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Abstract

This research was aimed to determine the effect of tillage and varieties on rice growth and
yield. This research used a Split Plot Design (SPD) where the land was cultivated (T) as
the main plot and rice varieties as subplots (V) repeated three times. The main factors as
the main plot consist of three levels, namely: without soil tillage (T0), minimum soil
tillage (T1), and perfect soil tillage (T2). The second factor is 5 level varieties, namely:
Tinggong (V1), Ciherang (V2), Cibogo (V3), Inpari-13 (V4), and Situ Bagendit (V5).
Data were also projected onto principal component analysis (PCA) to observe differences
and affected factors related to the soil tillage system. The results showed that the system
of tillage had a very significant effect on the yield per hectare. There was no significant
difference in yield between the minimum tillage and the perfect tillage. Variety had a very
significant effect on plant height at eight weeks after planting (WAP), the number of
tillers at 8 WAP, panicle length per clump, the amount of grains, percentage of full grain
per clump, percentage of empty grain per hill, the weight of grain per panicle, weight
1,000 grain and yield per hectare. The Cibogo variety gave the highest yield, namely 4.86
ton/ha. Based on PCA analysis, plant height, the total amount of grain, and filled grain are
highly affected by the soil tillage system.

1. Introduction

Rice (Oryza sativa L.) is one of the most important

production, the government implemented an
intensification and extensification policy, including

food crops as it is consumed by more than half of the
world’s population (Khush, 2005). In Indonesia, rice
plants have a significant role as a staple food for most of
the population. The need for rice in Indonesia is always
increasing from year to year due to population growth.
Indonesia is still importing, although including the
largest rice producer’s country in the world, to meet the
national demand. The rate of population growth is a little
higher, 0.53%, than the rate of domestic rice
consumption. However, the rapid demographic growth
pressuring in the rice sector recommends increasing rice
production to avoid a national food crisis (FAO, 2018).

According to Anggraeni (2020), national rice
production was 79.14 million tons in 2016, but the
amount has not been able to meet national consumption
needs. The government has to import 1.3 million tons of
rice in 2016 to cover the shortage of rice needs and less
productivity in Indonesia. To achieve national
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planting rainfed rice fields with superior rice varieties,
more convenient access to capital and farm inputs, and
support market integration as well as agriculture
technologies (Lopulisa et al., 2018).

Therefore, meeting these needs is always prioritized
by the government. Rice production can be increased by
good cultivation, planting superior varieties, and proper
soil tillage system to get perfect results. The soil tillage
system is directly influenced rice productivity, and
tillage impact can reduce the availability of nutrients and
microbes in the soil (Sari et al., 2017). On the other case,
the selection of rice varieties that have higher
adaptability to various farming environments is essential,
before making a recommendation in which variety is
comfortable to a specific land in gain a high rate of
variety adaptation, especially in developing countries
(De Abeysiriwardena, 2001).

The soil tillage system in rice planting aims to
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change the soil's physical properties so that the initially
hard layer becomes flat and muddy. The soil tillage
system dramatically affects the soil structure naturally,
which is formed due to root penetration; when the
cultivation is too intensive, the soil structure will be
damaged. How soil tillage is treated can improve soil

density, soil structure, soil temperature, water
availability, soil microbiological activity, and soil
respiration to crop productivity and agriculture

sustainability (Moraru and Rusu, 2013).

The method for tillage land TO (without soil tillage)
is to leave the land without being disturbed at all. The
remaining plants were previously cleared and used to
cover the soil surface or last season's crop residues, and
the weeds in the area were sprayed with herbicides after
dry or dead weeds were planted (Atika et al., 1997). The
results of Sembiring (2009) research on upland rice
obtained dry weight of grain per plot in perfect tillage
(1.82 kg), minimum tillage (2.13 kg), and without soil
tillage (1.80 kg). The yield of upland rice under perfect
tillage and without soil tillage gives the same results,
while the minimum tillage yields high yields.

Apart from cultivating the land, varieties that seed is
also a determinant factor to increase rice yields. Rice
farmers in Pasie Raya Subdistrict, Aceh Jaya Regency,
Province of Aceh generally still use local varieties so
that their productivity is still low. There are a lot of
superior varieties that have been released by the
government, but there is no information about which
varieties are suitable for cultivation in Pasie Raya
District, Aceh Jaya Regency. In correlation to the above
conditions, we tried to research the effect of the tillage
system and test some rice varieties in rainfed rice fields
clearly.

2. Materials and methods

This research was carried out in the lowland alluvial
rainfed rice fields, Pasie Raya Sub-district, Aceh Jaya
Regency Province of Aceh, Indonesia. The materials
used in this research were high rice seeds (local
varieties), Ciherang, Cibogo, Inpari-13, and Situ-
Bagendit. The experimental design used was Split Plot
Design (SPD), where the tillage (T) was the main plot,
and the variety was the subplot (V) with three
replications. The main factor (T) consists of three levels,
namely: without soil tillage (T0), minimum tillage (T1),
and perfect tillage (T2). The second factor is the varieties
(V) of 5 levels, namely: Tinggong (V1), Ciherang (V2),
Cibogo (V3), Inpari-13 (V4), and Situ Bagendit (V5).
Data were processed by using ANOVA and LSD 0.05
testing methods.

Research implementation includes soil cultivation
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before soil tillage is carried out, first the land is divided
into three main plots with a size of 16 m x 17 m. Each
plot is processed according to the treatment, in the TO
treatment, only spraying with herbicides are evenly
distributed on the soil surface. T1 treatment; the soil was
cleared of weeds by cutting, the weeds were moved to
another place, then the soil was digested or harrowed,
and in the T2 treatment, the soil was cultivated
completely, namely by ploughing twice and harrowing
once. The first tillage was carried out using a tractor to a
depth of 30 cm ploughshares. After the first tillage, the
soil is left for one week. Subsequently, the second tillage
was carried out to destroy a large chunk of soil. The third
soil tillage was carried out three days later using a
plough or rake, aiming to slather the soil and level the
soil. Then in each main plot is divided by five sub-plots
with a size of 3 m x 5 m, each with three replications, so
that each main plot has 15 sub-plots.

Observations included plant height at 8§ WAP,
number of tillers per hill at § WAP, number of panicles
per clump, average panicle length per clump, the total
number of grains, percentage of filled grains per clump,
percentage of empty grain per clump, the weight of filled
grains panicle, the weight of grains containing per
clump, the weight of 1,000 grains filled per plot, and
yields of tons per hectare. Moreover, Data were also
projected onto principal component analysis (PCA) to
observe differences and affected factors related to the
soil tillage system.

3. Results
3.1 Effect of soil tillage

The results analysis of variance (ANOVA) showed
that soil tillage system had a very significant effect on
yield per hectare, had a significant effect on plant height
and number of tillers at 8 WAP, but had no significant
effect on the number of panicles, panicle length, total
grain volume, percentage of filled grains per clump,
percentage of dry grain. The average plant height and
number of tillers at 8 WAP, number of panicles, panicle
length, total grain number, percentage of full grain per
clump, percentage of un-hulled grain per hill, grain
weight per panicle, grain weight per hill, weight 1,000
grains and yield per hectares in various tillage cars are
presented in Table 1.

3.2 Varieties impact

The analysis of variance showed varieties of rice had
a very significant effect on plant height at 8 WAP, the
number of tillers 8 WAP, panicle length per clump, the
total number of grains, percentage of full grain per hill,
percentage of un-hulled grain per hill, the weight of grain
contained per panicle, 1,000-grain weight and yield per
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Table 1. Average plant height and number of tillers at § WAP

. Soil tillage system LSD
Observed Variables

TO T1 T2 0.05

Plant height (cm) at 8 WAP 73.25%  74.87"  84.18" 2.55

Number of tillers at 8 WAP 2107 23.82" 2667 3.29
Number of panicles 17.23 15.7 15.95 -
Panicle length (cm) 22.37 22.53 23.05 -
The total amount of grain (grain) 135.43 139.94 150.19 -
o) filled grain/clumy . . . -

(%) filled grain/clump 71.90 73.06 75.84

(%) empty grain / clump 28.10 26.94 24.16 -
Grain weight per panicle (g) 2.19 2.43 2.76 -
Grain weight per hill (g) 31.22 31.26 35.16 -

Weight 1000 grains (g) 23.75° 24.08° 25.09° 0.68

Yield (ton/ha) 3.29° 4.00™ 5.49° 1.02

TO (without soil tillage), T1 (minimum tillage), T2 (perfect tillage). Values with the same superscript within the same column

are not significantly different at the 5% chance level (LSD test).

hectare, significantly affected the number of panicles per
hill. However, varieties treatment had no significant
effect on the weight of grain contained per hill, plant
height and number of tillers at 8 WAP, number of
panicles, length of panicles, the total number of grains,
percentage of full grain per clump, percentage of un-
hulled grain per hill, grain weight per panicle, grain
weight per hill, the weight of 1,000 grains and yield are
presented in Table 2.

4. Discussion

Table 1 shows that the best growth and yield of rice
plants were found in the perfect tillage treatment (P2) but
not significantly different from the minimum tillage
treatment (P1). This is in line with the research
conducted by Moraru and Rusu (2013) on the impact of
tillage on wheat crops. The yield of wheat at maximum
tillage and minimum tillage was better than that without
soil tillage. This is thought to be because perfect soil
cultivation can create better soil conditions and aeration,
resulting in better plant growth. Furthermore,

Table 2. Average plant height and number of tillers aged 8 WAP

Simanihuruk et al. (2007) explained that soil cultivation
plays a role in preserving groundwater and soil aeration
so that it can affect plant growth. The observations in
this study indicate that the soil cultivation system has a
significant effect on plant growth. The effect of the TO to
T2 tillage system has different impacts due to the
different environmental characteristics as shown in
Figure 1.

Proper tillage can suppress weed growth and create
good soil aeration. On land where the number of weed
populations can be suppressed and soil aeration is not a
problem, soil cultivation is no longer needed because it
can result in increased water loss in the root zone which
disrupts plant growth (Prasetyo, 2006). In this study, the
highest yield of rice production due to the soil cultivation
system was found in the perfect tillage treatment but not
significantly different from the minimum tillage
treatment (Table 1). Tomar et al. (2005) explained that in
perfect soil cultivation, the soil has high moisture which
can provide optimal water and nutrient absorption so that
rice yields can increase compared to the untreated

Observed Variables Variety of Rice LSD
Tinggong (V1) Ciherang (V2) Cibogo (V3) Inpari (V4) Situ-bagendit (V5) 0.05
Plant Height (cm) 8 WAP 73.87° 70.15%® 69.58" 92.44¢ 81.12¢ 3.30
Number of tillers 8 WAP 29.19° 23.56° 26.78° 18.82° 20.92% 2.68
Number of panicles 17.47° 15.82% 18.25° 13.55° 16.36° 2.78
Panicle length (cm) 23.71° 22.07* 21.95° 23.44° 22.07* 0.58
The total amount of grain (grain) 225.31° 115.93* 108.16" 147.63° 112.26 12.60
(%) filled grain/clump 51.76° 81.28° 77.26% 74.14° 83.56° 5.84
(%) empty grain/clump 48.24¢ 18.72° 22.74% 25.86° 16.44* 5.84
Grain weight per panicle (g) 2.19° 2.56 2.22a 2.85¢ 2.48% 0.29
Grain weight per hill (g) 30.40 35.85 37.01 30.34 29.14 -
Weight 1,000 grains (g) 17.67° 26.03° 25.75° 25.82° 26.26° 0.58
Yield (ton/ha) 4.20% 4.61° 4.86b 3.90° 3.64° 0.67

Values with the same superscript within the same column are not significantly different at the 5% chance level (LSD test).
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treatment. Besides, Zhang et al. (2019) found that tillage
practices  greatly affect the resilience and

multifunctionality of the soil against the dry-wet cycle,
which may have important consequences for the
ecosystem remains provided by agricultural soils under
recent global climate change. Wulanningtyas et al.
(2021) explained that agriculture with a system without
soil tillage and the use of ground cover crops can
increase soil organic carbon (SOC), total N, available P,
exchangeable K and Mg, Cation Exchange Capacity,
bulk density, soil penetration resistance, and substrate-
induced respiration which can improve soil conditions in
soybean cultivation.

JaTl

Figure 1. Score plot of PCA analysis to observe differences
among soil tillage system

The yield of rice plants in the minimum tillage
treatment was not significantly different from the yield
of rice plants in the complete processing treatment
(Table 1). Thus, based on this study, farmers do not need
to cultivate perfect soil to grow rice in rainfed rice fields.
Minimum tillage techniques can also reduce the cost of
using labour for tillage and reduce the impact of soil
structure damage due to tillage (Rayyandini et al., 2017);
minimum tillage can also increase the activity of
microorganisms in the soil to encourage a sustainable
agricultural system (Moraru and Rusu, 2013). In line
with this, Karlen (1990) explains that conservation soil
cultivation is all soil cultivation methods and a planting
system that maintains at least 30 per cent of the land
surface is covered with residues or with cover crops to
reduce soil erosion from rainwater collisions. In this
study, the growth and yield of rice plants had a
significant effect on the soil cultivation system. Judging
from the results of the PCA analysis as shown in Figure
2, the total amount of grain, plant height, and pithy grain
are the three main factors that are strongly influenced by
the soil cultivation system. Rutkowska et al. (2018)
explain that the reduction in tillage significantly reduces
CO, gas emissions into the atmosphere 7-35% lower
than conventional tillage systems. On the other hand, in
the untreated treatment, most of the organic matter is
concentrated on the surface of the soil so that the level of
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weathering is low and the resulting nutrients are also
low, especially phosphorus, which functions to reduce
the amount of un-hulled grain as shown in Figure 3.

Total amount|of grain
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Figure 2. Dominant plant growth and yield affected by the
soil tillage system
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Figure 3. PCA score plot of plant growth and yield affected
by the soil tillage system

Table 2 shows the growth and yield of rice from the
various varieties tested in this study. The best growth
was found in Situ-Bagendit variety, this is thought to be
caused by differences in genetic traits of the varieties
used where the Situ-bagendit variety has compatibility
with the local environment and the adaptation factor to
the environment greatly determines the growth and
development of a plant. The difference in growth and
production of rice varieties is thought to be due to
differences in internal and external factors. Internal
factors are the genetic characteristics of rice, while
external factors are environmental conditions where rice
is grown, such as soil, water, and climate conditions.
Gardner et al. (1991) and Anhar et al. (2016) explained
that differences in genetic characteristics of each variety
such as plant age, plant morphology, yield potential,
disease resistance, nutrient reserve capacity, and
differences in external factors such as climate, soil, and
biotics, factors causing differences in yields of plant
height and number of tillers. Meanwhile, the number of
un-hulled rice and the percentage of dry un-hulled rice
was found in Tinggong varieties which were
significantly different from other varieties.

The highest percentage of grain was found in Situ
Bagendit varieties, which were significantly different

© 2021 The Authors. Published by Rynnye Lyan Resources



Helmi et al. / Food Research 5 (4) (2021) 173 - 178

from the Tinggong and Inpari-13 varieties but not
significantly different from the Ciherang and Cibogo
varieties. The heaviest grain weight per panicle was
found in Inpari-13 which was significantly different from
other varieties. The heaviest grain weight per hill was
found in the Cibogo variety, although it was not
statistically significant from other varieties. The heaviest
weight of 1,000 grains was found in Situ Bagendit
varieties, which were significantly different from the
Tinggong varieties but not significantly different from
the Ciherang, Cibogo, Inpari-13 varieties. Abdullah
(2009) explained that the characteristics of superior rice
varieties are having stronger stems, greener leaves, and
thicker, medium tillers, heavier and dense panicles. The
amount of grain is determined by the genetic
characteristics of the plant, especially the panicle length,
panicle branch, and grain differentiation (Setiobudi et al.,
2008). Garside et al. (1992), stated that each variety is
different in completing the generative phase, which is the
filling of grain grains to influence grain weight.

5. Conclusion

The tillage system significantly affected the rice
yield per hectare, significantly affected the plant height
and the number of tillers at 8 WAPs. Best growth and
yields are found in perfect tillage. The minimum tillage
system provides results equivalent to perfect tillage and
is a conservation tillage system that can maintain
environmental balance. Variety had a very significant
effect on plant height at 8 WAP, number of tillers of 8
WAP, number of panicles per hill, panicle length per hill,
number of grains, percentage of full grain per hill,
percentage of empty grain per hill, the weight of
unhulled grain per hill, weight 1,000 grain and yield per
hectare. Cibogo variety gave the highest yield, namely
4.86 ton/ha. The minimum tillage system can be applied
to rice cultivation in rainfed rice fields in Aceh Jaya
District using the Cibogo variety.
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