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ABSTRACT

Ratooned rice crop is a strategy for increasing rice production at short
second rice growing season at riparian wetland under unpredictable climatic
condition. The objective of this research was to evaluate vegetative growth and
potential grain yield in ratooned black glutinous rice exposed to continuous
flooding at 3-cm depth, alternate wetting-drying condition, and shallow water
table during second rice growing season at riparian wetland. These three water
regimes simulate the possibilities of unfavorable conditions, i.e. prolonged
rainy season, inconsistent rain distribution, and early transition of rainy-to-dry
season. In addition to water regime treatments, the ratooned rice was enriched
with three NPK (15-15-15) rates equivalent to 80, 160, 240, and 320 kg/ha.
Results indicated that total and productive tillers, leaf and stem dry weight,
number of leaves, percentage of filled grain, and grain yield were significantly
affected by water regimes; while NPK application rates significantly affected
total and productive tillers, number of leaves, and grain yield. Continuous
flooding effectively controlled weed outburst during cultivation of ratooned
rice. Therefore, it contributed to better rice vegetative growth and grain yield
than those exposed to alternate wetting-drying or shallow water table condition.
The highest grain yield was found at 320 kg/ha NPK application rate. Number
of productive tillers was highly correlated with grain yield (r = 0.8499) while
total number of tillers was moderately reliable (r = 0.6334) and can be used as
an early predictor for grain yield in ratooned rice.
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INTRODUCTION

Rice growing period at riparian wetlands is limited by two extremes like
the prolonged flooding and severe drought during wet and dry season,
respectively (Lakitan et al., 2018a). Local rice farmers prefer early transplanting
after the floodwater subsides at < 15 cm (Lakitan et al., 2019a). Since the depths
of floodwater vary each season, the start and end of rice cultivation are also
affected. However, there are few parts of riparian wetlands which rice cultivation
can be done twice a year. These are the shallowly and short-period flooded
wetlands. Most of the areas are cultivated with rice once a year, then vegetables
with short life cycles such snap bean, water spinach (Ipomoea aquatica), yellow
velvet leaf (Limnocharis flava), or other leafy vegetables often follows (Meihana
et al., 2017; Widuri et al., 2017; 2018; Lakitan et al., 2018b; 2019b; Susilawati
and Lakitan, 2019). However, only few farmers have thrived to rice-vegetables
cropping pattern due to vegetables grown after rice crop could be exposed to
drought stress if dry season comes earlier than expected or flooded and fully
submerged if wet season comes earlier as well. If likely drought occurs, watering
the vegetables will be costlier than cultivating rice continually. On the other hand,
flooding can cause severe or total crop loss, especially to vegetables.

Ratooned rice can also be practiced for intensifying rice production in areas
where growing season are considerably longer than required for single rice
cultivation but not long enough for double-cropping rice (Chen et al., 2018).
Ratooned rice was an effective and low-cost practice that could add grain yield
by about half of previously harvested grains of the main rice crop (Sen and Bond,
2017; Ziska et al., 2018; Yuan et al., 2019). Higher regeneration rates of the stump
contributed to the higher yield in ratooned rice. Further research indicated that
higher stump regeneration rate was found at 40-cm stem cutting height at
harvesting of the main rice crop (Mareza et al., 2016; Hafeez et al., 2017).

Different water regimes are expected to impose different effect on grain
yield in ratooned rice. Continuous flooding or waterlogging condition may
benefit the ratooned rice since floodwater and anaerobic substrate will suppress
weed growth and development. However, alternate wetting and drying condition
has also been reported of having advantages, including increasing nitrogen
availability, nitrogen uptake, and efficiency of nitrogen recovery (de Borja-Reis
etal., 2018; Sun et al., 2019).

Previous rates and split applications of inorganic fertilizers to main rice
crop did not affect grain yield of the following ratooned crop (Chen et al., 2010;
Adigbo et al., 2017), suggesting that the applied fertilizers had been fully depleted
during four months of main rice cultivation. Re-application of fertilizers was
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recommended for the ratooned crop. Nitrogen application at beginning of
ratooning period significantly increased growth and grain yield in ratooned rice
(Huossainzade et al., 2011; Petroudi et al., 2011)

Objective of this research was to evaluate influences of different NPK
application rates at initiation of ratooning period and exposure to different water
regimes during cultivation on growth and grain yield in ratooned black glutinous
rice.

MATERIALS AND METHODS
Plant materials

Black glutinous rice (Oryza sativa L. subspecies indica) used was Toraja
variety. Color of grain surface of this variety is actually dark purple. This black
glutinous rice has high total phenolic compound, anthocyanin content,
antioxidant activity, and lower glycemic index (Thiranusornkij et al., 2019).

Seedling preparation and cultivation procedure for main rice crop

Seedling preparation for main rice crop was commenced at time floodwater
had subsided to about 20 cm, using floating seedbed. Soil-manure mix was used
as nursery substrate. Seeds were soaked in tap water for 24 hours before sowing.
The seeds were dispersed on surface of wet nursery substrate on floating seedbed.
Seedlings were nurtured on the raft until they were ready to be transplanted at 3
weeks after sowing.

Five seedlings were transplanted into each pot containing similar soil-
manure mix. After one week of acclimatizing, three most vigorous seedlings were
kept (the other two were excised) for study on growth and yield of the main crops.
NPK fertilizer used contains 15% N, 15% P,0s, and 15% K (15-15-15).
Application of the NPK fertilizer to main crops was at total rate equivalent to 200
kg/ha, split equally between the first and fifth week after transplanting. The main
crops were protected from insect pests, plant diseases, and weeds until harvest.

Treatments to ratooned black glutinous rice

Ratooning experiment was started after all stumps of main rice were cut at
height of 15 cm above substrate surface. Ratooned rice was treated with four NPK
application rates and exposed to three different water regimes. The NPK
application and water regime treatments were immediately commenced on the
next day after the stumps were cut. Rates of NPK application were 0.5 g/hill (P1),
1.0 g/hill (P2), 1.5 g/hill (P3), and 2.0 g/hill (P4). These rates were equivalent to
80 kg/ha (P1), 160 kg/ha (P2), 240 kg/ha and 320 kg/ha at planting spacing of 25
cm X 25 cm.

Water regimes exposed to the ratooned rice were continuous flooding,
water level was maintained at 3 cm above substrate surface (W1); alternate
wetting and drying, water level was allowed to fluctuate between 3 cm above and
3 cm below substrate surface (W2); and shallow water table, water level was
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maintained at 3 cm below substrate surface (W3) by drilling 4 drainage holes,
positioned at perfect cross-sectional sides of each pre-assigned pot at 3 cm below
substrate surface. The four holes automatically drained out excess water in upper
3-cm substrate layer and maintained this upper layer at well aerated condition.
Alternate wetting and drying treatment was done by plugging and unplugging the
side drainage holes alternately every 3-day cycle.

Measured traits and data collection

Directly measured or calculated traits included total tillers per hill,
productive tillers per hill, average length of peduncle, number of grains per
peduncle, grain density, total grain weight per peduncle, percentage of filled grain
per peduncle, average weight of grain, number of leaves at harvest, leaf dry
weight at harvest, stem dry weight at harvest, and grain yield.

Number of productive tillers was counted based on tillers which produced
peduncle. Grain density was calculated based on ratio between number of grain
and length of peduncle. Grain yield was calculated based on multiplication of
total hills per hectare at 25 cm x 25 cm spacing, number of productive tillers,
number of filled grains per peduncle, and average weight of grain.

Weeds were not controlled during ratooned rice cultivation in order to
evaluate their effect on growth and yield in ratooned rice, as an indirect effect of
water regime treatment. Weeds were collected and identified at time of harvest.
Total dry weight of weeds was measured.

Statistical analysis

Collected data in this experiment were subjected to the Analysis of
Variance (ANOVA) using statistical analysis software (SAS 9.0 for Windows).
Since substrate used in this pot experiment has been well mixed; therefore,
differences in measured parameters were mostly due to effectiveness of NPK
application and effect of water regimes. Experimental design used was factorial
design with two factors, i.e. 3 different water regimes and 4 NPK application
rates. Based on results of ANOVA, treatments exhibited significant effects on
any measured parameters were further tested using the Least Significant
Difference (LSD) test at P < 0.05. Correlations of selected vegetative and
reproductive traits with grain yield were tested for further use as in-season
predictor of grain yield (Chipanshi et al., 2015).

RESULTS

Vegetative traits were more sensitive than reproductive traits on exposure
to water regimes and NPK application rates in black glutinous rice. Total and
productive tillers, leaf and stem dry weight, and number of leaves per plant were
significantly suppressed by water regime; while among measured reproductive
traits, only percentage of filled grain and grain yield were affected. Higher NPK
application rates significantly increased total and productive tillers, number of
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leaves, and grain yield (Table 1). Interactions between the two treatments were
also observed on similar traits with addition of total grain weight per peduncle.

Table 1. Effects of water regime and NPK rate on yield components and some
vegetative traits in ratooned black glutinous rice.

No. Trait Wa_ter NPK rate Interaction
regime

1  Total tiller 824 ** 415 ** 444 **
2 Productive tiller 6.20 ** 391 * 250 *
3 Peduncle length 003 ns 091 ns 119 ns
4 Grain/peduncle 218 ns 038 ns 200 ns
5  Grain density 136 ns 062 ns 165 ns
6  Total grain weight/peduncle 053 ns 176 ns 312 *
7 Average weight of grain 107 ns 264 ns 199 ns
8  Number of filled grain/peduncle 0.65 ns 043 ns 185 ns
9  Percentage of filled grain 511 ** 264 ns 219 ns
10  Number of leaves 508 ** 341 * 725 **
11  Leaf dry weight 566 ** 168 ns 321 **
12 Stem dry weight 9.07 ** 243 ns 332 **
13  Grainyield 545 ** 335 * 244 *

Note: ns = effect of treatment or interaction were not significant; * and ** were significant at P<0.05 and P<0.01,
respectively.

Most of reproductive traits did not significantly affected by different water
regimes and NPK application rates up to 2 g/plant. These reproductive traits in
black glutinous rice seemed to be predominantly regulated by genetic factor.

Continuous 3-cm depth flooding (W1) exhibited consistently higher total
and productive tillers, leaf and stem dry weight, number of leaves per plant,
percentage of filled grain, and grain yield in black glutinous rice plants than those
treated with alternate water saturated and gradual drying conditions (W2). Plants
steadily exposed to shallow water table at depth of 3 cm below substrate surface
(W3) performed better than the alternate wetting-drying treated plants (W2) on
total and productive tillers, percentage of filled grain, and grain yield (Table 2).

NPK application was effective in increasing grain yield and some
vegetative traits in the black glutinous rice. The highest grain yield, total and
productive tillers were found at 320 kg/ha NPK application rate (P4) (Table 3).
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Table 2. Alternate aerobic-anaerobic condition significantly decreased some
vegetative traits, percentage of filled grain, and grain yield compared
to continuous flooding in ratooned black glutinous rice.

Leaf Tiller

water  Filled SSim Grain

: grain v Dry Yield
regime (%) weight  \eight Number Total  Productive (ton/ha)

@) @)

w1 81.27b 6.90b 472b 3271b 15.04b 1054b 153D
W2 7411a 3.79a 238a 26.71a 9.26a 7.20a 0.93a
W3 80.44b 5.02a 3.19a 2225a 14.82b 11.19b 1.47b

Note: W1 = Continuous flooding at depth of 3 cm; W2 = Alternate treatment with water saturated (anaerobic)
condition and gradual drying (partially aerobic) condition; and W3 = steadily exposed to shallow water
table (3 cm below substrate surface). Means followed by similar letters within each column are not
significantly different based on LSD gs.

Table 3. Higher rates of NPK application increased number of leaves, total and
productive tillers, and grain yield in ratooned black glutinous rice.

Rate of NPK Number of

Number of tillers

Grain Yield (ton/ha)

application leaves Total Productive

P1 22.28 a 11.22 ab 10.17 b 1.15 ab
P2 24.32 ab 10.65 a 6.88 a 099 a
P3 3341 ¢ 13.77 ab 10.02 Db 1.42 Dbc
P4 28.89 bc 1651 b 1151 b 1.68 c

Note: P1, P2, P3, and P4 are NPK fertilizer application at rates equivalent to 80, 160
respectively. Means followed by similar letters within each column are not significantly different based on

LSD os.

, 240, and 320 kg/ha,

Gain yield of ratooned rice was slightly more than 1.5 ton/ha or less than
half of main rice productivity, even at the highest NPK application rate (P4).
However, ratooned rice was harvested within very short time, i.e. only within two
months after harvest of the main rice crop. Under condition when second rice
growing season is impossible to be conducted, half yield within half growing
season is a great option for increasing rice production at riparian wetlands.
Combination of continuous flooding (W1) or steady shallow water table (W3)
with NPK application rate at 2 g/plant (P4) produced significantly higher grain
yield compared to all other possible combinations (Table 4).
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Table 4. Interactions between water regime and rate of NPK application were
observed in some vegetative traits, total grain weight per peduncle, and
grain yield in ratooned black glutinous rice.

Grain Stem Leaf Tiller Grain
Water  weight Dry Dry Yield
regime /peduncle weight weight Number Total Productive

(ton/ha)

)] )] (9)
W1P1 0.95ab 3.31a 2.14 a 16.67 a 8.50 a 8.00 a 0.87 a
W1P2 1.49d 8.00 d 4.14 ab 24.75 ab 12.75abc  7.50a 1.41 abc
W1P3 1.28 cd 8.11d 8.20¢c 59.75¢ 22.25¢ 13.00 b 1.96 cd
W1P4 1.04 abc 8.17 d 4.40 ab 29.67 b 16.17 cd 13.67b 2.27d
W2P1 1.23 bed 255a 2.26 ab 24.17 ab 9.25 ab 7.00 a 0.96 a
W2P2 1.06 abc 4.16 ab 2.08a 26.00 ab 8.00 a 5.33a 0.80a
W2P3 1.09 abc 3.72a 2.47 ab 23.67 ab 8.67 a 8.67 a 1.07 ab
W2P4 1.00 abc 4,72 abc 3.45ab 33.00b 1420 bcd 7.80a 0.88a
W3P1 0.90a 6.69 cd 455b 26.00 ab 19.00 de 1550b 1.64 bed
W3P2 0.92a 3.66a 2.49 ab 22.20 ab 11.20abc 7.80a 0.76 a
W3P3 1.42d 3.28 a 2.34 ab 16.80 a 10.40 ab 8.40 a 1.23 ab
W3P4 1.26 cd 6.47 bcd 3.38 ab 24.00 ab 18.67 de 15.67b 2.26 d

Note: W1 to W3 are as mentioned at Table 2. P1 to P4 are as mentioned at Table 3. Means followed by similar
letters within each column are not significantly different based on LSD gs.

Continuous flooding was effective in controlling weed outburst during
cultivation of ratooned black glutinous rice even without any herbicide
application or other weeding practices. Very limited aquatic weed was found and
only yellow velvetleaf (Limnocharis flava) was consistently observed in
continuous flooding treatment. In contrast, steady shallow water table treatment
was highly invaded with many different weeds, including Imperata cylindrica,
Phyllanthus urinaria, Impatiens balsamina, Digitaria adscendens, Hedyotis
corymbosa, Eleusine indica, Physalis peruviana, Borreria laevis, Pennisetum
purpureum, Marsilea clover, Chromolaena odorata, Synedrella nodiflora,
Cyperus kyllingia, Hedyotis corymbosa, Cleome rutidosperma, and Limnocharis
flava. Total dry biomass of weeds was significantly higher in unflooded shallow
water table treatment (Table 5).
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Table 5. Weed biomass as affected by water regime and rate of NPK application

during cultivation of ratooned black glutinous rice

Water Weed dry Weed dry _ Weed dry
NPK rate Interaction
regime weight (g) weight (g) weight (g)
W1 257a P1 4.95a W1P1 4.03 cd
W2 532b P2 493 a W1P2 0.95a
W3 8.17c P3 5.59a W1P3 4.39 cd
P4 5.96 a W1P4 1.00 ab
W2P1 2.39 abc
W2P2 6.11 de
W2P3 3.73 bed
W2P4 9.05f
W3P1 8.42 ef
W3P2 7.80 ef
W3P3 8.65 ef
W3P4 7.83 ef

Note: W1 to W3 are as mentioned at Table 2. P1 to P4 are as mentioned at Table 3. Means followed by similar
letters within each column are not significantly different based on LSD gs.

The most reliable in-season predictor for grain yield in black glutinous rice
was number of productive tillers per hill (r = 0.8499). Total number of tillers and
leaf dry weight were moderately reliable predictors, with r = 0.6334 and 0.6275,
respectively (Figure 1).
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Figure 1. Correlations of some vegetative and reproductive traits with grain
yield in ratooned black glutinous rice

DISCUSSION
Growth and yield under different water regimes

Limited studies had been conducted for comparing continuous flooding,
alternate wetting-drying, and shallow water table to find workable solution
under unpredictable climate in riparian wetlands. Studies on continuous flooding
were mostly focused on effect of oxygen deficiency in rhizosphere (Yamauchi
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etal., 2018). Objective of alternate wetting-drying studies in rice were mostly for
increasing water use efficiency (Chu et al., 2018). Studies on shallow water table
were mostly conducted in association with efforts for expanding agriculture
activity to wetland ecosystem (Lakitan et al., 2018c; Susilawati and Lakitan,
2019).

Continuous flooding after harvest of main rice crop due to extended rainy
season was not expected to restrain growth and yield in ratooned rice. Result of
this research confirmed this prediction (Table 2). Rice has been well known as
highly adaptable crop to waterlogging or flooding condition due to its ability to
supply oxygen internally to roots via aerenchyma (Takahashi et al., 2018).

Alternate wetting and drying condition can occur naturally or intentionally
managed using irrigation system. Alternate wetting-drying treatment has been
reported to increase nitrogen availability and uptake by plant roots (de Borja-Reis
et al., 2018), also increased efficiency of nitrogen recovery (Sun et al., 2019).
However, Huda et al. (2016) found alternate wetting and drying condition had
no significant effect on grain yield or on N use efficiency in rice. Furthermore,
despite increasing water use efficiency by 23%, Carrijo et al. (2017) found that
alternate wetting-drying condition reduced grain yield in rice. This inconsistent
result implies that other significant factor(s) has been neglected, more likely
degree of control on weeds during each study. Favorable substrate or soil
condition due to alternate wetting-drying condition provides benefits not only to
rice crop but also to existing weeds. Therefore, it creates competition between
rice and weeds. In this study, weeds were not intentionally controlled, as practiced
by smallholder rice farmers at riparian wetlands due to socio-economical
constraint.

Steady shallow water table may significantly reduce yield; however, it
depends on the depth of water table and species of cultivated crops. For instance,
yield of common bean significantly reduced if water table was at depth of less
than 10 cm below soil surface. However, the water table at depth of 15 cm or
deeper did not significantly affect common bean yield even if this shallow water
table was exposed up to 24 days (Lakitan et al., 2018c; Susilawati and Lakitan,
2019).

Constant shallow water table treatment at 3-cm below substrate surface
produced comparable productive tillers, percentage of filled grain, and grain yield
to those of continuous flooding treatment. This result suggested that black
glutinous rice could withstand continuous flooding and steady shallow water
table, but it was not able to quickly adapt to frequent (every 3-day cycle) alternate
wetting and drying.
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Additional inorganic NPK to soil-manure mix

Availability of manure or other organic fertilizer was very limited at
riparian wetlands; therefore, local farmers commonly applied urea or NPK
fertilizer for increasing productivity of their crops. In this study, growth and yield
of ratooned rice was significantly increased by NPK application up to 2 g/plant
(Table 3), equivalent to 320 kg/ha. Similarly, Liu et al. (2014) reported that rice
plants grown on flooded paddy fields responded to NPK application by increasing
grain yield 1.65 to 1.80-folds. However, increase in grain yield by applying
inorganic NPK fertilizer does not always translate into financial benefit to
smallholder rice farmers in developing countries. Haefele et al. (2010) found that
commercial organic fertilizer increased yields but resulted in negative economic
returns in almost all cases covered by their study because of its unfavorable
nutrient/price ratio.

Some efforts have been practiced for reducing rates of inorganic fertilizer
application, including use of NPK briquette and polymer-coated urea. Islam et al.
(2011) reported that the highest grain yield of 7.47 ton/ha was achieved in their
study by application of NPK briquette at rates of 2.4 g x 2 at tidal flooded
ecosystem in Bangladesh. Meanwhile, Sun et al. (2019) found that polymer-
coated urea application significantly increased N uptake, N recovery efficiency,
and grain yield in both flooded and non-flooded cultivation systems.

Application rates of inorganic fertilizer can also be reduced by combining
inorganic and organic fertilizers. Use of 4 ton/ha poultry manure reduced rate of
NPK application to half of recommended rate (Hasanuzzaman et al., 2010).
Meanwhile, returning rice straw to paddy field after previous harvest decreased
the required NPK application as much as 15 percent (Wu et al., 2018). However,
In this study, the highest grain yield was achieved at highest application rate of 2
g/plant despite manure has also been added into the substrate used. Therefore,
NPK application rate is recommended for achieving higher grain yield in
ratooned black glutinous rice cultivated at riparian wetlands.

Traits for predicting in-season grain yield in ratooned black glutinous rice

Hefena et al. (2016) evoked that number of panicles, 1,000-grain weight,
number of filled grains per panicle, and panicle weight in rice plants could be
used as predictor for grain yield among rice genotypes. Ata-Ul-Karim et al.
(2016) and Naito et al. (2017) had tested relationship between rice grain yield and
leaf nitrogen content. Ata-Ul-Karim et al. (2016) found that nitrogen nutrition
index, accumulated nitrogen deficit, and nitrogen requirement at different growth
stages were significantly correlated with grain yield in rice plants, with all R?
higher than 0.74 for Japonica dan Indica rice. The strongest correlations were
found for measurements during panicle initiation and booting stages.

Hefena et al. (2016) compared among several vegetation indices, including
simple trait ratio, normalized difference vegetation index, transformed vegetation
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index, corrected transformed vegetation index, soil-adjusted vegetation index,
modified soil-adjusted vegetation index, and multiple yield traits. They found that
among all indices studied, simple trait ratio exhibited the best performance for
estimation of grain weight in rice plant (R? = 0.80).

In this study, predictors for in-season grain yield were intentionally
selected amongst primary traits of rice plant, such that they can be easily used by
local farmers. It was found that the most reliable predictor (r= 0.8499) for grain
yield in black glutinous rice was number of productive tillers per hill (Figure 1).

Water regimes and weed outburst

Grass weeds were thicker at dry direct-seeded rice that those at puddled
and non-puddled transplanted rice (Chauhan et al., 2015). Correspondingly, the
yield losses due to weeds varied from 50% to 60% at puddled transplanted rice
but more severe losses of 70% to 80% were observed at dry direct-seeded rice
(Dass et al., 2017).

In this study, aerobic upper substrate layer in steady shallow water table
treatment was heavily invaded by at least 16 species of weeds. Total dry weight
of weeds was significantly higher at this non-flooded condition (Table 5).
However, despite highly invested by weeds, grain yield in ratooned black
glutinous rice did not significantly decreased in shallow water table treatment
compared to continuous flooding treatment (Table 2). The insignificant yield
reduction was associated (at least partially) with short period of ratooned rice
cultivation. At time of the weeds densely invaded the growing space, the ratooned
rice had reached seed filling stage.
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