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Differences in Response of Rice(Oryza sativa L.)
Cultivars to Herbicides
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ABSTRACT

Three hundred rice(Oryza sativa L.) cultivars were screened for tolerance to butachlor [N-(buthoxy-
methyl)-2-chloro-N-(2,6-diethylphenyl) acetamide], thiobencarb(S-[(4-chlorophenyl)methyl]diethylcarba-
mothioate), and simetryn [N,N-diethyl-6-(methylthio)-1,3,5-triazine-2,4-diamine]. The responses of the
rice cultivars to herbicides differed depending upon the herbicides and their concentrations. New
Sabarmati(BAS), Gora, PTB 18 were tolerant to butachlor, and Azucena, IR44707-31-1-3-2, ARC
7293 to thiobencarb, while Gora, ARC 7293, and Dudmona were tolerant to both herbicides. Re-
sponse of rice to simetryn differed from its response to butachlor and thiobencarb. Inhibition of
shoot growth and fresh weight increased as the temperature and herbicide concentration increased.
There was a higher correlation among rice cultivars response to butachlor and thiobencarb in the

greenhouse when laboratory studies were conducted at higher temperatures.

Key words : Herbicide, tolerance, rice, screening method.

creased by developing cultivars genetically tolerant
INTRODUCTION to the herbicides or by finding existing cultivars
which may already be tolerant to higher herbicide
Selective herbicides have played an important rates.

role in reducing the losses caused by weed com- Differences in response of rice(Oryza sativa L.)
petition but they occasionally cause crop injury. cultivars to herbicides have been reported by a
Even if yield is not affected by herbicide applica- number of workers. Differential cultivar response
tion, a farmer is reluctant to use a herbicide that can be attributed to differences in ecogeographic
is injurious to his crop. race™™ 1S depth of seeding]‘m’”’, soil moisture'?,

4.5,10,13,17 s . 518
', root distribution

tolerance to the applied herbicide should be in- used™***1*2 " and herbicide rate”.

In order to minimize this injury, the crop’s growth stage ', herbicide
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This experiment was conducted to determine
rice cultivars tolerant to herbicides and to com-

pare screening methods.

MATERIALS AND METHODS

Greenhouse Trials

A clay loam soil with pH of 6.5, 0.397% or-
ganic carbon, 0.046% total nitrogen, and cation
exchange capacity of 24.7 meq/100 g was used
for all studies. Plastic trays(32X24x 1lcm) were
filled with 5 kg of air-dried soil which was
sieved through a 3 mm sieve. Ten seeds of each
rice cultivar were planted in a2 row on a nylon
net stretched over a styroform frame(30x23x 1.3
cm) and there were ten rows in each tray. The
seeds were covered with soil to the frame depth
(1.3cm) and then the frame was placed on a tray
containing soil.

Stock solutions of the desired herbicide concen-
trations were prepared using commercial formula-
tions of butachlor(EC), thiobencarb, and technical
(99.8% purity) grade simetryn. Immediately after
seeding, the soil in each tray was wet to saturation
with 1,750m! of herbicide solution and the trays
were placed inside a greenhouse. Watering was
done 3 days after seeding(DAS) with a Teejet
8004 nozzle. The nozzie was held at least Im
away from the tray to prevent compaction of the
soil surface. The amount of water was regulated
so that saturation was not exceeded

Plant height, fresh and dry weights were used
to evaluate the responses of the cultivars to the
herbicides. Plant height was taken from the base
of the culm to the top of the longest leaf 10
DAS. For fresh and dry weights, 30 plants of
each entry were removed from the soil 10 days
after treatment(DAT) for butachlor and thiobencarb
and 12 DAT for simetryn. Dry weight was mea-
sured after oven-drying for 48 h at 80T. Data

were analysed using Duncan’s Multiple Range

Test(DMRT).

Experiment la. Screening for Tolerance to
Butachlor, Thiobencarb, and Simetryn
Three hundred rice entries were screened for
tolerance to butachlor, thiobencarb, and simetryn.
Each entry was assigned a row in one of the trays
according to the entry number. Herbicides were
applied at 2x 10°M. Treatments were replicated
three times and untreated controls were provided
for comparision. Plant height and dry weight were
measured 10 DAT for butachlor and thiobencarb
while fresh weight was measured 12 DAT for

simetryn.

Experiment 1b. Responses of Several
Cultivars to Herbicides
Seeds of three tolerant and three susceptible

cultivars from Experiment la were planted using
the above-mentioned procedure. Butachlor and thio-
bencarb were applied at concentrations of 5 X 10°
M, 1x10°M, and 2x10°M. There were five
replications. Data on plant height and dry weight
were taken 10 DAT.

Experiment 2. Laboratory Screening for
Cultivar Tolerance to Herbicides

The experiment was conducted to determine a
simple and effective laboratory screening method
for evaluating cultivar tolerance to herbicides and
to compare responses of rice using different screen-
ing methods.

Seeds of three tolerant and three susceptible
cultivar from experiment 1 were used in this ex-
periment. Ten seeds that had been sterilized for
15 min. with 0.1% mercuric chloride solution
and thoroughly washed three times with sterilized
water, were germinated on filter paper in 10 cm
petri dishes. Ten ml of 5x10°M, 1x10°M, or
2% 10°M butachlor or thiobencarb were added to
the petri dishes which were then placed in dark
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incubation rooms for 5 days at constant tempera-
tures of 25+1, 301, 35%1, and 40+ 17C. The
petri dishes were kept in a lighted incubation
rooms for 2 additional days at a corresponding
constant temperature to develop primary leaves
from the coleoptile. Each treatment were replicated
three times. Data on shoot length and fresh weight
were taken 7 DAT. Seeds were considered germi-

nated when the coleoptile was 2 mm in length.

RESULTS AND DISCUSSION

Screening for Tolerance to Herbicides

Cultivars such as New Sabarmati(BAS), Gora,
BR118-3B-17, IR27095-20-18, PTB18, Dudmona,
and FR 13A(Table 1) which when treated with
butachlor, had plant heights and dry weights equal
to or greater than 60% of the untreated check were
regarded to be tolerant to the herbicide. Greater
than 80% inhibition in plant growth was observed
with IET3257, IR17494-32-3-1-1-3, IR31917-45-3

Table 1. Plant height and dry weight of rice culti-
vars tolerant and susceptible to 2 X 10°M
butachlor

Cultivar Plant height Dry weight

% of control

Tolerant group

New Sabarmati(BAS) 71.3 61.4
Gora 71.7 80.2
BR118-3B-17 68.8 68.9
IR9660-50-3-1 60.7 49.0
1R27095-20-18 61.4 63.2
PTB 18 70.5 71.6
Dudmona 67.8 69.6
Kami-Tku 382 58.8 54.9
FR 13A 7.7 76.2
ARC 7293 61.1 68.5
CNA 108-8-42-24-2B 58.9 66.9

Susceptible group

IET 3257 16.6 13.7
IR17494-32-3-1-1-3 9.0 8.6
IR31917-45-3-2-2 15.0 18.1
IR32829-5-2-2 8.7 134
Cheriviruppu 14.8 14.0

-2-2, IR32829-5-2-2, and Cheriviruppu and these
cultivars were considered to be susceptible to the
herbicide(Table 1).

Cultivars that were tolerant to thiobencarb were
IR9660-50-3-1, IR10198-66-2, Nona Bokra, Kami
-Tku 382, Gora, IR44707-31-1-3-2, ARC7293, and
Azucena(Table 2) while IRS5, IR28, IR46, IR31802

Table 2. Plant height and dry weight of rice culti-
vars tolerant and susceptible to 2 10°M
thiobencarb

Cultivar

Plant height Dry weight
% of control

Tolerant group

1R9660-50-3-1 74.0 822
IR10198-66-2 75.1 859
Nona Bokra 76.6 74.0
Kami-Tku 382 80.0 70.4
Gora 74.7 83.9
IR44707-31-1-3-2 88.2 88.7
ARC 7293 84.7 88.9
Azucena 86.8 89.0
Dudmona 76.7 84.4
CNA 108-8-42-24-2B 839 89.5

Susceptible group

IR5 17 2.5
IR28 438 2.5
IR46 1.7 1.5
IR31802-48-2-2-2 1.0 3.1

_NR_1004-66-3-1 2.0 49

Table 3. Fresh weight of rice cultivars tolerant and
susceptible to 2x 10°M simetryn.

Fresh weight(mg/plant) o of

Cultivar
Simetryn Control ~ control

Tolerant group 102.3 120.0 85.3
ITA 235 116.0 164.1 70.7
Kinandang Tinambilok 77.6 108.9 71.3
Talang Besar
Susceptible group
Kwang-Lu-Ai 4 194 231.4 8.4
Miro-Miro 53 120.3 44
W 1263 15.3 214.7 7.1
IR21071-53-2-3-2E-P2 25.8 274.0 9.5
K143-1-2 15.0 333.8 4.5
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-48-2-2-2, and NR10041-66-3-1 were susceptible
(Table 2).

ITA235, Kinandang Tinambilok, and Talang
Besar were tolerant to simetryn while Kwang-Lu-
Ai 4, Miro-Miro, W1263, 1IR21071-53-2-3-2E-P2,
and K143-1-2 were susceptible(Table 3).

Differences in response of cultivars to herbicides
have been reported by a number of workers®***'"'?,
Gora, IR9660-50-3-1, Kami-Iku 382, ARC7293,
CNA108-8-42-24-2B, and Dudmona(Table 1 and
2) were tolerant to both butachlor and thiobencarb
but the responses of the cultivars to the herbicides
were usually different, leading to differential culti-
Different

responses of rice cultivars to different herbicides

var response to different herbicides.

were found by Madrid®. In his studies, twelve
cultivars were tolerant to three chemically-different
herbicides-butachlor, thiobencarb, and pendimeth-
alin [N-(1-ethylpropyl)-3,4-dimethyl 1-2,6-dinitroben-
zenamine]. A large number of cultivars were sus-
ceptible to at least one of the herbicides. Eleven
of them were susceptible to at least two herbicides
ARCS595, Baisbish,

susceptible to all three herbicides.

while and Sungwala were

Different frequency distributions of cultivar re-
sponse to herbicides were observed with different
herbicides(Fig. 1). The greatest difference in re-
sponse of cultivars was observed with thiobencarb
suggesting the potential for existence of thioben-
carb-tolerant sources in rice. Genetic variation in
herbicide tolerance of plants can be used to mod-
ify the crop genotype to tolerate herbicides or
raise their level of genetic tolerance to herbicides,

and thereby improve herbicide selectivity.

Response of Cultivars to Different Herbicide
Concentrations under Greenhouse Conditions
Usually plant height and dry weight decreased
as the herbicide concentration increased regardless
of the cultivar and herbicide used. As the concen-

tration of thiobencarb increased, there was greater

Frequency
s Butachior
.
L
- Thiobencarb
R N

I 1 L L N
i Simetryn
L s R .
0" 20 40 60 80 100

% of controt

Fig. 1. Frequency distribution of 300 rice cultivars
in terms of plant height and fresh weight
inhibition as affected by different herbicides.
R : Resistance, S : Susceptibility

difference in herbicide phytotoxicity between toler-
ant and susceptible cultivars. The rate of decrease
in plant height was greater with susceptible cul-
tivars such as IR5, Muthumanikam, and NR10041-
66-3-1 than with tolerant cultivars such as IR9660
-50-3-1, IR10198-66-2, and Kami-lku 382(Table 4).

A similar trend was observed when butachlor
was applied. As the concentration of butachlor
increased to 2X 10'5M, the rate of decrease in
plant height of the susceptible cultivars, IET 3257,
5207, and Cheriviruppu was greater than that of
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Table 4. Plant height of rice cultivars as affected by different concentrations of thiobencarb'’
Thiobencarb
Cultivar 5% 10° M 1X10° M 2310° M
10DAT 15DAT 20DAT 10DAT 1SDAT 20DAT 10DAT 15DAT 20DAT

............... % of control «--ieeeeeieienn

Tolerant group

IR9660-50-3-1 90.7 101.9 959 89.0 95.2 100.8 68.1 72.1 85.5
IR10198-66-2 79.6 85.7 89.2 76.9 76.5 983 60.2 56.6 69.2
Kami-lku 382 99.3 99.0 945 102.1 105.8 96.4 93.7 95.3 90.0

Average 89.9 95.5 932 89.3 92.5 98.5 74.0 74.7 81.6

Susceptible group

IRS 60.2 62.7 85.8 39.2 57.3 70.0 28.4 253 30.8

Muthumanikam 41.2 53.8 69.1 16.0 28.5 409 144 13.1 227

NR 10041-66-3-1 59.1 65.6 79.9 23.8 25.2 62.6 12.4 263 41.7
Average 535 60.7 78.3 26.3 37.0 57.8 18.4 21.6 31.7
Difference 36.4c 34.8¢c 14.9d 63.0a 55.5a 40.7bc 55.6a 53.1ab  49.9ab

" In a row, means followed by a common letter are not significantly different at the 5% level by DMRT.

Table 5. Plant height of rice cultivars as affected by different concentrations of butachlor”

Butachlor
Cultivar 5x10° M 1x10%° M 2x10° M
10DAT 15DAT 20DAT  10DAT 15DAT 20DAT  10DAT 15DAT 20DAT

............... % of control ««-ieeieeeeien
Tolerant group

New Sarbamati (BAS) 75.5 101.0  107.3 59.9 66.5 89.3 40.8 593 66.0
Gora 96.9 975 104.0 94.6 96.3 106.2 79.8 714 92.0
IR8866-30-3-1-4-2 89.3 973 91.6 69.8 91.8 90.7 470 78.3 883

Average 87.2 986 1010 74.8 84.9 95.4 559 69.7 82.1

Susceptible group

IET 3257 315 46.9 69.4 32.1 38.9 62.1 7.9 36.0 612

5207 55.4 78.1 85.3 27.7 45.5 57.7 6.3 13.4 50.0

Cheriviruppu 24.1 57.1 793 17.4 44.7 66.1 99 29.3 64.3
Average 370 60.7 78.0 257 43.0 62.0 8.0 26.2 585
Difference 502a 379cd 23.0e 49.1ab 41.9bcd 33.4d 47.9ab 43.5abc  23.6e

Y In a row, means followed by a common letter are not significantly different at the 5% level by DMRT.

the tolerant cultivars, New Sabarmati(BAS), Gora, They found that IR8 was more sensitive to pro-
and IR8866-30-3-1-4-2(Table 5). panil [N-(3, 4-dichlorophenyl) propanamide] than

Differential cultivar response to different herbi- Jaya, and that differences in susceptibility between
cide rates was reported by Mallapa and Hosmani”. the two cultivars increased as the concentration
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increased. In contrast, when MCPA ([(4-chloro-2-
methylphenoxy) acetic acid] was applied, Jaya
was more sensitive than IR8, particularly at low
concentrations. As the herbicide concentration in-
creased, differences between the two cultivars de-
creased.

The rate of decrease in plant height decreased
as the sampling time was increased from 10 to 20
DAT regardless of cultivar, herbicide, and concen-
tration used. The greatest difference in phytotoxi-
city between tolerant and susceptible cultivars was
observed at 10 DAT for all concentrations of
both herbicides, indicating that 10 DAT is the

best time to determine herbicide phytotoxicity to

rice in this type of experiment(Table 4 and 5).

Growth Responses of Cultivars to

Herbicides under Laboratory Conditions

When thiobencarb was applied, differences in
inhibition of shoot length and shoot fresh weight
between cultivars which are tolerant and suscep-
tible to the herbicide were the greatest at 2 107
M(Table 6).

The temperature most suitable for screening of
rice cultivars to thiobencarb was 357 because the

greatest differences in inhibition of shoot length

Table 6. Effect of different concentrations of thiobencarb on the growth of several cultivars at different

)

temperatures.’
Shoot length Shoot length
Cultivar s X G N N - o
SX10°M  1x10°M  2xX10°M 25T 30C 35T 40T

Tolerant group
IR9660-50-3-1 92.0 83.7 69.5 104.5 81.0 80.8 60.6
IR10198-66-2 83.7 80.1 66.2 80.0 95.5 74.3 56.9
Taipei 309 101.1 82.2 74.0 90.1 99.3 79.7 74.1
Average 923 820 69.9 91.5 91.9 78.3 63.9
Susceptible group
IR5 84.8 70.1 51.8 90.7 82.5 68.5 338
IR28 77.8 69.5 36.4 87.9 68.6 43.0 454
IR31802-48-2-2-2 71.0 63.2 36.2 78.1 64.0 41.8 43.2

Average 779 67.6 41.5 85.6 71.7 511 40.8

Difference 14.467 14.4b 28.4a 5.9d 20.2b 27.2a 23.1a

Fresh weight of shoot Fresh weight of shoot
Cultivar -
5%10°M  1x10°M  2x10°M 25T 30°C 35C 40°C

Tolerant group
IR9660-50-3-1 88.7 79.3 63.7 83.2 76.2 80.0 70.4
IR10198-66-2 84.9 82.2 70.3 67.0 95.1 79.2 75.0
Taipei 309 96.0 81.6 71.3 752 93.4 85.1 78.2

Average 89.9 81.2 68.4 75.1 88.2 81.4 74.5
Susceptible group
IRS 90.6 75.6 60.3 86.6 83.2 70.7 61.5
IR28 74.7 73.0 43.7 73.6 75.1 47.1 59.3
IR31802-48-2-2-2 69.8 70.3 53.5 73.7 68.1 55.8 60.4

Average 78.4 73.0 52.5 78.0 75.5 579 60.4

Difference 11.5b 8.2¢c 15.9a -2.9d 12.7bc 23.5a 14.1ab

" Average of 4 temperatures and 3 herbicide concentrations
? In a row within a trait, means followed by a common letter are not significantly different at the 5%

level by DMRT.
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Table 7. Effect of different concentrations of butachlor on the growth of several cultivars at different

)

temperatures."

Culii Shoot length Shoot length

ultivar -

5x10°M  I1x10°M  2x10°M 257 307 35¢C 407

Tolerant group
New Sabarmati (BAS) 50.9 44.7 30.0 47.1 62.2 29.8 28.2
Gora 64.3 55.7 45.6 41.6 64.8 52.5 61.9
BR 118-3B-17 71.6 56.4 41.1 69.3 65.0 514 39.7

Average 62.3 523 389 527 64.0 44.6 433
Susceptible group
IR17494-32-3-1-1-3 51.3 47.1 340 445 52.8 47.8 31.8
1R31917-45-3-2-2 61.4 44.0 30.7 63.3 58.9 37.2 21.8
5207 380 31.2 23.6 57.0 25.5 18.5 22.6

Average 50.2 40.8 29.4 549 45.7 345 25.3

Difference 12.1a% 11.5ab 9.5b -2.2¢ 18.3a 10.1a 18.0a
Cult Fresh weight of shoot Fresh weight of shoot

ultivar

5x10°M  1x10°M  2x10°M 25 30T 35C 40¢C

Tolerant group
New Sabarmati (BAS) 50.9 43.6 28.2 49.3 444 34.1 35.8
Gora 59.3 58.4 39.1 49.8 64.3 599 352
BR 118-3B-17 71.0 59.8 425 61.0 58.9 556 55.2

Average 60.4 53.9 36.6 53.4 559 499 422
Susceptible group
IR17494-32-3-1-1-3 53.3 44.7 32,6 50.3 513 43.5 30.3
IR31917-45-3-2-2 529 449 31.3 58.5 57.7 353 20.7
5207 50.0 39.1 36.7 63.6 40.2 22.9 40.9

Average 524 429 335 57.5 49.7 339 30.6

Difference 8.0b” 11.0a 3lc -4.1d 6.2c 16.0a 11.6a

1)Average of 4 temperatures and 3 herbicide concentrations
®In a row within a trait, means followed by a common letter are not significantly different at the 5%

level by DMRT.

and shoot fresh weight between cultivars which
are tolerant and susceptible to the herbicide were
observed at this temperature(Table 6).

The greatest difference in inhibition of shoot
growth between tolerant and susceptible cultivars
treated with different concentrations of butachlor
was observed at 1x 10°M. Generally, as tempera-
ture increased, there was greater difference in in-
hibition of shoot growth between cultivars which

are tolerant and susceptible to butachior(Table 7.

Methods of Screening for Cultivar Tolerance
to Herbicides

A simple and effective laboratory screening

method for evaluating cultivar tolerance to alachlor
[2-chloro-N-(2,6-diethylphenyl)-N-(methoxymethyl)
acetamide] and metolachlor [2-chloro-N-(2-ethyl-6
-methylphenyl)- N-(2-methoxy-1-methylethyl) aceta-

mide] was reported by Hassan et al.”

. They stated
that the laboratory screening method correlated
well with results from a greenhouse experiment.
In the experiment reported in this paper, there
was a higher correlation between the greenhouse
screening method and the laboratory screening
method when the experiment was conducted at
higher temperatures in the laboratory(Table 8 and
9). A significant positive correlation between the

two methods was observed for shoot length and
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plant height when the temperatures in the labora-
tory and the herbicide concentrations were 40T
and 5x10°M and 1x 10°M butachlor; 40°C and
5x10°M, 35 and 40°C and 1x10°M, and 30C
and 2% 10°M thiobencarb.

These results indicate that there was a correla-
tion between temperature and herbicide concentra-
tion in the response of rice cultivars to herbicides.
In order to get higher correlation with the green-
house screening method, laboratory screening should
be carried out at a temperature which is similar
to that in the greenhouse and herbicide concentra-
tions of 5x10° and 1x 10°M should be used.

w E
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