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ABSTRACT: In areas with available irrigation water, rice is generally cultivated in monoculture and Published Online:
continuously rice after rice, which results in decreased soil quality and rice yields. This study aimed to February 11, 2025
examine the effect of cover-cropping with the legume species Arachis on growth and yield of several
upland rice varieties. The experiment was conducted during the rainy season, on a farmer’s field in
Labulia Village, Central Lombok (Indonesia), from January to April 2024, arranged in a factorial
randomized block design, with three blocks and two treatment factors, namely type of cover crops
(TO: no cover crop, T1: Arachis hypogaea (peanut), T2: Arachis pintoi), and type of upland rice (V1:
red rice, V2: black rice, V3: white rice). Those species of Arachis were grown between rows of the
rice plants. Observation variables include growth and yield components. Data were analyzed with
analysis of variance (ANOVA) and Tukey's HSD using CoStat for Windows. The results showed that
cover-cropping had a significant effect on growth (plant height and number of tillers), grain yield, and
yield components of the upland rice plants, with the highest average of rice grain yield (57.84
g/clump) was obtained from the plots planted with the cover crop A. hypogaea (peanut), while among
types of upland rice, the highest average of grain yield was in the red rice (52.22 g/clump). It can be
concluded that growing upland rice on raised-beds planted with cover crops from the species of

Arachis can help increase grain yield of upland rice plants in dry land. .
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1. INTRODUCTION

Rice is a semi-aquatic plant that can grow and develop in both flooded and non-flooded conditions. This plant has been widely
developed throughout the world, including Indonesia, because of the use of the grains as the main source of staple food. Around
95% of Indonesians use rice as their staple food [1]. Currently, the need for rice continues to increase along with the increasing
population, so land intensification must be carried out [2]. However, rice development in Indonesia has various obstacles, one of
which is the conventional or monoculture planting and low soil fertility, which has an impact on decreasing grain yield and
suboptimal growth of the rice plants in irrigated areas [3].

An effort to increase productivity of various food crops and restore soil fertility can be done through the use of legume plants,
either as green manure, rotation crops, intercrops or cover crops. Legume plants that are used as cover crops can function as
conservation crops so that they can maintain soil stability in the long term, especially in dry land [4] The use of legume cover
crops from the species of Arachis can increase rice yields under aerobic irrigation systems [5, 6]. Arachis hypogea and Arachis
pintoi which are grouped as legume crops can have a positive impact on the productivity of food crops through crop rotation and
intercropping because they can provide nitrogen nutrients to increase soil fertility [7].

Legume cover crops from the species of Arachis have the ability to fix nitrogen from the atmosphere through establishment of
symbiosis with Rhizobium bacteria that live in the root nodules of legume plants. In addition, the presence of Rhizobium bacteria
can maintain soil health. A healthy soil rhizosphere will be inhabited by beneficial organisms by utilizing organic substrates from
plant root exudates as a source of energy and nutrients [8, 9]. Legume plants intercropped with red rice plants can increase rice
yields [10], and can reduce ground water evaporation and maintain and increase soil organic matter content due to the
decomposition of cover crop litter or the use of the cover crops as living mulch or green manures [11].
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This study aimed to examine the effects of planting legume cover crops from the species of Arachis between rows of rice plants on
growth and yield of several varieties of upland rice grown on dry land in Labulia village of West Lombok, Indonesia.

Il. MATERIALS AND METHODS

The field experiment in this study was conducted during the rainy season, on a farmer's land in Labulia Village, Jonggat District,
Central Lombok Regency, West Nusa Tenggara Province, Indonesia, which started in January and harvested in April 2024. The
experiment was arranged based on a factorial Randomized Block Design with two treatment factors, namely the type of legume
cover crops (TO = without application of cover crops; T1: Arachis hypogaea (Bison variety of peanut); T2 = Arachis pintoi) and
upland rice varieties (V1 = red rice variety of “Inpago Unram-1; V2 = black rice variety of “Baas Selem”; V3 = white rice variety
of “Situ Patenggang”). From the two treatment factors, nine treatment combinations were obtained, each of which was made in
three blocks (as replications), so that there were 27 experimental units.

Planting of the cover crops was carried out 14 days before seeding the pre-germinated rice seeds. Preparation of cover crops began
with planting A. pintoi cuttings in small polybags before using them as cover crops in this experiment. Cover crops were planted
by dibbling peanut seeds and A. pintoi seedlings planted at a planting distance of 25 x 20 cm on the treatment plot. Rice planting
was carried out by dibbling pre-germinated rice seeds at a distance of 25 cm x 20 c¢cm, between rows of cover crops. The first
fertilization was carried out after the rice plants were 7 days after seeding (DAS) with Phonska fertilizer (NPK 15-15-15) 1.2
g/clump, while the second fertilization was carried out when the rice plants were 35 DAS old with Urea fertilizer (0.5 g/clump), by
dibbling the fertilizer 7 cm next to the base of the rice plants. Thinning and replanting of rice plants were carried out at the age of
14 DAS, by allowing only 3 seedlings to grow per planting hole. The cover crops were not fertilized.

The observation variables include growth variables (plant height, number of tillers per clump, and number of leaves per clump at
the age of 56 DAS, straw dry weight, and average growth rate (AGR) by calculating the average increase in growth per day from
the difference between measurements at the ages of 56 and 14 DAS), and yield components (number of panicles per clump,
panicle length, number of filled grains per panicle, percentage of unfilled grain number, weight of 100 grains, grain yield per
clump, and harvest index). Data were analyzed with ANOVA (analysis of variance) and Tukey's HSD using the statistical program
"Costat for Windows ver. 6.303".

I1l. RESULTS

Based on the summary of ANOVA results (Table 1), the cover crop factor (T) significantly affected the height of the rice plant at
56 DAS, AGR of plant height, number of panicles, panicle length, number of filled grains per panicle, weight of 100 filled grains,
grain yield per clump, percentage of unfilled grain number, and harvest index, while the rice variety factor (V) significantly
affected the number of tillers at 56 DAS, number of leaves at 56 DAS, panicle length, number of filled grains per panicle, and
weight of 100 filled grains. In terms of growth parameters, however, there was an interaction effect between the types of cover
crops and the varieties of upland rice grown with or without cover crops, but it was significant only on the number of rice tillers at
56 DAS, and the patterns of the interaction effect are shown in Table 3.

In terms of the main effects, among the growth parameters of the upland rice (Table 2), the average values of plant height of rice
at the age of 56 DAS and the AGR of plant height were highest in rice plants grown without cover crops (T0). The high growth
rate of plant height of various rice varieties that were grown without cover crops is thought to be due to the fact that during the
vegetative growth phase the rice plants did not experience competition from cover crops so that their growth was more optimal
without cover crops. On the other hand, the number of leaves and the number of tillers at the age of 56 DAS were highest on rice
plants grown on the raised-beds planted with the cover crop A. pintoi (T3). However, among the rice varieties tested, the
significant differences among them were only in the number of tillers and the number of leaves at the age of 56 DAS, in which the
highest average was on the red rice (V1).

However, the number of tillers per hill at the age of 56 DAS showed an interaction effect between the type of ground cover plant
and rice varieties (Table 3), which showed different responses between rice varieties to the type of cover crop planted. When
planted without cover crop (TO), the highest average number of tillers was in red rice variety Inpago Unram-1 (V1), but in beds
with the cover crop A. pintoi (T3), the highest average number of tillers was in black rice variety Baas Selem (V2), while in beds
planted with peanut cover crop, there was no difference in the number of tillers between upland rice varieties (Table 3).
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Table 1. Summary of ANOVA results for all measurement variables
Sumber Keragaman

Observation Variables

Cover crop (T) Varieties (V) T*V

Plant height at 56 DAS S NS NS
Tiller number at 56 DAS NS S S

Leaf number at 56 DAS NS S NS
Average growth rate (AGR) of plant height S NS NS
AGR of tiller number NS NS NS
AGR of leaf number NS NS NS
Dry straw weight NS NS NS

Panicle number per clump S NS NS

Panicle length S S NS

Filled grain number per panicle S S NS

Weight of 100 filled grains S S NS

Percentage of unfilled grain number S NS NS

Grain yield per clump S S NS
S

Harvest index NS NS

Table 2. The effects of cover cropping and upland rice varieties on growth related variables of the upland rice plants

Plant height Tiller number Leaf number AC_SR plant AGR tiller AGR leaf Weight of

Treatments at 56 DAS height number per number per
at 56 DAS at 56 DAS dry straw ()

(cm) (cm/day) day day
TO: no cover crop 113.43 a 39.83 b 127.47 a 177 a 058 a 211 a 3414 a
T1: A hypogaea  97.64 b 3763 b 11838 a 140 b 0.68 a 227 a 3537
T2: A. pintoi 108.28 ab 48.67 a 13550 a 166 ab 0.73 a 227 a 3497
Tukey’s HSD 14.73 6.47 - 0.34 - - -
V1: red rice 10587 a 46.52 a 14507 a 158 a 0.70 a 248 a 3552
V2: black rice 106.39 a 4158 ab 12150 ab 1.62 a 0.68 a 211 a 3519
V3: white rice 107.10 a 38.03 b 11478 b 164 a 0.61 a 2.06 a 33.77 a
Tukey’s HSD - 6.47 25.03 - - - -

D Mean values followed by the same letter are not significantly different between treatments of each factor

Table 3. The patterns of interaction effects between the types of cover crops and varieties of the upland rice on their tiller
number per clump at 56 DAS

Treatments of crover cropping V1: Red rice V2: Black rice V3: white rice

TO: no cover crop 47,66 a 35,75 b 36,08 b
T1: Arachis hypogaea 40,64 ab 31,41 b 40,83 b
T2: Arachis pintoi 51,25 a 57,58 a 37,16 b
Tukey’s HSD 5% 11,22

) Mean values followed by the same letters in each row or each column are not significantly different between types of cover
crops or varieties of the upland rice

In relation to the yield components of the upland rice, there was no interaction effect between the treatment factors (Table 1).
Based on the main effects, between the two treatment factors, the types of cover crops show significant effects on all yield
components measured, with the highest mean values are on upland rice grown with peanut cover crops, which include panicle
number per clump, panicle length, filled grain number per clump, grain yield per clump and harvest index, but the weight of 100
grains is highest on the rice plants grown with the cover crop A. pintoi, while the highest percentage of unfilled grain number is on
the rice plants without cover crops (Table 4), which means that without cover crops, the percentage of unfilled grain number will
be higher compared with growing upland rice with cover crops of legume types. These all indicate the positive effects of growing
upland rice together with cover crops of legume species, which in this study include peanut (A. hypogaea) and A. pintoi. These are
contrast with growth parameters, especially those related to plant height of the upland rice, in which plant height during the peak
of vegetative growth (56 DAS) and the AGR of plant height were highest on the upland rice plants that were grown without any
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cover crops. In relation to the different varieties of upland rice, the highest average of grain yield per clump was on the red rice
variety Inpago Unram-1 (V1), which seems to be supported by the tendency of the highest values of panicle number per clump
and harvest index (Table 4) as well as dry straw weight (Table 2). Harvest index was calculated as the percentage of grain weight
per clump over the total weight of the grains and the straw.

Table 4. The effects of cover cropping and upland rice varieties on grain yield and yield components of the upland rice
plants

Panicle . Filled grain Weight of 100 Percentage of . .
Panicle length . . . . Grain  vyield Harvest

Treatments number (cm) mber per filled grains unfilled grain (g/clump) index (%6)

clump panicle (9) number (%)
TO: no cover crop 18.78 b 2359 b 97.07 c 2.68 b 28.92 a 40.90 ¢ 5451 b
T1: A hypogaea  23.19 a 2525 a 11869 a 278 ab 21.20 b 5784 a 6213
T2: A. pintoi 21.69 a 2431 ab 10721 b 2.82 a 2114 b 52.96 b 6031
Tukey’s HSD 2.61 1.37 9.13 0.13 4.96 2.52 2.27
V1: red rice 22.00 a 23.76 b 99.68 b 265 b 25.22 a 5222 a 59.28
V2: black rice 21.81 a 2385 b 108.13 ab 2.77 ab 22.99 a 50.97 ab 58.90
V/3: white rice 19.86 a 2554 a 11515 a 2.87 a 23.07 a 4851 b 5877
Tukey’s HSD 2.61 1.37 9.13 0.13 4.96 2.52 2.27

D Mean values followed by the same letter are not significantly different between treatments of each factor

IV. DISCUSSION

Based on the interaction effect between the treatment factors on the number of tillers per clump during the vegetative growth
phase of rice plants, there appears to be a difference in response between the upland rice varieties to the application of cover crops
(Table 3), but this interaction effect does not continue to the generative phase, as seen from the absence of a significant interaction
effect on yield components of the upland rice plants (Table 4). However, the average values of yield components of the rice plants
appear higher on the rice plants grown together with the legume cover crops. This positive effect of legume cover cropping is
thought to be due to the influence of the Arachis species of the cover crops which can play a role in providing available nutrients,
especially N, needed by the rice plants in the seed filling phase due to the high need for photosynthate for seed filling, so that
maintaining a high number of green leaves with this N supply is very important in the seed filling phase. The treatment with cover
crops from legumes such as Arachis species, which were grown between rows of cereal plants can fix atmospheric nitrogen so that
it can increase the availability of N for the rice plants, when compared to the monocrop planting or without cover crops [12].

In addition, legume plants can facilitate cereal plants such as rice in absorbing nutrients needed by the plants because legume
plants can increase the availability of nitrogen, Fe and Zn which are very beneficial for cereal plants so that the effect of cover
crops from Arachis species can have a positive impact on the yield components of cereal crops [13]. In addition, the dense growth
of cover crop leaves is also thought to inhibit weed growth, and the Bison variety of peanut plants used as cover crops in this study
have denser leaves than other peanut varieties such as Hypoma-1 [14].

In its application in the field, the effect of cover crop treatment using peanut plants showed the highest rice yield which was
significantly higher than under the cover crop treatment with A. pintoi and without cover crops. This is because the formation of
peanut root nodules is generally very abundant and peanuts are capable of establishing symbiosis with Rhizobium bacteria so that
this legume plant can contribute N to the rice plants growing next to it through the transfer of N from the peanut rhizosphere to the
rice plants [15], and intercropping with peanut plants can also increase the land equivalency ratio [16]. This allows for high yields
from several upland rice varieties in the cover crop treatment with Arachis species. In addition to the ability to fix nitrogen from
legume plants of the Arachis species or peanuts, peanut plants can increase the amount of grain in red rice plants compared to
without legume plants as companion plants in red rice cultivation [17].

In addition to showing high yield, the cover crop treatment with Arachis species also showed a low percentage of unfilled grain
number and a high harvest index compared to the treatment without cover crops. The high percentage of unfilled grain number in
the control treatment (without cover crops) is thought to be due to the absence of companion plants of the legume type Arachis
species so that the N needs of rice plants are less fulfilled, especially during the seed filling phase, which causes imperfect seed
filling, thus increasing the percentage of unfilled grain number. Red rice plants intercropped with peanuts showed greener leaf
color with a higher number of green leaves in the flowering phase when compared to without intercropping with peanuts, which
ultimately resulted in higher grain yields in rice plants intercropped with peanuts than without peanuts [18]. Legume plants such as
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soybeans [19, 20], mungbeans [21, 22], or peanuts [15, 18] can transfer nitrogen (N) to the cereal plants growing next to them, so
that cover cropping can have a positive effect on yield and yield components of the main crops.

V. CONCLUSION

It can be concluded that cover-cropping had a significant effect on growth (plant height and number of tillers), grain yield, and
yield components of the upland rice plants, with the highest average of rice grain yield (57.84 g/clump) was obtained from the
plots planted with the cover crop A. hypogaea (peanut), while among types of upland rice, the highest average of grain yield was
in the red rice (52.22 g/clump). Therefore, growing upland rice on raised-beds planted with cover crops from the species of
Arachis can help increase grain yield of upland rice plants in dry land.
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