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Abstract

Fermented chitin waste (FCW), a by-product obtained from chitinase production using chitin fermentation, was evaluated for
its properties for use as soil supplement based plant growth stimulator. Rice growth, yield and photosynthesis parameters were
investigated following the growth of rice plants in organic fertilizer supplemented soil with the addition of 0.25, 0.50 or 1.00%
(w/w) FCW in comparison with chemical fertilizer application. The application of FCW resulted in an increased
photosynthetic pigment concentration and enhanced photosynthesis rate, leading to a significantly higher tiller number, shoot
biomass and grain yield. At 30 d after transplantation (DAT), the rice plants grown with 0.5% (w/w) FCW-supplemented soil
showed the highest level of new leaf photosynthetic pigments and photosynthesis rate, but they were not significantly different
from the plants grown in soil supplemented with 1.0% (w/w) FCW. However, at 60 DAT, the plants grown under 1.0% (w/w)
FCW had a significantly higher photosynthesis rate than plants grown in 0.5% (w/w) FCW supplemented soil. The addition of
0.5 or 1.0% (w/w) FCW increased the grain yield 2.7 and 4.3 folds, respectively, compared to that with chemical fertilizer
application. The addition of FCW significantly increased the soil pH and organic matter, nitrogen, phosphorus and potassium
contents. Therefore, the FCW from a chitin fermenter can be used as a plant growth stimulator for sustainable rice production.
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Introduction

Fermented chitin waste (FCW) is a solid waste by-product
obtained from chitinase production by the fermentation of
chitin. Chitinase is one of the enzymes that is in demand by,
and has been applied in, many biotechnology industries,
shellfish waste management (Wang et al., 2006), production
of single cell proteins and especially, the production of
chitooligosaccharides that are used as a plant growth
stimulator (Limpanavech et al., 2008; Kananont et al., 2010;
Pornpienpakdee et al., 2010) and bio-control product
(Chang et al., 2007). Chitin is used as the carbon source and
inducer for chitinase production. After the chitinase is
obtained, the solid FCW from the fermenter, which is
mainly composed of non-digested chitin flakes and the
microorganisms used for chitin production, is normally
discarded.

Several methods of chitin/chitosan utilization for plant
growth stimulation have been studied, such as foliage
spraying, seed coating and soil supplementation. A positive
growth enhancement effect following chitosan application
has been reported in many plant species, including coffee

(Dzung et al., 2011), Dendrobium orchid (Limpanavech et
al., 2008; Pornpienpakdee et al., 2010), soybean, mini-
tomato, lettuce and rice (Chibu and Shibayama, 1999).
Boonlertnirun et al. (2008) reported that the application of
80 ppm polymeric chitosan by seed soaking before planting
followed by soil application for four times throughout the
planting period tended to stimulate the growth and
significantly increased the yield of ‘Supanburil’ rice,
whereas seed soaking before planting followed by foliar
application tended to generate an enhanced ability to control
plant diseases.

Thailand is a major rice producer and exporter in the
world. ‘Pathumthanil’ rice is the second most popular
fragrant rice after Thai Jasmine Rice (Khao Dawk Mali 105
or KDML 105). However, in contrast to ‘KDML105” rice,
‘Pathumthanil’ rice can be grown throughout the year, as its
reproduction phase is light-insensitive and it is normally
grown in the irrigated areas in Thailand. Unfortunately, seed
soaking followed by foliar spraying of chitosan solution on
‘Pathumthanil’ rice seedlings inhibited their subsequent
growth due to the negative growth effects of the acetic acid
solvent (Kananont et al., 2014).
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Here we aimed to search for a bio-stimulator that can
be used to enhance rice production. As chitin and chitosan
molecules are similar in their glucose backbone and
nitrogen composition, it was speculated that the FCW from
the chitinase production industry could be used as a bio-
stimulator for rice production. Although FCW has recently
been shown to enhance lettuce growth (Muymas et al.,
2014), there have been no reports on the use of FCW for the
enhancement of cereal crop production. Therefore, the
effects of FCW on the growth, photosynthesis and yield of
‘Pathumthanil’ rice were investigated as a plant growth
stimulant and to find a useful environmental and
economically viable use for the FCW.

Materials and Methods
Plant and Fermented Chitin Preparation

'Pathumthani 1" rice seeds were obtained from the
Pathumthani Rice Research Center, Bureau of Rice
Research and Development, Thailand, while FCW was
obtained from OliZac Technologies Co. Ltd., Bangkok,
Thailand. Generally, to obtain the chitinase enzyme, a
Bacillus lichenifuels SK-1 stock culture was grown in
minimal medium (0.25% (w/v) yeast extract, 0.03% (w/v)
MgSQas, 0.5% (Wiv) (NH4)2S:0, 0.6% (w/v) KH,PO, and
1% (w/v) K:HPO,) with the addition of chitin flakes at a
1:5 (w/v) ratio and incubated at 50°C for 4 d. The
supernatant was removed for isolation of the chitinase
enzyme and the waste was dried at 60°C for 72 h.

Experimental Design and Rice Cultivation

The experiment was performed in a randomized complete
block design (RCBD) with four replications in a greenhouse
at the Department of Botany, Faculty of Science,
Chulalongkorn University, Thailand. Three levels of FCW
(0.25%, 0.50% or 1.0% (w/w)) were added to clay soil
(16% sand, 26% silt and 58% clay as (w/w) composition),
and thoroughly mixed 7 d before rice seedling
transplantation. In addition, soil supplemented with chicken
manure fertilizer alone (CMF) or chemical fertilizer (CF),
according to the recommendation of the company, were
used as controls. For CMF application, 3.31 g of chicken
manure was added to the pot 20 and 60 d after transplanting
(DAT) of the seedlings. For CF, 1 g of 16-20-0 (N-P-K) CF
was added to each pot 20 DAT and then 0.66 g of 46-0-0
(N-P-K) CF was added at 60 DAT. The FCW was mixed
into the soil at the designated level at the beginning of the
experiment only.

The procedure of transplanting rice cultivations is
summarized in Fig. 1. First, seeds were soaked in distilled
water for 2 d and then germinated in soil for seedling
growth on March 17, 2012. On the 14" April 2012, the 28-
d-old seedlings were transplanted at three seedlings per 28
cm diameter pot containing 5 kg of clay soil supplemented
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with the indicated amount of FCW, or with either CF or
CMF as reference controls. Plants were then grown under
natural conditions in a greenhouse during the rainy season in
Thailand, maintaining the water level at about 5 cm above
the soil surface throughout the experimental period. During
this period, the average day time and night time temperature
was 34.7°C and 26.8°C, respectively. The average
precipitation and relative humidity was 139 mm and 75.2%,
respectively.

Analysis of Soil Samples

Soil samples were collected from individual pots before
planting and after harvesting in order to analyze the
physicochemical properties of the soil, including the pH,
electrical conductivity (EC) and the organic matter (OM),
organic carbon (OC), nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca) and magnesium (Mg) contents.
For soil sample preparation, soil samples were air-dried
and then contaminants, such as roots and gravel, were
removed. Each dried soil sample was then ground by
mortar and pestle and sieved into 2 mm diameter
particles for the soil pH and EC analysis and 0.5 mm
particles for the chemical composition analysis. The soil
pH and EC measurements were performed according to
Peech (1965) and Lee et al. (2004), respectively, while
the Walkley and Black method was used for determining
the total soil OM as reported (Nelson and Sommers,
1996). The Kjeldahl method was used for analyzing the
total N content as reported (Bremner, 1965). For the
mineral content in the soil, the available P was extracted
with NHsF and HCL (Bray and Kurtz, 1945), while the
available K, Ca and Mg were extracted by NHiOAc
(Jackson, 1958).

Measurement of Plant Growth, Yield and Leaf
Photosynthesis Gas Exchange

The number of tillers/rice plant were counted at 0, 15, 30, 45
and 60 DAT in order to determine the effects of FCW on
rice growth. In addition, the day of flowering was recorded
when rice plants initially bloomed (flowering stage), and the
yield in terms of the number of panicles/plant and filled
grains/panicle were determined at the end of experiment
(28" August 2012).

Soil preparation on 7 days before transplantation

30 days
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Fig. 1: Rice cultivation process used in this experiment
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For determination of the rice leaf photosynthesis gas
exchange, the net photosynthetic rate (Amax), Stomatal
conductance (gs), internal concentration of CO; (Ci) and
transpiration rate (E) were measured by a portable
photosynthesis system (LI-COR 6400, Lincoln, NE, USA)
on the three uppermost fully expanded leaves at a
photosynthetic photon flux density (PPFD) of 1,200 pmol
m?2 s and CO; concentration of 380 pmol/mol. The
measurement was performed at 30 and 60 DAT.

Measurement of Photosynthetic Pigment Content

After 35 DAT, chlorophyll was extracted from three fully
expanded rice leaves in each pot using 80% (v/v) acetone
solution as described in Porra (2002). In brief, 10 mL of
80% (v/v) acetone solution was added to 25 mg of rice
leaves and kept in the dark for 24 h. Afterwards, chlorophyll
a, chlorophyll b and carotenoid contents were measured at
663.2, 646.8 and 470 nm by a spectrometer, respectively,
and calculated using Arnon's method (Arnon, 1949).

Statistical Analysis

The experiment was performed with a RCBD with four
replications. Data for each was analyzed using analysis of
variance (ANOVA), followed by the Duncan’s Multiple
Range Test (DMRT) using the IBM SPSS Statistic software
and accepting significance at the p < 0.05 level. Data are
reported as the mean + 1 standard error or standard variation
as indicated. The correlation between yield components and
soil properties were performed by using linear regression
analysis and linear regression R? coefficients were reported.

Results
FCW Increases Soil pH and Nutrition Components

Before rice seedling transplantation, the physicochemical
properties of the soil, including the pH, EC and the OM, N,
P, K, Ca and Mg contents, were analyzed. The addition of
FCW increased the soil pH and OM, N, P and K contents
without any significant effect on the EC and the Ca and Mg
contents (Table 1). However, the addition of the CF or
organic CMF at 20 and 60 DAT should increase the soil

nutrition component to a comparable level to that
supplemented with 0.25% (w/w) FCW.
FCW Increased the Photosynthesis Rate and

Photosynthetic Pigment Contents

To investigate the effects of FCW on rice growth and
development, the photosynthetic pigment contents and
photosynthesis rate were determined in fresh leaves at the
vegetative (30 DAT) and reproductive (booting, 60 DAT or
88 days after germination) stages. The application of FCW
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significantly increased the photosynthetic pigment contents,
where the addition of 0.5% (w/w) FCW resulted in the
highest level of chlorophyll a, chlorophyll b and carotenoid
contents, some 1.5 to 1.7 folds higher than the level found in
plants grown in soil supplemented with CF (Table 2).

Plants grown in the soil supplemented with FCW not
only had a higher level of photosynthetic pigment contents,
but they also had a ~1.4 and 1.8 folds higher net
photosynthetic rate (Amax) at the vegetative stage (30 DAT)
than those grown in soil with CF and CFM, respectively,
(Fig. 2a). This increase was correlated with the increased
stomata conductance (Fig. 2b) and transpiration rate (Fig.
2d), while the intercellular CO, concentration was not
significantly different from the control plants (Fig. 2c).

On the other hand, at the reproductive (booting) stage
the net photosynthesis rate and transpiration rate of the
second leaf of plants grown in 0.25-0.5% (w/w) FCW-
supplemented soils were significantly decreased compared to
the rates in the vegetative stage. This is opposite to the
photosynthesis rate of the plants grown in the soil
supplemented with CF, which was higher in the reproductive
stage (Fig. 2a). A similar phenomenon was also found in the
stomatal conductance values (Fig. 2b). The transpiration rate of
plants in all treatments were decreased at the reproductive stage
(Fig. 2d), while no significant difference was found in the
internal CO; concentration of plants in both stages (Fig. 2c).

FCW Enhanced the Rice Growth and Yield

When plants were grown in soil supplemented with 0.25%
or 0.5% (w/w) FCW, the number of tillers/plant rapidly
increased from 15 to 45 DAT, being maximal at 45 DAT
(12 and 17 tillers/plant, respectively), and were significantly
higher than that in the plants grown in the other treatments
at 30 DAT (Fig. 3). However, at 60 DAT the number of
tillers/plant decreased in both cases. In contrast, with the
higher 1% (w/w) FCW level the number of tillers/plant
increased from 15 DAT and especially from 30 DAT, to the
highest level at 60 DAT. The decrease in the number of
tillers/plant at the booting stage (60 DAT) in the rice plants
grown in 0.25% and 0.5% (w/w) FCW, compared to that at
45 DAT reflects the increased proportion of dead tillers in
some plants. Interestingly, although the application of 1.0%
(w/w) FCW caused a delayed start to the tillering stage it
enhanced and maintained the number of tillers/plant until
harvesting, where at 60 DAT the rice started booting and no
more tillers were formed.

‘Pathumthanil’ rice normally flowers approximately
90-95 d after germination. In the culture conditions used in
this experiment the rice plants grown in soil with 0.25 and
0.5% (w/w) FCW started booting after 93 d of germination,
compared to slightly later in those grown in the soil with CF
and CMF, at 96.5 and 102 d after germination, respectively,
(Table 3). However, the application of 1% (w/w) FCW
delayed the onset of flowering to 99 d after germination.
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Table 1: Physicochemical properties of the soil before rice seedling transplantation: the pH, electrical conductivity (EC)
and the organic matter (OM), organic carbon (OC), nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and

magnesium (Mg) contents

Treatment  pH EC ™ (dS/m) Total N (%) P (mg/kg) K (mg/kg) Ca" (mg/kg) Mg™ (mg/kg) OM (%) OC (%)

CF 501+0.19° 040+002 0.155+0.019° 2043+1.819 9350+4.12¢ 905.45+82.31 47277+3586 1.82+0.15° 1.06+0.09°
CMF 507+0.10° 044001 0.166+0.007° 2055+2.17¢ 92.22+0.009 952.88+28.95 490.88+3424 1.85+0.17¢ 1.07+0.10°
0.25% FCW 529+0.09* 040+0.03 0.190+0.019® 3230+2.79° 12250+3.00° 873.18+1542 47649+2146 1.95+0.05° 1.13+0.03%
05%FCW 553+0.14®> 039+001 0.169+0.013* 47.79+560° 15050+3.79> 877.05+79.16 483.17+19.43 211+0.04° 1.22+0.02°
1%FCW  593+0.30° 036+0.07 0.213+0.0168 73.33+8.66° 218.19+19.44° 871.48+93.62 48144+43.78 235+0.14* 1.37+0.08%

Data are shown as the mean + 1 SD, derived from 4 repeats. Means in a column with a different superscript lowercase letter are significantly different

(p<0.05; DMRT)
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Fig. 2: The effect of FCW supplementation of soil at different concentrations on the (A) net photosynthesis rate, (B)
stomatal conductance, (C) internal concentration of CO; and (D) transpiration rate on the youngest fully expanded leaves

at 30 DAT (vegetative stage) and on the second leaves of the booting stage plants at 60 DAT (reproductive stage)
Data are shown as the mean + 1 SE, derived from 4 independent repeats. Means with a different letter are significantly different (p < 0.05; DMRT)

Table 2: The effect of FCW supplementation in the soil on
the rice photosynthetic pigment (chlorophyll a, b and
carotenoid) contents at 35 DAT

Treatment Photosynthetic pigment content (mg/g fresh weight)
Chlorophyll a Chlorophyll b Carotenoids
CF 143 + 031° 050 + 0.12° 056 =+ 0.14°
CMF 130 + 012° 046 =+ 004> 048 = 005°
0.25% FCW 227 + 064® 067 + 005® 072 + 0.06®
0.5% FCW 257 + 050* 084 =+ 011* 084 =+ 0.11°
1% FCW 232 + 020° 079 + 025° 080 * 0.25°

CF = soil supplemented with chemical fertilizer

CMF = soil supplemented with chicken manure fertilizer alone

Data are shown as the mean + 1 SD, derived from 4 independent repeats.
Means within a column followed by a different letter are significantly

different (p < 0.05; DMRT)

All three FCW additions (0.25, 0.5 and 1.0% (w/w)) in
the soil enhanced the rice production but the significantly
highest level of above ground biomass was found in the rice
plants grown with 1.0% (w/w) FCW at 3.8 and 10.4 folds
higher than the biomass obtained from the soil with CF and
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CMF treatments, respectively (Table 3). The highest level of
grain yield/pot was also found in the 1.0% (w/w) FCW
supplemented soil. Although the rice plants grown in soil
with 0.5 or 1.0% (w/w) FCW produced a similar number of
panicles per plant, supplementation with 1.0% (w/w) FCW
increased the spikelets/panicle and filled grains/panicle
compared to the other treatments (Table 3).

Discussion

Application of FCW to the soil led to an increased OM level
in the soil (Table 1). OM improves the physical, chemical
and biological properties of soil, as well as giving a better
soil aggregation, available water content and enhanced
cation exchange capacity, leading to improved soil fertility
(Khaleel et al., 1981; Metzger and Yaron, 1987; Matsumoto
et al.,, 1999; Farooq and Nawaz, 2014). The addition of
FCW also increased the soil N, P and K content, which
showed a high correlation with the measured plant yield
components. However, no correlation was found between
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the nutrient level and the day of flowering (Table 4). A very
high correlation was found between the measured yield
components and the available soil P content, a nutrient that
is considered to be important for plant productivity (Hodges,
2010). Therefore, based on this data, P is likely to be an
important and limiting nutrient for rice productivity and,
since FCW is rich in available P (Table 1), then the addition
of FCW to the soil leads to the enhanced rice yield.
Chitin-rich material was recently shown to enhance
lettuce growth (Muymas et al., 2014), whilst the addition
of chitin to the soil was proposed to be a good agricultural
practice for plant protection against pathogens and
nematodes (Kobayashi et al., 2002; Cretoiu et al., 2013).
Application of chitin to the soil could promote soail
microbe diversity (Cretoiu et al., 2014). Muymas et al.
(2011) reported that lettuce cv. ‘Red Oak’ grown in soil
with 20% (w/w) fermented chitin showed the highest
growth and also increased populations of soil microbes
that can degrade chitin to an efficient nitrogen source.
These reports are consistent with our results that the
application of FCW enhanced the biomass production and
yield of ‘Pathumthanil’ rice, even though the level of
FCW applied to the soil was markedly lower in this rice
cultivation reported here. Therefore, it is possible that the
appropriate amount of chitin rich material to optimally
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“Tiller mumbers plant (tillers)
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Fig. 3: The effect of 0.25, 0.5 and 1% (w/w) FCW soil
supplement on the number of tillers/rice plant at 0, 15, 30,
45 and 60 DAT. Data are shown as the mean + 1 SE,
derived from 4 independent repeats. Means with a
different letter are significantly different (p < 0.05;
DMRT)

enhance plant growth and yield may vary from species to
species or via interaction with other specific culture
conditions.

The FCW supplementation of soil led to an excess available
N level, which may account for the prolonged vegetative

Table 3: The effect of 0.25, 0.5 and 1% (w/w) FCW as a soil supplement on the day of flowering, dry weight of shoot
biomass and yield in terms of the number of panicles/pot, spikelets/panicle, filled grains/panicle, Grain yield/pot and 100-

grain-weight after harvest

Treatment  Day of flowering Panicles/Pot  Spikelets/Panicle Filled grain/Panicle Grain yield /Pot (g) 100-grain- Dry weight of shoot
(d) (seeds) weight(g biomass (g)

CF 965 + 24 190 + 41° 589 + 76° 470 = 6.7° 1838 + 3.04Y 220 + 004° 1755 + 162

CMF 1020 + 4.3¢ 90 + 14° 365 + 69 283 + 7.3¢ 518 + 115° 214 + 0.03° 647 + 1.01°

0.25% FCW 930 + 1.8 213 + 13° 700 + 33° 588 + 28° 2801 + 233° 225 + 003" 2842 * 1.15°

05%FCW 935 + 19® 36.0 + 08 764 + 49° 650 + 57° 4992 + 610° 233 + 006 49.05 + 271°

1% FCW 995 + 1.7 368 + 15 1107 + 89 930 =+ 103 7941 + 1115 222 + 005° 6714 + 948

CF = soil supplemented with chemical fertilizer (CF)

CMF = soil supplemented with chicken manure fertilizer alone (CMF)
Data are shown as the mean + 1 SD, derived from 12 plants per treatment (four replications with three plants/replicate).
Means within a column followed by a different letter are significantly different (p < 0.05; DMRT)

Table 4: Correlation between nutrition levels of N, P, K, Ca, Mg, OM, OC and yield components

Characteristics Total N P K Ca Mg OM (%) OC (%) 100-grain- Grain Shoot  Panicle/ Spikelets/ Filled Day of

(%) (mg/kg) (mg/kg) (mg/kg)  (mg/kg) weight (g) yield biomass Pot Panicle grain flowering
/Pot(g) (g; DW) (Panicle) (Spikelets) /Panicle  (d)
(seeds)

Total N (%) 1.000

P (mg/kg) 0.739™" 1.000

K (mg/kg) 0.432™ 0.716™ 1.000

Ca (mg/kg) -0.430™ -0.395™ -0.523" 1.000

Mg (mg/kg) 0.206™ -0.071™ -0.317™ 0.064™  1.000

OM (%) 0.601™ 0.855™ 0.519° -0.181™ 0.099™ 1.000

OC (%) 0.594™ 0.853™ 0.514" -0.180™ 0.099™ 1.000  1.000

100-grain-weight (g) 0.086™ 0.309™ 0.361™ -0.552° 0.060™ 0.266™ 0.264"™ 1.000

Grain yield /Pot (g) 0.650™ 0.912™ 0.578™ -0.284™ 0.109™ 0.834™" 0.833™ 0.429™  1.000

Shoot biomass (g; DW) 0.630™ 0.913™ 0.551° -0.308™ 0.065™ 0.871™" 0.869™ 0.471™  0.973™ 1.000

Panicles/Pot (Panicle) 0513 0.825™ 0.559" -0.476"  0.013™ 0.748™ 0.748™ 0.659" 0.899™ 0.933™" 1.000

Spikelets/Panicle (Spikelets) 0.677" 0.907"™ 0.583™ -0.365™ -0.051™ 0.782"" 0.782™ 0.387™  0.941™ 0.905™ 0.852"" 1.000

Filled grain /Panicle (seeds) 0.669™ 0.905™" 0.589™ -0.384™ -0.044™ 0.777"" 0.776™ 0.415™  0.932™" 0.896™" 0.851™" 0.996™"  1.000

Days of flowering (d) 0.043® 0.071™ 0.157™ 0.268™  -0.114™ -0.118™ -0.116™ -0.572" -0.106™ -0.196™ -0.352™ -0.143™  -0.145™ 1.000

OM = Organic matter; OC = Organic carbon. The correlation was performed based on the linear regression and the correlation values in the table are linear
regression R? coefficients. *, ** and *** represent p< 0.05, 0.01 and 0.001 significance levels
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stage and delayed flowering time (Hodges, 2010) of the rice
compared to those plants in the other treatments. In addition,
an increased available N supply can increase the level of
photosynthetic pigments, as previously reported in algae
(Pancha et al., 2014; Zubia et al., 2014) and plants (Wang et
al., 2014), since N is required for chlorophyll synthesis. The
increased available N supply, therefore, can lead to
increased chlorophyll a, chlorophyll b and carotenoid
contents until it reached the optimal concentration in the
medium (Wang et al., 2014). In this study, the application of
0.5% (w/w) FCW to the soil of rice plants was optimal for
enhancing the leaf photosynthetic pigment contents (Table
3), yet the highest net photosynthesis rate at the reproductive
stage was found in the plants grown in 1.0% (w/w) FCW
supplemented soil and no significant difference in the net
photosynthesis rate was found among the different FCW
application levels. Thus, other factors rather than
photosynthetic pigments could contribute to the enhanced
photosynthetic ability of these rice plants.

It has been shown that the available P supply affects
the photosynthesis process in tea leaves, where a P
deficiency impaired the electron transport chain from
photosystem 1l (PSIl) to photosystem | (PSI). This
resulted in ATP production from the light reaction with
limited RuBP regeneration and hence a reduced rate of
CO; assimilation (Lin et al., 2009). The increased level of
available P in the soils with added FCW could contribute
to the increased net photosynthesis rate via enhanced
electron transport flow. However, K is also used in
photosynthesis and is involved in water regulation
(Hodges, 2010; Farooq et al., 2014). Therefore, the
increased available soil K level following the application
of FCW may also have played a role in the increase
photosynthesis rate and stomatal conductance.

Conclusion

FCW has the potential to be a growth stimulant for rice,
where the addition of 1% (w/w) FCW into soil could
promote the plant growth and increased rice yield. The
application of FCW increased the level of photosynthetic
pigments and photosynthesis ability at the vegetative stage,
which may be one of the key factors enhancing the rice
productivity.
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