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rigidum Lam.) was cross resistant to fluazifop butyl [(R)— 

2-[4-[[trifluoromethyl)-2-pyridinyl] oxy]phenoxy] propanoic 

acid], chlorsulfuron [2-chloro-N-[[4-methoxy-6-methyl- 

1, 3, 5-triazin-2-yl)amino]carbonyl]benzene sulfonamide] and 

DPX-T6376 (methyl 2-[ [ [ [4-methoxy-6-methyl-l, 3, 5-triazin-2- 

yl)amino] carbonyl] amino] sulfonyl] benzoate). This was 

the first report on cross resistance and these results were 

confirmed by Matthews et al. (1990). Similar results were 

reported by Smeda et al. (1992) that trifluralin resistant 

green foxtail [Setaria viridis (L.) Beauv] was resistant to 

the structurally unrelated herbicides DCPA (dimethyl 2,3,

5,6-tetrachloro-l,4-benzenedicarboxylate) and terbutol 

(2, 6-di-tert-butyl-p-tolyl methylcarbamate) . In a soybean- 

rice rotation, which is the predominant cropping system in 

southwest Louisiana (Griffin and Robinson 1989), 

metolachlor and alachlor [2-chloro-2'-6'diethyl-N-methoxy 

methyl)acetamide] are commonly used to control red rice in 

soybeans (Griffin and Harger 1986; Khodayari et al. 1987). 

Control of red rice often depends upon the herbicides used 

in rotational soybean (Huey and Baldwin 1980) .

Acetanilides such as metolachlor (Griffin and Robinson 

1989), dinitroanalines such as trifluralin, and 

imidazolinones such as imazaquin (2-[4,5-dihydro-4-methyl- 

4-(1-methylethyl)-5-oxo-lH-imidazol-2-yl]-3-quinoline
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carboxylicacid) are commonly used in the control of red 

rice in soybeans (Anonymous 1994; Khodayari et al. 1987). 

Therefore, it is important to determine if BAR-transformed 

rice is cross resistant to any herbicides used in a 

rotational soybean crop. In addition, no-till rice 

production involving burndown herbicides is becoming 

increasingly popular in Louisiana (Bollich and Sanders 

1993). Glyphosate, paraquat and glufosinate are non- 

selective herbicides that give rapid burndown of preplant 

vegetation in rice (Mendt and Braverman 1995). Therefore, 

cross resistance to these burndown herbicides that have a 

similar use pattern is of major concern.

Another important aspect of cross resistance is 

negative cross resistance. Negative cross resistance 

occurs when herbicides, other than the one to which a plant 

biotype has developed resistance, become more toxic to the 

resistant biotype than to the susceptible biotype (Hall et 

al. 1996).

Earlier field studies on the evaluation of glufosinate 

on BAR-transformed Gulfmont and Koshihikari rice suggested 

that transformed Gulfmont was more resistant to 2.2 kg/ha 

glufosinate than transformed Koshihikari (Braverman and 

Linscombe 1994) . Studies by Baker et al. (1988) and 

Griffin and Baker (1990), suggested that tolerance of 

different varieties of rice (Lemont, Tebonnet and Mars) was
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different to fenaxoprop, [±- 2-[4-[(6-chloro-2- 

benzoxazolyl)oxyjphenoxy]propanoic acid] and that the Mars 

variety was particularly susceptible to fenaxoprop.

Further, Pantone and Baker (1992) reported that Lemont rice 

was more susceptible to triclopyr than either Mars or 

Tebonnet. Thus, inherent varietal differences in 

resistance of non-transformed rice may be reflected in the 

differential response of BAR transformed Gulfmont and 

Koshihikari rice to glufosinate.

A major benefit from herbicide resistant crops is the 

opportunity for new strategies and or increased flexibility 

in the management of problem weeds (Wilcut et al. 1996). 

Herbicide resistant crops also facilitate the addition of 

conservation tillage crop production practices because of 

more effective post-emergence treatments (Wilcut et al. 

1996). Development of crop cultivars with resistance to 

post-emergence herbicides will encourage crop producers to 

use economic weed threshold predictions in making their 

weed management decisions (Coble and Mortensen 1992) . In 

addition, herbicide resistant crops will potentially allow 

the use of more environmentally benign herbicides and lower 

rates of herbicides than many soil applied herbicides 

(Burnside 1992; Knake 1992).

In contrast to these advantages, the main concern of 

introducing transgenic herbicide resistant crops into
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agriculture is the spread of the engineered gene(s)/ 

particularly by pollen, to related weed species (Keeler 

1989; Williamson 1991). A possible negative environmental 

impact of this sexual transfer of engineered genes to 

related wild plants by natural hybridization is the 

evolution of more aggressive weed genotypes based on a few 

gene polymorphisms (Keeler 1989; Hoffman 1990) . Also, if 

crop-weed hybrid seeds were formed, and seeds were dormant 

(a trait often found in weeds) , some hybrids would 

establish with the weed at a similar time and hybrids may 

continue to cross, leading to a stable introgression 

(Jorgensen et al. 1996). Furthermore, gene exchange 

between a crop and a weedy relative may increase the 

adaptability of the weed, making it even more weedy. This 

type of added adaptability was noticed in weeds like wild 

beets, Beta vulgaris (Boudry 1993), red rice, Oryza sativa 

(Arnold and Hodges 1995) and wild lettuce, Lactuca sativa 

(Williamson 1993). Rice is predominantly a self

pollinated crop. But, chances of cross-pollination and 

hybridization between rice and red rice still exist and can 

range from 1% in Lemont to over 50% in the Nortai variety 

(Langevin 1988). There are several reports of 

introgressive hybridization (the morphological convergence 

of weeds similar to crop plants) between rice and its weedy
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relatives (Oka and Chang 1959; Morishima et al. 1961). So,

the potential for the inheritance of the glufosinate

resistance and creation of glufosinate resistant red rice

exists if a transgene movement occurs. Herbicide

resistance in many cases can be achieved by the transfer of

a single gene (Schulz et al. 1990). Gene expresssion

varies with genetic background. Epistasis, linkage, and

pleiotropy are examples. Therefore, even if the BAR gene

is inherited, it can be difficult to predict how the

genetically engineered gene will be expressed in a related

weed species (Colwell et al. 1985).
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CHAPTER 2
EVALUATION OF GLUFOSINATE HERBICIDE ON RICE (Oryza sativa 
L.) TRANSFORMED WITH THE BAR GENE AND ON NON-TRANSFORMED 

RED RICE (Oryza sativa L.)

INTRODUCTION
Weed red rices were first documented in commercial 

rice in 1846 in North and South Carolina (Craigmiles 1978) 

Historically, red rice is the most difficult weed to 

control in Louisiana rice fields (Dodson 1900). Yield 

reductions from season-long competition with red rice can 

be as high as 82% (Diarra et al. 1985). The weediness of 

red rice is attributed to its competitiveness with 

cultivated rice (Diarra et al. 1985). In addition to 

contaminating the rice seeds, red rice has poor milling 

quality, shatters, and lodges, making commercial rice 

harvest difficult (Diarra et al. 1985).

The ability to control red rice in rice has always 

been a desired goal in U.S. rice production (Craigmiles 

1978). Despite moderate successes in controlling red rice 

pre-emergence (Kwon et al. 1991; Smith 1981), efforts to 

control red rice postemergence have been unsuccessful. A 

promising alternative may be the creation of a herbicide 

resistant commercial rice through biotechnology. Recently 

it has become possible to confer agronomically useful 

traits to crops by molecular transformation (Saito et al.

21

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.



22
1992). Herbicide-resistance traits are an important target 

of genetic engineering of crop plants and may offer an 

excellent opportunity for using postemergence herbicides 

such as glufosinate in rice (Droge et al. 1992).

Glufosinate was found to be the active phytotoxic 

metabolite of bialaphos, produced by the actinomycetes 

Streptomyces viridochromogenes and S. hygroscopicus. 

Synthetic glufosinate is used as a herbicide in orchards 

and as a preharvest desiccant (Duke and Lydon 1987; Kishore 

and Shah 1988). Glufosinate is effective against a wide 

range of weeds (Blackshaw 1989; Tachibana et al. 1986). It 

acts on weeds more slowly than paraquat (1,1'-dimethyl- 

4, 41-bipyridinium ion) but faster than glyphosate [N- 

(phosphonomethyl)glycine] (Tachibana and Kaneko 1986). An 

adverse effect of using this herbicide in rice is its non- 

selective broad spectrum activity (Duke and Lydon 1987). 

Genetically engineered herbicide-resistant rice offers the 

possibility of direct application of glufosinate in rice 

for the selective control of red rice (Braverman and 

Linscombe 1994).

Recently the commercial rice cultivars, Gulfmont and 

Koshihikari have been altered by genetic engineering 

techniques to contain the BAR gene (Christou et al. 1991). 

The BAR gene, which is a part of the bialaphos biosynthesis
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pathway, encodes PAT and is used as an assayable marker 

gene (D'Halluin et al. 1992) . Genetically engineered rice 

plants produce phosphinothricin acetyl transferase, PAT, 

which makes the plant resistant to glufosinate. 

Phosphinothricin, which is the active portion of the 

glufosinate molecule, is an inhibitor of glutamine 

synthetase and thus prevents incorporation of ammonia into 

amino acids. Inhibition of glutamine synthetase (E.C.

6.3.1.2) by glufosinate results in the accumulation of 

toxic levels of ammonia in plant cells. Acetylation of 

glufosinate at its free amino group by PAT disrupts 

glufosinate's inhibitory activity of glutamine synthetase, 

thus making the plant resistant to glufosinate (D'Halluin 

et al. 1992).

Application of herbicides at 3- to 4- leaf or 

tillering stage of rice growth is a widely followed 

practice in rice weed management. However, there are no 

postemergence herbicides that control red rice. Control of 

red rice is further complicated in fields due to 

germination and emergence over a longer period of time than 

cultivated rice. Water management is an important tool in 

reducing red rice emergence. Drained fields may still have 

lower sections with standing water, or may collect water 

after a rain. Depending on red rice height and water 

depth, this may leave some red rice partially or totally
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covered with water. The influence of water on the ability 

to control red rice with glufosinate is not known. Thus, 

the main objectives of this study were to evaluate 

glufosinate resistance of transgenic lines transformed with 

the BAR gene and red rice efficacy with glufosinate under 

flooded and non-flooded conditions.

MATERIALS & METHODS 
Transgenic rice studies. Transgenic rice lines were 
evaluated in 1993, 1994, and 1995 on the main unit of the 

Rice Research Station, Crowley, La, on a Crowley silt loam 

(fine montmorillonitic, thermic Typic Albaqualf) soil. 

Fifteen transgenic rice lines including six derived from 

the transformation of Gulfmont and nine derived from the 

transformation of Koshihikari rice and non-transgenic 

Gulfmont and Koshihikari were evaluated (Table 2.1). The 

transgenic lines possessed two vector plasmids, pWRG4517, 

and pWRG242 6. Plasmid pWRG4517 contained BAR gene for 

glufosinate resistance and Hm gene, which confers 

resistance to hygromycin (Agracetus Inc. 1991). The 

pWRG2426 construct consisted of the GUS gene in addition to 

the above two genes (Agracetus Inc. 1991). In the 

transgenic rice studies, plot size was 3.7 by 1.4 meters
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Table 2.1. BAR-transformed and non-transformed commercial varieties evaluated for 
response to applications of the herbicide glufosinate.

Entry number Line number
Parent

cultivar Vector plasmid number

1 517-1-R1 Gulfmont pWRG4517 1
2 517-2-R1 Gulfmont pWRG4517 1
3 517-3-R1 Gulfmont pWRG4517 2
4 517-5-R1 Gulfmont pWRG4517 1-2
5 517-7-R1 Gulfmont pWRG4 517 2
6 526-1 Gulfmont pWRG2426 <2
7 495-1-R1 Koshihikari pWRG2426 3
8 495-1-R2 Koshihikari pWRG2426 3
9 496-1-R1 Koshihikari PWRG2426 >10

10 496-1-R2 Koshihikari pWRG2426 >10
11 496-2-R1 Koshihikari pWRG2 426 1-2
12 496-3-R1 Koshihikari pWRG2426 3-4
13 496-3-R2 Koshihikari pWRG2426 4-6
14 4 96-4-R1 Koshihikari pWRG2426 4-6
15 496-4-R2 Koshihikari pWRG2 426 4-6
16 Gulfmont (Non-transgenic)
17 Koshihikari ( N o n - t r a n s g e n i c )
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with seven rows. At the 3- to 4- leaf stage, rice lines 

were sprayed with glufosinate at 0, 1.1 and 2.2 kg ai/ha. 

The field was not flooded until 2 days after glufosinate 

application. The experimental design was a split-plot with 

herbicide rate as main plots and rice lines as sub-plots. 

The data were subjected to analysis of variance (ANOVA) to 

estimate main effects of year, rice line, and glufosinate 

rate and interactions between main effects. When 

interactions were not significant, data were pooled. 

Treatment means were separated using Fisher's protected LSD 

at the 0.05 level of probability.

Red rice experiments. Field and greenhouse experiments were 

conducted to evaluate the effect of glufosinate and 

flooding on control of 3- to 4- leaf awnless strawhull red 

rice. Field experiments were conducted in 1994 and 1995 on 

the South farm of the Rice Research Station, Crowley, La, 

on a soil naturally infested with red rice. Herbicide 

treatments were a factorial of either flood (approximately 

1.25 cm) or no flood and nine glufosinate rates.

Glufosinate was applied at 0, 0.3, 0.4, 0.6, 0.8 and 1.1 kg 

ai/ha as a single application or a sequential application 

of 0.3, 0.4 and 0.6 kg/ha applied one week apart into 6.2 m 

by 1.8 m plots.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Greenhouse experiments were conducted in 1994 and 1995 

to further evaluate how different depths of flood water 

affect red rice control with glufosinate. The design was a 

randomized block design with a complete factorial 

arrangement of flood depths (0, 25, 50, 75 and 100% of 

plant height) and glufosinate rates (0, 0.3, 0.4, and 0.6 

kg/ha). Twenty seeds of awnless strawhull red rice were 

sown into 30 by 15 by 8 cm plastic tubs and were later 

thinned to 10 plants per tub. In all the experiments, 

herbicide treatments were applied in a 95 L/ha spray volume 

at 3- to 4- leaf stage of red rice (approx. 25 cm tall) 

with a C02 pressurized back pack sprayer with flat fan 

nozzles4 spaced at 0.38 m. Water was siphoned from the 

tubs and tubs were placed back in the greenhouse 24 hr 

after treatment. A shallow flood (2 cm) was maintained to 

promote plant growth in the greenhouse experiment.

For both rice and red rice experiments, phytotoxicity 

of glufosinate was visually evaluated 21 DAT5 on a scale of 

0 (no injury) to 100% (plant death). Injury symptoms 

included chlorosis, necrosis, and stunting of plants. In 

addition to visual observations on injury, plant heights 

and dry weights of red rice plants were recorded in the

4Teejet FFVS 8002 tips, Spraying Sysems Co., Wheaton, IL 
60187.

5DAT, days after treatment
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greenhouse study. Height from the base of the plant to the 

tip of the longest leaf was determined. Red rice plants (3 

from each pot) were harvested at 21 DAT and were oven dried 

at 60 C and weighed to determine dry weight. Weed-free 

plots were maintained in each block in the transgenic rice 

studies. Yield data from 1993 was not included since plots 

were only one row, 2 m long. Greenhouse experiments were 

repeated over time.

Data were subjected to analysis of variance to 

determine the main effects of time, flooding depth and 

glufosinate rate and interactions between main effects to 

determine whether data could be pooled over years. Means 

were separated by Fisher's protected LSD at 0.05 level of 

significance.

RESULTS AND DISCUSSION 

Transgenic rice experiments. The effect of glufosinate on 

transgenic and commercial rice lines 21 DAT are presented 

in Table 2.2. There was a significant interaction 

between year, rice line and glufosinate rate; therefore 

data on injury and yield were presented by year. Injury on 

Gulfmont lines ranged between 0 to 8%, which was similar to 

non-sprayed controls all three years. Although Gulfmont 

line 526-1 was transformed with the same plasmid as the
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Table 2.2. Effect of glufosinate on transgenic Gulfmont and Koshihikari rice lines 
and commercial Gulfmont and Koshihikari rice varieties 21 DAT in Crowley, LA.

Rice injury
1993 1994 1995

---------------------- Glufosinate rate kg ai/ha -------------------
0 1.1 2.2 0 1.1 2.2 0 1.1 2.2

%

Gulfmont lines 

517-1-R1 0 3 5 3 1 3 2 2 2
517-2-R1 0 1 6 3 6 3 2 2 5
517-3-R1 0 1 3 5 4 0 0 3 3
517-5-R1 0 0 1 4 3 1 2 3 5
517-7-R1 0 0 0 0 5 4 0 0 8
526-1 0 3 0 1 1 1 3 2 2

Koshihikari lines 

495-1-R1 0 3 1 6 4 3 12 20 22
495-1-R2 0 5 14 4 4 5 13 15 15
496-1-R1 0 24 29 0 26 16 0 2 0
496-1-R2 0 6 53 0 39 29 0 0 8
496-2-R1 0 0 6 4 3 3 0 0 0
496-3-R1 0 11 18 4 14 20 0 2 8
496-3-R2 0 4 8 1 14 16 0 0 0
496-4-R1 0 9 13 1 15 6 0 0 2
496-4-R2 0 9 19 3 13 13 0 2 2
Gulfmont 0 95 100 1 100 100 0 96 100
Koshihikari 0 100 100 0 100 100 0 90 98
LSD (0.05) 9 8 8


