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Abstract: Atrazine has been used in corn fields in Thailand since 1970. Major areas
for corn production are in the Central and North-Eastern part of Thailand. Surveys of
atrazine resistant weeds as well as test for atrazine resistance were conducted in June
1997 to August 2000 in five North-Eastern and two central provinces of Thailand.
Euphorbia heterophylla and Amaranthus gracilis were among the major weeds found in
the corn fields. The test of atrazine either pre- and post-emergence. Euphorbia
heterophylla populations showed no evidence of resistance. However, there were some
weeds that survived atrazine application. The offspring of the surviving weeds were not
resistanct to atrazine at any rates tested. Meanwhile. Amaranthus gracilis was found to be
resistant to atrazine at the rate up to 20 kg ai/ha. Studies on above ground and soil seed
bank in the corn fields where atrazine had been applied for over ten years found a great
number of 4. gracilis populations. However, a number of underground weed seeds were
greater than the weeds that emerged from the soil. Seed germination for the resistant
weeds was very low (28%). while for germinated susceptible seeds was quite high (66%).

Key words: atrazine resistant weeds, atrazine, weed resistance. Amaranthus gracillis,
Euphorbia heterophylia
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Su ariinmsesuaussdamsommdulivandranumanisldiaunisissanuazwa i nWTIan (Table 5 and
6)
Table 2 Percentage of control of Amaranthus gracilis at 8 weeks after treatment with 6 different rates of

atrazine in 1998,

Rate Pre-emergence Post emergence
kg ai’ha S R 5 R
Plants/pot

0 0 0 0 0
1.25 15 4 37 8
2.50 85 9 100 15
5.00 100 13 100 26
10.00 100 19 100 28
20.00 100 19 100 24
Cv 15 10 40 12

S: weed seeds coltected from the road side

R: weed seeds collected from the corn field where atrazine has been used

fnonefiAvanudastnlnadaiinasldasomadu Iui) we 2541 duwuindneisls
mmsnﬁ%%mam‘lﬁmnm'i'l.GT%'umﬁa"mﬂ%uﬁé'mﬂﬁym'w 5 Alanfuasaarmiaels nonsldnaud s
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wastlwafimsltmsemndudasariuduasiuiunit 10 I wWisuidounuudefiuaneuiiis
ndafmAvindianis fndngwiFe ldidmavawianudunmusiomduaniiidasmnislsas

=4 = - J . . .‘: L] e =] A s -3
amsdu 20 Alanfuassanomiasls namsldneulrRmionuaznayiswesian (Tables 5 and 6)



Table 3 Survival numbers of Euphorbia heterophylia in corn fields, 8 weeks after treatment with atrazine

at 6 different rates in 1998.

Rate Pre-emergence Post emergence

kg aiha S R ) R
Piants/pot

0 20° 20 20° 20

1.25 17 20° 19 20"

2.50 0 18" 17" 19°

5.00 0 14° 0

10.00 0 0 0 0

20.00 0 0 0 0

cv 32 18 15 22

' Means followed by the same letters were not significant differences at 0.05 level by LSD

S: weed seeds collected from the road side

R: weed seeds collected from the corn field where atrazine has been used

Table 4 Percentage of control of Euphorbia helerophylia. B weeks after treatment with atrazine at 6

different rates in 1998.

Rate Pre-emergence Post emergence
kg ai’ha S R s R
Plants/pot

0 0] 0 0] 0

1.25 14 0] 7 6

2.50 100 11 15 1

5.00 100 32 0 100

10.00 100 100 0 100

20.00 100 100 0 100

CvV 32 19 15 22 -

S: means weed seeds collected from the side road

R: means weed seeds collected from the corn field where atrazine has been used



Table 5 Survival numbers of the offspring of Amaranthus gracihs 8 weehs after reatment with atrazine

at 6 different rates in 1999

Rate Pre-emergence Post emergence
kg avha S R S R
Plants/pot

0 20° 20 00" 20 ° 20"
1.25 4 17° 5" 18°
250 4" 17° a° .
5.00 3 17° 3 16"
10.00 1€ 17° 1 16"
20.00 o° 16° 4° 16°
C\_/ 30 13 27 13

' Means followed by the same letters were not significant differences at 0 05 level by LSD
S: weed seeds collected from the road side

R: weed seeds collected from the corn field where atrazine has been used

Table 6 Percentage of control on the offspring of Amaranthus gracifis, 8 weeks after treatment with

atrazine at 6 different rates in 1999

Rate Pre-emergence Post emergence
kg at’/ha S R S R
Plants/pot

0 0 0 0 0

1.25 79 14 75 9

2.50 83 14 85 13

5.00 85 15 85 21

10 00 98 18 94 23

20.00 99 21 99 23

Cv 30 13 27 i3 o

S means weed seeds collected from the road side

R mean weed seeds coletted from the com field where atrazine has been used
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1Swunu (Mimosa invisa) Lﬂuﬁ'ma‘uamﬁaa@ms;nsm‘uaa-T'uﬁ'nf'ﬁammm-mmugu'l@ﬁmum's'l'ﬁfﬂ'i
omsdu TsRsraniwulundastlwe leun Wiy (Cyperus rotundus) Hnusuluning (Commelina
benghalensis) Wi iutia (Rottboellia cochinchinensis) Tuus U l3nuIn (Mimosa invisa) ussdinluy
(Amaranthus gracilis) 3einlamiuwirRToRvesfiea@urfdanusauuaseasommdu faiviraulavesis
ﬁwﬁmﬁ:ﬁﬁaﬁﬁmumaoﬂ's:-mn‘s'uaaﬁnlmuluuﬂaa‘ﬂ’rﬂwmﬁ'ﬁjﬁm'sugn'luuﬁu'l%wmmﬂuﬁ'mquau A
ﬁii"xmumnnimfiaﬁmsﬂgjn'lumm'ls"%mmﬂuﬁ'mquau (Tables 7 and 8) N315 inu3 U T wwrudu
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ez riunadnlyy ﬁafumﬁmmﬁ‘nﬁ'ﬂmumsﬂQnﬂEguauﬁaLﬂﬁ%ﬂﬁalumsamm:‘gnﬁumaﬁ'ﬁﬁﬁﬁa
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Table 7 Weed dynamics in corn fields where pre-emergent atrazine was repleatedly applied, seeded

incorporated with Mimosa invisa as cover crop during May 10 August 2000

Week 4 5 6 7 8 9 10 11 12
Species
Amaranthus gracilis 27 40 32 30 28 30 30 26 22
{13.5) (42.3) (268) (229) (24.0} /304) (264) (252} (229)
Commelina benghalensis 48 112 28 28 176 18 204 164 15.2

(240} (119) {235) (21.3) (15.1) (18.2) (176) (159) .158)
Mimosainvisa 47.2 194 26 404 308 136 264 196 19.2
(23.6) (20.5) (21.8) (308) (264) (138) (22.8) (19.0} (20.0)

Rottboellia cochinchinensis 504 114 186 68 136 12 152 128 11.2
(25.2) (121) (15.6) (5.2) (116) (121) (131) (124) (1.7}

Cyperus rotundus 272 125 14 256 248 228 216 24 216
(13.6) (13.2) (11.7) (195) (21.2) (23.1) (18.7) (23.3) (22.5)

Etc 0 0 08 04 20 24 20 44 58
Total 1898 945 1194 1312 116.8 98.8 1156 1032 96.0

(Percent) (100)  (100) (100) (100) (100) (100) (100) (300)  (10Q)




Table 8 Weed dynamics in corn fields where pre-emergent atrazine was repleatedly applied without

Mimosa invisa as cover crop during May fo August 2000

Week 4 5 6 7 8 9 10 11 12
Species

Amaranthus gracilis 27 24 18 12 20 30 16 12 12
(80) (32) (45 (54) (101 (7C) (B7) (52} 57)

Commelina benghalensis 63 87 111 55 54 52 43 39 44
(18 7) (118) (27 8) (248) (272) (227) (241) (169) (209)
Mimosa invisa 32 56 36 24 36 28 3.6 o8 44
(19 (07} 09) (1) (18) (12) (20 (02} 21

Raottboellia cochinchinensis 70.8 100 41.2 124 12 124 96 88 144
{21.0) (133) (103) (56) (60) (54) (54) (38 (6.9)

Cyperus rotundus 171 197 218 132 108 144 94 154 125
(5S08) (262) (546) (5986) (544) (628) (626} (668) (595)
Etc 1.6 08 72 76 08 20 44 156 104
Total 336.6 751.0399.02214 19842292 1786 230.2 210.2
(Percent) {100) (100} (100) (100} (100} (100) {(100) (100) {(100)

Table 9 Soil seed bank in the corn fields that had repeated pre-emergent applications of atrazine,with

and without Mimosa invisa as a cover crop

Seed source Cover crop No cover crog
Weed species Plants/m’
Amaranthus gracilis 167" 400°
Commelina benghalensis 267" 417°
Rottboellia cochinchinensis 283" 433°
C\wv. 12 17

Table 10 Seed germination test of Amaranthus gracilis and Euphorbia heterophyila from the repeated

pre-emergent applications of atrazine and without atrazine on the road side

Species Amaranthus gracilis Euphorbia heterophylia

Seed source (Percents)

Corn field 28 as
Side road 66 36
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reconsidered for publication after major revision.

The enclosed reviewers’ comments and the annotated copies of your
manuscript attached should be carefully considered when revising the manuscript.
Along with your revised manuscript, you will need to supply a covering letter in
which you list all the changes you have made to the manuscript, and in which you
detail your responses to all the comments passed by the reviewer(s). Should you
disagree with any comment(s), please explain why. If there are annotated copies
of your manuscript enclosed with this letter, please be sure to return it with your
revision.

Thank you for choosing our joumal your publishing medium.

Yours sincerely,

Suranant Subhadrabandhu
Editor

Tel : (662) 579-0308 ext.136  Fax : (662) 579-1951 ext 112 E-mail - agrsnsainontn kKu ac th



Reviewers’ Comments on AGR-SC 01-27

Reviewer 1

This manuscript summarizes some useful observations, but 1t necds major revision
to improve the clarity of presentation.

[) Mecthod. More details must be provided, this includes.

- Sampling strategies and techniques for field studies (germinated weeds and

secds). How were secds obtained and identified ?

- Survey plan, number of ficlds, area sampled, timing.

- ‘*Above ground’ — does this mean seed collected from live and mature weeds ?

- Resistance testing — number of seeds, replication, glasshouse conditions, timing
before evaluation.

- Analysis of data — the kind of statistical tests used.

2) If C benghalensis, C. rotundus and R. cochinchinensis showed lack of control
by atrazine, was resistance a factor there 7 Why was these not studied ?

3) Results and Discussion. The authors should include a summary of the ficld
observations from (997 covering all the weed species and densities recorded in corn
ficlds from the various districts.

4) Table 1 and other Tables. These presumably are all results from glasshouse

studies on sced banks. Do not present both the number and percent data. Suggesting

to use the % data only. The table Captions are misleading and should be reworded

to accurately reflect the seed source and experiment eg.

Table 1 Percentage control of 4. gracilis germination by atrazine 8 weeks a'ter
trcatment. Seed collected from plants in a comn field. N.R.S. (date 1€98,
1999 7)

The number (wced density) data in Tables 1 x 3 for the zero rates could be

summarized in the text or as a footnote to the % tab[cs Significant figures. A - %

data should be 0 or | decimal place only.

5) The reviewer understanding the mode of action of triazine is that it acts mainly at
germination. Can the authors explain their results and reference relevant publicatior s ?

6) What are the numbers 7 Mean per plot ? Size of plot ? Compared to what

number of corn plants 7 What was the dry matter production of weeds compared
to com?
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Reviewer 2

This paper i1s not acceplable i its present form. The authors e suppested 1o
consider the following conmments and re wiite the paper and re submat it for
consideration.

1) The abstract 1s wmcomplete i that there 1s no miention ol the aimis) ol the rescaich
being discussed.

2} The introduction is too brict with only hmited mformation as to why it s
necessary or cven relevant to conduct this rescarch.

3) The malerials and methods scctton as far too brnief with no detail on how the
surveys were conducted.  No details were presented on how plants were gernnnated
and maintained prior to and post treatment application.  Also there are no details
of how the treatments were apphicd. No detiwls on how treatment elfects were
analysed.  No details on the weed dynamies study.  Tow was the gernnnation test
conducted.

4) Results and discussion scction is poorly constructed makmg it is very difficult
for rcaders 0 understand the results being presented. There s no mention of the
survey in the results so the reader has to assume that only some of the collected
sceds were screened for resistance. It appears (hat only 2 populations of cach
weed spectes were screencd. It is not clear what the purpose or the value of the
“weed dynamics study™ was. The presentation of all data in tables 1s also ineflicient,

Reviewer 3

Comments arc marked in the attached copy.
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This paper is not acceptable in its present form. The authors are suggested to
consider the following comments and rc—write the paper and re—submit it for
consideration.

1) The abstract is incomplete in that there 1s no mention of the aim(s) of the research
being discussed.

2} The mtroduction is too brief with only limited information as to why it is
necessary or cven rclevant to conduct this research.

3) The matenals and methods section is far too brief with no detail on how the
surveys were conducted. No details were presented on how plants were germinated
and maintatned prior to and post treatment application. Also there are no details
of how the treatments were applied. No dectails on how trcatment effects were
analysed. No details on the weed dynamics study. How was the germination test
conducted.

4) Results and discussion section is poorly constructed making it is very difficult
for readers to understand the results being presented. There is no mention of the
survey in the results so the reader has to assume that only some of the collected
sceds werc screcned for resistance. It appears that only 2 populations of each
weed specics were screened. It is not clear what the purpose or the value of the
“weed dynamics study’ was. The presentation of all data in tables is also inefficient.

Reviewer 3

Comments are marked in the attached copy.



Atrazine Resistant Weeds in Thailand

D. Suwanagul' and R. Suwanaketnikom'
Department of Agronomy, Faculty of Agriculture. Kasetsart University, 10900,
Thailand

Abstract: Atrazine has been used in corn field in Thailand since 1970, Major
arca for corn production are in the Central and North-Eastern part of Thaitund
Surveys of atrazine resistant weeds as well as the test for atrazine reststance were
conducted 1n June 1997 to August 2000 1n five No:th-Eastern and two central
provinces of Thailand. Euphorbia heterophylla and Amaranthus gracilis were among
the major weeds found in the com flelds. The test of atrazine either pre- and post-
emergence showed no evidence of resistance to Euphorbia heterophvila. However.,
there were some weeds that survived many rates of atrazinc applications. The
offspring of the survival weeds did not present any resistance to atrazine at any rates.
Meanwhile, dmaranthus gracilis was found to be resistant to atrazine at the rate up to
20 Kgai/ha. Studies on above ground and soil seed bank in the com fields where
atrazine had been applied for over ten years found a great number of 4. gracilis in
both above- and underground. However, a number of underground weed seeds were
greater than the weeds that emerged from the soil. Percentage of seed germination of
the resistant weeds was very low (28.33), while susceptible one was quite high (66).

Key words: atrazine resistant weeds, atrazine, weed resistance, Amaranthus graciflis,
Euphorbia heterophylla

INTRODUCTION

Atrazine resistant common groundsel (Senecio vulgaris) in USA was first
discovered in 1968 by Ryan (1970). A resistance biotype was developed after atrazine
has been used once or twice annually for at least ten years {Ryan, 1970). Currently
there are 41 dicotyledonous and 19 monocotyledonous atrazine resistant weed species
worldwide. The majority of those with atrazine resistance were in comn production
(Heap, 1999). Amaranthus spp. is one of the important resistant weeds found in
atrazine resistant weeds in North America and Europe. In Thailand, atrazine v/as first
introduced in cormn production since 1970 (Weed Science Society of Thailand 1984).
Because of its high efficiency in controlling many weed species, atrazine h-s been
repeatedly used in corn for more than 20 years. Recently, it was noticed by many
growers that atrazine was no longer effective in some weed species. This was .he first
notice ever since the first use of this herbicide in 1970.

The purpose of this study was to investigate major weeds found in corr. fields
and determine the level of their resistance to atrazine in North-Eastern of Thailand.
The study also included a study of weeds dynamic in the com fields both above
ground and underground at Suwan research station, Nakhon Racha Srima province,
where atrazine has been used for over ten consecutive years.



Table 2 Percentage of atrazine control of Amaranthus gracilis at 8 weeks after treatment with 6
different rates in 1998.

Rate Pre-emergence Post-emergence
(kgai/ha)
S R 5 R
Plants/pot

0 0 0 0 0
1.25 15 3.75 36.67 7.50
2.50 85 8.75 100 15.00
5.00 100 12.50 100 26.25
10.00 100 18.75 100 27.50
20.00 100 18.75 100 23.75
cv 14.53 10.02 40.41 12.29

S means wced seeds collected from the side road
R means weed seeds collected from the corn ficld where atrazine has not been used

However, the offspring of the two weed species were tested and the results
were confirmed by the first test. Susceptible weed biotypes were better controlled by
post-emergent than pre-emergent testing. Meanwhile, resistant biotypes responded
similarly to atrazine with both pre- and post-emergent applications (Table 5 and 6).

However, the failure of controlling £. heteropinlia collected from the corn
field where atrazine has been used (R), was found at the rate up to 5 Kg ai/ha with
both pre and post emergent applications ( table 3 and 4). This suggested a beginning
development of resistance in £. heterophylia. More surveys and test for resistance are
needed to confirm the evidence, particularly in area where atrazine has been used.

A test for atrazine resistance on the offspring of the 4. gracilis in 1999 also
showed strong evidence of atrazine resistance up to the rate of 20 Kg ai/ha of atrazine
application both pre and post emergence. The results suggested that the seeds
collected from the corn fields where atrazine has been used have evolved become
atrazine resistant weeds. On the other hand, all weeds collected from the corn fields

where atrazine never been used, were controlled by the herbicide at all rates (Table 5
and 6).

Table 3 Survival numbers of Euphorbia heterophyilus in corn field, 8 weeks after treatment with
atrazine at 6 different rates in 1998.

Rate Pre-emergence Post-emergence
(kgai/ha)
S R S R
Plants/pot

0 20.00" 20.00° 20.00" 20.00"
1.25 17.17° 20.00° 18.59* 19.71°
2.50 0 17.83%° 16.97 18.90°
5.00 0 13.63° 0 0
10.00 0 0 0 0
20.00 0 0 0 0
cv 31.7 18.9 14.6 21.6

'Means followed by the same letters were not significant differences at 0.05 level by LSD
S means weed seeds collected from the side road
R means weed seeds collected from the corn field where atrazine has been used



Table 4 Percentage of atrazine control of Euphorfra hetcropintia, 8 weeks after treatment with

atrazine at 6 different rates in 1998,

Rate Pre-emergence Post-cimergence
(kgai‘ha)
S R < R
Plants/pot
0 0 ¢ \] 0
1.25 1394 0 7.05 53]
2.50 100 10 .85 15.03 1 45
5.00 100 31.75 Q0 100
10.00 100 100 4 oo
20.00 100 100 ] 100
Cv 31.7 15.6 4.0 2o
S means weed seeds were collected from the side road
R means weed seeds were coliected from the corn field that atrazine has been used
Table 5 Survival numbers of the offspring of Amaranthus gracilis, § weeks after treatment with
atrazine at 6 different rates in 1999
Rate Pre-emergence Post-emergence
(kgaisha)
S R S R
Plants/pot
0 20.00° 20.00° 20.00° N 20.00°
1.25 425° 17.25° 5.00" 18.25°
2.50 3.50° 17.25° 3.00" 17.50°
5.00 3.00° 17.00° 3.00° 15.75°
10.00 0.50° 16.50° 125" 15.50"
20.00 0.25° 15.75* 1.25° 15.50°
CVv 30.25 13.16 26.70 13.27
'Means followed by the same letters were not significant differences at 0.05 level by LSD

! S means weed seeds were collected from the side road
| R means weed seeds were collected from the corn field where atrazine has been uved

f Table 6 Percentage of atrazine control on the offspring of Amaranthus gracilis, 8 weeks after treatmen:.

with atrazine at 6 different rates in 1999
; Rate Pre-emergence Post-emergence
(kgai/ha)
! 5 R S R
Plants/pot

0 0 0 0 0
1.25 78.75 13.75 75.00 8.75
2.50 82.50 13.75 85.00 12.50
5.00 85.00 15.00 85.00 21.23
16.00 97.50 17.50 93.75 22.50
20.00 98.75 21.25 98.75 22.50
cv 30.25 13.16 26.70 13.27

S means weed seeds were collected from the side road
R means weed seeds were collected from the com field where atrazine has been used

A study of weed dynamics were investigated in the comn fields at Suwan farm.
Nakhon Racha Srima province, where atrazine has been repeatedly used for more than
ten years on both the one that has been sown with Mimosa invisa and the one without



any cover crop. The purpose of sowing M. invisca as a cover crop in the corn field
was to decrease an infestation of weeds not controlled by atrazine. It was found that
the corn field where A invisa has been sown as a cover crop had less weed
populations than the one that did not have any cover crop. The major weeds found in
both corn fields were Cyperus rotundus, Commelina benghalensis, Rottboelia
cochinchinensis, Mimosa invisa and Amaranthus gracilis. However, 4. gracilis was
the only species in those major weeds that was susceptible to atrazine. It is interesting
that the percentages of A. gracilis population were lower in the corn field where M
invisa has not been sown than the one that has A7 invisa as a cover crop. (Table 7 and
8). As a cover crop, M. invisa quite successfully competed with many weed species,
especially . rotundus which is one of the most aggressive weeds in the agricultural
area. But 1t seemed to fail to compete with 4. gracilis since the number of the weeds
had not changed in both situations. However, weed numbers from the soil seed bank
collected from the corn field with A invisa as a cover crop decreased the great
number of under ground weed seeds (Table 9).

Table 7 Weed dynamics in corn fields where pre-emergent atrazine was repeatedly applied,
incorpurated with Afimosa invisa as a cover crop during May to August 2000.

Week 4 5 6 7 8 9 10 11 12
Species )
Amaranthus gracilis 27 40 3z 30 28 30 30 26 27
(13.5) (423) (268 (229)  (240)  (304)  (260) ((252) (229
Commelina benghalensis 48 1§.2 28 28 17.6 I8 204 16.4 152
(24 0 (11 9) (23 5) (21 %) {(15.1) {'8.2} (17.6) {((15.9) (158
Mimosa pudica 47.2 194 26 404 308 136 264 19.6 19.2
(23 &) (20 %) (21.8) (30 8) (26.9) (13.8) {22.8} (19.0) (20.0
Rotboelia cochinchinensis 50.4 11.4 18.6 6.8 13.6 12 15.2 12.8 11.2
(25.2) {121y (156) (32) (1.6 121y (131 ((12.4) (7.
Cyperus rotundus 27.2 12.5 14 25.6 24.8 22.8 21.6 24 21.¢
(13.6) (13.2) ((L1.7) (19.5) 212 (t23.1) (187 (23.3» ((22.5;
Etc 0 0 0.8 0.4 2.0 24 2.0 4.4 6.8
Total 199.8 94.5 119.4 131.2 116.8 98.8 115.6 102.2 96.C
(Percent)  (100) (100)  (100) {100y  (100) (100}  (100) (100} (100"
Table 8 Weed dynamics in comn fields where pre-emergent atrazine was repeatedly applied without
Mimosa invisa as cover crop during May to August 2000.
Week 4 5 6 7 8 9 10 11 12
Species
Amaranthus gracilis h 27 24 18 12 20 16 12 12 12
(8.0) (3.2 4 5) G4 (10 t7.0) (6.7) (52) 3.7
Commelina benghalensis 63 B7 11 55 54 52 43 39 44
(18.7)  (116) (27.8)  (248) (272) (22.7)  (241)  (le9)  (20.9)
Mimosa pudica 32 5.6 3.6 2.4 3.6 28 3.6 v.8 4.4
(1L.0y (07 0.9 an (1.8) (1.2) 2.0 o .1
Rottboellia cochinchinensis 70.8 100 41.2 124 12 12.4 9.6 88 14.4
(21.0) (133)  (103) (5.6) (6.0) (5.4) (5.4) (3.8) (6.9
Cyperus rotundus 171 197 218 132 108 144 94 154 125
(50.8) (262)  (54.6)  (59.6)  (54.4)  (62.8)  (52.6) (668)  (595)
Etc 16 08 7.2 7.6 0.8 2.0 4.4 15.6 10.4

Total 336.6 751.0 399.0 221.4 198.4 229.2 1786 230.2 210.2
(Percent)  (100)  (100)  (100)  (100) ~ (100}  (100)  (100)  (100) (100)




Table 9 Soil seed bank in the carn fields that had repeated pre-emergent applications of atrazine, with and without
AMimosa invisa as a cover crop

Sced source Cover crop No cover crop

Weed species Plants/m®

Amaranthus gractits 166 7 400.0

Commelina benghalenses 2667 4167

Roubocelia cochinchinensis 2833 4333
Table 10 Sced germination test of Amarantine gracilis and Fuphorbia hieterophyiia from the repeated pre-
cmergent applications of atrazine and without atrazine on the side road

Species Amaranthus gracilis Euphorbia heterophylia

Seed source {(pereents)

Com ficld 2833 38.33

Side road 66 00 36.60

A seed germination test showed that there was no difference on seed
germination of £ heteropinila that was collected from the corn field and side
road(38.33 and 36.60 respectively). But seed germination test on A. gracilis showed
that the seeds that have never been exposed to airazine had higher percentages on seed
germination (66) than the ones that collected from the side road (28.33) (Table 10).

The evidence from this study strongly suggested that 4. gracilis in the comn
field where atrazine has been repeatedly used has evelved to be a resistant biotype.
The ecological fitness of the atrazine resistant biotype was lower than the susceptible
one when atrazine was not in use. The continued using of atrazine would not favor the
susceptible biotype (Conard and Radosevich, 1979; Holt, 1988; Anderson, 1998).
Weed management by sowing M. invisa as a cover crop seemed to reduce the number
of weed infestation in the comn field. However, the evidence on E. heterophylic was
not strong enough to conclude that there was a development of atrazine resistance.
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Abstract: Atrazine has been used In com field in Thailand since 1970, Major
area for corn production are in the Central and North-Eastern part of Thailand.
Surveys of atrazine resistant weeds as well as the test for atrazine resistance were
conducted In June 1997 to August 2000 in five North-Eastern and two central
provinces of Thailand. Euphorbia heterophylla and Amaranthius gracilis were among
the major weeds found in the corn fields. The test of atrazine either pre- and post-
emergence showed no evidence of resistance to Fuphorbia heterophvila However.
there were some weeds that survived many rates of atrazine applications. The
offspring of the survival weeds did not present any resistance to atrazine at any rates.
Meanwhile, Amaranthus gracilis was found to be resistant to atrazine at the rate up to
20 Kgai/ha. Studies on above ground and soil seed bank in the corn fields where
atrazine had been applied for over ten years found a great number of 4. gracilis in
both above- and underground. However, a number of underground weed seeds were
greater than the weeds that emerged from the soil. Percentage of seed germination of
the resistant weeds was very [ow (28.33), while susceptible one was quite high (66).

Key words: atrazine resistant weeds, atrazine, weed resistance, Amauranthus gracillis,
FEuphorbia heterophylia

INTRODUCTION

Atrazine resistant common groundsel (Senecio vulgaris) in USA was first
discovered in 1968 by Ryan (1970). A resistance biotype was developed after atrazine
has been used once or twice annually for at least ten years (Rvan, 1970). Currently
there are 41 dicotyledonous and 19 monocotyledonous atrazine resistant weed spccies
worldwide. The majority of those with atrazine resistance were in corn production
(Heap, 1999). Amaranthus spp. is one of the important resistant weeds found in
atrazine resistant weeds in North America and Europe. In Thailand. atrazine wa: ftirs
introduced in corn production since 1970 (Weed Science Society of Thailand, 1984).
Because of its high efficiency in controlling many weed species. atrazine has veen
repeatedly used in comn for more than 20 years. Recently, it was noticed by many
growers that atrazine was no longer effective in some weed species. This was the first
notice ever since the first use of this herbicide in 1970.

The purpose of this study was to investigate major weeds found in comn fields
and determine the level of their resistance to atrazine in North-Eastern of Thailand.
The study also included a study of weeds dynamic in the comn fields both above
ground and underground at Suwan research station, Nakhon Racha Srima province.
where atrazine has been used for over ten consecutive years.
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Atrazine Resistant Weeds in Thailand
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Abstract: Atrazine has been used i com ﬁcldjin Thaitand since 1970, Major

area; for com production are mn the Central and North-Eastern part of Thailand.

Surveys of atrazine resistant weeds as well as the test for atrazine resistance wete (bl
conducted in June 1997 to August 2000 in five North-Eastern and two central . /-
provinces of Thailand. Euplorbia heterophyila and Amaranthus gracidis were among

the major weeds found in the corn fields. The test of atrazine cither pre- and post-
emergence showed no evidence of resistance {o Euphorbiu fheterophylia. However, _.
there were some weeds that survived many sates—ed atrazine applications. The
offspring of the survival&veeds did not present any resistance 1o atrazine al any rates.
Meanwhie, Amaranthus gracilis was found to be resisiant to atrazine at the rate up to
20 Kghi/ha. Studies on above ground and soil seed bank in the comn ficlds where
atrazine had been applied for_over ten ycars found a great number of A, graciis in]
both above- and underground. However, a number of underground weed sceds were
greater than the weeds that emerpged {rom the soil. Percentage of sced germimation of
the resistant weeds was very low (28 .33), while susceptible ene was quite ngh (60).
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INTRODUCTION

Atrazine resistant common groundsel (Senecio vulgaris) in USA was first

~discovered in 1968 by Ryan (1970). A resistance biotype was developed a:ter atrazine

has been used once or twice annually for at least ten years (Ryan 4976y Currently

there are 41 dicotyledonous and 19 monocotyledonous atrazine resistant weed species  (ce= < /

) _ ) o Ly o
worldwide. The majority of thése with-strazine—resistance werd in com production coidy
(Heap, 1999). Amaranthus spp. is onc of the important resistant weeds found in 27

atrazine resistant weeds in North America and Europe. In Thailand. atrazine was firs
ntrodueed in corn production since 1970 (Weed Science Society ol Thaitand. 1984).
Because of its high cificiency in controlling many weed species. atrazine has been
tepestedly used in com for more than 20 years. Recently, it was noticed by many
growers that atrazine was no longer effective # some weed species. Frs—wasthefust
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The purpose of this study was lo investigate major weeds found in corn field; =

—and determine the level of therr remslanccﬁlo im'azmc(m North-Eastern™£ T hatlan
[

The study also included a—study of weedf/}cf_vnamiq in the com fields beth—abeove

—ground-andmmderesound jat Suwan rescarch station, Nakhon Racha Srima province,

where atrazine has been uked for over ten consecutive years.
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MATERIALS ANDDMETHODS //
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The studies were divided o X parts, a sunvey and ACTE study o magor weeds
in com fieldin the North-EFast of Thailand andw test of atacine 1emstance ima creen
house at the Agronomy Department. Faculty of Acuculiure, Kascetsart Unversaty

Thailand, deftngdaie 09 toAdpast 2030 The tirst survey and weed secd collechon P ;‘ oo
N - . . .- . - . . N
bepan in June 1997 1 major arcas ot hold com, moeludimye, Nakhon Racha St I —
Chaivaphoom. Phetchaboon, Saraburi, and 1 opburi. Results hom the tust susvey, \”} ‘” -
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then the second and thurd survevs, as well as seed collections in 1998 and 1999 were
concentrated only 1 Nakon Racha Stima where there was evidence of atasine
resistant weeds. A ticld study of weed dynamies an the com fichd was conducted R f/l
during May to August 2000 in Suwan tanm rescarch station, Nakhon Racha Srima

province where atrazine has beenused. 77 1o st 7. ~t<u'¢; AR DU 90 i | '

A test for atrazine resistance in njor weeds i the corn tield, including, e
Euphorbia heterop/oclla and dmarandius gracdiy was conducted moa creen house
after each secd collection. SiX rates of atrasine mwluded 00 1250 250 5 10 and 20
kgai/ha were applicd to determine resistanve of the weeds to the herbiewde. The test A af o \)-f:/‘./
for atrazine resistance was also investizated i June 1999 for the otfspring of {a'r A / o
surviving Fuphorbia heterop/viia from the previous atiazine testin (DO, Y LN
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Major waeds found i comn ticlds were Amaranthues graciles, Fuplori:a ' 4
heterophylla, Comni™ina benghalonsis, Cvporus rotwndus wind Reabocll S (lﬂ'n )
coclinensis . But only byaranthus gractits and Fuphorbic hereroplnclla were found cen a-l7 e '

to be controlled by atrazin® Theretore, the test tor atrazine resistanee both pre-and
post-emergence was CI“]J}K'lbiZLd only on the o species. The tesults showed no
evidence of atrazine resistance én £ Jicrerophvila - Only 4. gracidos showed stiong
evidence ofatrazine resitance {Tablex1-4). il ﬁ‘,ci \ 7
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Table 1. Survival numbers of drraretine ety m cor Deld, $weeks atter eatment wat otra e

at & dittcrent rates in 1998 o

Rate Pre-cmergeney ' Post-emergenyve
(kehisha) ' -
— S . l\,‘ ——\ = R
Plants put — e
00N 15,007 oo 15 eo* 20 o0’
125 (1/2X) 12.73% [92s? 9 50" NN
250 (1N) 2.05° lx 25° \ 17 apt
5.00 (2X) N 17 So°° 0 [ "3®
10.00 (4X) 0 o 2st 0 14500
20.00 (8N) 0 st R 15250
CV 1452 1002 / 404:7 1220

"TMeans followed by the same letters were not S 10Nt ehebrakelges aleOshe | b\ LSD

S means weed seeds collected from the side road
R means weed seeds collected from the corn field where atrazine has been used



