Harvest PS-2 0.21 10.02 6.81 + 0.82 22.21 £0.90
0.31
post fallow qonnnn 008E06T 0 es 1053
0.25
Rotation with Harvest PS-1 Oooooo 91808l 24.82 £ 0.52
Phaseolus lunatus Harvest PS-2 0.21 6.62 £ 0.51 21.62 £ 0.80
oooouo

The similar total N content condition
was also shown in the rotation pattern with
Phaseolus lunatus, which was 0.31% at
planting and decreased in PS-2 to 0.21%.

The content of P and K nutrients in the
soilvaried, the highest P and K levels were

shown by the rotation pattern treatment with

Mucuna pruriens and Phaesolu lunatus. At
planting the P levels were 10.14 ppm and
10.08 ppm, while K levels were 29.23
and 27.83 mg/100g soil

respectively, which were higher than those of

mg/100g soil

the farmer's practice (where P and K levels
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only reached 6.67 ppm and 14.82 mg/100 g
soil respectively) at the end of PS-2.
Agronomic nutrient efficiency

The

nutrients can be determined by comparing the

agronomical  efficiency of

number of nutrients transported by plants with
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pISSN: 2303-3371
https://doi.org/10.24843/13BB.2020.v08.i02.p04

the amount of nutrients from fertilizers added
and in the soil (Jagadeeswaran et al., 2005 and
Milkha et al., 2001). The results of the
analysis of the nutrient uptake efficiency of N,

P, and K are presented in Figure 2.
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Fig. 2. Agronomic nutrient efficiency of N, P, and K maize in a rotation pattern practice with
legume ground covers for two periods of the growing season

The efficiency of agronomic nutrients
was tested to see the effect of rotation patterns
with legume ground covers on the percentage
of nutrient uptake and used by plants
compared with the amount of nutrients from
fertilizers added. Based on the analysis, it was
known that the practice of the rotation pattern
with the legume ground covers had an effect
on the agronomic efficiency of N, P, and K
nutrient uptake during the two growing
seasons, as shown in Figure 2.

Figure 2 shows the application of the

rotation pattern with the legume species of

Mucuna pruriens resulted in the highest
nutrient agronomic efficiency during PS1 and
PS2, respectively, 37% and 28% of N; 27%
and 17% of P and 30% and 22% of K.
Rotation with the species Phaseolus lunatus
resulted in agronomic efficiency of 32% and
25% of N; 27% and 17% of P and 25% and
19% of K respectively, which were higher
than the farmer practice (without rotation),
with less agronomic efficiency in both PS-1
and PS-2.

The efficiency of agronomic nutrients

was tested to see the effect of rotation patterns
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with legume ground covers on the percentage
of nutrient uptake and used by plants
compared with the amount of nutrients from
fertilizers added. Based on the analysis, it was
known that the practice of the rotation pattern
with the legume ground covers had an effect
on the agronomic efficiency of N, P, and
Knutrient uptake during the two growing
seasons, as shown in Figure 2.

Figure 2 shows the application of the
rotation pattern with the legume species of
Mucuna pruriens resulted in the highest
nutrient agronomic efficiency during PS1 and
PS2, respectively, 37% and 28% of N; 27%
and 17% of P and 30% and 22% of K.
Rotation with the species Phaseolus lunatus
resulted in agronomic efficiency of 32% and
25% of N; 27% and 17% of P and 25% and
19% of K respectively, which were higher

than the farmer practice (without rotation),

Rupa Matheus, Laurensius Lehar, IGA. Mas Sri Agung

with less agronomic efficiency in both PS1
and PS2.
Corn yields

The rotation pattern of the legume
cover crop showed a significant effect on
maize yields during the two growing seasons.
The vyields of dry kernel corn in PS-1 (rainy
season) and PS-2 (dry season) is presented in
Figure 3.

The rotation pattern with legumes of
Mucuna prriens and Phaseolus lunatus
significantly increased dry kernel corn yields,
with 6.20 tonnes/ha and 5.52 tonnes / ha
respectively in PS-1 but decreased to 5.24
tonnes/ha. and 4.68 tonnes/ha in PS-2 (Figure
3). However, they were still higher than those
without rotation (where the maize yield only
reached 3.16 tonnes/ha in PS-1 and 2.58

tonnes / ha in PS-2.
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Fig. 3. Corn yield (tonnes/ha) in the practice of a rotation pattern with legume ground covers

for two periods of the growing season
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DISCUSSIONS

It appears that the land rotation system
in corn cropping showed significant effects on
the dynamics of soil organic C content and N,
P, K nutrients during the two growing
seasons. Rotation with Mucuna pruriens and
Phaseolus lunatus significantly increased the
soil organic C content by 50.56% and 37.64%
in PS-1 but PS-2 decreased in C-organic to
43.82% and 29.21% in PS-2. The increase in
soil organic -C content was caused by the
supply of organic matter of the two legumes
planted during the fallow period (during the
dry season) after which the biomass were
returned to the land. Legume biomass is
generally of a high quality which allows
decomposition to take place naturally. The
rotation pattern with legumes during the dry
season will be slow, allowing the
accumulation of more organic matter in the
soil layer (Hairiah et al., 2006). The presence
of organic carbon in the soil layer will would
help increase aggregation, especially in soils
with clay textures. Increasing soil aggregation
had an effect on improving physical

properties, which could lower bulk density

and increase pore space and soil pore
distribution (Stevenson, 1994; Wailiru and
Lal, 2006).

Those condition was different from the
practice of farmers (without rotation) who left
the land open during the fallow period (dry

season), in which the rate of decomposition of
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organic matter takes place faster due to high
temperatures. In addition, the habit of dry land
farmers transporting collected and carried the
crop residues (straw) out of the land is a
contributing factor to the reduced reserves and
supply of soil organic matter. Burning of plant
debris or straw and litter was also a condition
that accelerated the loss of organic carbon
from the soil system.

The rotation pattern with legume ground
covers during the fallow period also
significantly increased the N, P, and K
nutrients in the soil and increased the
efficiency of those agronomic nutrients.
Those were due to the role of carbon
contributed by the legume biomass which had
undergone decomposition into humus colloid.
The presence of humus colloids in the soil
help the process of nutrient mineralization in
the soil, becoming nutrients that easily
available to plants in the form of ions
(Stevenson). Agsary et al., (2020), stated that
the substitution of organic fertilizers and
biological fertilizers increase the efficiency of
macro and micronutrient uptake in, due to an
increase in physical fertility and the role of
(1995)

showed that the average efficiency of N

soil biology. Utomo's research,

fertilization for on land without tillage
reached 37.8% when compared to intensive
tillage which only reached 16.6% in the first
planting season. This because intensive soil

cultivation physical damage to the soil,
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namely the soil more porous so that many
nutrients washed away. Meanwhile, farmer
practices (Table 2 and Figure 3) show a
decrease in nutrients and a decrease in nutrient
uptake efficiency. This thought to be caused
by low levels of organic carbon, which an
impact on soil compaction, in poor aeration in
the soil (Kusno and Rustaman, 2013;
Kusumastuti et al., 2018).

This

rotation system a solution for land. because

land management through a

easy and cheap. Implementing a rotation
system with legumes during fallow protect the
soil surface from direct light exposure and a
large supply of quality organic matter. Its
presence increase soil moisture and cause the
soil to become and increase soil holding
power to the water. The availability of water
in the soil pores in the plant root layers
become available for plant growth and also
plays a role in the process of mineral
weathering and nutrient solubility that made
easily absorbed by plants.

CONCLUSIONS

Land management through a rotation
system significantly increased soil organic C
content by 50.56% and 37.64% compared to
Farmer’s practice (no rotation). The practice
of land rotation system with with legumes
ground covers can increase soil carbon,
because in the long run it significantly

increases the efficiency of agronomic

Rupa Matheus, Laurensius Lehar, IGA. Mas Sri Agung

nutrients (N, P, and K nutrients) and yields
during the two growing seasons. Conversely,
the practice of farmers (without rotation)
showed a decrease in soil carbon in PS-2,
which resulted in reducing the efficiency of N,

P and K absorption.
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