
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Canadian Journal of Plant Science, 67, 2, pp. 457-466, 1987-04-01

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=e5396cc2-8e4e-4bb8-b079-bf69a386729e

https://publications-cnrc.canada.ca/fra/voir/objet/?id=e5396cc2-8e4e-4bb8-b079-bf69a386729e

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.4141/cjps87-065

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Comparison of photosynthesis in normal and triazine-resistant 

Brassica
Hobbs, S. L. A.

https://doi.org/10.4141/cjps87-065
https://nrc-publications.canada.ca/eng/view/object/?id=e5396cc2-8e4e-4bb8-b079-bf69a386729e
https://publications-cnrc.canada.ca/fra/voir/objet/?id=e5396cc2-8e4e-4bb8-b079-bf69a386729e
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


COMPARISON OF PHOTOSYNTHESIS IN NORMAL AND TRIAZINE-RESISTANT
Brassica
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CanadeL S7N 0W9. Contribution no. 25864, received I0 Jan. 1986, accepted 23 Oct.

1986.

HoBBS, S. L. A. 1987. Comparison of photosynthesis in normal and triazine-resistant
Brassica. Can. J. Plant Sci. 67: 457-466.

In spacr:d field plantings, triazine-resistant types of Brassica campestris L. and B. napus
L. had a carbon dioxide exchange rate (CER) 28% lower in 1983 and 25% lower in
1984 than normal (triazine-susceptible) types. In plots simulating agronomic spacings
in 1982f, the difference between CER in normal and resistant types was 17% for
B. caryoestris, 14% for B. napus and 13% for B. junceaL. Differences were apparent
througtLout the season and were not associated with any particular stage of growth.
Resista:nt progeny from reciprocal crosses between resistant and susceptible plants of
B. napus exhibited reduced CER at all levels of photosynthetically active radiation and
at all temperatures. There was no signihcant difference between plant types for
chlorophyllc*bcontentorchlorophyll albratto. Shootdryweight, stomatalresistance
and specific leaf weight were higher in the normal types, but there was no difference
between types in either relative grouth rate or net assimilation rate. The reduced biomass
was nol therefore linked to reduced CER.

Key words: Carbon dioxide exchange rate, herbicide, oilseed, rapeseed

[Comparaison de la photosynthdse chez des vari6t6s de Brassica normales et r6sistan-
tes ir Ia triazine.l
Titre abr6g6: Photosynthdse chez les Brassica normales et r6sistantes i la triazine.
Des vari6t6s de Brassica campestis L. et de B. napus L. r6sistantes i la triaz ine, culti-
v6es en plantations par pieds isol6s, prdsentaient un taux d'6change du CO, (CER)
inf6rieu,r de 287a en 1983 et de 257a en 1984 )r celui des vari6t6s normales (sensibles
h la triazine). Dans des parcelles simulant I'espacement cultural, en 1984, la diff6-
rence observ6e du CER entre les types normaux et r6sistants 6tait de l7% pou B.
campestris,del4Vo pourB. napusetde13% pourB. junceaL. Lesdiff6rencesobser-
v6es 6taient visibles pendant toute Ia saison et n'6taient pas li6es )r un stade particulier
de la cr,cissance. Les descendants r6sistants de croisements r6ciproques entre les plan-
tes r6sir;tantes et sensibles de B. napus ont laiss6 voir un CER r6duit ir tous les niveaux
du rayonnement photosynth6tiquement utilisable et pour toutes les temp6ratures. Il n'y
avait pas de diffdrence significative entre les types de plante quand d la teneur en chlo-
rophyll: a*b ou au rapport de la chlorophylle a sur la chlorophylle b. Le poids sec

des tiges, la r6sistance stomatique et le poids foliaire sp6cifique 6taient plus 6lev6s chez
les types normaux mais nous n'avons observd aucune diff6rence, entre les types, quant
au taux de croissance relatif ou au taux net d'assimilation. La baisse de la production
de bionrasse d'6tait donc pas li6e ir une r6duction du CER.

Mots cl6s: Taux d'6change du COr, herbicide, ol6agineux, colza

Can. J. Plant Sci. 67: 457-4f,6 (Apr. f987)

457

C
an

. J
. P

la
nt

 S
ci

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
N

at
io

na
l R

es
ea

rc
h 

C
ou

nc
il 

of
 C

an
ad

a 
on

 0
9/

05
/2

3



458 CANADIAN JOURNAL OF PLANT SCIENCE

Triazine herbicide resistance in many species Plants were treated with carbaryl to control flea

results from a slight modification in a chlo- beetles, as required.

roplast polypeptide (Q") in photosystem II
(p^fister it d. r'qsr; iisctrteig rt ui. tes+;. Field Plots

ihe herbicide normally binds to this protein, A normal and a triazine-resistant genotype of each---- i-'---;-l of B. campesrris (Tobin and DO53 1.1. B. juncea
anq tne slructurar cnalg! J:tl:.ntt:le,lol (oorno and TRI83-1507) and B. napus (Westar
resistance leads to a loss of this binding and DM797) were grown in the field in 19g4. plots
capacity . This form of resistance is associated were established simulating agronomic spacings in
with reduced photosynthetic activity in some, a randomized complete bl6ck design by rhe
but not all, weed species (Ort et al. 1983; Agriculture Canada iesearch Station, Saskatoon.
van Oorschot and van Leeuwen i984). CER measurements were made on five randomly
Reduced growth of such biotypes (Marriage selected plants from each of two replicates for each

and Warwick 1980; Mapplebeck et al. 1982) genotype. Four sets of measurementsfor B. napus

might be due in part to this lower photo- andthreesetsforB. campestisandB.junceawere

synthetic activity. made between 35 and 5l d from planting.

Preliminary evidence indicates that photo-
synthesis is reduced under certain environ-
mental conditions in triazine-resistant
Brassica napus L. cultivars (Donnelly and
Hume 1984) and that tiazine resistance in oil-
seed rape is associated with a reduced yield
(Beversdorf and Hume 1984; Grant and
Beversdorf 1985). The work presented here
was conducted to examine differences bet-
ween the carbon dioxide exchange rate (CER)
in triazine-resistant and susceptible (normal)
cultivars of B. campestris L., B. napus and
B. juncea L. grown under various environ-
mental conditions. Relationships between
CER and growth, and between CER and other
physiological characteristics associated with
photosynthesis were examined.

MATERIALS AND METHODS
Spaced Plantings
Four genotypes of B campesrris (Torch, Tobin,
Yellow Sarson R500 and DM431) and of B. napus
(Midas, Westar, Bronowski and DM797) were
grown in the field in 1983 and 1984. DM43l and
DM79'7 were triazine resistant and the others were
normal. Seed, supplied by the Agriculture Canada
Research Station, Saskatoon, was planted on
26May 1983 and 18 May 1984. Each genotype
was sown as a l-m row with I m in all directions
between genotypes. The experimental design was
a randomized complete block with four replicates.
Within rows, plants were thinned to 25-cm spacing.
One plant in each row was marked and CER
measurements were made on these plants seven
times between 29 and 68 d from planting in 1983,
and between 38 and 66 d from planting in 1984.

Reciprocal Crosses
Seed of B. napus , produced by reciprocal crossing
between single plants of Triton (triazine resistant)
and Hanna (normal), was supplied by
Dr. W. Beversdorf, Crop Science Department,
University of Guelph, Guelph, Ontario. The
progeny having Triton as the female parent were
triazrne resistant whereas those from the reciprocal
cross were normal. Spaced plantings were
established on 18 May 1984 as described above.
The CER measurements were made on all plants
four times between 38 and 52 d from planting.

Light curves were generated for the reciprocals
in the field using screens of cheesecloth to shade
plants on a sunny day in mid-season. Using 0-8
screens, the amount of shade was progressively
increased on one replicate within a cross then
decreased on the next. In this manner, three plants
of each cross were measured under conditions
ranging from full sunlight (1800 pmol quanta
m 2 s 1) to about 100 prmol quanta m z s t. The
CER was allowed to stabilize (approximately
1 min) at each level of shading before recording
CER, cuvette temperature and photosynthetically
active radiation (PAR). Average CER for each
cross for every 100 pmol quanta m-2 s-r below
700 and every 400 trrmol quanta m e s t above
700 were calculated.

Reciprocals were also grown under controlled
environmental conditions. Seeds (one per pot) were
planted in 6-inch pots filled with Turface and
treated with Nutricote controlled-release fertilizer.
Fourteen plants from each cross were grown in a
completely randomized design at 20ll5"C
daylnight temperature and a 16-h photoperiod
(1000 pmol quanta m u s t PAR). At 2l d from
planting the plants were subjected to different daily
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HI:)BBS - PHOTOSYNTHESIS IN NORMAL AND TRIAZINE.RESISTANT BRASSICA 459

light/temperatur,: regimes. The plants were allowed
to acclimatize fcrr I d prior to CER, stomatal resis-
tance, chloroplryll, cuvette PAR and cuvette
temperafure me€Lsurements. The regimes used were
temperatures of 10, 15, 20 or 30'C combined with
high (100%) or low (50%) PAR.

Growth Experiments
Two genotyper; of B. campestris (Tobin and
DM43l - the la.tter being Tobin with triazine resis-
tance backcross,ed into it) were planted in the field
in 5-m rows arnanged in a randomized complete
block design with five replicates on l8 May 1984.
Plants were thj.nned to l0-cm spacings and 24
plants were marlred at random in each row for mea-
surement. Four marked plants from each row were
harvested each week for 6 wk starting 35 d from
planting. CER of two of the plants to be harvested
was measured twice during the week prior to
harvesting, excopt week 1 when plants were too
small to measure CER.

Fifty plants t:ach of Tobin and DM431 were
grown in indivi<lual pots under controlled environ-
mental conditions. Seeds were planted as descri-
bed above ancl plants were grown in a 16-h
photoperiod, 20 I 15" C light/dark temperatures and
750 pcmol quanta m-2 s-' PAR. At 16 d from
planting, 10 plants of each genotype were
harvested. For'lhe next 4 wk CER was measured
on l0 randomll, selected plants of each genotype
and these plants were immediately harvested. The
experiment was then repeated at a higher PAR level
(1000 pmol quanta m-2 s-t). In this experiment
there were onl5r lstt weekly harvests starting at
l0 d from planting as the final l0 plants could not
be assayed due to equipment failure. Dry weights
from the flrst t\vo harvests of this second experi-
ment were also lost due to a laboratorv fire.

Measurements
A Licor 6000 p,rrtable photosynthesis system was
used to measure CER and stomatal resistance of
the reciprocal cr:oss progeny grown indoors. Other
CER measuretrents were made using a portable
infrared gas analyzer (Mahon and Hobbs 1981).
The second or dfrd firlly opened leaf from the apex
was measured rLondestructively using a hxed area
cuvette. Chlorophyll was measured as described
by Hobbs and Mahon (1985).

Leaf arca (using an area meter from Delta-T
devices, Cambridge, England), leafand shoot dry
weights were rrreasured on all harvested plants in
the growth experiments.

Analysis
Nested analyses of variance, with time as subtreat-

ments, were performed. Duncan's multiple range

test was used for multiple comparisons.
Light curves for spaced plantings in the field

were generated by calculating the mean and
variance of all CER measurements made during
the season between 0 and 500, 501 and 1000, 1001

and 1500, 1501 and 2000, or 2001 and 2500 pmol
quanta m z s-t. Similarly, temperature curves
were generated using the parameters 2O-25 , 26-30 ,

or 3l-35'C.
Relative growth rate (RGR) was calculated as

(lnWr-lnW,)l(72-n) and net assimilation rate
(NAR) as ((W, - W,) I (72 - Tl)) ((ln L, - ln L,) I (1. -
Z,)) where, for each week (72), W, and I" are the
shoot dry weight and leaf area, and W, and L, ate
the shoot dry weight and leaf area of the previous
week (Il).

RESULTS
No difference in CER was found within
species among the normal varieties of
B. campestris and B. napus (Table l). How-
ever, normal types in these species and in
B. juncea had significantly higher CER than
the triazine-resistant types (Tables I and2).
This difference was apparent at each measure-

ment time in each year and there was no signi-
ficant genotype by time interaction.

Progeny from reciprocal crosses between
two B. napus plantq one resistant and one
normal, gave similar results. Mean CER for
resistant progeny was 2.21 nmol cm-2 s-r,
and for normal progeny was 2.66 nmol
cm-2 s-r, a l'l% difference (P<0.01).

In the spaced plantings of B. campestis and
B. napus in both 1983 and 1984, CER was
lower in triazine-resistant types at all levels
of PAR (Fig. 1). The 1984 measurements did
not produce such a smooth curve as those of
1983 as the measurements were concentrated
in the 150- to 2000-pmol quanta m-2 s-r
range through a conscious effort to obtain
more readings under higher PAR levels in
1984. The accuracy of the estimate of mean
CER at other light intervals was therefore
reduced as shown by higher standard errors
(Fig. l). The data from both years indicate
a greater difference in CER at higher levels of
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460 CANADIAN JOURNAL OF PLANT SCIENCE

Table 1. CER means of space-planted Brassica in the field

CER
(nmol cm-2 s-r)

Genotype 1983

B. campestris

Torch
Tobin
Yellow Sarson (R500)
DM431 (triazine resistant)

B. napus

Midas
Westar
Bronowski
DM7 97 (triazine resistant)

Decrease in CER associated with triazine resistance (%)

2.03a
2.06a
2.15a
t.48b

2.21a
2.19a
t -i5a
t.63b

28

2.64ab
2.52ab
2.82a
1.80d

l.olaD
2-48b
2.))al)
2.l0c

25

a-c Means within a column followed by the same letter are not different at the 0.05 level according to Duncan's

multiple range test.

500 1 000 1 500 20c0 0 500 't 000 i 500 2a0a

PAR (p-ol qucnto m-2 s-1)

Fig. 1. CERof normalandtriazine-resistantspace-plantedBrassicd, atdifferentlevelsof PAR, grown
in the field in 1983 and 1984. Bars indicate standard error for each mean.
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HOBBS - PHOTOSYNTHESIS IN NORMAL AND TRIAZINE-RESISTANT BRASSICA 46r

Normal
rype
CER

Triazine-
reslstant

type CER

Table 2. CER valtres for three different Brasslca species
gro,rn in plots in the field

in 1983; r : 0.582** in 1984). It was only
possible to plot CER against temperature for
1984 as temperature measurements were not
routinely made in 1983. The temperature cur-
ves (Fig. 2) show that CER of triazine-
resistant types was lower by a similar amount
at each temperature. For the reciprocal cros-
ses, where differences in PAR were rapidly
generated by shading with little resulting
change in cuvette temperature, differences
between triazine resistant and normal progeny
also occurred at all levels of PAR (Fig. 3).

Under controlled conditions, triazine-
resistant progeny from the reciprocal cross
had a lower CER than normal progeny
(Fig. a). The measurements at high PAR
(averaging 740 p"mol quanta m-2 s-r at the
cuvette) showed greater difference between
types than measurements at low PAR (avera-
ging 390 pmol quanta m-2 s-r at the cuvette
and the difference was apparently greatest at
the high PAR/optimum temperature combi-

Decrease in CER
associated with

triazine resistance
(%)

B. campestris

1.65x

B. napus

1.66+*

B. juncea

2.29**

+,x* Differences between normal and triazine-resistant
types are significant at the 0.05 and 0.01 levels of pro-
bability.

PAR. This may have been due to temperature
effects as PAR and temperature were posi-
tively correlated in both years (r : 0.8091c"'

- 

(ru.nol cm-) s r) _

3.5
C NoRl',4A1

G TRIAZ NI RESISTANT
T

6

25 30

Cuveite Temperoiure ("C)

Fig. 2. CER of normal and triazine-resistant space-planted Brassica, at different temperatures, grown
rn the field in 1984. Bars indicate standard error for each mean.
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O NORMAL
__tr-- TRIAZINE RESISTANT

0 250 500 750 1 000 1250 1 500 1750 2000

PAR (trtmol quonto m-2 r-t)
Fig. 3. CER of normal and triazine-resistant B. napus progeny from reciprocal crosses, at different
levels of PAR, grown in the field in 1984.

3.5

NORN/AL

TRIAZINT RIS]STANT

L.l a Lt I la !-ftl \rl L lut l

r1 LOW LIGHI

_:'.'...

1.5 15 2A 25 30 35

Cuvette Temperoture ("C)
Fig. 4. CER or normal and triazine-resistant B. napus prageny from reciprocal crosses at different
indoor PAR and temperature regimes. Bars indicate standard error for each mean'
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HOBBS - PHOTOSYNTHESIS IN NORMAL AND TRIAZINE-RESISTANT BRASSICA 463

nations. The CER differences between types
were8.5, 11, 13.5, and5% atthehighPAR
and 6, 5, 8 and 1% atthe low PAR for cabi-
net temperature settings of 10, 15, 20 and
30'C, respectively.

Final shoot weight was greater in normal
types under both field and controlled environ-
mental conditions but RGR and NAR did not
differ significantly between triazine-resistant

and normal types (Table 3).
Specific leaf weight was higher in the

normal types (Table 3), though this was only
significant in the indoor (low-light) condi-
tions. The triazine-resistant and normal types
did not differ in chlorophyll content or in
chlorophyll alb rutio (Table 4) but stomatal
resistance was lower in the triazine-resistant
type (Table 4).

Table 3. Mean values for characteristics of B. camoestrls srown in the freld and under controlled conditions

RGR NAR Specific
(week-'; (g m-2 wk-') leaf weight

(mg cm-2)

Final shoot
weight (g)

Field 1984

Normal
friazine resistant
Signihcance level'f

hdoor (high light)

t{ormal
Iriazine resistant
Significance levelT

lndoor (low light)

\ormal
Iriazine resistant
lignificance levell

144 5.65
108 5.48
NS NS

54.5
25.5

4.69 26.r
4.21 19.2
*+ **

0.59
0.58
NS

83

8l
NS

t.t7
1 .39
NS

1.09
r.22
NS

r01 5.91 12.2
tt7 s.s4 10.8
NSNS*

f,x,** Differences between normal and triazine-resistant types are significant at the 0.05 or 0.01 levels of probability,
'espectively; NS, nonsignifrcant.

fable 4. Mean values for characteristics of progeny from
'eciprocal crosses between normal and triazine-resistant
ypes of B. napus grown under controlled high light

conditions

Triazine-
resistant Normal
progenyT progeny{

IER (nmol cm 2 s 1) 2.14 2.33**
Jhlorophyll a+b (pg cm 2) 40.0 38.7
)hloropyll a/b 2.35 2.48
itomatal resistance (s cm r) 1.ll 1.28+*

I Progeny from crosses using triazine-resistant type as

'emale.
i Progeny from crosses using normal type as female.
i* Differences berween normal and triazine-resistant types
ue significant at the 0.01 level of probability.

DISCUSSION

The lower CER in triazine-resistant types of
the three Brassica species was apparent under
most temperature and PAR regimes in plants
grown in the field or in controlled
environment conditions (Figs. 1-4). Although
leaves are not the primary photosynthetic
organs throughout plant growth in Brassica
(stems and pods playing major roles in the
later growth stages (Chapman et al. 1984)),
differences in the leaf CER were maintained
throughout the season and were not restric-
ted to a particular physiological age ofplant
or leaf.
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A single base substitution in the chloroplast
gene coding for Q" protein in photosystem II
has been found to be associated with triazine
resistance in Amaranthus hybridus and Sola-
num nigrum (Hirschberg et al. 1984). The
resulting structural change apparently redu-
ces triazine binding ability. Wild turnip pro-
bably has a similar mechanism of resistance
(Ali and Souza Machado 1984) and it was this
resistance that was transferred to commercial
Brassica (Beversdorf et al. 1980). In the
control ofphotosynthesis, it has been shown
that photochemical capacity (the maximum
rate at which a leaf can convert a nonlimiting
supply of light energy to chemical product)
can be co-limiting with intracellular CO,
concentration under light-saturated conditions
(Terry and Farquar 1984). It is possible,
therefore, that the reduction in CER found
here, and in the triazine-resistant biotypes of
many weed species (Ort et al. 1983;
van Oorschot and van Leeuwen 1983), was
due to a reduction in photochemical capacity
associated with a change in the Qu protein.
However, although Bowes et al. (1980)

showed that electron transfer between the
primary quinone acceptor in photosystem II
(Qo) and Q" was 10 times slower in triazine-
resistant chloroplasts of pigweed (A. retro-

flexus), the rate of electron transfer from Qo
to Qu is not usually the rate-limiting step and
isolated chloroplasts from triazine-resistant
and normal types of14. hybridus had equiva-
lent rates of whole-chain electron transfer (Ort
et al. 1983). Hence, the slower electron trans-
fer from Qo to q" cannot directly account
for the lower CO, reduction rates under all
conditions.

Ort et al. (1983) suggested that there may
be genetic differences other than triazine
resistance between the biotypes examined and
that these could be the underlying cause of
reduced CER in the triazine-resistant types.
Although the F, progeny of reciprocal
crosses between normal and resistant indivi-
duals examined here also showed differences
in CER (Figs. 3 and 4), such crosses still do
not preclude the existence of multiple
differences in the chloroplastic genome.

Ducruet and Lemoine (1985) found that

triazine-resistant plants had a greater increase

in fluorescence at high temperatures than did
normal plants. This was ascribed to greater

heat sensitivity in the photosystem II electron
transfer linked to Iriazine resistance. Heat

effects may, in part, explain greater
differences in CER between types at higher
levels of PAR in the field (Fig. 1) as PAR was

correlated to temperature. However, the CER
differences in the field did not appear to
increase at higher temperatures (Fig. 2), nor
would such temperature effects explain the
indoor results where the greatest difference
in CER between types was found at optimum
temperature (Fig. 4) under high levels of
PAR.

Other explanations for the differences
between the CER in the triazine-resistant and

normal types could not be found. There were
no significant differences in chlorophyll a*b
or in chlorophyll alb ratio as had been found
in wild turnip (Burke et al. 1982). Stomatal
resistance was higher in normal types
(Table 4) and was not differentially affected
by temperature at high levels of PAR in the

same way that CER was. There was some

difference noted between specihc leaf weight
in the two types, which may have accounted
for CER differences (Table 4). However, the

higher specific leaf weight in normal types

may have been due to increased starch build-
up in plants with higher CER.

Shoot dry weight was lower in the triazine-
resistant types, both in indoor and field trials
(Table 3). In pea, genetic differences in CER
have been found to be correlated to RGR and

NAR (Hobbs and Mahon 1982; Mahon 1982)

but, in the Brasslca species studied here, RGR

and NAR were not significantly different in

the two types. Hence, it could not be demons-

trated that reduced CER was correlated with
lower shoot dry weight through a reduction
in these growth parameters.

The shoot weight of the triazine-resistanl
types was lower than that of the normal types

at the initial harvest time in each growth
experiment. Consequently, final shoot weight
was lower in resistant types even though RGR
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and NAR did not differ. This early difference
in shoot dry weight could be due to seedling
differences, such as earlier seedling emer-
gence, as found in several weed species
(Mapplebeck et al. 1982) or due to CER
differences being of greater importance in the
very early stages of seedling growth. Further
examination of early growth might be useful
as this may elucidate the cause of the overall
Cecrease in plant perfonnance associated with
lriazine resistance.
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