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Resistance to .s-triazine-herbicides in weeds is the most widespread and extensively studied 
of all intraspecific herbicide-resistance. It is o f interest that the resistant biotype appears in 
some limited genera such as Amaranthus spp. and Chenopodium spp. much more frequently 
than in many other significant weeds. We examined the response of cultured Amaranthus 
retroflexus cells to atrazine in comparison with those of several other plant species to under­
stand what causes this differentially inter-specific response. Atrazine scarcely inhibited the cell 
growth of either atrazine-resistant and susceptible-Amaranthus cells. Tobacco cells, however, 
could not grow as cultured Amaranthus cells in high concentrations of atrazine even under het- 
erotrophic culture conditions. Atrazine-resistant tobacco cells were also sensitive to high con­
centrations of atrazine. The inhibition of cell growth by this secondary effect of atrazine was 
also observed in cultured wheat and rice cells. Atrazine-sensitive Chenopodium cells are rela­
tively more resistant to high concentrations of atrazine. The importance of potential tolerance 
to the secondary effects of atrazine is discussed with respect to the frequent occurrence of tria- 
zine-resistant biotypes in limited plant species.

Introduction

Resistance to s-triazine-herbicides in weeds is 
the m ost widespread and extensively studied o f all 
intraspecific herbicide-resistances. Subsequent to  
R yan ’s first report [1] that Senecio vulgaris could  
no longer be controlled by triazine in a western  
W ashington nursery after application o f  simazine 
for several years, triazine resistant biotypes o f  
m any weeds have been reported in N orth  A m erica  
as well as in Europe (see ref. in [2] and [3]). In both  
areas, Amaranthus spp. and Chenopodium spp. are 
the m ajor resistant genera. These genera are cer­
tainly im portant weeds, however, it is o f interest 
th at the resistant biotype appears in these limited 
genera m uch m ore frequently than in m any other 
significant weeds. W hat causes this differential in­
terspecific response is not understood, even 
though the resistance within several weed species 
has been traced to the same m utation o f a triazine- 
target protein [ 4 - 7 ] ,  Cultured cells provide a sim-
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pie system well for an investigation o f the physio­
logical differences associated with triazine resist­
ance am ong plant species. W e examined the re­
sponse o f cultured cells o f  Amaranthus retroflexus 
in com parison with those o f tob acco, wheat, rice, 
maize and Chenopodium album L . and discuss the 
relationship between potential tolerance in Ama­
ranthus and Chenopodium to atrazine and the fre­
quent appearance o f resistant mutants.

Materials and Methods

Cultured cells

Calli o f atrazine-resistant and susceptible Ama­
ranthus retroflexus L . were induced from stems on 
a solidified M urashige-Skoog (M .S .) medium [8] 
with 1 |im  2,4-dichlorophenoxyacetic acid (2 ,4 -D )  
and 1 |xm benzylaminopurine (B A ) and green 
Amaranthus cells were selected in Linsmaier- 
Skoog (L .S .) medium [9] with 1 |im naphthalene- 
acetic acid (N A A ) and 1 jim  BA. Cultured green 
cells o f tob acco  (Nicotiana tabacum cv. Samsun 
N N ) were m aintained in modified L .S . medium  
with twice the original strength of vitamin concen­
tration , 10 jiM N A A  and 1 jim  kinetin as described 
before [10]. Pale green calli o f Chenopodium album 
L. were induced from  stems on a solidified M ura- 
shige-Skoog medium containing 1 jim 2,4-D . N on ­
green calli o f rice ( Oryza sativa L . cv. N ihonbare)
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were induced from seed-embryo on a modified  
M .S. medium containing twice the vitamin co n ­
centration o f B 5  medium [11], 10 |iM 2 ,4 -D , 
1.14 mM asparagine, 100 mg/1 casam ino acids and  
12 mM proline. Non-green cultured cells o f wheat 
( Triticum aestivum var. Chinese Spring) were 
maintained in L .S. medium with 10 jim  2 ,4 -D  as 
described previously [12], N on-green calli o f maize 
(Zea mays cv. Goldencross B antham ) were in­
duced from shoots on a L .S . medium containing  
10 jiM 2,4-D . Seeds o f atrazine-resistant and sus­
ceptible biotypes o f Amaranthus retroflexus L . and  
Chenopodium album L . [13] were kind gifts from  
Dr. R. S. Radosevich (O regon State University). 
All cells except heterotrophically cultured tob acco  
cells were cultured in liquid medium with 3%  su­
crose with 100 rpm shaking in the light (ca. 3000  
lux). H eterotrophically cultured tob acco  cells were 
grown in the dark.

Measurement of atrazine tolerance of cultured cells

A  half gram  o f cultured cells was inoculated in 
media containing various concentrations o f a tra ­
zine (medium volume: 12.5 ml in 50 ml flask). 
Atrazine-resistance o f these cell lines was evaluat­
ed by the inhibition of cell grow th after 2 weeks 
(for Amaranthus, Chenopodium and tob acco), or

3 weeks (for maize, rice and wheat). All experi­
ments were done in duplicate.

Results and Discussion

The responses o f atrazine-resistant and suscepti- 
ble-Amaranthus cells to atrazine are shown in 
Fig. 1A . A trazine scarcely inhibited the cell 
grow th o f either cell type in the medium with 3%  
sucrose. The susceptible line was only partially in­
hibited in 300 fj.M atrazine-containing medium  
with 0 .5 %  sucrose, in which chloroplasts are more 
developed. This low sensitivity o f susceptible cells 
to high concentrations o f atrazine indicates that 
cultured Amaranthus cells grow heterotrophically  
even in the light, and, as a result, are resistant to  
inhibition by atrazine.

T ob acco  cells, however, could not grow as cul­
tured Amaranthus cells in high concentrations of  
atrazine even under heterotrophic culture condi­
tions (F ig . 1 B [10]). This suggests that the hetero­
trophic grow th o f tob acco cells is inhibited by a 
secondary effect o f atrazine. This was confirmed  
by the result that atrazine-resistant tob acco  cells 
were also sensitive to high concentrations o f a tra ­
zine (Fig . 1 B [14]); resistant cells showed only 15%  
o f norm al growth in the medium containing  
200 (im atrazine, in which concentration the Hill

Fig. 1. A: The effect of atrazine on the growth of atrazine-resistant (▲ , A ) and susceptible (• , O) cultured Amaranthus 
retroflexus cells. One half gram (F.W .) of cells was inoculated and cultured for two weeks. The average increase of fresh 
weight in the medium containing 3%  ( A , • )  or 0 .5%  (A , O) sucrose was 3.5 g and 0.65 g, respectively. Relative 
growth = (increase of cells treated with atrazine)/(increase of control cells without atrazine treatment).
B: The effect of atrazine on the growth of atrazine-resistant (A ) , susceptible (• )  cultured tobacco cells under photo- 
mixotrophic condition as well as on that of heterotrophic cultured cells (O ) in the medium containing 3%  sucrose. The 
average increase of fresh weight was 3.0 g. The data were taken from the ref. [10, 14],



Y . Shigematsu et al. ■ Tolerance of Amaranthus Cells to Atrazine 277

Table I. Responses of cultured rice, wheat, maize and Chenopodium album cells 
to atrazine.

Atrazine 
Cone. [|im ] Rice Wheat

Relative growth 
Maize (1) Maize (2) Chenopodium

Control 100 100 100 100 100
10 109 87 83 85 110
30 81 100 95 93 110

100 21 58 112 88 109
300 < 0 15 112 43 64

The average increase of fresh weight of control cells of rice, wheat, maize (cell 
line 1), maize (cell line 2) and Chenopodium cells was 1.27 g, 2.0 g, 1.6 g, 2.0 g 
and 2.2 g, respectively. Relative growth = (increase of cells treated with atra- 
zine)/(increase o f control cells without atrazine treatment).

reaction o f atrazine-resistant thylakoid m em ­
branes, the prim ary target site o f atrazine, o f to ­
bacco was only inhibited by 5 0% .

The inhibition o f  cell growth by this secondary  
effect o f atrazine was also observed in cultured  
wheat and rice cells when grown heterotrophically  
(Table I). Different cell lines o f maize showed dif­
ferent responses to  atrazine. M aize intact plants 
are not killed by low concentration o f atrazine due 
to its production o f detoxifying enzymes (e.g., glu- 
tathione-S-transferase [15]). Different responses o f  
cultured maize cells suggests that maize cells were 
potentially sensitive to the secondary effect o f  
atrazine and the detoxifying enzyme might express 
differently am ong cell lines.

Atrazine-sensitive Chenopodium cells are rela­
tively m ore resistant to high concentrations o f  
atrazine as was observed for Amaranthus cells. It is 
worthwhile to note that atrazine-resistant biotypes

have been isolated from  both Amaranthus and 
Chenopodium. If  the grow th o f cells were inhibited 
by the secondary effects o f high concentrations of  
atrazine, it is unlikely th at resistant biotypes could  
survive, even though their photosystem  would 
work norm ally as a result o f a m utation in the pri­
m ary target protein for atrazine. This implies that 
potential tolerance to the secondary effects o f a tra ­
zine is im portant for the appearance o f resistant 
weeds.
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