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Abstract

Tampubolon, K., Purba, E., Basyuni, M. & Hanafiah, D. S. (2020). Application of monosodium methyl arsenate
with diuron herbicide to control the characteristics of glyphosate-resistant Eleusine indica at oil palm plantations.
Bulg. J. Agric. Sci., 26 (5), 1003-1012

The glyphosate-resistant Eleusine indica (GR-ESU) case has dominated at oil palm plantations in North Sumatra Province,
Indonesia and will increase evolution into resistance. This research was aimed to determine the role of Monosodium Methyl
Arsenate (MSMA )+diuron to control the agronomic characteristics of GR-ESU biotypes. This research was conducted in the
Weed Research Center Land, Faculty of Agriculture, Universitas Sumatera Utara in November 2017 until August 2018. This
research used Randomized Block Design non-factorial with factor GR-ESU biotypes that were sprayed with glyphosate at
the dose of 3 1.ha”!, and MSMA-+diuron at the dose of 5 Lha! within four replications. The parameters were analyzed using
one-way ANOVA and were continued by DMRT at P < 0.05 with IBM SPSS Statistics v.20 software. The results showed that
a decrease in the survival of GR-ESU at the changes from glyphosate to MSMA+diuron. The GR-ESU on MSMA-+diuron
showed leaf color changes (leaf green loss/chlorosis) at 3 until 21 days after sprayed. The ability of MSMA+diuron had com-
pletely (100%) controlled within 18 of 29 GR-ESU biotypes and had effectively controlled the tillers, flowering, fresh- and
dry weight in GR-ESU biotypes of 87.53%; 66.88%; 95.66%; and 95.92% respectively compared to glyphosate. The use of
MSMA-+diuron as a different mode of action herbicide is highly recommended to control GR-ESU biotypes at oil palm estate.

Keywords: Eleusine indica; glyphosate; MSMA; diuron; oil palm plantations; resistant
Abbreviations: GR-ESU (Glyphosate-Resistant E. indica from North Sumatra, Indonesia); ESU-0 (Glyphosate-
susceptible E. indica); MSMA (Monosodium Methyl Arsenate); MoA (Mode of action)

Introduction resistance index showed that it was difficult to control E.
indica. The previous research reported that resistance in-
The resistance case of Goosegrass [Eleusine indica dex of E. indica in North Sumatra, Lubis et al. (2012)

(L.) Gaertn] to glyphosate at oil palm plantations in North reported that 7-fold of E. indica was glyphosate-resistant
Sumatra Province, Indonesia had been reported, and the at Adolina Estate in the Serdang Bedagai District. Dali-
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munthe et al. (2015) reported that 7.5-fold of E. indica
was glyphosate-resistant at Adolina Estate in the Serdang
Bedagai District. In addition, Syahputra et al. (2016) re-
ported that 98.28% of E. indica populations were glypho-
sate-resistant at the dose of 480 g a.i.ha! from the first
to 9 afdeling blocks at Adolina Estate in the Serdang
Bedagai District. Tampubolon et al. (2019a) reported that
65.56% of E. indica populations were glyphosate-resist-
ant at the dose of two L.ha'! from oil palm plantations in
the North Sumatra Province, Indonesia.

The use of glyphosate is still dominant and used fre-
quently to control E. indica at oil palm plantations in the
North Sumatra Province, Indonesia. Controlling of E. in-
dica with a similar mode of action herbicide will increase
the evolution of herbicide-resistant E. indica and cause
losses including increased input costs and labor. The
management of herbicide-resistant weed was needed to
prevent spread of resistant-seedbank. According to Mo-
naco et al. (2002), the management of herbicide-resist-
ant weed was conducted by rotation the mode of action
(MoA) herbicide, rotation of the MoA herbicides during
crop rotation, or mixing herbicides with different MoA.

The use of different MoA herbicides was conducted
with mixture herbicides include Monosodium Methyl Ar-
senate (MSMA)+diuron, etc. The use of mixture herbi-
cides had been reported to be more effectively controlled
E. indica than a single herbicide. Rusli et al. (2014) stat-
ed that MSMA+diuron at the dose of 5 l.ha! effectively
(100%) controlled E. indica at 5 weeks after application
(WAA) compared to paraquat dichloride at the dose of 3.3
L.ha'!; glufosinate ammonium at the dose of 6 1.ha’!; iso-
propylammonium glyphosate at the dose of 3 L.ha! with
an effectiveness rate of 70%, 50%, and 70%, respectively
at oil palm plantations in the Sungai Jejawi, Perak, Ma-
laysia. Sim et al. (2018) also reported that MSMA 3000
g a.i.ha! combined with diuron 600 g a.i.ha'!' effective-
ly (100%) controlled E. indica at 2 WAA compared to
glyphosate at the dose of 1440 g a.i.ha!; glufosinate am-
monium at the dose of 500 g a.i.ha™! and fluazifop-butyl
at the dose of 710 g a.i.ha™! with an effectiveness rate of
1.7%; 20%; and 13.3%, respectively in the Ara Kuda,
Penang, Malaysia.

More efforts to use herbicide mixtures are needed in
control glyphosate-resistant E. indica (GR-ESU) biotypes.
The research was determined that role of MSMA+diuron
as a different the MoA herbicide to control the agronomic
characteristics of GR-ESU biotypes at oil palm planta-
tions in North Sumatra, Indonesia.

Material and Methods

Glyphosate-resistant and —susceptible E. indica Bio-
types Selection

E. indica populations were collected at oil palm planta-
tions on 11 districts from North Sumatra (Table 2). E. in-
dica seeds were soaked in 0.2% KNO, for 30 min (Ismail
et al., 2002) which aimed to break dormancy of E. indica
seeds. Topsoil and manure were mixed with the 1:1 ratio
for germination media, then was treated at 100°C for 3 h
(Tampubolon & Purba, 2018). The media was then filled
into the germination trays of the size 33 cm x 24 cm. Seed-
ling of E. indica that had 2-3 leaf stage were transplanted
by ten.pot! with topsoil, sand, and manure mixed at the 1:
1: 1 ratio. Glyphosate herbicide was sprayed at the dose
recommendation of two 1.ha"! when E. indica was at the 3-4
leaf stage (Hess et al., 1997). The resistance classification
was conducted at 3 weeks after spraying (WAS). Mature
seeds of the highest resistance of 2 biotypes GR-ESU in
each district were collected until 6 WAS.

Seedling Process

The seedling process for single and mixture herbicides treat-
ment were conducted by the related method with the selection
section. The selection and seedling process were conducted in
the Weed Research Center Land, Faculty of Agriculture, Uni-
versitas Sumatera Utara in November 2017 until August 2018.

Single and Mixture Herbicides Application

GR-ESU biotypes from each pot were prepared used the
Randomized Block Design (RBD) non-factorial with four
replications. GR-ESU biotypes were sprayed with glypho-
sate at the dose of 3 Lha' (Round-up 486 SL, PT. Menagro
Kimia) and MSMA 39.5% + diuron 7.8% at the dose of 5
Lha' (Monex HC 486 SL, ANCOM Crop Care SDN. BHD).
The spray volume was calibrated at 296 l.ha’!, during sun-
light at 37°C and 66% moisture.

Parameters Analysis

GR-ESU biotypes survival and resistance classification
wasperformedat 3 WAS. Tillers, fresh weight (FW), dry
weight (DW), flowering, and growth reduction in GR-ESU
were observedat 6 WAS, then oven-dried at 65°C for 72 h
(Jalaludin et al., 2015). The growth reduction percentage of
GR-ESU biotypes was calculated using the dry weight and
the category can be seen in Table 1 (Mohamad et al., 2010).
The GR-ESU toxicity assessment was visually observed at
3, 7, and 21 days after sprayed (DAS) with scored based on
the leaf color. 0 (green), 1 (yellowish-green), 2 (yellow in
overall), 3 (brownish yellow) and 4 (brown and shrunken).
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> GR-ESU tillers sprayed

GR-ESUsurvival = x 100% 1
surviva > GR-ESU were planted ’ M
Controlling of GR-ESU tillers = 100 — —20R-ESU tillers sprayed 0, )
> GR-ESU tillers unsprayed

Controlling of GR-ESU FW =100 — —OR-ESU FWsprayed 560, 3)
GR-ESU FW unsprayed

Controlling of GR-ESU DW = 100 — —OR-EoU DWosprayed 50, )
GR-ESU DW unsprayed

Controlling of GR-ESU flowering = 100 — — o ESU flowering sprayed ) 5, (5)

GR-ESU flowering unsprayed

Table 1. Description effectiveness controlling of GR-ESU

Source: Mohamad et al. (2010)

The resistance classification of both herbicides application
was informed by the survival of GR-ESU biotypes. Herbi-
cide-susceptible (S) had the survival percentage ranged from
0-1.99%, herbicide-developing resistant (DR) ranged from >
2.00-19.99%, and herbicide-resistant (R) > 20% (Owen &

® Glyphosate 3 1 ha-1

gh

Powles, 2009). The herbicide-resistant (R) was modified by

Score | Percentage | Effectiveness Controlling of Weeds the authors into 2 parts, such as the classification of herbi-
0 <0.00 no weed control cide-resistant (R) had the survival percentage ranged from <
1 0.01-10.00 | Very poor weed control 20-60% and herbicide-resistant extremely (ER) > 60%. The
2 10.01-20.00 | Poor weed control parameters were analyzed with one-way ANOVA and were
3 20.01-30.00 | Poor to deficient weed control continued by DMRT at P < 0.05 with IBM SPSS Statistics
4 30.01-40.00 | Deficient weed control v.20 software.

5 40.01-50.00 | Deficient to moderate weed control

6 50.01-60.00 | Moderate weed control . Results and Discussion

7 60.01-70.00 | Weed control somewhat less than satisfactory

8 70.01-80.00 | Satisfactory to good weed control Survival and Resistance Classification of GR-ESU

9 80.01-90.00 | Very good to excellent \yeed control The GR-ESU biotypes survival on MSMA-+diuron-
10 90.01-100 | Complete weed destruction sprayed was lower compared to glyphosate-sprayed and was

significantly controlled within 22 of 29 GR-ESU (Figure 1).
The MSMA+diuron was completely (100%) controlled within
18 of 29 GR-ESU biotypes compared to glyphosate, only one
biotype.

There are 11 of 29 GR-ESU biotypes had the abil-
ity to survive ranged from 2.50 to 27.50% with the
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Fig. 1. GR-ESU biotypes survival on glyphosate- and MSMA-+diuron-sprayed at oil palm plantations
in North Sumatra at 3 WAS
Vertical bars indicate + SE. Different lowercase letters mean significant difference by DMRT at P < 0.05
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MSMA+diuron-sprayed. A decrease in the ability to survive
GR-ESU biotypes by changing the MoA from glyphosate to
MSMA-+diuron. The resistance classification of GR-ESU
biotypes can be seen in Table 2.

There are 15 of 29 GR-ESU biotypes were classified
as glyphosate-resistant extremely and un-found classified
as mixture-resistant extremely. Seven of 29 GR-ESU were
classified as glyphosate-resistant and one of them found in
ESU, ,, biotype with mortality rate by 80.00% was classified
as mixture-resistant. There are 6 of 29 GR-ESU were clas-
sified as glyphosate-developing resistant and one of them
found in ESU, | biotype with mortality rate of 97.50% was

classified asmixture-developing resistant. It showed the use
of mixture herbicide MSM A-+diuron as more effective on ro-
tation mode of action to control GR-ESU biotypes compared
to glyphosate. According to Monaco et al. (2002), the resist-
ant weed control could be controlled by rotation mode of
action, rotation of the MoA herbicides during crop rotation,
or mixing herbicides with different MoA. Rusli et al. (2014)
stated that MSMA-+diuron at the dose of 5 1.ha"! could con-
trol E. indica by 90%, 95%, and 99%, respectively at 1, 2,
and 3 weeks after treatment (WAT) and was higher compared
to isopropylammonium glyphosate at 3 1.ha! by 40%, 50%,
and 55% respectively from oil palm plantations in the Sun-

Table 2. The resistance classification and growth reduction score of GR-ESU biotypeson glyphosate and MSMA+diuron

sprayed at oil palm plantations in North Sumatra

Districts Biotypes Resistance Classification Growth Reduction Score
Glyphosate 3 I/ha MSMA-+diuron 5 1/ha Glyphosate MSMA+
S DR R ER S DR R ER 3 L.ha'! diuron 5 L.ha™!
Langkat ESU 1.1 — — — \ \ — — — 3 10
ESU 1.2 - - - N N - - - 5 10
Deli Serdang ESU 5.3 - - - N N - — - 1 10
ESU 5.4 - N - - N - - - 7 10
Serdang Bedagai ESU 3.11 - N - - N - - - 5 10
ESU 3.12 - - - N R - - - 4 10
ESU 1.34 - - N - N - - - 4 10
ESU2.12 - N - - N - - - 8 10
ESU 3.8 - N - - N - - - 7 10
ESU 4.3 - - N - N - - - 7 10
ESU 3.6 - - N R - - - 3 10
ESU 5.9 - - - N N - - - 4 10
Batu Bara ESU 4.10 - N - - N - - - 10 10
ESU 4.11 - N - - - N - - 9 10
Asahan ESU 2.26 - - N - - N - - 7 10
ESU 8.12 - - N - - - N - 9 8
Simalungun ESU 2.78 N - - - N - - - 10 10
ESU 2.86 - - N - N - - - 10 10
Labuhan Batu ESU 2.137 - - R - R - - - 1 10
ESU 2.139 - - - N - N - - 1 10
North Labuhanbatu ESU 2.134 - - N - - N - - 6 10
ESU 2.135 - - N - N - - 1 8
South Labuhanbatu ESU 2.130 - - - N - - N - 1 5
ESU 2.122 - - - N - N - 1 10
ESU 2.124 - - - N - N - - 2 10
Padang Lawas ESU 10.6 - - - N - N - - 1 10
ESU 2.142 - - - N - - R - 1 10
South Tapanuli ESU 2.144 - - - N \ - - - 1 10
ESU 2.147 - - - N N - - - 6 10

Note. S = susceptible (E. indica survival 0 until 1.99%); DR = developing-resistant (E. indica survival >2 until 19.99%); R = resistant (£. indica survival >
20%) (Owen & Powles., 2009) and was modified by authors, classification R = resistant (E. indica survival < 20 until 60%) and ER = extremely-resistant

(E. indica survival > 60%)
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gai Jejawi, Perak, Malaysia. Sim et al.(2018) reported that
the use of MSMA+diuron at the dose of 3000+600 g a.i.ha’!
could control of herbicide-resistant E. indica ranged from
80 to 95% in the greenhouse condition. Tampubolon et al.
(2019b) stated that the glufosinate-ammonium and triclopyr
at doses of 2 to 8-fold effectively (100%) suppressed the sur-
vival, tillers, fresh- and dry weight of glyphosate-resistant E.
indica biotypes compared to glyphosate.

GR-ESU Tillers

The ability of MSMA+diuron had significantly sup-
pressed the tillers within 25 of 29 GR-ESU biotypes com-
pared to glyphosate, only one biotype controlled (Figure 3A)
and was effectively controlled the tillers by 87.52% com-
pared to glyphosate only 37.77% (Figure 3B). The GR-ESU
tillers growth are relatively fast and depends on dry matter
accumulation. It was linear with the dry weight of GR-ESU
on MSMA+diuron that was lower compared to glyphosate
(Figure 5A). The tillers can be used as a source of informa-
tion in determining the seeds number that will be produce by
GR-ESU in one life cycle. The seeds were produced by tillers

and parents of GR-ESU on glyphosate- and MSMA+diuron-
sprayed could be confirmed to carry resistance genes to their
offspring. According to Zhang et al. (2015) the EPSPS en-
zyme on glyphosate-resistant E. indica biotype quickly re-
sponded and was detected at 12 h after glyphosate-treated
from South China. The mRNA and protein expression of
glyphosate-resistant E. indica biotype constantly increases
with increasing levels of glyphosate. Takano et al. (2016)
stated that E. indica could produce the tillers between 38
to 43 days after emergence (DAE) with an accumulation of
the total dry matter and a substantial increase of the absolute
growth rate.

Biomass and Growth Reduction of GR-ESU

Glyphosate at the dose 3 1.ha! was ineffectively controlled
the fresh- and dry weight of GR-ESU by 41.24 and 41.67%,
respectively at 6 WAS compared to MSM A-+diuron by 95.66
and 95.92%, respectively (Figures 4B and 5B). The ability of
MSMA-+diuron significantly suppressed the fresh weight in
26 of 29 GR-ESU compared to glyphosate, only three bio-
types controlled (Figure 4A) and significantly suppressed the

By /

Fig. 2. The observation of GR-ESU biotypes at oil palm plantations in North Sumatra. Glyphosate-spayed at 3 days

X & NG
[ SR T

(A); 7 days (C); and 21 days (E). MSMA+diuron-sprayed at 3 days (B); 7 days (D); and 21 days (F)
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dry weight 24 of 29 GR-ESU compared to glyphosate, only
one biotype controlled (Figure 5A). The growth reduction of
GR-ESU biotypes using MSMA+diuron was also dominated
effectively as complete weed destruction and ESU, . bio-
type was classified as deficient to reasonable weed control.
The ability of MSMA+diuron had been effective at 3 DAS by
visual observations (Figure 2), change occurs in color leaves
of GR-ESU. The MSMA+diuron could improve the effec-
tiveness of complete weed destruction to control the growth
reduction on 26 of 29 GR-ESU at 6 WAS (Table 2).
According to Sim et al. (2018), the glyphosate-resist-
ant E. indica biotypes could stimulate the growth of 125%
on glyphosate at the dose of 1440 g a.i.ha’!, meanwhile the
MSMA+diuron at the dose of 3000+600 g a.i.ha' could sup-
press the dry weight only 9% compared to untreated at 4
WAT in the greenhouse. Rusli et al. (2014) also stated that the

MSMA-tdiuron at the dose of 5 Lha™! could inhibit the E. indi-
ca growth of 48% and was greater compared to isopropylam-
monium glyphosate at the dose of 3 L.ha! (only 6%) at 5 WAT.

GR-ESU Flowering

Glyphosate at the dose 3 l.ha'! could control the flower-
ing of GR-ESU at 14.14% and was ineffective compared
to MSMA-+diuron at the dose 5 1.ha'! of 66.88% at oil palm
plantations in North Sumatra (Figure 6). The average flow-
ering of 29 GR-ESU on glyphosate- and MSMA-diuron-
sprayed were needed at 38.13 and 38.83 days, respectively.
The flowering could be used as a reference presence and was
needed as an initial stage to prevent the spread of herbicides-
resistant seedbank. This seedbank spread resulted in a difficult
to control GR-ESU biotypes at oil palm plantations in North
Sumatra. GR-ESU biotypes flowering were prevented with
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Fig. 3. GR-ESU biotypes tillers (A) and controlling tillers of non-spraying (B) on glyphosate- and MSMA +di-
uron-sprayed at oil palm plantations in North Sumatra at 6 WAS. Vertical bars indicate = SE. Different lowercase
letters mean significant difference byDMRT at P<0.05
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Fig. 4. The fresh weight of GR-ESU biotypes (A) and controlling of non-spraying (B) on glyphosate- and MSMA+di-
uron-sprayed at oil palm plantations in North Sumatra at 6 WAS. Vertical bars indicate + SE. Different lowercase
letters mean significant difference by DMRT at P<(0.05

the MSM A+diuron up to 66.88%. According to Takano et al.
(2016) E. indica could produce seeds at 38 DAE, and the num-
ber of seeds/plant continued to increase until the end of the
life cycle, and each species produced a number of seeds that
continued to increase through a period at least 70 days.

GR-ESU Toxicity Assessment

The MSMA-+diuron at the dose 5 lha' significantly
changed the leaf color such as leaf green loss/chlorosis of
GR-ESU biotypes at 3 to 21 DAS (Table 3).

The MSMA-+diuron herbicide showed significant toxic-
ity in 5 of 29 GR-ESU at 3 DAS and the highest was 25
of 29 GR-ESU at 7 DAS, meanwhile 23 of 29 GR-ESU
at 21 DAS. The glyphosate herbicide significantly changed
the leaf color in ESU-0 (susceptible population) compared
to other GR-ESU biotypes. It was linear with the visual

observation, the use of glyphosate-sprayed did not show
chlorosis symptoms (Figure 2). The GR-ESU biotypes leaf
showed a yellowish-green until yellow in overall at glypho-
sate-sprayed, meanwhile MSMA-+diuron presented a
brownish-yellow, shrunken leaf and caused death at 7 DAS.
Based on the visual observations at 21 DAS, GR-ESU bio-
types that survived in glyphosate-sprayed showed that the
leaf color returns to green and was marked by tillers from
the stem, meanwhile MSMA-+diuron showed that overall
death. The survival of GR-ESU decreased at the change
MoA herbicide from glyphosate to be MSMA+diuron. It
was the circumstance that can be seen from biotypes that
were first classified as glyphosate-resistant extremely to
be mixture-resistant or glyphosate-resistant to be mixture-
developing resistant. The finding suggests that the use of
MSMA-+diuron could be due to the delay and breakdown
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Table 3. The GR-ESU toxicity assessment on glyphosate and MSMA-+diuron sprayed at 3, 7, and 21 DAS at oil palm

plantations in North Sumatra

Districts Biotypes 3 DAS 7 DAS 21 DAS
Glyphosate 3 MSMA+di- Glyphosate 3 MSMA-+di- Glyphosate 3 MSMA+di-
L.ha'! uron 5 l.ha'! Lha! uron 5 Lha'! L.ha'! uron 5 L.ha'!
Medan City ESU-0 0.00 ns 3.00a 325a 4.00 a 4.00 a 4.00 a
Langkat ESU 1.1 0.00 ns 2.50 abc 0.251 3.75a 0.00 g 4.00 a
ESU 1.2 0.00 ns 2.25 abed 0.50 hi 4.00 a 0.75¢g 4.00 a
Deli Serdang ESU 5.3 0.00 ns 2.75 ab 0251 4.00 a 0.50 g 4.00 a
ESU 5.4 0.00 ns 2.25 abed 1.75 cdef 4.00 a 2.50 cd 4.00 a
Serdang Bedagai ESU 3.11 0.00 ns 2.25 abed 1.75 cdef 4.00 a 2.75 bed 4.00 a
ESU 3.12 0.00 ns 2.75 ab 0.75 ghi 4.00 a 1.25 efg 4.00 a
ESU 1.34 0.00 ns 2.50 abc 1.50 defg 4.00 a 2.25 cde 4.00 a
ESU 2.12 0.00 ns 2.75 ab 2.25 bed 4.00 a 2.75 bed 4.00 a
ESU 3.8 0.00 ns 3.00 a 2.00 bede 4.00 a 2.75 bed 4.00 a
ESU 4.3 0.00 ns 2.75 ab 1.75 cdef 4.00 a 2.00 def 4.00 a
ESU 3.6 0.00 ns 2.50 abc 0.75 ghi 4.00 a 050 g 4.00 a
ESU 5.9 0.00 ns 3.00 a 0.50 hi 4.00 a 0.75¢g 4.00 a
Batu Bara ESU 4.10 0.00 ns 2.50 abc 2.50 abc 4.00 a 3.75 ab 4.00 a
ESU 4.11 0.00 ns 2.75 ab 2.25 bed 3.75a 3.25 abc 3.75a
Asahan ESU 2.26 0.00 ns 2.50 abc 1.25 efgh 350a 1.00 fg 3.50 ab
ESU 8.12 0.00 ns 2.00 bed 2.00 bede 2.75b 2.50 cd 2.75 be
Simalungun ESU 2.78 0.00 ns 3.00a 2.75 ab 4.00 a 4.00 a 4.00 a
ESU 2.86 0.00 ns 2.50 abc 2.50 abc 4.00 a 3.25 abc 4.00 a
Labuhan Batu ESU 2.137 0.00 ns 2.75 ab 1.50 defg 4.00 a 1.25 efg 4.00 a
ESU 2.139 0.00 ns 2.50 abc 0.75 ghi 375a 1.00 fg 3.75a
North Labuhanbatu | ESU 2.134 0.00 ns 2.75 ab 1.75 cdef 3.75a 2.50 cd 3.75a
ESU 2.135 0.00 ns 2.25 abed 0.251 2.25be 0.00 g 2.75 be
South Labuhanbatu |ESU 2.130 0.00 ns 1.50d 0.00 i 1.75¢ 0.00 g 225¢
ESU 2.122 0.00 ns 2.75 ab 0.00 i 3.75a 0.00 g 3.75a
ESU 2.124 0.00 ns 2.50 abe 0.00 i 3.50a 0.00 g 3.50 ab
Padang Lawas ESU 10.6 0.00 ns 2.75 ab 0.00 1 3.75a 0.00 g 3.75a
ESU 2.142 0.00 ns 1.75 cd 1.00 fghi 2.50b 0.75¢g 2.50 ¢
South Tapanuli ESU 2.144 0.00 ns 3.00a 1.25 efgh 4.00 a 0.50 g 4.00 a
ESU 2.147 0.00 ns 3.00 a 0.50 hi 4.00 a 025¢g 4.00 a

Note: Different lowercase letters mean significant difference by DMRT at P < 0.05.ns= not significant

of GR-ESU biotypes at oil palm plantations in North Su-
matra Province. Refer to three GR-ESU biotypes that were
classified as mixture-resistant herbicides or 10.34%, eight
GR-ESU biotypes were classified as mixture-developing
resistant or 27.59% and the residual were classified as
mixture-susceptible of 62.07% (Table 2). MSMA-+diuron
caused inhibition cell division and photosystem II of GR-
ESU biotypes with lower survival compared to glyphosate
(Figure 1). The continuous use of glyphosate at oil palm
plantations will result in evolution resistance of E. indi-
ca biotypes. According to Monaco et al., (2002) MSMA
could induce foliar chlorosis followed by gradual tissue

browning, and finally necrosis.Tampubolon et al. (2019b)
reported that the rotation mode of action herbicide using
glufosinate-ammonium and triclopyr had significantly de-
creased SPAD value in biotype 12 (glyphosate-resistant E.
indica biotypes) at 1 until 14 DAS compared to glyphosate
was unable to decrease SPAD value.

Conclusion

Survival of GR-ESU biotypes decreased at the changes
mode of action herbicide from glyphosate to MSMA-+diuron
at oil palm plantations in North Sumatra. The MSM A-+diuron
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significantly changed the leaf color in GR-ESU such as
leaf green loss/chlorosis at 3 until 21 DAS. The ability of
MSMA-+tdiuron at the dose 5 l.ha' was completely (100%)
controlled within 18 of 29 GR-ESU biotypes and effectively
controlled the tillers, flowering, fresh- and dry weight of
87.53%; 66.88%; 95.66%; and 95.92%, respectively com-
pared to glyphosate at the dose 3 1.ha'. The management of
GR-ESU biotypes with MSMA-+diuron as an alternative ac-
tion herbicide was greatly recommended for oil palm estate
in North Sumatra.
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