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ABSTRACT

Direct-seeded rice has gained popularity in the past few decades in the Mekong Delta
due to its cost-effectiveness and labor efficiency. However, this method has led to an
increase in the presence of weeds, especially weedy rice (Oryza sativa f. spontanea),
which poses a serious threat to rice production. This study evaluated the impact of
different densities (5, 10, 50, and 100 seedlings/m?) of artificially infected weedy rice on
the yield and yield components of the common rice variety OM5451 grown in the
Mekong Delta. Results revealed a significant correlation between the density of weedy
rice and the loss of yield and yield components of cultivated rice. At a density of 5
seedlings/m?, the yield decreased by 22.6%, while the highest density treatment (100
seedlings/m?) caused a loss of up to 60% of the cultivated rice yield. Our findings
emphasize the need for effective management of weedy rice infestations to maintain rice
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yield and quality.
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INTRODUCTION

Rice is a crucial food source for over half of the
world's population, with a total area of
approximately 153 million hectares devoted to
its cultivation. More than 90% of rice
production is concentrated in Asia. Despite
efforts to increase production in recent years,
the growth rate remains relatively flat due to
several challenges, including the impact of
climate change, reduced irrigation water,
scarcity of labor, rising input costs, and limited
land available for rice farming. In response, rice
farmers  have gradually shifted from
transplanted rice to direct-seeded rice, mainly
because of the lower production costs, reduced
labor  requirements, and better  water
management. However, this transition has led
to a significant increase in weed infestation,
particularly weedy rice, which is closely related
to direct-seeding cultivation methods. Weedy

rice is a potential threat to rice production
because it is closely related to cultivated rice.
Weedy rice causes serious yield losses, quality
degradation, and reduced economic profits in
rice production (Chauhan et al. 2015). Despite
extensive research on weedy rice in developed
and some developing countries, in Vietnam,
there have been few studies on the damaging
and competitive ability of weedy rice,
especially in the Mekong Delta, which is a
significant rice-growing area. Therefore, this
study was conducted to evaluate the impact of
weedy rice on rice yield components at
different levels of artificial weed rice infection.
The findings of this study will contribute to a
better understanding of the impact of weedy
rice on rice production in Vietnam and provide
a foundation for developing effective
prevention and control strategies.
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MATERIALS AND METHODS
Plant materials

This study evaluated the damage caused by
different densities of weedy rice on a mixture of
three weedy rice lines, namely WRKG4,
WRCT20, and WRCT76 (collected from Kien
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Giang and Can Tho) to the popular rice variety
OMb5451 (certified seed provided by the
CuuLong Delta Rice Research Institute).
Detailed information on the weedy rice lines
used in the experiment is presented in Table 1.

Table 1. Description of some key agronomic characteristics of weedy rice lines and cultivated rice
varieties OM5451 used in the experiment.

No. Name Growth duration  Awn length Hull color Pericarp color
(day) (mm)
1 WRKG4 84 0-46 Black Brown
2 WRCT20 91 3.4-70 Yellowish brown Red
3  WRCT76 84 0 Yellowish brown Red
4 OMb5451 101 0 Pale straw yellow color White

Experimental design

The experiment was conducted at the CuuLong
Delta Rice Institute net house from December
2021 to March 2022. The experimental design
employed a completely randomized block
design with five treatments, representing
different densities of artificially infected weedy
rice (0, 5, 10, 50, 100 germinated weedy rice
seeds (hereinafter referred to as seedlings)/m?),
and four replicates were included. Each
treatment plot was 3.6m2 in area and 0.4m apart
to avoid light shade among treatment. All
treatments were allocated in a cement tank with
a total area of 24m?, 4 cement tanks were used
corresponding to 4  replications. The
recommended fertilizer formulation for the
OMb5451 variety during the winter-spring crop,
consisting of 100kg N-60kg P,Os-40kg KO,
was used. The density of the OM5451 variety
was maintained at 100kg/ha or approximately
300 rice seedlings/m2. Prior to sowing, both rice
and weedy rice seeds were soaked, germinated
and evenly distributed in each plot after
thorough soil mixing and cleaning to remove
contaminated weed seeds and rice seeds.
Pre-emergent herbicides were applied to
eliminate any remaining weeds and weed seeds.
All treatments and replicates received uniform
management and care.

Observational parameters were recorded for the
OMb5451 cultivated rice variety, including yield
components and the actual yield. For the weedy
rice, the observation parameters included the
number of tillers per plant, the total number of
weedy rice grains and the ratio of weedy rice
plants per total plants. Subsequently, all
indicators were standardized to an area of 1m?
for calculation and statistical analysis.

Data analysis

The collected data were analyzed using
descriptive  statistical methods such as
calculating means to determine the agronomic
and biological characteristics of weedy rice and
cultivated rice. Analysis of variance (ANOVA)
and the Duncan test were conducted to compare
the mean differences between treatments. Excel
and Statgraphics 15.0 software tools were
employed for data analysis.

RESULTS AND DISCUSSION

Impact of various weedy rice densities on
yield components OM5451

The findings presented in Table 2 indicate that
the density of weedy rice significantly impacts
various yield components of the cultivated rice
OMb5451 variety. These components include the
number of panicles/m?, total number of grains
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per panicle, total number of filled grains per
panicle, percentage of filled grains per panicle,
and the 1000-grain weight (in grams). Notably,
the number of panicles/m? emerged as a crucial
yield component, exhibiting a statistically
significant difference at a 5% significance level.

Among the treatments, the control group with
zero weedy rice seedlings/m® displayed the
highest number of panicles, recording 305
panicles/m®. Conversely, the treatment with the
highest weedy rice density (100 seedlings/m?)
exhibited the lowest number of panicles, with
only 207 panicles/m®. Statistical analysis
revealed a significant decrease in the number of
panicles/m® of OM5451 as the density of weedy
rice increased, attaining a 5% significance level.
This decline can be attributed to intense
competition for resources such as nutrients,
water, light, and others, between weedy rice and
cultivated rice under similar cultivation
conditions and management practices, as
previously reported by Xu et al. (2018).

Moreover, the experimental use of the weedy rice
lines WRCT20 and WRKG4 revealed their
substantial plant height and tillering capabilities
(data not shown). Consequently, at higher
densities (i.e., treatments with 50 and 100
seedlings/m?), these weedy rice lines tended to
overgrow, further diminishing the tillering
ability, photosynthesis, and water and nutrient
absorption of the cultivated rice variety OM5451.
This outcome aligns with previous studies
conducted by Abdullah Al Mamun (2014) on the
effects of weedy rice on cultivated rice yield and
domestic research by Chin et al. 2008.

Overall, the results in Table 2 highlight the
significant impact of weedy rice densities on
various yield components of the OM5451
variety, particularly the number of panicles/m?.
The findings underscore the importance of
managing weedy rice populations to ensure
optimal rice yield and minimize competition for
vital resources.

The total number of grains per panicle of the
OMb5451 variety  exhibited statistical
significance among treatments at a 5%
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significance level. The treatment without weedy
rice recorded the highest number of grains per
panicle, with an average of 84.5 grains, while
the treatment with a high weedy rice density
(100 seedlings/m?) had the lowest number of
grains per panicle, with an average of 59.3
grains. The number of grains per panicle of
OM5451 decreased progressively as the density
of weedy rice increased. The severity of weedy
rice infestation directly correlated with a
decrease in the total number of grains per
panicle of the cultivated rice.

Similarly, the average number of filled grains
per panicle of OM5451 was 62.7 grains. The
control treatment exhibited the highest average,
with 75.3 filled grains per panicle, while the
treatment with 100 weedy rice seedlings/m” had
the lowest average, with 47.8 filled grains per
panicle. As the density of weedy rice increased,
the average number of filled grains per panicle
of OMb5451 decreased. This phenomenon can be
attributed to the strong competition for water,
nutrients, light, and living space between weedy
rice and cultivated rice in the same agricultural
system, as reported by Burgos et al. (2006),
Chauhan and Singh (2016), and Xu et al.
(2018). Weedy rice's detrimental effects on the
photosynthetic efficiency of rice plants result in
insufficient photosynthetic products for seed
filling and hinder the transport of storage
substances from the stem and leaves to the
seeds. These factors ultimately affect the grain
filling process and the percentage of filled
grains. Zhang et al. (2014) have also reported
significant reductions in rice yields when
infected with weedy rice, further emphasizing
these underlying causes.

The percentage of filled grains per panicle of
OM5451 showed a statistically significant
difference at a 5% significance level. The
control treatment (0 weedy rice seedlings/m?)
recorded the highest percentage of filled grains
per panicle, at 88.8%, while the treatment with
100 weedy rice seedlings/m? had the lowest, at
80.3%. Consequently, the percentage of filled
grains per panicle gradually decreased as the
density of weedy rice increased.
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The infestation of weedy rice at different densities
had varying effects on the 1000-grain weight of
OM5451. Statistical analysis revealed significant
differences in the 1000-grain weight of OM5451
between the treatments with 50 and 100 weedy
rice seedlings/m? compared to the treatments with
0, 5, and 10 weedy rice seedlings/mz. The control
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treatment without weedy rice recorded the highest
weight of 1000 OM5451 grains, at 23.7g, while
the treatment with 100 weedy rice seedlings/m?
had the lowest weight, at 22.2g. The weight of
1000 OM5451 grains started to decrease when the
density of weedy rice infection reached only 10
seedlings/m®.

Table 2. The impact of different weedy rice densities on the yield components of the cultivated rice

variety OM5451.
Treatment OMS5451°’s yield components
(weedy rice Total number Number of Percenta
4 ge of eni
‘é‘i.”s'“/” , OTfOtz'n?;re';?rle ofgrains/ filled grains/ filled grain/ f/sgio r?tr?I;]
seedlings/m’) P panicle panicle panicle (%) gnti9
305° 84.5° 75.3 88.8° 23.7°
288" 79.3° 68.5° 86.5° 23.3%
10 270° 76.5° 65.0° 85.0° 22.8"
50 239¢ 69.0° 57.0° 82.5° 2254
100 207¢ 59.3¢ 47.8¢ 80.3¢ 22.2¢
CV% 3.88 3.09 4.17 1.57 1.80

* The data presented are the mean values obtained from four replicates. Means in a column followed by the
same letter are not significantly different at a 5% significance level (P < 0.05).

Impact of various weedy rice densities on the
yield of OM5451

The difference in weedy rice density has a
significant impact on the rice yield of OM5451,
as measured by the total seed dry weight/m?® (at
14% moisture content). Based on the statistical
analysis results in Table 3, the highest total
weight of OM5451/m® was recorded in the
control treatment without any weedy rice
interference (314.4g). When the rice plots were
heavily infested with weedy rice, the crop yield
decreased significantly. The actual yield of
OM5451/m? was observed to decrease by about
2.5 times in the treatment with a weed rice
infestation rate of 100 weed seeds/m” compared
to the control treatment (0 weedy rice
seedlings/m?), and it decreased by 1.9 times in

the treatment with a weedy rice infestation rate
of 50 weedy rice seedlings/m?.

Therefore, different artificially induced weedy
rice densities have an impact on the yield
components and overall yield of the rice crop,
OMb5451. The yield components of the rice crop
were observed to decrease gradually as the
artificially induced weedy rice density increased
(Table 2). Similarly, the yield of OM5451 rice
also decreased proportionally with the level of
weedy rice infestation, competition, and
interference. The percentage of vyield loss
increased correspondingly with the weedy rice
density. At a density of 5 weedy rice
seedlings/m? the yield decreased by 22.6%,
while at the highest density of 100 weedy rice
seedlings/m?, the yield loss reached nearly 60%.
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Table 3. The impact of various weedy rice densities on the yield of the cultivated rice variety

OMb5451.
Treatment (weedy rice Yield of OM5451 Percentage yield loss of the
density, seedlings/m?) (g/m?) OM5451 variety (%)
0 314.4° -
5 2435 22.6
10 206.4° 344
50 183.6° 416
100 126.4° 59.8
CV% 5.19 -
* Means in a column followed by the same letter are not significantly different at a 5% significance level
(P < 0.05).
Figure 1 illustrates the close correlation studies by Burgos et al. (2011) and Zhang et al.

between weedy rice densities (seedlings/m?)
and the yield loss of the OM5451 rice variety,
with a correlation coefficient of R? = 0.77.
These results are consistent with previous
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(2014) when assessing the yield losses caused
by weed interference at different weed
infestation densities.
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Figure 1. lllustration of the correlation between weedy rice density and the rate of yield loss of the

cultivated rice variety OM5451.

The statistical analysis presented in Table 4
highlights the variations in the average number
of weedy rice tillers per plant, the number of
weedy rice seeds/m? and the percentage of
weedy rice infestation (weedy rice plants per
total plants) at different densities of weedy rice.
These characteristics play a crucial role in the
reproductive and infestation capacity of weedy
rice. The number of tillers per weedy rice plant is

relatively low, averaging at 1.6 tillers per plant.
However, the treatments with 50 and 100 weedy
rice seedlings exhibit higher numbers of tillers
per plant, with 2.4 and 2.2 tillers respectively,
compared to the treatments with 5 and 10 weedy
rice seedlings/m’. From the tillering stage
onwards, the presence of weedy rice significantly
impacts the growth of cultivated rice plants
(Chauhan 2013). Various growth parameters of
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cultivated rice, including plant height, leaf area
index, leaf number, and dry shoot weight, can be
influenced by the abundance of weedy rice as
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opposed to intra-specific competition, where
weedy rice acts as a superior competitive
opponent (Ottis et al. 2005)

Table 4. Several important biological indicators of weedy rice at different artificially induced
infestation densities in the experiment.

Treatments Total number of - . .
. . Number of weedy ; Ratio of weedy rice plants in
(weedy rice density, ice till | weedy rice he blot (©
seedlings/m?) rice tillers/plant seeds/m? the plot (%0)
0 0.0° 0° 0.0°
5 1.5° 667" 6.0°
10 2.0 1182° 11.0°
50 2.4° 2589" 23.8°
100 2.2% 4589° 45.0°
CV% 36.49 4.26 5.88

* Means in a column followed by the same letter are not significantly different at a 5% significance level

(P < 0.05).

The highest seed count is observed in the
treatment with 100 weed rice seedlings/m?,
reaching approximately 4589 seeds, while the
lowest count is in the control treatment without
weed rice. The percentage of weed rice
infestation in the experimental plots varies
significantly among different weedy rice

|

densities, showing statistically significant
differences at a 5% level. The treatment with
the highest weedy rice infestation rate

(occupying approximately 45% of the plot area)
is the one with 100 weed rice seedlings/m’
(Figure 2).

é segeds/mz

Figure 2. OM5451 plants and weedy rice plants at different densities of weedy rice during the
reproductive stage (note: number of seeds/m? in the figures referred to as seedlings).

CONCLUSIONS

Different densities of artificially infested rice
have varying effects on the yield and yield
components of cultivated rice. The vyield
components of cultivated rice show a gradual
decrease as the density of weedy rice infection

10 JEeds/mZ /

increases. The vyield of cultivated rice
OM5451/m® at a density of 50 weedy rice
seedlings/m? is reduced by 1.7 times, and at a
density of 100 seedlings, it is reduced by 2.5
times compared to the control treatment without
weedy rice infection and damage. There is a
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strong correlation between the density of weedy
rice and the yield loss caused by weedy rice,
with a density of 100 seedlings/m? resulting in a
yield loss of up to 60% for cultivated rice.
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ANH HUONG CUA MAT PQ LUA CO LAY NHIEM NHAN TAO KHAC NHAU DEN
NANG SUAT VA CAC THANH PHAN NANG SUAT CUA GIONG LUA OM5451

Phuong phdp canh tdc liia sa thang da tré nén rat phé bién trong vai thap ky qua ¢
Pong bang séng Cizu Long do tinh hidu qua vé chi phi san xudt va tiét kiém cong lao
déng. Tuy nhién, phiong phdp nay da dan dén sy hién dién cua co dai gia tang gua cac
vu canh tdc, dac biét 1a lGa co (Oryza sativa f. spontanea), gay danh hueong lén dén nang
suat va san lwong lda gao. Nghién ciru nay danh gid danh hweng cua viéc 1ay nhiém lGa
co nhan tgo o cac madt do khac nhau (5, 10, 50 va 100 cay lda colm?) dén ndng sudt va
cac thanh phan nang sudt cua glong lta trong pho bién ¢ DBSCL la OM5451, va kha
nang san sinh hat cua lia co. Keét qua nghién ciu da cho thdy moi tuwong quan dang ké
giza mdt do 1Ga co va sy that thoat vé ndng sudt va cac thanh phdn ndng sudt cia giong
lta OM5451. Cy thé, ¢ mdr dé 5 cay lia cé/m?, nang sudt giam 22,6%, trong khi o mqt
d¢ 1ay nhiém cao nhdt (100 cay lda co/m? ) gay that thu ndng sudt l0a trong lén dén
60%. Pong thoi ¢ mdt dé 1ha cé cang cao, sé lirong hat l0a Co roi rung va ton luu trong
ddt tang 1én déang ké. Qua két qud nghién cizu nay cho thay can thiét va nhanh chong cé
cac giai phap quan Iy hiéu qua lGa cé @ giam thiéu thiét hgi do lta cé gay ra.

Tir khoa: Lua cé, l0a sq thang, that thodt néing sudt.
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