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ABSTRACT
Background: Weeds cause a decrease in sugarcane productivity, so the application of pre-emergence herbicides can be used
as a solution to control weeds. This study aimed to identify the most effective pre-emergence herbicide for weed management
across multiple sugarcane genotypes under late rainy season conditions.
Methods: Split-plot design was used in this study with three replications. Four weed management strategies were assigned as
main plots and four sugarcane varieties were assigned as sub-plots. Weed data, including control efficacy, weed biomass, weed
density and weed species, were collected at 15-day intervals from 15 to 120 DAA. Plant height and tiller number of sugarcane
were measured at 30, 60, 90 and 120 DAA.
Result: The most common weed was Cyperus rotundus L.  (purple nutsedge),  followed by Indigofera hirsuta (hairy  indigo). Weed
control eff iciency in diuron and pendimethalin + imazapic treatments was intermediate between hand weeding and weedy
(untreated control) with similar patterns observed in overall weed scores from 60 to 120 DAA. Both herbicides reduced weed
density and weed biomass between 60 and 120 DAA, with pendimethalin + imazapic being more effective than diuron at 105 DAA.
Sugarcane genotypes had no signif icant effect on weed control eff iciency, density, or biomass throughout the experiment.
However, pendimethalin + imazapic in KPS01-12 resulted in a higher tiller number at 90 DAA and greater plant height from 90 to 120
DAA. Thus, pendimethalin + imazapic effectively reduced weed presence and supported the growth of certain sugarcane
varieties during the late rainy season.

Key words: Diuron, Herbicide efficiency, Imazapic, Initial sugarcane growth stage, Pendimethalin, Weed control.

INTRODUCTION
Thailand, one of the top sugarcane-producing countries,
faces major yield constraints from weed competition, with
the Northeast region contributing the largest share of
production (FAO, 2022; Sukyai et al., 2016; Prasara-A and
Gheewala, 2016). Sugarcane cultivation patterns in
Thailand show strong regional and varietal dependencies.
In particular, planting schedules vary by region: the
Northeast typically plants during October-November, while
other regions plant from November to February (Manivong
and Bourgois, 2017).

W eeds pose a major challenge in sugarcane
cultivation, competing for nutrients and reducing yields
(Khumla et al., 2022). Sugarcane cultivation employs
various weed control strategies that have been used and
studied in previous research, including biological control
(e.g., mycoherbicides), mechanical tillage (e.g., inter-row
cultivation) and chemical applications (both selective (e.g.,
2,4-D) and non-selective herbicides (e.g., glyphosate)
(Odero and Dusky, 2021; Khumla et al., 2022). Pre-emergence
herbicides remain a critical component of integrated weed
management in sugarcane cultivation due to their (1) cost-
effectiveness compared to manual weeding (saving ~60%
labor costs), (2) reliability under large-scale production and
(3) ability to control weeds during the critical early growth
phase (first 120 DAA) when crop-weed competition is most
damaging (Odero and Dusky, 2021). While biological and

mechanical controls are available, herbicides offer unique
advantages: they prevent yield losses of 15-40% from early
weed pressure (Khumla et al., 2022), can be applied rapidly
across extensive fields (critical for Thailand’s average farm
size of 8-12 ha; Prasara-A  and Gheewala, 2016) and when
used judiciously, reduce soil disturbance compared to
tillage (conserving moisture in late rainy seasons). Both
pre- and post-emergence applications show efficacy
(Raskar, 2004; Odero et al., 2015; Takim and Suleiman,
2018), but pre-emergence treatments are particularly
valuable for late rainy-season planting where early weed
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flushes threaten crop establishment (Aekrathok et al.,
2021).

In Thailand, post-emergence herbicides like ametryn
and paraquat have been used to control common weed
species during tillering stage (Aekrathok et al., 2021), but
limited studies have evaluated pre-emergence herbicides
across sugarcane genotypes during the late rainy season.
Though hand weeding is effective, it is labor-intensive and
costly. Herbicide use enhances efficiency, reducing time
and cost. The duration of weed control varies significantly
among herbicides: Diuron and ametryn provide effective
control for approximately 30 days (Esqueda, 2005; Niz et al.,
2018), while pendimethalin and imazapic maintain efficacy
for 80-90 days (Shaner et al., 2014; Ulbrich et al., 2005).
Standard pre-emergence herbicides like atrazine (early
rainy season) and metribuzin (dry season) are well-
documented (Carbonari et al., 2016; Congreve and
Cameron, 2023), but late rainy season plantings present
distinct challenges: higher weed diversity, herbicide wash-
off risks and delayed canopy closure. Despite demonstrated
efficacy of diuron and pendimethalin+ imazapic in controlled
conditions (Odero et al., 2015), their performance across
cultivars under variable late-season field environments
remains poorly understood, particularly regarding
interactions between herbicide persistence, rainfall
patterns and varietal growth traits (Khonghintaisong et al.,
2018; Pringgani et al., 2023). This study aims to identify
the most effective herbicide for diverse sugarcane cultivars
during this period, optimizing weed management and
improving sugarcane productivity.

MATERIALS AND METHODS
Site description, cultural practices and experimental
details
This experiment was conducted at the Agronomy Field Crop
Stations, Khon Kaen University, Khon Kaen, Thailand
(16.4592N, 102.8120E; 179 m elevation) from December
1, 2022, to April 18, 2023, covering the late rainy season to
early summer. A split-plot design with three replications
was used, comprising a total of 48 experimental plots.
Weed control methods were the main plots and sugarcane
cultivars were the sub-plots. Each experimental plot
measured 5 m  6 m (width  length) and contained five 6-
meter-long rows spaced 1.5 m apart, with 0.5 m between
plants within rows. Four weed management strategies
were applied: (1) hand weeding (weekly), (2) weedy control
(no intervention), (3) diuron (280 g a.i. rai-1; 1,750 g ha-1)
and (4) pendimethalin (280 g a.i. rai-1; 1,750 g ha-1) +
imazapic (12 g a.i. rai-1; 75 g ha-1), mixed and sprayed.

Four Thai commercial sugarcane varieties-KK3, UT-12,
KPS01-12 and UT-13-were used in this experiment, differing
in canopy coverage. UT-13 and UT-12 have small or slow
canopy cover, KPS01-12 has a large or fast canopy cover and
KK3 has moderate canopy cover (Pringgani et al., 2023).

Sugarcane setts were planted directly in the field and
fertilized with 50 kg ha-1 of N and P and 25 kg ha-1 of K. The

soil, classified as siliceous, isohypothermic, Oxic Paleustults
(Yasothon series; WRB: Arenosols), had a sand content of
84.93%, clay content of 5.07% and silt content of 10.0%.
The soil’s pH was 5.51, with a cation exchange capacity of
3.09 c mol kg-1. It contained 0.85% organic matter, 0.03%
total nitrogen, 32.28 mg kg-1 of available phosphorus, 30.41
mg kg-1 of exchangeable potassium and 214.23 mg kg-1 of
exchangeable calcium. Following Thai sugarcane
cultivation practices, sugarcane was planted using residual
soil moisture from the late rainy season, which was
sufficient for herbicide activation and germination without
additional irrigation during the drought period (Khonghintaisong
et al., 2018). In this study, soil moisture content prior to
planting was set to field capacity, defined as 12% volumetric
water content at a soil depth of 0-30 cm.

Data collection
Weed data were collected at 15-day intervals from 15 to
120 DAA (Days After Application). Growth characteristics,
including plant height and tiller number, were recorded at
30, 60, 90 and 120 DAA. Weed counts were conducted in
each plot using four 0.25 m2 quadrats-small, square
sampling frames used to standardize area and ensure
consistent weed sampling-placed diagonally to represent
field variation. Weeds within each quadrat were identified
by species and counted. The totals from four quadrats were
summed and averaged per plot across three replications
to determine weed density and species composition. Weed
density was measured for all herbicide treatments, while
weed biomass was assessed per 1 m2. Samples were
separated by weed  type  (broadleaf/narrowleaf/sedge),  then
dried at 80C for 72 hours prior to weighing. Herbicide
efficacy was visually assessed every 15 DAA for each
species and overall weed control, using a scale from 0 (no
control) to 100 (complete control), following the protocol by
Frans and Talbert (1997). Weed species were identified
through random sampling in each plot, following methods
from Noda et al. (1994).

Weed species density percentage was calculated by
counting the number of each weed species found in each
plot every 15 days (from 15 to 120 DAA). Each weed species
count was then divided by the total number of weeds found
and multiplied by 100 (Nedeljkovic et al., 2021).

Statically analysis
The data analysis of variance was used according to the
experiment design to examine differences in treatment
effect including weed control efficacy, biomass and density.
The data were subjected to statistical analysis using
Statistix® 10 (1985-2013) program (Analytical Software,
Tallahassee, FL, USA) and treatment mean differences
were separated using the LSD at 0.05% probability.

RESULTS AND DISCUSSION
Meteorological conditions
The experiment included total rainfall of 52.2 mm, with
peaks of 25.6 mm at 113 DAA and 17.8 mm at 118 DAA.
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The minimum daily air temperature ranged from 11.0 to
29.0C and maximum temperature ranged from 24.5 to
42.0C. Humidity has ranged from 58.0 to 96.0% during
the growing season (Fig 1). The late-rainy season is the
most common sugarcane production system in Thailand
(Khumla et al., 2022). The experimental site experienced a
water deficit for more than two months during the study
period (Khonghintaisong et al., 2018), representing typical
late rainy-season conditions where pre-emergence
herbicide efficacy may be compromised by limited soil
moisture. The majority of pre-emergent herbicides need to
be treated on soil while there is sufficient soil moisture
(Chathuranga et al., 2023). Pre-emergent herbicides
require adequate soil moisture for effectiveness, as root-
absorbed herbicides perform poorly in low soil water
conditions (Congreve and Cameron, 2023).

Weed species density percentage
At 15 DAA, seven weed species were observed. However,
the number of species increased from 30 DAA to 120 DAA,
reaching a total of 15 species. The most common species
were recorded at 45, 60 and 90 DAA, while numbers
decreased at 105 and 120 DAA. The predominant species

included Cyperus rotundus L. (24.7%), Indigofera hirsuta
Harvey (15.2%) and Ipomoea pes-tigridis L. (11.4%), each
representing over 10% of the total species (Fig 2).

Weed control efficiency of sugarcane cultivars under
various weed management strategies
The four weed control methods-hand weeding, weedy,
diuron and pendimethalin + imazapic-varied in efficiency
across sugarcane cultivars. Weedy plots, where no weed
control is applied, serve as controls to assess the full impact
of natural weed competition on crop growth and yield
(Mathukia et al., 2018). Broadleaf scores differed significantly
at 45-120 DAA. At 45 DAA, diuron and pendimethalin +
imazapic were more effective than hand weeding and weedy
treatments. Broadleaf scores were consistent across
cultivars, except for UT13, which scored higher at 60 DAA.
Narrowleaf weed control efficiency varied significantly
between 60 and 120 DAA. At 60 and 90 DAA, hand weeding
significantly outperformed diuron, pendimethalin +
imazapic and the weedy control, which showed similar
scores. From 90 to 120 DAA, hand weeding remained most
effective, followed by pendimethalin + imazapic and diuron,
while the weedy plots were least effective.

Fig 2: Percentage of weed species density.

Fig 1: Rainfall (mm), humidity (%), maximum and minimum temperature (C) of four sugarcane cultivars under four weed controls
during early growth stage.
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Sedge control efficiency varied significantly among the
four weed control treatments at 60-120 DAA. Weedy, diuron
and pendimethalin + imazapic showed no significant
differences in sedge scores at 60 and 90 DAA. Diuron and
pendimethalin + imazapic did not differ significantly in sedge
scores, while the weedy treatment had the lowest scores at
75, 105 and 120 DAA. The four sugarcane cultivars did not
show significant differences in sedge control efficiency
overall, but there were notable differences at 15 and 75
DAA. KK3, UT12 and UT13 exhibited high sedge control
efficiency at 15 DAA, with UT12 and UT13 showing strong
scores at 75 DAA. Weed control efficiency for overall weed
scores varied from 60 to 120 DAA. Diuron and pendimethalin
+ imazapic showed similar overall weed control efficiency,
while the weedy treatment had the lowest scores.

From 60 to 120 DAA, hand weeding consistently
showed the highest weed control efficiency across all weed
types, followed by diuron and pendimethalin + imazapic,
while weedy plots were least effective. Although there were
some variation points among treatments at specific time
intervals, no significant differences or interactions were
observed between sugarcane cultivars and weed control
methods for broadleaf, narrowleaf, sedge, or overall weed
control throughout the experiment (Table 1).

Weed control effectiveness varied in weed density and
biomass during the application period. From 60 to 120
DAA, hand weeding consistently reduced weed density and
biomass more than weedy, diuron and pendimethalin +
imazapic. At 105 DAA, pendimethalin + imazapic reduced
weed density and biomass more than weedy and diuron.
Although pendimethalin + imazapic showed no significant
differences, it trended lower than weedy and diuron at 120
DAA. Weed density and biomass did not vary significantly
among the sugarcane cultivars and the influence of weed
control treatments was no differences across cultivars
(Table 2).

Pre-emergence herbicides vary in effectiveness and
persistence in weed control. Diuron translocates via xylem,
inhibiting photosystem II, with a 90-day field half-life (Shaner
et al., 2014). Pendimethalin is absorbed by coleoptiles
and roots, disrupting mitosis via tubulin inhibition (Shaner,
2014; Hess, 2000), with a 44-day half-life, affected by soil
moisture and temperature (Yadav et al., 2019). Imazapic,
translocated through xylem and phloem, inhibits acetolactate
synthase, with a 120-day half-life, potentially delaying
rotational crops (Ulbrich et al., 2005; Shaner et al., 2014).

W eed control treatments showed no significant
differences in weed type, density, or biomass during 15-45
DAA. From 60-120 DAA, differences became significant,
with hand weeding outperforming pre-emergence
herbicides. However, at 60-120 DAA, herbicides provided
comparable weed control to hand weeding (Table 1). Diuron
achieved up to 92% efficiency, maintaining over 95% control
at 30 DAA before declining to 80% at 90 DAA (Esqueda,
2005; Niz et al., 2018). Applied at 3.5 kg ha-1 diuron 80%
WP effectively controlled grass and broadleaf weeds
(Chathuranga et al., 2023). Additionally, pre-plant trifluralin

at 1.0 kg ha-1 showed effective weed control (Bhullar et al.,
2006). At 75, 105 and 120 DAA pendimethalin+imazapic
was proven to be more effective in controlling narrow leaf
weeds compared to diuron. Pedrinho Junior and Durigan
(2001) reported that the application of pendimethalin+
imazapic (1260 g/ha+1050 g/ha) was proven to control
narrow leaf weeds in sugarcane at 126 DAA.

At three months after planting, pre-emergence
herbicides in sugarcane effectively reduced weed dry
weight and controlled key species such as Cyperus
rotundus L. (Singh et al., 2001). At 105 DAA, pendimethalin
+ imazapic exhibited greater efficiency than diuron, reducing
weed density and biomass. However, no significant difference
was observed between the two at 120 DAA (Table 2).
Pendimethalin at 2.0 kg a.i. ha-1, combined with brown
manuring and hoeing, reduced weed density and dry weight
by 85-90% at 90 DAP (Fanish and Ragavan, 2020). The
slight reduction in weed density and biomass with
pendimethalin + imazapic compared to diuron may be
attributed to herbicide wash-off following 25.6 mm rainfall
at 113 DAA, as rainfall significantly influences herbicide
dissipation, transport and efficacy (Khalil et al., 2019). In
sugarcane, post-application rainfall can reduce herbicide
efficacy by affecting retention, degradation, interception and
leaching, all of which influence weed control (Carbonari et al.,
2016; Khalil et al., 2019).

Hand weeding proved to be more effective in controlling
weeds compared to herbicide treatments (Pendimethalin+
imazapic and diuron) throughout the experiment. This
method is highly effective because it physically removes
weeds, preventing competition for resources (Kashyap et al.,
2021; Singh et al., 2001). However, hand weeding is
extremely labor-intensive, time-consuming, costly and
frequent weeding damages superficial sugarcane roots
(Prasara-A  and Gheewala, 2016). In contrast, herbicide
treatments provided comparable weed control results,
especially between 60 and 120 DAA (Table 1). Despite
being slightly less effective than hand weeding, herbicide
treatments significantly reduced weed density and biomass,
enhanced sugarcane growth across several cultivars and
offers a cost-effective and labor-efficient alternative for
managing weeds (Pedrinho Junior and Durigan., 2001;
Yadav et al., 2019).

Effect of weed control on sugarcane growth
KK3 exhibited no significant differences in tiller number or
height across weed control treatments-hand weeding,
weedy, diuron and pendimethalin + imazapic-at all growth
stages (30, 60, 90 and 120 DAA). In contrast, KPS01-12
showed higher tiller numbers under pendimethalin +
imazapic at 90 DAA and greater height at 90 and 120 DAA
compared to other treatments. UT12 displayed significant
tiller variations, with hand weeding yielding the highest
count at 30 DAA, while pendimethalin + imazapic
outperformed other treatments at 60 and 120 DAA. Though
no significant height differences were observed across
treatments, pendimethalin + imazapic resulted in the
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Table 1: Weed control efficiency for broadleaf, narrowleaf, sedges and overall weed scores was evaluated for four weed control
methods across four sugarcane genotypes at 15, 30, 45, 60, 75, 90, 105 and 120 days after application (DAA).

15 DAA 30 DAA 45 DAA 60 DAA 75 DAA 90 DAA 105 DAA 120 DAA

Broad leaves
Weed control (W)
Hand weeding 86.67 83.33 75.00 B 100.00 A 100.00 A 100.00 A 100.00 A 100.00 A
Weedy 85.83 80.00 75.00 B 69.74 C 67.26 C 66.67 C 60.00 C 66.67 C
Diuron 88.33 86.67 85.00 A 78.63 B 77.69 B 78.33 B 75.00 B 76.67 B
Pendimethalin+imazapic 90.00 88.33 85.83 A 79.17 B 75.00 B 75.00 B 71.67 B 73.33 BC
F-test ns ns ** ** ** ** ** **
Genotypes (G)
KK3 88.33 85.00 80.00 80.83 b 79.17 79.17 75.83 79.17
KPS01-12 86.67 85.00 80.00 80.88 b 79.96 80.00 75.83 79.17
UT-12 88.33 84.17 80.83 80.00 b 80.83 80.00 76.67 79.17
UT-13 87.50 84.17 80.00 85.83 a 80.00 80.83 78.33 79.17
F-test ns ns ns ** ns ns ns ns
W  G ns ns ns ns ns ns ns ns

Narrow leaves
Weed control (W)
Hand weeding 89.17 89.17 90.00 100.00 A 100.00 A 100.00 A 100.00 A 100.00 A
Weedy 85.83 90.00 88.33 85.68 B 74.85 D 75.00 C 65.00 C 66.67 C
Diuron 88.33 90.00 90.00 87.41 B 81.32 C 82.50 B 77.50 B 76.67 B
Pendimethalin+imazapic 90.00 90.00 90.00 90.00 B 87.50 B 84.17 B 83.33 B 77.50 B
F-test ns ns ns ** ** ** ** **
Genotypes (G)
KK3 89.17 90.00 89.17 91.67 84.17 85.00 80.00 80.00
KPS01-12 88.33 90.00 90.00 92.27 87.01 86.67 81.67 80.00
UT-12 87.50 89.17 89.17 88.33 87.50 85.83 82.50 80.00
UT-13 88.33 90.00 90.00 90.83 85.00 84.17 81.67 80.83
F-test ns ns ns ns ns ns ns ns
W   G ns ns ns ns ns ns ns ns

Sedges
Weed control (W)
Hand weeding 80.00 80.00 72.50 100.00 A 100.00 A 100.00 A 100.00 A 100.00 A
Weedy 83.33 82.50 75.00 74.44 B 69.74 C 70.83 B 65.83 C 67.50 C
Diuron 83.33 78.33 75.83 76.45 B 75.83 BC 75.00 B 74.17 B 75.00 B
Pendimethalin+imazapic 84.17 81.67 77.50 78.33 B 78.33 B 71.67 B 75.83 B 76.67 B
F-test ns ns ns ** ** ** ** **
Genotypes (G)
KK3 83.33 a 79.17 75.00 80.83 79.17 b 77.50 77.50 76.67
KPS01-12 80.00 b 80.00 75.00 82.56 79.74 b 79.17 79.17 80.83
UT-12 85.00 a 81.67 75.83 84.17 84.17 a 79.17 80.00 80.00
UT-13 82.50 ab 81.67 75.00 81.67 80.83 ab 81.67 79.17 80.00
F-test * ns ns ns ** ns ns ns
W   G ns ns ns ns ns ns ns ns

Overall score weed control
Weed control (W)
Hand weeding 86.67 84.17 75.00 100.00 A 100.00 A 100.00 A 100.00 A 100.00 A
Weedy 83.33 84.17 75.83 70.85 C 67.86 C 67.50 C 62.50 C 66.67 C
Diuron 85.00 85.00 84.17 79.72 BC 76.26 B 79.17 B 77.50 B 76.67 B
Pendimethalin+imazapic 79.83 87.50 83.33 81.67 B 79.17 B 75.83 BC 75.00 B 75.83 B
F-test ns ns ns ** ** ** ** **

Table 1: Continue....
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Genotypes (G)
KK3 86.67 84.17 79.17 81.67 80.00 80.00 77.50 79.17
KPS01-12 76.50 86.67 79.17 82.24 79.96 80.83 77.50 79.17
UT-12 86.67 85.83 80.83 82.50 83.33 80.83 79.17 80.00
UT-13 85.00 84.17 79.17 85.83 80.00 80.83 80.83 80.83
F-test ns ns ns ns ns ns ns ns
W  G ns ns ns ns ns ns ns ns

**,* and ns indicate significance at p0.01, significance at p0.05 and non-significance, respectively.
Different uppercase letters indicate significant differences among weed control treatments in each genotype; different lowercase
letters indicate significant differences among genotypes in each weed control treatment by LSD at p0.05.

Table 1: Continue....

greatest height at 60 and 120 DAA (Fig 3). UT13 exhibited
significant tiller differences at 90 and 120 DAA, with diuron
producing the highest tiller count at 90 DAA and both diuron
and pendimethalin + imazapic surpassing hand weeding
and weedy treatments at 120 DAA. Height was significantly
affected across all treatments, with diuron reducing UT13
height at 30 DAA, whereas diuron and pendimethalin +

imazapic resulted in greater heights at later stages (60, 90
and 120 DAA).

There were no significant differences among
sugarcane cultivars in terms of weed control efficiency.
However, cultivars exhibited varied responses in growth
parameters such as tiller number and plant height under
different weed control treatments. Weed management had

Pre-emergence Herbicide for Controlling Weed in Various Sugarcane Genotypes Grown under Late Rainy Season

Table 2: Weed density and weed biomass was evaluated for four weed control methods across four sugarcane genotypes at 15, 30,
 45, 60, 75, 90, 105 and 120 days after application (DAA).

15 DAA 30 DAA 45 DAA 60 DAA 75 DAA 90 DAA 105 DAA 120 DAA

Weed density (g/2.5 m2) (g m-1)
Weed control (W)
Hand weeding 36.25 48.67 29.75 0.00 C 0.00 B 0.00 B 0.00 C 0.00 B
Weedy 40.08 46.74 40.58 30.75 B 37.83 A 26.88 A 43.33 A 47.83 A
Diuron 43.67 52.24 55.25 49.17 A 36.92 A 20.33 A 47.08 A 37.67 A
Pendimethalin+imazapic 37.33 49.33 34.58 37.09 AB 33.42 A 20.13 A 25.33 B 33.13 A
F-test ns ns ns ** ** ** ** **
Genotypes (G)
KK3 41.25 57.58 45.67 34.75 31.50 20.33 26.83 32.58
KPS01-12 43.25 51.66 39.17 27.01 24.42 18.00 32.42 25.67
UT-12 32.17 44.75 33.83 25.08 24.83 12.67 27.67 25.63
UT-13 40.67 42.99 41.50 30.17 27.42 16.33 28.83 34.75
F-test ns ns ns ns ns ns ns ns
W  G ns ns ns ns ns ns ns ns

Weed biomass (g/2.5 m2) (g m-1)
Weed control (W)
Hand weeding 6.75 19.60 16.12 0.00 B 0.00 B 0.00 B 0.00 A 0.00 B
Weedy 7.27 22.24 20.42 20.95 A 17.82 A 26.45 A 22.84 A 22.28 A
Diuron 13.98 26.08 23.17 22.26 A 16.31 A 17.29 A 25.88 A 19.22 A
Pendimethalin+imazapic 10.79 19.62 14.26 18.15 A 16.21 A 22.82 A 14.66 A 13.78 A
F-test ns ns ns ** ** ** ** **
Genotypes (G)
KK3 8.87 21.70 21.16 16.51 13.48 17.49 14.65 12.07
KPS01-12 10.78 24.13 17.84 18.02 11.21 13.72 15.77 16.83
UT-12 8.87 21.29 16.24 10.83 11.84 17.05 19.33 11.75
UT-13 10.26 20.41 18.74 15.99 13.82 18.31 13.62 14.62
F-test ns ns ns ns ns ns ns ns
W  G ns ns ns ns ns ns ns ns

**and ns indicate significance at p0.01 and non-significance, respectively.
Different uppercase letters indicate significant differences among weed control treatments in each genotype by LSD at p0.05.
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no significant effect on tiller number or height in KK3
throughout the experiment. However, pendimethalin +
imazapic increased tiller numbers at 90 DAA and height at
90-120 DAA in KPS01-12, as well as tiller numbers at 30,
60 and 120 DAA in UT12 (Fig 3). Both pre-emergence
herbicides improved tiller numbers at 90 DAA and height
from 60–120 DAA in UT13. The rapid canopy coverage of
KPS01-12 and moderate ground cover of UT13 (Pringgani
et al., 2023) contributed to reduced weed competition.

Pendimethalin + imazapic effectively suppressed
weeds, reducing competition and enhancing sugarcane
growth, aligning with Fanish and Ragavan (2020), who
reported weed control effects on sugarcane growth and
yield. Weed management increased yield by 8.3-79.0%
due to improved cane height, tillering and millable cane
(Singh et al., 2001). However, pre-emergence herbicides
had minimal effects on shoot emergence at 24-42 DAP, as
early growth depends on parent stalk nutrients rather than
soil uptake (Viator et al., 2002; Richard, 1989). Additionally,
pendimethalin at 2.32 kg ha-1 did not impact sugarcane
survival (Baucum, 2022). Pre-emergence application of
pendimethalin (2.0 kg a.i. ha-1) combined with brown
manuring and hand hoeing enhanced sugarcane yield
(Fanish and Ragavan, 2020). Pendimethalin and trifluralin
provided weed control comparable to manual hoeing
(Bhullar et al., 2006). Imazapic, alone or in combination,
has also been shown to improve weed suppression in

sugarcane (Assis et al., 2021). Imazapyr enhanced
sugarcane growth in clay soil (Campbell et al., 2019) and
pre-emergence applications of pendimethalin and diuron
at recommended rates did not reduce energy cane
biomass at 28 and 56 DAA (Odero et al., 2015). Pre-
emergence herbicides effec tively minimized weed
popu lations, creating a favorable environment for
sugarcane seedlings (Baucum et a l., 2022). W eed
competition during the initial growth phase negatively
impacted yield at harvest (Gana et al., 2006), underscoring
the importance of early weed management.

CONCLUSION
Pre-emergence herbicides are effective in managing
weeds in various sugarcane genotypes during the late
rainy season. Diuron and the combination  of
pendimethalin +  imazapic successfully controlled
broadleaf, narrowleaf and sedge weeds from 60 to 120
DAA, with pendimethalin + imazapic reducing weed
density and biomass more effectively than diuron at 105
DAA. Although hand weeding achieved the highest weed
control efficiency, its labor-intensive and costly nature
makes herbicide treatments a more prac tical and
economically viable alternative for large-scale sugarcane
production during the late rainy season. Sugarcane
genotypes showed no significant differences in weed

Fig 3: Effect of four weed controls on tiller number and height (cm) of four sugarcane genotypes during 30, 60, 90 and 120 days
after application (DAA).

**,* and ns indicate significance at p0.01, significance at p0.05 and non-significance, respectively.
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control efficiency, weed density, or biomass throughout
the experiment. Moreover, pendimethalin + imazapic
promoted tiller development and plant height in certain
genotype, notably KPS01-12, supporting its role in
optimizing both weed management and crop growth under
late rainy-season conditions.

ACKNOWLEDGEMENT
The present study was supported by the Northeast Thailand
Cane and Sugar Research Center (NECS), Faculty of
Agriculture, Khon Kaen University, Thailand for provided
equipment, chemicals and materials for this study. This
project is a part of M.Sc. research.

Disclaimers
Ayuning Mawar Pringgani Methodology, formal analysis,
data curation, writing-original draft preparation, writing-
review and editing, Jidapa Khonghintaisong Methodology,
formal analysis, data curation, writing-original draft
preparation, writing-review and editing, Santimaitree
Gonkhamdee Conceptualization, methodology, validation,
investigation data curation, writing-original draft preparation,
writing-review and editing, supervision, Patcharin Songsri
Conceptualization, validation, supervision, Nakorn
Jongrungklang Conceptualization, methodology, validation,
investigation data curation, writing-original draft
preparation, writing-review and editing, supervision, project
administration, funding acquisition.

Informed consent
All animal procedures for experiments were approved by
the Committee of Experimental Animal care and handling
techniques were approved by the University of Animal Care
Committee.

Conflict of interest
Authors state no conflict of interest.

REFERENCES
Aekrathok, P., Songsri, P., Jongrungklang, N. Gonkhamdee, S. (2021).

Efficacy of post-emergence herbicides against important
weeds of sugarcane in North-east Thailand. Agronomy.
11(3): 429. DOI: 10.3390/agronomy11030429.

Assis, F.X. de, Maciel Netto, A., Xavier, B.T. De L., Lima, V.F. de
and Silva, J.P. S. da. (2021). Imazapic interaction and
mobility in soil cultivated with sugarcane in northeast
Brazil. Revista Brasileira de Recursos Hídricos Brazilian
Journal of Water Resources. (4): e26. https://doi.org/10.
1590/2318-0331.262120210007.

Baucum, C. (2022). Examination of pre-emergence control of
johnsongrass in sugarcane seedlings. Master’s thesis.
Louisiana State University. USA. https://repository.lsu.
edu/gradschool_theses/5530.

Bhullar, M.S., Kamboj, A., Singh, G.P. (2006). Weed management in
spring-planted sugarcane (Saccharurn oficinarurn)-
based intercropping systems. Indian Journal of Agronomy.
51(3): 183-185. DOI:10.59797/ija.v51i3.5003.

Campbell, P.L., Beckett, R.P., Leslie, G.W. (2019). Weed management
in sugarcane using a combination of imazapyr followed
by velvet bean as a break crop. South African Journal
of Plant and Soil. 36(2): 83-90. https://doi.org/10.1080/
02571862.2018.1517902.

Carbonari, C.A., Gomes, G.L.G.C., Trindade, M.L.B, Silva, J.R.M.,
Velini, E.D. (2016). Dynamics of sulfentrazone applied
to sugarcane crop residues. Weed Science. 64(1): 201-
206. DOI:10.1614/WS-D-14-00171.1.

Chathuranga, G.A.A., Wijayawardhana, L.M.J.R, De Silva, A.L.C.,
Witharama, W.R.G. (2023). New pre-emergent herbicide
formulation for weed control in sugarcane. Sugarcane
Sri Lanka. 4: 8-17.

Congreve, M. and Cameron, J. (2023). Soil behaviour of pre-emergent
herbicides in Australian farming systems-a national
reference manual for agronomic advisers. 3rd Edition.
GRDC publication, Australia. ISBN: 978-1-921779-57-2.

Esqueda, E.V.A. (2005). Efecto de herbicidas sobre plantas y
semillas de Rottboellia cochinchinensis L, W. Clayton,
en caña de azúcar. Agronomía Mesoamericana. 16(1):
45-50. DOI: https://doi.org/10.15517/am.v16i1.5181.

Fanish, S.A. and Ragavan, T. (2020). Enhancing productivity of
sugarcane by successful weed management through
integration of brown manuring of Sesbania and pre and
post emergence herbicides. International Journal of
Chemical Studies. 8(3): 2076-2080. DOI:10.22271/chemi.
2020.v8.i3ac.9513.

FAO, (2022). World food and agriculture-statistical yearbook 2020.
[Accessed 2022 Aug 9]. http://www.fao.org/documents/
card/en/c/cb1329en.

Frans, R.E. and Talbert, R.E. (1977). Design of field experiments
and the measurement and [statistical] analysis of plant
responses. In Research Methods in W eed Science;
Southern Weed Science Society; Truelove, B., Ed.; Auburn
University: Auburn, AL, USA. pp. 15-23.

Gana, A.K., Ndarubu, A.A. and Busari, L.D. (2006). Efficacy of CGA
362 and ametryn with pre-emergence herbicides on
weed control in sugarcane. Sugar Tech. 8: 88-90. https:/
/doi.org/10.1007/BF02943750.

Hess, F.D. (2000). Light-dependent herbicides: An overview. Weed
Science. 48(2): 160-170. https://doi.org/10.1614/0043-
1745(2000)048[0160:LDHAO]2.0.CO;2

Kashyap, S., Singh, V.P., Guru, S.K., Pratap, T., Singh, S.P. and
Kumar, R. (2021). Effect of integrated weed management
on weed and yield of direct seeded rice. Indian Journal
of Agricultural Research. 56(1): 33-37. https://doi.org/
10.18805/IJARe.A-5775.

Khalil, Y., Flower, K., Siddique, K.H.M., Ward, P. (2019). Rainfall
affects leaching of pre-emergent herbicide from wheat
residue into the soil. PLoS ONE 14(2): e0210219. https:/
/doi.org/10.1371/journal.pone.0210219.

Khonghintaisong, J., Songsri, P., Toomsa, B., Jongrungklang, N.
(2018). Rooting and physiological trait responses to early
drought stress of sugarcane cultivars. Sugar Tech. 20:
396-406. https://doi.org/10.1007/s12355-017-0564-0.

Khumla, N., Sakuanrungsirikul, S., Punpee, P., Hamarn, T., Chaisan,
T., Soulard, L., Songsri, P. (2022). Sugarcane breeding,
germplasm development and supporting genetics research
in Thailand. Sugar Tech. 24(1): 193-209. DOI:10.1007/
s12355-021-00996-2.

Pre-emergence Herbicide for Controlling Weed in Various Sugarcane Genotypes Grown under Late Rainy Season



 Volume  Issue 9

Manivong, P. and Bourgois, E. (2017). White paper Thai sugarcane
sector  and sustainability. Fair Agora Asia Co Ltd. [Accessed
2024 April 30]. https://www.bonsucro.com/wp-content/
uploads/2017/08/Thai-W hite-Paper-FINAL-LowRes.
docx.pdf.

Mathukia, R.K., Sagarka, B.K., Mathukia, P.R. and Savaliya, N.V.
(2018). Efficiency of some herbicides and manual weeding
for weed control in irrigated Bt cotton. Indian Journal of
Agricultural Research. 52(3): 315-318. https://doi.org/
10.18805/IJARe.A-4963.

Nedeljkovic, D., Knezevic, S., Bozic, D., Vrbnicanin, S. (2021). Critical
time for weed removal in corn as influenced by planting
pattern and PRE herbicides. Agriculture. 11(7):  587.
https://doi.org/10.3390/agriculture11070587.

Niz, A.I.S., Barrios, C.A.M., Oviedo, M.O.S., Rolon, M.A.F., Casuriaga,
O.L.C., Ocampo, F.D.V., Vergara, J.I.B. (2018). Control
of broadleave and grass weeds in Saccharum officinarum
with the use of pre-emergence herbicides. African
Journal of Agricultural Research. 13(41): 2232-2238.
DOI: 10.5897/AJAR2018.13402.

Noda, K., Teerawatsakul, M., Prakongvongs, C., Chaiwiratnukul, L.
(1994). Major weeds in Thailand. 3rd ed. Bangkok: Mass
and Media Co. LTD. pp: 164.

Odero, D.C. and Dusky, J.A. (2021). Weed management in sugar-
cane. [Accessed 2022 Jun 4]. https://journals.flvc.org/
edis/article/view/128770.

Odero, D.C., Fernandez, J.V., Sandhu, H.S., Singh, M.P. (2015).
Response of energycane to preemergence and post-
emergence herbicides. Weed Technology. 29(4): 810-
820. https://doi.org/10.1614/WT-D-15-00033.1.

Pedrinho Junior,  A.F.F. and Durigan, J.C. (2001). Control of Panicum
maximum in sugarcane with pre-emergence herbicicdes.
Revista Brasileira de Herbicidas. 2(3): 125-132. DOI:
https://doi.org/10.7824/rbh.v2i3.361

Prasara-A, J. and Gheewala, S.H. (2016). Sustainability of sugarcane
cultivation: Case study of selected sites in north-eastern
Thailand. Journal of Cleaner Production. 134: 613-622.
https://doi.org/10.1016/j.jclepro.2015.09.029.

Pringgani, A.M., Khonghintaisong, J., Gonkhamdee, S., Songsri, P.,
Jongrungklang, N. (2023). Ground covering characteri-
stics of sugarcanes using high-angle images and their
relationship with growth destructive sampling. Asian
journal of plant science. 22: 434-443. DOI: 10.3923/ajps.
2023.434.443.

Raskar, B.S. (2004). Evaluation of herbicides for weed control in
sugarcane. Sugar Tech. 6(3): 173-175. https://doi.org/
10.1007/BF02942720.

Richard, E.P. (1989). Response of sugarcane (Saccharum sp.)
cultivars to preemergence herbicides. Weed Technol. (2):
358-363. https://doi.org/10.1017/S0890037X0003195X.

Shaner, D.L., Jachetta, J.J., Senseman, S., Burke, I., Hanson, B.,
Jugulam, M., Tan, S., Reynolds, J., Strek, H., McAllister,
R., Green, J., Glenn, B., Turner, P., Pawlak, J. (2014).
Herbicide handbook. Weed Science Society of America.
Lawrence, U.S.A.

Singh, A., Virk, A.S., Singh, J. (2001). Efficacy of a new herbicide
for the control of weeds in sugarcane. Sugar Tech.
3(2): 63-64.

Sukyai, P., Yingkamhaeng, N., Lam, N.T., Tangsatianpan, V., Watcharinrat,
C., Vanitjinda, G., Vanichsriratana, W., Sriroth, K. (2016).
Research and development Prospects for sugarcane
and sugar industry in Thailand. Sugar Tech. 18(6): 583-
587. https://doi.org/10.1007/s12355-016-0495-1.

Takim, F.O. and Suleiman, M.A. (2018). Impact of plant population
and weed control methods on the growth, yield and
economic potential of sugarcane (Saccharum officinarum
L.) Cultivation. Planta Daninha. 35: e017163478. https://
doi.org/10.1590/s0100-83582017350100081.

Ulbrich, A.V., Souza, J.R.P., Shaner, D. (2005). Persistence and
carryover effect of imazapic and imazapyr in Brazilian
cropping systems. Weed Technology. 19(4): 986-991.
http://dx.doi.org/10.1614/WT-04-208R2.1.

Viator, B.J., Griffin, J.L., Ellis, J.M. (2002). Sugarcane (Saccharum
spp.) Response to azafeniden applied preemergence
and postemergence. Weed Technology. 16(2): 444-451.
DOI:10.1614/0890-037X(2002)016[0444:SSSRTA]2.0.CO;2.

Yadav, V.L., Shukla, U.N., Raiger, P.R. and Mandiwal, M. (2019).
Efficacy of pre and post-emergence herbicides on weed
control in chickpea (Cicer arietinum L.). Indian Journal
of Agricultural Research. 53(1): 112-115. https://doi.org/
10.18805/A-5102.

Pre-emergence Herbicide for Controlling Weed in Various Sugarcane Genotypes Grown under Late Rainy Season


