Interaction of Herbicides with Pea Chloroplasts
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We have studied the effect of three herbicides viz., triazole, pyrazon and metribuzin on total
chlorophyll, carotenoids and cell protein in leaves, and PS II and PS I activity in the chloroplasts
isolated from control and herbicide treated pea plants. Pyrazon and metribuzin at 10 pM concen-
tration affect these parameters resulting in the chlorosis of the leaves.

Introduction

Herbicides not only kill the weeds but also affect
cell metabolism of economic crops, specifically their
photosynthetic machinery [1]. They interfere with
the development and structure of chloroplasts,
thereby influencing light reactions of photosynthesis
[2]. We report in this communication on the inter-
action of pyrazon, triazole and metribuzin with pea
chloroplasts during greening in terms of morpholog-
ical changes and photochemical activities.

Materials and Methods

Pea (Pisum sativum var. Bonneville) seeds were
soaked in water for 24 h and germinated on water
soaked filter sheets. The seedlings with 1 cm long
roots were transferred to petri plates containing half
strength Hoagland solution, and kept in dark for
5days before they were transferred to continuous
light (2200 lux) for further growth. For treatment
with herbicides, seedlings were transferred to vari-
ous herbicide solutions of desired concentration in
half-strength Hoagland solution one day prior to
their transfer to continuous light (4 days old seed-
lings in dark). The herbicide concentration was
maintained by keeping a constant level of the
solution in the petri plates.

Abbreviations: Chl, chlorophyll; DCMU, 3-(3,4-dichloro-
phenyl)-1,1-dimethylurea; DCPIP, 2,6-dichlorophenolin-
dophenol; metribuzin, 4-amino-6-isopropyl-3-methyl-thio-
1.2,4-triazin-5-one; MV, methyl viologen; PS, photosystem;
pyrazon (chloridazon), 5-amino-4-chloro-2-phenylpyrida-
zine-3-one: triazole, aminotriazole.
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Chloroplasts from the leaves were isolated essen-
tially according to [3]. These chloroplast preparations
were mostly of Type C according to the classifica-
tion of Hall [4]. Hill activity was determined by
measuring the photoreduction of ferricyanide as
described [5]. Oxygen evolution by isolated chloro-
plasts was assayed using a Clark type oxygen elec-
trode according to [6]. Measurement of electron
transport from ascorbate DCPIP to MV was assayed
polarographically using O, electrode as described in
[7]. Protein was determined after [10].

Results

Figure 1 shows the effect of the herbicides on the
morphology of pea leaves. Leaves showed chlorosis
within 5 to 7 days of herbicide treatment, however,
chlorosis appeared different with different herbi-
cide. Chlorosis started from the margin of lamina in
triazole-treated seedlings, while it appeared from
the midribs in the case of pyrazon. Although the
youngest leaf became fully white with pyrazon and
triazole treatment, the first four leaves never showed
any sign of chlorosis. The entire seedling became
pale when treated with 10 pM metribuzin.

Pigment content

Chlorophyll «@, chlorophyll b and carotenoids of
control and herbicide-treated plants were measured
after 6 and 9 days of growth in continuous light (the
period when the leaves showed sign of chlorosis).
There is virtually no difference in the pigment con-
centration of the leaves grown in presence of tria-
zole. However, pyrazon significantly reduced Chl a,
Chl b and carotenoid content of the leaf. Although,
leaves growing in 10 uM metribuzin showed severe
sign of chlorosis, it affected Chl ¢ and carotenoids
only and not Chl b (Table I).
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Table 1. Effect of herbicides on pigment content of pea leaves?.

Light periods (days)

6 9
Treatment Chlorophyll® Carotenoids®  Chlorophyll® Carotenoids®
Chla Chlb Chla Chlb
Control 2.60 0.85 6.1 2.18 0.74 5.7
Triazole (10 uM) 240 083 6.1 204 070 6.3
Metribuzin (10 um) 2.1 0.81 5.8 1.56 0.88 4.4
Pyrazon (10 pum) 1.72 0.55 4.1 1.17 0.39 2.9
(34) (35) (33)

4 The plants were grown and treated with herbicides as described in Methods. Leaves were
harvested after 6 or 9 days in light. Chlorophyll and carotenoids in 80% acetone were measured
according to [8, 9]. Figures in brackets indicate percent reduction vs. control.

b mg/g fresh wt. of the leaf.

Fig. 1. Effect of different herbicides (10 pM) on the devel-
opment of pea leaves. The plants were grown for 5 days in
dark as described in the Methods and transferred to con-
tinuous light for 8 days. (a) control, (b) pyrazon, (c) tria-
zole, (d) metribuzin.

Total leaf protein

Total cell protein is considered as the indication
of the growth conditions of the cells. Thus, we mea-
sured total leaf protein in control and herbicide-
treated 14 days (5 days dark + 9 days light) old pea
leaves. All the three herbicides inhibited total leaf
protein (Table II).

Table II. Effect of herbicides on total leaf protein.

Treatment Leaf protein
(mg/g fresh wt)

Control 16.1

Triazole (10 um) 10.5

Metribuzin (10 pm) 10.4

Pyrazon (10 pm) 10.3

Leaves were harvested from the seedlings grown for 9 days
in light as described in Methods.

Photochemical activities

Effect on photosystem II (ferricyanide reduction
and oxygen evolution) and photosystem I in the
chloroplasts isolated from control and triazole and
metribuzin treated seedlings was measured. The
data for ferricyanide reduction and oxygen evolu-
tion are shown in Fig. 2a and 2b. Metribuzin at a
concentration higher than 2.5 pM significantly af-
fected both ferricyanide reduction and oxygen evo-
lution, compared to the control. Lower concentra-
tions of metribuzin (2.5 uM and lower) stimulate
ferricyanide reduction by 20—35 per cent and
oxygen evolution by 18—32 per cent. Triazole at all
the concentrations tested did not inhibit either ferri-
cyanide reduction or oxygen evolution.

Discussion

Several papers have appeared in the literature
describing the effects of herbicides on the plants.
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Fig. 2. a) Ferricyanide reduction, b) oxygen evolution in
chloroplasts isolated from control and treated plants. The
plants were grown and treated with herbicides as described
in Methods. Chloroplasts were isolated after 9 days in
light. (0), triazole; (@), metribuzin.
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Most of these reports describe the effects with iso-
lated chloroplasts. It is possible that their effects on
the crop plant in vivo are different than observed
with isolated chloroplasts. Thus, we have studied
the effect of three different herbicides (metribuzin,
pyrazon and triazole) on morphology, pigments and
protein content of the leaf and photochemical activ-
ities of the chloroplasts isolated from the leaves
grown in presence of herbicides.

There is a significant decrease in Chl @, Chl b and
carotenoid content of the leaves growing in presence
of 10 um herbicide specially with metribuzin and
pyrazon (TableI). This is reflected as a sign of
chlorosis in treated seedlings (Fig. 1). Effect of
these herbicides on chlorophyll content of the leaf
were noticed within 12 h of transferring the plants
to light (data not shown). This suggests that these
herbicides also affect chlorophyll, carotenoids and
leaf protein accumulation besides acting as electron
transport inhibitor [11]. Effect on the accumulation
of chloroplast pigments by triazole and pyrazon [12]
and by DCMU and many other herbicides have
been shown earlier [13]. Spectral characteristics of
chloroplasts isolated from 14 days old control and
herbicide-treated leaves were very similar indicat-
ing that overall integrity of the chloroplasts has not
been changed. We do not know uptake and accu-
mulation rate of these herbicides in our system.
Difference in transport rate to the leaves would
perhaps account for the difference of chlorotic
symptoms [14].

It was interesting to observe that while PSII
activity was significantly affected (Figs.2a, 2b),
there was no change in PST activity of the chloro-
plasts isolated from the herbicides treated leaves
(data not shown). This observation is similar to
earlier observation made by many others who dem-
onstrated that most of the herbicides are inhibitors
of PSII activity and this is because there are recep-
tion sites present in PSII [15]. We do not under-
stand why triazole-treated seedlings show chlorosis,
while it does not inhibit either accumulation of pig-
ments or PSII activity. Grumbach and Bach [16]
also found that though San 6706 or amitrole induced
chlorosis, chlorophyll and carotenoid biosynthesis
was not inhibited.
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