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Effect of the herbicide atrazine on the bean leaf lipids
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Abstract

Cight-day-old bean plants, grown in a nutrient solution, were sprayed with 107>, 107,
107, and 107 M atrazine. The lipid changes in primary and trifoliate leaves were
studied 6 d after the herbicide application. The atrazine treatment inhibited the
growth of the trifoliate leaves. and decreased photosynthetic and transpiration rates,
the stomatal canductance, and the total lipid content, Atrazing treatment increased
16:0 and 18:3 acids and decrcased trans-3-hexadecenoic and 18:2 acids in the
phaspholipids The herbicide alsa increased 16:0 and 18:1 acids in glycolipids and
decreased 18:3 acid in monogalactosyl diacylglycerols and digalactosyl diacyl-
glycerols. In most cases the marked changes in fatty acid compositien of the main
lipid clagses were observed at 107 and 10 M atravine.
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Introduction

Atrazine is.a triazine herbicide, wide-spread because of its superior tolerance in
maize. All triazine herbicides have been noted to inhibit the growth of all organs in
intact plants. When the roots of maize were treated with atrazine, chloreplasts were
destroyed and photosynthesis in the leaves decreased (Ashton ef al. 1963, Ashton and
Crafts 1981). However, certain triazine herbicides have been shown to stimulate
growth at low concentrations (Ashton and Crafts 1981). As a rule, the lipid synthesis
in leaves 1s stimulated at low herbicide concentrations and inhibited at high
concentrations.
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Abbreviations: DGDG - digalactosyl diacylglycerols; d.m. - dry mass; FA - fatty acids; FAME -
fatty acids methyl esters; 16:1 - hexadecenoic acid: 18:2 - linoleic acid; 18:3 - linolenic acid;
MGG - monogalactosyl diacylglycerols; 18:1 - oleic acid: 16:0 - palmitic acid; PL - phospholipids;
18:0 stearic acid: TAG - tracylglycerols.
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Although the cffect of atravine on the photosynthetic apparatus in plant leaves and
algac has been well studied (e.g. Holt 1993, Zheleva ef al. 1993, Fournadzhieva ef al.
1895, Iliev 1091), the data on its effect on lipid metabolism are limited (Ashton and
Cralis 1981, Fedtke 1982, Harwood 1991). The aim of this work was to study the
lipid changes in bean leaves after treatment with different concentrations of atrazine.

Materials and methods

Bean plants {Phaseolus vulgoris 1., cv. Cheren Starozagorsky) were grown as a
hydroponic culture in growth chambers (irradiance of 106 umol m? s, 12-h photo-
period. day/might temperature of 26/24 °C). A series of preliminary experiments with
untrcated plants, grown for the same period in the growth chamber did not show
statistically significant differences in the net photosynthetic and oxygen cvolution
rates induced by plant ontogeny. Eight-day-old plants were divided into five groups
(for each group at least 25 plants were taken): control plants, and plants sprayed with
107, !0'4, 107, and 107 M water solution of atrazine, containing 0.5 % (v/v)
Thween 80 as a surfactunt, Bacli plint was sprayed with approximatcly 0.3 em® of the
lerbicide solution. All plant groups were grown further under the same conditions
(lemperature and irradiance). A nutrient Knep's solution was added when required.
Aller 6 d (14-d-old plants) leal samples were taken for lipid analysis and
determination of photosynthetie rate, stomatal conductance and transpiration rate.

The total lipids were extracted according to Bligh and Dyer (1959). The main lipid
classes were scparated by preparative thin-layer chromatography (Sificagel G, Merck,
Germany, layer thickness 8.5 mm). The lipid spots were vizualized under UV-light
afler spraying with fluorescent indicator, serapped off inte small glass containers with
teflons crewcaps. After addition of internal standard (heptadecanoic acid) all lipid
classes were transesterified with 15 % acetylchloride in methanol. The analysis of the
obtained fatty acid methylesters (IFAME) was carried out by flame-ionization detector
of gas- liquid chromatography (F/D-GLC) on a glass capillary column (30 m, 0.2 mm
i.d. coated with SILARIGC). The column temperature was incrcased from 165 to
290 °C (2 °C min"y with nitrogen as a carrier gas at a flow rate 14 em® s The
amount of cach lipid class was determined on the basis of the FAME mass using
converting factors as follows: 1.0 for TAG; 1.4 for MGG and PL, and 1.8 for
DGDG (Blenkov ef af 1993).

The net photosynthetic rate, stomatal conductance. and transpiration ratc in bean
leaves were measured by a Portable System for Photosynthesis Measurements
LI-6000 (Li-Cor, Lincaln, USA). '

Results and discussion

The plant responses to herbicide treatment were more expressed in trifoliate than in
primary leaves. The action of atrazine was observed alrcady on the third day after
treatment, but the plant injuries continued until the end of the experiment. This could

418



EFFECT OF ATRAZINE ON LEAF LIPIDS

be due 10 the relatively slow penetration of the herbicide through the inner cell
membranes. The herbicide treatment led to growth inhibition of the trifoliate leaves.
Surprisingly. in the primary leaves the 10 M atrazine increased their dry matter.
This could be due 1o the possibility that triazincs at low concentrations were able to
stimulate the plant growth (Ebert and Dumford 1976). A partial necrosis of the roots
was ohserved with the increase in atrazine concentration.

Table 1. Lilect of atrazine on the net photosynthetic rate. transpiration rate and stomatal
conductance in bean leaves (means + SE, 1= 3).

Atrazine Photosynthetic rate Transpiration rate Stomatal conductance
[M] [ma(CO.) m s':] [mg(FL0) m> (IJ lem g"]
Primary control 0.257 £ 0.042 270 k1.1 0.162 £ 0.008
leaves 107 0.164 1 0.050 325415 0.108 + 0.006
10 0111 £0.012 193403 0.081 £ 0.005
10’ e 0.019 £0.002 170+ 0.8 0.090 + 0.005
10° 0.022 +0.011 16.1 £0.9 0.075 £ (0.004
Trifoliate control 0.234 £ 0.030 257119 0.149 £ 0.007
leaves 107 0.198 1 0.051 232107 0.115 1 0.006
10 0.141 £0.040 21.9+04 0.094 + 0.005

The treatment with atrazine caused a decrease in the net photosynthetic and
trangpiration rates, and in the stomatal conductance in both primary and trifoliate
leaves (Table 1). The effect was observed even at concentration of 10° M. These
results are in agreement with the changes in pea lcaves afler atrazine trcatment
(Zheleva er al. 1994,

The herbicide treatment decreased the relative amounts of all lipid classes, as well
as in the total lipid content (Table 2). The MGDG/DGDG ratio increased in the
coursce of atrazinc trcatment. This corrcsponded with the data of Domingucz ef al.
(1994), Goasdoue et al. (1993), and Mishra et af. (1992).

The amount of the total lipids, as well as of the MGDG and DGDG decreased afier
atrazine wreamment (Table 2). We suppose thal the changes in the amount of
glycolipids and phospholipids can be involved in a protectlive reaction of the plant
membranes against harmful treatment.

A detailed investigation on the content of 10:1 acids in PL showed that atrazine
treatment decreased more content of trans-9-hexadecenoic than cis-3-hexadccenoic
acid (Ivanova ef af. 1997). Because trans-3-hexadecenoic acid is concentrated mainly
in phosphatidyl glycerols, it can be supposed that the relative amount of these PL
decreased also.

The amount of DGDG in the survived trifoliate leaves after 10 M atrazine
treatment was cven larger than the amount of MGDG. This led to better control of the
membrane permeability and could play an adaptive role against herbicide stress
(Ivanova ef al. 1995).
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Table 2. Effect of the concentration of atrazine on the main lipid classes in primary and trifoliate
hean leaves (means = SE, o= 3),

Atrazine  Lipwd Primary leaves Trifoliate leaves
[M] class lipid content lipid content
[mg g (d.m.)] [% of total] [mgg'td.m)]  [% oftotal]

Control  TAG 34403 4.0 1.7x02 2.2
MGDG 36.2+3.2 42,4 33.043.0 42.8
DGDG 27.412.5 32.1 27.412.5 35.5
PL 184+ 1.7 215 15.0+1.4 19.5
total 85.4 £7.7 100.0 771+ 6.9 100.0
MGDG/DGDG 1.3 1.2

1 TAG 3.8+03 6.2 3.0 103 4.9
MGDG 20418 33.4 236121 38.6
NGOG 10.1 0.9 16.6 166+ 1.6 27.2
PI. 26.7 £ 2.4 43.8 175+ 1.6 203
total 61.0+55 100.0 61.1+46 100.0
MGDG/DGDG 2.0 1.4

101 TACG 27102 6.1 47+04 10.0
MGDG 177+ 1.6 40.2 143+ 1.3 30.3
DGDG 6.1 0.5 138 88108 18.7
Pl. 176 16 39.9 193+1.7 41.0
total 44.1+4.0 100.0 47.1+42 100.0
MGDG/DGDG 2.9 1.6

10° TAG 20402 6.4 30403 6.4
MGDG 13.6+12 43.7 180+ 1.6 38.5
DGDG 4.6+0.4 14.7 148+ 1.3 31.6
Pl 1.0+ 1.0 35.2 110+ 1.8 23.5
total 32428 100.0 46.8+42 100.0
MGDG/DGDG 3.0 1.2

107 TAG 27402 5.8 40104 6.3
MGDG 15.0+1.4 321 234421 36.8
DGDG 9.7+ 0.9 20.9 262424 41.2
PL. 190+ 1.7 40.9 100+ 0.9 15.7
tofal 464 +47 100.0 ATATAR 100.0
MGDG/DGDEG 1.5 0.9

In MDGD 107 and 107 M atrazine had insignificant cffect on the FA composition
in the primary and trifoliate leaves (Table 3). The higher atrazine concentrations
increased palmitic and oleic acid contents and decreased linoleic and linolenic acid
contents. This is in accordance with the literature data on the inhibition of the
desaturation of 18:1 and 18:2 acids caused by some herbicides (Cohen et af. 1993},

In DGDG the effect of different concentrations of atrazine on the DGDG content
in primary bean leaves (Table 3) was simtlar to those ol MGDG, but less expresscd.
There was even a decrease in 18:3 acid in trifoliate leaves (Table 3). The FA
composition of trifoliate lecaves was affected more than in primary leaves, which can
be due to more severe injuries in trifoliate lcaves.
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Table 3. Effect of atrazine concentration on the fatty acid composition in the main lipid classes of
primary and trifoliate bean leaves [triplicate values for methyl csters in standard mixture by gas
chromatographic analysis varied within 12 % for minot components (< 5 % content) and within 5 %
for the othersj.

Adrazine Lipid Fatty acids [% of total]
|M] class 16:0 16:1 18:0 18:1 18:2 18:3 unsat/sat

Primary leaves

Control MGG 2.8 0.8 0.9 .3 32 01.9 26.0
NGDG 13.9 8.7 6.0 1.6 139 55.8 4.2
PL RIWi 9.9 7.0 1.0 16.5 33.9 1.6
107 MGDG 32 1.1 1.2 0.7 35 90.3 217
DGDG 14.8 4.0 7.2 2.0 V77 54.3 36
PL 314 6.6 4.8 1.4 5.6 50.2 1.8
10" MGDG 3.7 0.4 0.7 0.2 2.6 92.4 21.9
pGnDG . 212 0.5 2.6 1.1 14.3 7.0 32
PL 35.6 5.8 3.9 1.4 34 47.9 1.5
107 MGDG 5.0 2.3 0.9 i.0 2.4 88.4 15,9
DGNG 18.0 6.5 4.1 0.9 10.3 60.1 35
Pl. 43.5 5.0 15 1.2 38 42.4 1.1
107 MGDG 7.1 48 1.4 1.8 32 316 10.7
DGDG 19.4 5.7 3.4 1.7 9.8 60.0 3.4
PL 47.6 4.7 4.3 1.9 3.4 18.1 09
Trifoliate leaves
Control  MGDG 4.5 1.3 1.4 1.1 49 86.7 159
pGDG 17.1 5.5 8.3 3.6 15.0 50.5 2.9
PIL. 28.8 15.06 5.0 1.4 18.3 30.9 2.0
10° MGDG 3.5 03 0.6 0.3 4.4 90.8 233
nanG 214 1.9 7.7 3.5 28.2 37.3 24
1. 289 15.0 4.0 1.2 10.7 39.6 2.0
10! MGDG 3.7 0.4 0.9 0.8 3.0 90.6 207
DGDG 239 3.0 78 313 23.5 38.2 2.2
PL 30.5 15.4 4.4 1.7 10.1 37.9 1.9
10 MGDG 5.5 472 0.9 0.4 4.0 85.0 14.6
DGDG 223 15.7 6.3 8.3 6.0 41.4 2.5
PI. 30.3 12.7 a4 79 9.5 319 1.3
10° MGG 249 10.3 6.9 34 34 51.0 2.1
DGDG 21.3 10.3 5.2 1.3 19.0 42 8 2.8
PL 41.4 972 4.7 4.5 33 36.9 1.2

In PL the effect of atrazine on the FA composition decreased the amounts of 18:2
and 16:1 acids and increased the amount of 16:0 and 18:3 acids. The same was
observed with other triazine herbicides (Dominguez er af. 1994). Surprisingly, the
lowest atrazine concentration induced most expressed effect on the 18:3 acid in both
primary and trifoliate leaves.

Generally, it was found that even in the concentrations range of 107 - 107 M.
alrazine has an expressed effect on the lipids composition in bean leaves. Although at
this concentrations the leaves have not visible injurics, their photosynthetic apparatus
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and lipid membrane composition are affected. This results can be helpful in practice
forage cstimation of the field doses of atrazine.
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