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Abstract: In West Sumatra, Indonesia, a high-yield perennial rice cropping method called SALIBU
was recently reported, in which the most unique feature is double cutting (DC) at harvest and after
harvest. The objective of this study was to verify the ratooning rice yield under the SALIBU system
in Myanmar. Two cultivation trials consisting of two cutting and three moisture treatments were
conducted in 2019 and 2020. We concluded that double cutting had no positive effect on grain yield
and regeneration rate compared with single cutting (SC). For the cutting regime, significant results
were detected in the ratoon crops on yield components, but all of these were negative effects of
DC, and were statistically lower than those of SC. On the other hand, a significant positive effect of
moisture regime on grain yield in all ratoons was observed. The grain yield of the dry regime was
significantly increased by 69% compared with that of the saturated regime. Soil oxidation conditions
during the initial growth period of ratoons could contribute to the improved yield performance of
the ratoons.

Keywords: cutting method; water management; soil oxidation

1. Introduction

Ratoon rice cropping is a cultivation technology that has the potential to increase annual rice
production per unit land area [1]. Compared with traditional double cropping rice systems, ratoon
rice cropping can save labor, time, seed, and water, and requires neither nursery supplies nor land
preparation [2]. The labor and seed inputs for ratoon rice cropping were reduced by 29% and 52%,
respectively, compared with double cropping systems [3,4]. However, many studies have concluded
that ratoon rice exhibits a low-yield performance, approximately 40–60% that of the main crop [5,6];
thus, low and unstable grain yield has limited the wide adoption of ratoon cropping.

In recent years, in West Sumatra, Indonesia, a perennial rice cropping system called SALIBU,
which is named after the Indonesian words “reproduction” and “mother”, has been practiced and
found to produce a yield equivalent to that of single rice cropping multiple times annually. Ratoon rice
cropping, however, has not yet become common in Indonesia. Erdiman et al. [7] reported a main
crop yield of 6 ton ha−1, while ratoon rice under the SALIBU system harvested six consecutive times
yielded 6–7 ton ha−1. This is probably because ratoon cropping with the SALIBU system has been
performed under ideal cultivation conditions, using suitable varieties and best management practices
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in a desirable climate for rice. However, little research has been conducted on the SALIBU system, and
it is important to study this system in order to enhance the productivity of ratoon rice cropping systems.

Considering a common ratoon cropping system, the most unique technology of SALIBU is the
double cutting for harvest and ratooning. In the SALIBU system, the cutting height is determined
based on a plant height of approximately 15–30 cm above the ground surface. After 7–10 days of
harvesting, residual stubble is recut at a height of 3–5 cm. The additional cutting of residual stubbles
is carried out using a mowing machine [8,9]. The double-cutting SALIBU system, which requires
additional labor for second cutting, should obtain higher yield than the conventional ratooning system.
Otherwise, the SALIBU system will be unacceptable to the farmers.

One study has reported the effect of additional cutting in ratoon rice cropping. Pasaribu et al. [10]
conducted a study on yield performance of ratoon rice using the System of Rice Intensification for
the main crop and double cutting for the ratoon crop compared with conventional transplanting
and ratooning. However, this study did not assess the effect of differences in final cutting height
between 5 and 20 cm, so it could not determine whether the yield was affected by additional cutting or
cutting height. If there are positive effects of additional cutting on grain yield, as in our hypothesis,
the excessive suppression of plant growth by additional cutting might have stimulated the secretion of
plant hormones to activate regeneration ability, thereby contributing to the yield performance.

Differences in the cutting height of the main crop are an important factor in the yield performance
of ratoons; therefore, many studies have examined the effect of cutting height on grain yield. However,
the response of grain yield to cutting height has been inconsistent in previous studies. For example,
the application of a cutting height of 0–15 cm above the soil surface was recommended in few
studies [11–14]. A medium cutting height of 20–30 cm was suggested in some studies [15–19]. A cutting
height ≥ 40 cm was recommended by other studies [20–22].

Moreover, soil moisture conditions before and after the main crop harvesting should be further
examined. Most studies on the water management of ratoon have previously focused on the effects of
irrigation water depth, period, and timing on grain yield and regeneration ability [1,16,23–25], and
most have concluded that withdrawal of water several days before harvest, leaving humid soil, with
re-irrigation as ratoon growth progresses, encourages ratoon crop production [26]. These are similar
moisture conditions to those found in the SALIBU system reported by [8,9]. However, few studies
have evaluated the quantity of soil moisture before and after harvest on grain yield. In the SALIBU
system, double cutting with a final cutting height of 5 cm under humid moisture conditions during
main crop harvesting might enhance yield performance.

Therefore, this study aimed to examine ratoon cropping in the SALIBU system focused on double
cutting under different soil moisture conditions before and after harvest in Myanmar. Few studies
on ratoon crop have been conducted in Myanmar. Rice is a vital crop that was grown in 34% of the
country’s total cultivated area in 2016 [27]. Rice dominates the agricultural sector, which is the largest
and most productive portion of the Myanmar economy. On the one hand, labor shortage in agriculture
continues to increase because of the growing industrial sector even though the practice of agriculture
depends on human labor force [28]. In Myanmar, sustainable development of rice cropping systems is
a crucial issue, and further studies on cropping techniques that can reduce labor force are required.

2. Materials and Methods

2.1. Experimental Field Using Concrete Tanks

The study sites were located in an experimental field at the Department of Agricultural Research
(latitude 19.825, longitude 96.274), Ministry of Agriculture, Livestock and Irrigation, Myanmar, in
Zayarthiri Township in the Naypyidaw. The experimental paddy field had 28 concrete tanks measuring
1.8 m length × 0.9 m width × 0.4 m depth in order to manage soil moisture during before and after
harvesting. Soil properties in the tank experiment before trials were as follows: sandy loam soil texture,
1.74 g cm−1 dry bulk density, 0.03% total nitrogen (N), 0.01% total sulfur (S), 160 mg kg−1 available N,
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304 mg kg−1 phosphorus (P), and 185 mg kg−1 potassium (K). The rice cultivar used was “Theehtetyin”
(indica), a popular variety in Myanmar with a normal crop duration of 110–115 days. The main crop,
consisting of approximately 21-day-old seedlings, was transplanted with 20 × 20 cm spacing and
a total of 45 plants (9 rows × 5 lines) in the tank. A basal level of triple superphosphate fertilizer
(18.5 kg P ha−1) was applied before transplanting for the main crop and 2 weeks before cutting for the
ratoon crop. Nitrogenous fertilizer (87 kg N ha−1) and muriate of potash (31 kg K ha−1) were applied
equally to each tank at around 7, 30, and 50 days after transplanting and at the flowering stages for the
main crop, and the ratoon crop was dosed at around 14, 30, and 50 days after cutting of the main crop
and at the flowering stage.

2.2. Cropping Schedules

The cultivation trials were timed to avoid harvest during the monsoon season (i.e., between June
and September) in order to facilitate the dry soil moisture regime (Table 1). The first trial was initiated
from February to August 2019 with double cropping. After harvesting of R1-1 and a randomized plot,
the second trial was implemented during September 2019 to May 2020 with triple cropping. The total
rainfall of each season was 103 mm during the summer (i.e., between March to May), 684 mm during
the monsoon, 100 mm in the postmonsoon (i.e., between October to December), and 0 mm in winter
(i.e., between December to February). The mean solar radiation was 25.4 MJ m−2 d−1 in the summer,
17.9 MJ m−2 d−1 in the monsoon, 19.4 MJ m−2 d−1 in the postmonsoon, and 17.2 MJ m−2 d−1 in the
winter. The mean daily maximum and minimum temperature were 36 ◦C and 23 ◦C in the summer,
33 ◦C and 25 ◦C in the monsoon, 35 ◦C and 23 ◦C in the postmonsoon, and 32 ◦C and 16 ◦C in the
winter, respectively.

Table 1. Cultivation information for the main crop and ratoon rice.

Cropping Season Sowing Date Transplanting
Date

Cutting
(Harvesting)

Date

Cultivation
Duration

First Trial in 2019
Main Crop (MC1) Summer 2019 15 February 7 March 1 June 106 days

Ratoon (R1–1) Monsoon 2019 – – 21 and 26
August 81–82 days

Second Trial in 2019–2020
Main crop (MC2) Postmonsoon 2019 6 September 25 September 12 December 97 days

Ratoon (R2–1) Winter 2019–2020 – – 1 March 76–80 days
Ratoon (R2–2) Summer 2020 – – 4 May 60–64 days

2.3. Plot Design and Treatments

For the cutting and soil moisture treatments in the split-plot design, a total of 24 plots (2 cutting,
3 moisture, and 4 replications) were prepared. The cutting regime was performed using single cutting
(SC) and double cutting (DC). SC was implemented using a cutting height of 5 cm above the soil
surface for harvest, and DC involved a first cutting at a height of 20–40 cm, depending on the crop
height for harvest and an additional cutting at a height of 5 cm 4 days after the first cutting.

The soil moisture regimes before and after harvesting were performed under saturated (M1)
continuously flooded, humid (M2), and dry (M3) soil moisture conditions. The method of providing
moisture regimes for first and second trials differed. For the first trial, we set treatments based on
the depth of the water table, and for the second trial, we provided treatments based on reading a
tensiometer. In the first trial, we re-irrigated with 25 L in a tank when water depth below the surface
reached 10 cm for M2 and 20 cm for M3. In the second trial, M2 was re-irrigated with 25 L when soil
water potential reached −7 kPa, and M3 was re-irrigated with 25 L when soil water potential reached
−17 kPa. M1 was provided with continuous flooding, with a depth of 2–5 cm water maintained above
the soil surface. After the moisture treatment, water management was performed by continuously
flooding all plots until around 2 weeks before harvesting.
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2.4. Data Collection

We recorded soil water and redox potential in the paddy tank for 2 weeks before and after
harvesting at 7:00 AM every morning. Soil water potential was observed using a tensiometer (DIK-3162,
Daiki, Japan), which was installed at 10-cm soil depth into two tanks from M2 and M3 of each for the
first trials and into all M2 and M3 tanks for the second trials. Redox potential was measured by a
portable Eh meter with comparison and platinum electrodes (PRN-41, Fujiwara, Japan) installed at
nine points at 3–5 cm soil depth into the two tanks from each treatment.

We determined the plant growth (i.e., height of plant and number of tillers), number of spikelets
per panicle, filled grain weight, 1000-grain weight, weight of dried straw, harvest index, biological yield,
and regeneration rate from four adjacent hills, excluding the outer hills in each tank. Grain weight was
adjusted to 14% of the moisture content. The harvest index was equal to filled grains weight/ (weight of
dried straw above the stubble + filled and unfilled grains weight). Biological yield (g m−2) was equal
to (weight of dried straw and filled grains weight)/area of four hills. Grain yield (g m−2) and number
of panicles (m−2) were determined from 21 harvested hills (3 lines × 7 rows). The plant growth was
observed every week after final stem cutting. The regeneration rate was defined as the ratio calculated
by the plant growth of the ratoon divided by that of the previous crop [29,30]. The harvesting day at
the physiological maturity stage was determined about 25 days after the flowering day.

2.5. Statistical Analysis

An analysis of variance (ANOVA) and multiple comparisons were performed in R software
(version 3.6.0). A two-way ANOVA was performed to find significant differences between treatments
with respect to values of the initial and final regeneration rate, grain yield, and yield components
in each ratoon crop. The initial regeneration rate represents an average rate at 7, 14, and 21 days
after harvest, and final regeneration rate indicates the final rate before harvest. The effects of cutting
regime (SC and DC), moisture regime (M1, M2 and M3), and cutting × moisture interaction were
assessed by the ANOVA. When we found significant results using the ANOVA, Tukey’s honestly
significant difference (HSD) test (0.05 significant difference) for multiple comparisons was used to
compare differences between mean values of collected data of each crop to determine which crop’s
means were different.

3. Results

3.1. Soil Moisture Regimes

Moisture treatments were initiated after the tank was drained at around 2 weeks before harvesting
and were managed until 2 weeks after harvesting. In R1-1, we could not provide moisture regime
M3, dry conditions (Figure 1a), because it was difficult to adjust the water table in the tanks, so the
moisture regime for R1-1 was defined as M1, M1.5, and M2 based on the observed water potential
values. M1.5 was between the saturated (M1) and humid (M2) moisture levels.

After harvesting of the main crop for soil water potential, in R1-1, the mean values of M1.5 and
M2 were −5 and −12 kPa, respectively. In R2-1 and R2-2, which showed similar results, the mean
values of M2 and M3 for the ratoon crops were −11 and −19 kPa, respectively (Figure 1a). For redox
potential, in R1-1, mean values of M1 and M3 were almost constant at approximately −200 and 550 mV,
respectively, and mean values of M1.5 were −130 mV after harvesting. The mean values of M2 varied
widely from approximately −100 to 400 mV (Figure 1b).

Summarizing for the potential values of each regime, the soil water potentials of the M1, M1.5,
M2, and M3 regimes were approximately 0, −5, −11, and −19 kPa, respectively, and the soil redox
potentials of M1, M1.5, M2, and M3 were −200, −100, 200, and 550 mV, respectively.
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n = 8 for R2-1 and R2-2, (b) n = 9 for all ratoons. Dashed horizontal lines indicate 0 and −20 kPa for (a) 
and 0 mV for (b); vertical lines represent the day of harvest. 
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inconsistent. A significant effect on cutting was observed only at the initial rate of R2-1 (F1,18 = 9.40, 
p < 0.01), and a significant effect on moisture was detected in the final rate of R1-1 (F2,18 = 4.24, p < 
0.05) and the initial rate of R2-2 (F2,18 = 4.38, p < 0.05). 

For the regeneration rate of tillers shown in Figure 2b, the trend of changes in ratoons was 
completely different. In R1-1, the initial rate was higher than that of the other ratoon treatments, 
reaching 1 only at 7 days, and the number of tillers was maximized at 25–30 days after harvest of the 
main crop. In R2-1, the initial rate was low, but increased significantly until harvest and finally 
approached 2. In R2-2, with the exception of M3, which was slightly higher than the others, low rates 
of around 0.7 remained until harvesting of the ratoons. There was a trend of regeneration rate with 
regard to moisture regimes, in which the rate of the M3 regime was slightly higher than that of M1 
or M2. However, no significant effects of cutting or moisture regimes on the initial or final 
regeneration rate were observed for all crops. 

Figure 1. Changes in (a) soil water potential and (b) redox potential in selected tanks under different
moisture regimes before and after harvest of the main crop. R1-1, R2-1, and R2-2 represent first ratoons
of the first main crop and first and second ratoons of the second main crop, respectively. M1, M2, and
M3 represent the saturated, humid, and dry soil moisture regimes, respectively. M1.5 is between M1
and M2. Data represent the mean ± standard deviation. Sample size of (a) n = 2 for R1-1, n = 8 for R2-1
and R2-2, (b) n = 9 for all ratoons. Dashed horizontal lines indicate 0 and −20 kPa for (a) and 0 mV for
(b); vertical lines represent the day of harvest.

3.2. Effect of Cutting and Soil Moisture Regime on Regeneration Rate

For the regeneration rate of plant height shown in Figure 2a, the changes in regeneration rate of
each ratoon showed different trends. In R1-1, the regeneration rate increased gradually and reached 1
around 60 days after cutting. In R2-1, the rate hardly increased after 30 days, at up to approximately
0.6. In R2-2, the rate increased rapidly and exceeded 1 at around 30 days. The differences between
cutting and moisture regimes on the initial and final regeneration rate of plant height were inconsistent.
A significant effect on cutting was observed only at the initial rate of R2-1 (F1,18 = 9.40, p < 0.01), and a
significant effect on moisture was detected in the final rate of R1-1 (F2,18 = 4.24, p < 0.05) and the initial
rate of R2-2 (F2,18 = 4.38, p < 0.05).

For the regeneration rate of tillers shown in Figure 2b, the trend of changes in ratoons was
completely different. In R1-1, the initial rate was higher than that of the other ratoon treatments,
reaching 1 only at 7 days, and the number of tillers was maximized at 25–30 days after harvest of
the main crop. In R2-1, the initial rate was low, but increased significantly until harvest and finally
approached 2. In R2-2, with the exception of M3, which was slightly higher than the others, low rates
of around 0.7 remained until harvesting of the ratoons. There was a trend of regeneration rate with
regard to moisture regimes, in which the rate of the M3 regime was slightly higher than that of M1 or
M2. However, no significant effects of cutting or moisture regimes on the initial or final regeneration
rate were observed for all crops.
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Figure 2. Changes in regeneration rate of (a) plant height and (b) tillers for each regime and ratoon crop.
R1-1, R2-1, and R2-1 represent the first ratoon of the first main crop, first ratoon of the second main
crop, and second ratoon of the second main crop, respectively. DC and SC indicate double and single
cuttings, respectively. M1, M2, and M3 represent saturated, humid, and dry soil moisture conditions,
respectively. Data are mean ± standard error (n = 16, 4 hills × 4 replications).

3.3. Effect of Cutting and Soil Moisture Regime on Yield Components, Grain Yield, and Harvest Index

Figure 3 shows the yield components, grain yield, and harvest index of the ratoons for each
regimes. We statistically analyzed the effects of cutting and moisture regimes in each ratoon crop, as
shown in Table 2. Further details to compare the differences between each treatment can be found in
the Appendix A Table A1.

For the cutting regime, significant results were detected in the number of panicles for R1-1,
1000-grain weight for R1-1 and R2-2, and grain yield for R2-2, but all of these were negative effects
of DC, and were statistically lower than those of SC. For the moisture regimes, significant effects on
filled grain rate and grain yield for all ratoon crops were observed. The filled grain rate and grain yield
tended to increase as soil moisture decreased. The M3 regime, which showed an average soil moisture
potential of −19 kPa after harvest of the main crop, had the highest grain yield. This result differed
from that of the SALIBU system, which recommends a field capacity level of approximately −3 kPa.
In contrast, M1, the saturated regime under continuously flooded conditions, had the lowest yield;
approximately 60% that of M3 in R2-1 and R2-2.
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Figure 3. Comparison of differences in cutting and soil moisture regimes on yield components (a–d),
grain yield (e), and harvest index (f) of each ratoon. Horizontal dashed lines indicate the mean value of
the main crop for each ratoon (n = 24). R1-1, R2-1, and R2-1 represent the first ratoon of the first main
crop, first ratoon of the second main crop, and second ratoon of the second main crop, respectively.
M1, M2, and M3 represent saturated, humid, and dry soil moisture regimes, respectively. M1.5 was
between the M1 and M2 levels. SC and DC represent single- and double-cutting regimes, respectively.
Values for the ratoons represent the mean ± standard error of each treatment (n = 4).

Table 2. F values in analysis of variance (ANOVA) for comparison of yield components, grain yield,
and harvest index of each ratoon crop as affected by the cutting and soil moisture regimes.

Ratoon Crop and
Effects Df Number of

Panicles
Number of
Spikelets

Filled Grains
Rate

1000-Grain
Weight

Grain
Yield

Harvest
Index

R1-1
Cutting (C) 1 9.51 ** 1.71 ns 0.002 ns 5.56 * 0.166 ns 0.456 ns

Moisture (M) 2 3.47 ns 1.87 ns 5.14 * 1.27 ns 9.43 ** 0.632 ns
C ×M 2 0.904 ns 2.50 ns 5.33 * 1.90 ns 3.31 ns 2.57 ns

R2-1
Cutting (C) 1 0.547 ns 1.74 ns 1.81 ns 0.334 ns 2.80 ns 2.79 ns

Moisture (M) 2 0.043 ns 5.18 * 4.98 * 3.26 ns 14.3 *** 1.44 ns
C ×M 2 2.42 ns 0.26 ns 1.08 ns 2.17 ns 0.079 ns 0.113 ns

R2-2
Cutting (C) 1 1.71 ns 0.527 ns 0.545 ns 9.93 ** 7.75 * 0.128 ns

Moisture (M) 2 1.11 ns 2.35 ns 4.10 * 0.963 ns 9.72 ** 2.08 ns
C ×M 2 0.110 ns 0.307 ns 0.772 ns 1.11 ns 0.159 ns 0.262 ns

R1-1, R2-1, and R2-2 represent the first ratoon of the first main crop and first and second ratoons of the main
crop, respectively. Cutting represents single or double cutting, and moisture indicates saturated, humid, or dry
moisture conditions. *, ** and *** indicate statistical significance at p < 0.05, p < 0.01 and p < 0.001, respectively. ns:
not significant.
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3.4. Comparison of Yield Performance of the Crops

In the first trial, the grain yield of R1-1 (457 g m−2) reached the same level as that of MC1
(461 g m−2) (Figure 4a). MC1 was cultivated in the summer, and R1-1 was grown in the monsoon.
According to the Department of Agriculture statistics, the national average grain yield of summer rice
was 470 g m−2 and that of monsoon rice was 370 g m−2 in 2017/18. In the second trial, the grain yield of
R2-1 (240 g m−2) and R2-2 (265 g m−2) were significantly reduced to approximately 48% and 53% that
of MC2 (503 g m−2) (Figure 4a). R2-1 was cultivated in the winter, and R2-2 was grown in the summer.
The average minimum temperature was 16 ◦C in the winter of 2019–2020. As a physiological response
to low temperatures in R2-1, as compared with MC2, plant height and panicle length were decreased
by −35% (56 cm) and −31% (16 cm), and excessive tiller occurrence increased by 90% (30 hill−1).
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Figure 4. Comparison of grain yield (a) and biological yield (b) are described in order of cropping. 
Ratoon crops were cultivated under different cutting and moisture regimes. MC1 and MC2 represent 
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Figure 4. Comparison of grain yield (a) and biological yield (b) are described in order of cropping.
Ratoon crops were cultivated under different cutting and moisture regimes. MC1 and MC2 represent
the first and second main crop, respectively. R1-1, R2-1, and R2-2 indicate first ratoon of MC1 and
first and second ratoons of MC2, respectively. Data are means ± standard error, sample size n = 24.
Same letters above the bar did not significantly differ at the 5% level by Tukey’s honestly significant
difference (HSD) test.

The biological yield of the ratoon was significantly different between the first and the second trial
and gradually decreased as the cropping times increased. The highest biological yields were found in
MC1 (1593 g m−2), and the lowest yields were found in R2-2 (608 g m−2).

4. Discussion

For ratoon cropping under the SALIBU system in Indonesia, we inferred that excessive suppression
by DC of ratooning could affect crop physiological functions and activate regeneration ability, thereby
affecting yield performance. However, there was no significant difference between SC and DC in
the regeneration rate of tillers in any of the ratoons, and a positive effect of DC on grain yield was
not observed. In contrast to our hypothesis, the grain yield of R2-2 (second generation of ratoon)
under DC was statistically lower than that under SC (Figure 3e and Table 2). In continuous ratoon
cropping, DC may have an adverse effect on the growth of regenerated rice. We concluded that DC in
the ratooning system, which uses a cutting height of 30–40 cm for harvesting and height of 5 cm for
ratooning, had no effect on the yield performance of the ratoons.

Meanwhile, there were significant differences between moisture regimes with regard to grain yield
and filled grains rate in all ratoon crops (Table 2). The grain yield of M3 was significantly increased by
69% compared with that of M1 in R2-1 and R2-2. Additionally, although a significant effect of moisture
regimes on regeneration rate was not observed, there was a trend in the regeneration rate of tillers
in which the rate of M3 was slightly higher than that of the M1 regime (Figure 2b). The dried soil
moisture conditions, which had a soil water potential of −19 kPa and redox potential of 550 mV for
the initial growth stage of the ratoons, may have developed root growth and resulted in improved
nutrient absorption from the soil; that is, the number of tillers, filled grains rate, and grain yield were
improved. In a study on water management by the alternate wetting and drying of irrigated rice,
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Zhang et al. [31] achieved similar results, in which soil moisture conditions with an upper limit of
−15 kPa at depth of 15 cm contributed to an increased grain yield and root growth in rice. Therefore,
soil oxidation conditions during the initial growth stage of the ratoon might contribute to new root
growth and could enhance the yield performance. In other words, the yield performance of ratoon
crops should be influenced by the drainage condition of the field and the amount of rainfall at the
harvest time of the main crop. Considering the low yield of M1 saturated conditions (Figure 3e), ratoon
cropping might not be suitable for wetlands or main crop harvest times that overlap with the rainy
season. Bukittingi, West Sumatra, Indonesia, where ratoon cropping by the SALIBU system has been
practiced, is located in high hills at an elevation of approximately 900 m with an average temperature
of 22 ◦C and low temperature of 21 ◦C [32]. Lower temperatures extend the grain maturity period
and promote the process of grain filling [33]. Therefore, favorable cultivation conditions in drainable
fields and temperate conditions with a winterless but not very hot climate may enable high-yielding
perennial rice cropping.

Moreover, the comparison of the yield performance of the crops revealed that the grain yield of
R1-1 was equivalent to that of the main crop (MC1) (Figure 4a). We found that dry soil conditions
before and after harvesting are important to enhance yield performance in ratoon cropping. However,
factors in the increased yield of R1-1 included not only the effect of moisture conditions, but also other
essential factors, otherwise due to the experiment condition of small concrete tanks. Regarding the
experiment conditions, the concrete tank may also have had a negative effect on the yield performance
of the ratoon crop because the space for the rhizosphere of the plants is quite limited. Under such a
condition, the existing fertility decreases with the progress of the number of cropping times despite
application of the same amount of fertilizer. This can result in decreased biological yield with the
progress of the number of cropping times (Figure 4b). Therefore, it has been suggested that one of the
factors affecting the yield increases in R1-1 is the source ability of the main crop and climate conditions.
The nutrients and carbohydrates stored in rice straw are positively related to the ratooning ability of
rice [29,34]. MC1 showed the highest biological yield and R1-1 had the highest initial tiller regeneration
rate (Figures 4b and 2b), so the amount of nutrients in the stubble of MC1 affected the regeneration
ability and resulted in a yield increase in the ratoons. Additionally, R1-1 was cultivated during the
monsoon season, without low- and high-temperature stress. High temperatures reduce radiation
use efficiency and result in yield reduction [35]. The climate of Bukittingi, West Sumatra also does
not have a hot season. On the other hand, the grain yield of R2-1 and R2-2 in the second trial was
significantly reduced to approximately 50% of that of MC2 (Figure 4a). The reduction yield of R2-1
and R2-2 also resulted in a reduction in sink-source attributed to the excessive tillering with shorter
leaves, stems, and panicle length caused by cold stress in R2-1. Cold-induced stress in rice occurs when
the temperature falls below 17 ◦C, causing poor stand establishment and a reduction in yield [36,37].
Therefore, further studies on ratoon cropping should focus on the establishment of the main crop while
considering climate conditions.

5. Conclusions

Our study showed that cutting regime and interaction between cutting and moisture regimes had
no positive effect on the grain yield and regeneration rate of ratoons. We concluded that the double
cutting of ratooning rice is not an effective technology. Moreover, we showed that the soil moisture
regimes before and after harvesting significantly affected the grain yield of the ratoons. The ratoon
crop under the M3 regime, which had an average water potential of −19 kPa and redox potential of
550 mV, was significantly increased by 69% compared with that under saturated conditions in the
M1 regime. Our data suggest that soil oxidation conditions during the initial growth period of the
ratoon are important for improving yield performance. Lastly, further studies to clarify the high-yield
performance of the SALIBU system are indispensable to generate reliable recommendations to farmers.
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Appendix A

Table A1. Mean comparison for the plant height, no. tiller, yield components and yield, and harvest
index of each crop.

Crop Treatment Plant
Height

No. of
Tillers

No. of
Panicles

No. of
Spikelets

Filled
Grains

1000-Grain
Weight Grain Yield Harvest

Index
Cut Moist cm m−2 m−2 Panicle−1 % g g m−2

Main crop 1 95 ± 3 18 ± 2 394 ± 47 138 ± 14 61 ± 8 21.0 ± 0.5 461 ± 125 0.44 ± 0.06
Ratoon 1-1 SC M1 101 ± 2 ab 18 ± 3 473 ± 40 ab 80 ± 6 59 ± 7 ab 23.1 ± 0.7 a 418 ± 51 b 0.43 ± 0.08

M1.5 96 ± 3 b 20 ± 3 503 ± 8 ab 79 ± 7 52 ± 5 b 22.9 ± 0.8 a 459 ± 56 ab 0.38 ± 0.1
M2 97 ± 3 b 22 ± 2 530 ± 38 a 71 ± 9 57 ± 5 ab 22.8 ± 0.6 a 479 ± 32 ab 0.37 ± 0.03

DC M1 103 ± 1 a 18 ± 2 458 ± 35 b 87 ± 5 49 ± 5 b 21.5 ± 0.9 a 389 ± 28 b 0.34 ± 0.05
M1.5 99 ± 3 ab 17 ± 2 451 ± 28 b 74 ± 13 53 ± 5 ab 22.9 ± 0.9 a 421 ± 88 b 0.36 ± 0.05
M2 99 ± 1 ab 19 ± 3 480 ± 25 ab 83 ± 5 66 ± 7 a 22.1 ± 0.7 a 576 ± 72 a 0.43 ± 0.05

Cutting (C) * ns ** ns ns * ns ns
Moisture (M) ** ns ns ns * ns ** ns

C ×M ns ns ns ns * ns ns ns

Main crop 2 86 ± 3 16 ± 2 324 ± 23 120 ± 12 60 ± 7 22.1 ± 0.7 503 ± 51 0.48 ± 0.08
Ratoon 2-1 SC M1 56 ± 1 34 ± 10 478 ± 65 76 ± 3 a 27 ± 8 a 18.6 ± 0.6 170 ± 53 c 0.27 ± 0.08

M2 56 ± 1 32 ± 2 524 ± 67 72 ± 11 a 33 ± 12 a 18.9 ± 0.6 223 ± 54 ac 0.34 ± 0.07
M3 56 ± 1 27 ± 8 443 ± 67 64 ± 7 a 38 ± 10 a 18.6 ± 0.3 284 ± 52 ab 0.34 ± 0.09

DC M1 56 ± 0 29 ± 5 498 ± 85 71 ± 3 a 27 ± 5 a 19.1 ± 0.5 194 ± 15 bc 0.34 ± 0.07
M2 56 ± 0 31 ± 6 463 ± 107 68 ± 5 a 45 ± 8 a 19.1 ± 0.4 262 ± 20 ac 0.40 ± 0.09
M3 57 ± 1 29 ± 6 556 ± 77 64 ± 3 a 41 ± 8 a 18.2 ± 0.3 308 ± 44 a 0.38 ± 0.09

Cutting (C) ns ns ns ns ns ns ns ns
Moisture (M) ns ns ns * * ns *** ns

C ×M ns ns ns ns ns ns ns ns
Ratoon 2-2 SC M1 59 ± 6 26 ± 6 a 417 ± 54 53 ± 5 52 ± 15 a 18.1 ± 0.5 a 223 ± 53 c 0.40 ± 0.14

M2 61 ± 2 20 ± 3 a 423 ± 64 59 ± 1 68 ± 6 a 18.1 ± 0.2 a 315 ± 69 ab 0.49 ± 0.11
M3 66 ± 5 20 ± 2 a 475 ± 43 68 ± 8 65 ± 10 a 18.2 ± 0.6 a 380 ± 65 ab 0.51 ± 0.08

DC M1 59 ± 3 22 ± 3 a 384 ± 69 60 ± 14 50 ± 5 a 17.8 ± 0.6 a 166 ± 35 bc 0.42 ± 0.04
M2 60 ± 3 20 ± 2 a 402 ± 64 62 ± 11 57 ± 12 a 17.5 ± 0.5 a 221 ± 76 ac 0.45 ± 0.04
M3 60 ± 1 19 ± 4 a 423 ± 96 67 ± 13 67 ± 9 a 17.1 ± 0.4 a 299 ± 86 a 0.49 ± 0.08

Cutting (C) ns ns ns ns ns ** * ns
Moisture (M) ns * ns ns * ns ** ns

C ×M ns ns ns ns ns ns ns ns

SC and DC indicate single and double cutting. M1, M2 and M3 represent saturated, humid and dry soil moisture
regime, respectively. M1.5 is between M1 and M2. Data present the means ± standard deviation. Sample size is n =
24 for main crop, and n = 4 for ratoon crop. *, **, *** indicate statistical significance at p < 0.05, p < 0.01, p < 0.001,
respectively. ns: not significant. Values within a column with the same letter for treatments are not significantly
different at the p = 0.05 level by Tukey’s HSD test.
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