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The effect of herbicides that inhibit the photosynthetic electron transport at the photosystem II 
acceptor side has been analyzed in whole plants by using a fluorometric method. The data 
reported indicate that the apparent variable fluorescence o f the induction curve normalized to 
the control value provides reliable information about the penetration rate and m etabolic detoxi­
fication o f PS II herbicides in whole plants. 

Introduction

Substances that inhibit the photosynthetic elec­
tron transport at the acceptor side o f system II 
(PS II) are widely used as herbicides (for review, see
[1]). These com pounds b ind via non-covalent in ter­
action with polypeptides functioning as apoenzym e 
for the prim ary and secondary p lastoquinone (Q A 
and Q b, respectively). The polypeptides are ex­
posed to the outer surface o f the thylakoid m em ­
brane [2—4],

The efficiency o f PS II-herbicides in whole plants 
does not only depend on the affinity to the target 
polypeptide but also on additional param eters like 
transport barriers or m etabolic detoxification. Ac­
cordingly, chemicals acting as very potent PS II- 
inhibitors in isolated chloroplasts were found to be 
rather poor herbicides in plants [1]. This im plies the 
necessity to analyze the effects in whole plants. The 
fluorescence induction caused by continuous illu­
mination o f m oderate intensity reflects the redox 
state o f Qa [5]. As fluorescence em ission can be 
detected rather easily, various attem pts have been 
reported recently to use fluorescence m easurem ents 
as a simple analytical tool for the detection o f herbi-

Abbreviations: Betanal* (phenmedipham), 3-methoxycar- 
bonylaminophenyl-N-(3-methylphenyl)carbamate; DCMU,
3-(3,4-dichlorophenyl)-1,1 -dimethylurea; Goltix® (meta- 
mitron), 3-m ethyl-4-am ino-6-phenyl-l,2,4-triazine-5(4H)- 
one; PS, photosystem; Pyramin® (pyrazon or chloridazon), 
5-amino-4-chloro-2-phenylpyridazine-3-one; QA, primary 
quinone electron acceptor of photosystem II; Q B, second­
ary quinone electron acceptor.
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cide effects in whole plants [ 6  — 9]. D espite o ther 
interfering param eters, reliable results can be o b ­
tained, thus providing inform ation about p en e tra­
tion and detoxification of PS II-herbicides [10]. The 
present study describes results ob tained in d ifferen t 
plants with PS II-herbicides by the use o f a f luo ro ­
metric method.

Materials and Methods

Plants (rape, spinach, Ipomoea and sugar beet) 
were grown in a phytocham ber. The lig h t/d a rk  
regime was 8  h / 16 h and the tem perature 22 ° /16  0 C. 
Radiation was supplied by fluorescent lam ps 
(Osram 65 W /20 R) at an intensity o f 20 W /m 2. 
Fluorescence induction curves were m easured with 
the equipm ent described in [11]. The tim e scale was 
appropriately selected so that the fluorescence rise 
in blocked centers was not resolved. Accordingly, 
the apparent variable fluorescence at the charac ter­
istic time tm, F v(tm) norm alized to the control 
value Fv (control) can be used as a qualita tive m ea­
sure of the inhibition degree (see [10]). H erbicides 
were sprayed on the upper leaf surface.

Phenm edipham  was applied as the com m ercially  
available product Betanal ®.

Results and Discussion

Theoretical considerations [10] led to the conclu­
sion that the apparen t variable fluorescence no rm al­
ized to the control value, Fw (tm)/F w (control), can 
be used as a qualitative m easure o f herb ic ide 
action in whole plants. It drops down if  photosyn­
thetic electron transport becomes blocked.
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In order to test the reliability o f the fluorom etric 
method, different rape leaves were treated  with 
phenm edipham  at a concentration corresponding 
to 1 kg/ha and the ratio F v (tm)/F\j (control) m ea­
sured as a function of tim e after herbicide app lica­
tion. The data in Fig. 1 show that the variations for 
different leaves of the sam e biotype are sufficiently 
small.

The fluorom etric m ethod can be used also to 
analyze the penetration and detoxification patterns 
of PS II-herbicides in d ifferent plants. D C M U  was 
used for perm eability studies in spinach leaves. 50 jj.1 
o f methanolic D CM U -solution were spread over a
1 cm 2 leaf area and the fluorescence was m easured 
at 5 -  10 min intervals. The results depicted  in Fig. 2 
indicate that at the lowest concentration only a 
small effect is observed. Obviously, the total h erb i­
cide am ount is too small, so that the effective con­
centration in the chloroplasts o f the plant cells is not 
sufficient for a significant degree o f inh ibition . At a 
2 0 - and also at a 1 0 0 -fold higher concentration  a 
marked decrease o f F \ (tm)/F v (control) is observed. 
The differences in the final level after 1 h treatm ent 
are probably due to lim itations o f the actual 
DCM U-concentrations in the chloroplasts, so tha t a 
complete blockage cannot be achieved at least at the 
lower concentrations.

The presented data show that the fluorom etric 
method provides inform ation about the rate of 
PS II-herbicide penetration in plants. A detailed

Fig. 1. Apparent variable fluorescence normalized to the 
control value, (tm)/Fv (control), as a function o f time 
after application o f phenmedipham in different rape 
leaves. Experimental conditions as in Materials and 
Methods.

Fig. 2. Apparent variable fluorescence normalized to the 
control value, Fv (tm)/Fv (control), as a function o f  time 
after DCMU treatment o f spinach leaves. 50 |al o f  a 
methanolic DCMU-solution were spread over a leaf area 
of ca. 1 cm2. Other experimental conditions as in Materials 
and Methods.

analysis of the penetration kinetics will be presented 
elsewhere.

The applicability of fluorom etric m ethods for 
measuring herbicide detoxification kinetics is exem ­
plified by results obtained with phenm edipham  
which are presented in Fig. 3 a. In Ipomoea leaves, 
phenm edipham  caused a continuous decline o f 
Fv (tm)/Fy  (control) with increasing tim e afte r foliar 
treatment with the herbicide (Fig. 3 a) indicating  an 
irreversible and progressive blockage o f PS II elec­
tron transport. In contrast, the sam e trea tm en t of 
sugar beet (Fig. 3 b) induced only a transien t d e ­
crease of F\j (tm) /F \  (control) which com pletely d is­
appeared after sufficient recovery tim e. The d iffe r­
ent behavior is caused by a m etabolic degradation  
of the active com pound phenm edipham  into ß-D- 
glucopyranos-2 -yl-sulfat-derivatives in sugar beet
[12], whereas Ipomoea is lacking this capability . 
Similar results were obtained w ith PS II-herbicides 
(phenmedipham , m etribuzin or chloridazon) in sus­
ceptible (soybean, dw arf bean, cotton) and resistant 
(sugar beet) plants [10, 11]. The results ob ta ined  
with the fluorom etric m ethod led to the sam e con­
clusions as those reached by using o ther analytical 
tools, but the perform ance of fluorescence m easure­
ments is much simpler. They provide a rap id  and 
nondestructive method for the detection o f h e rb i­
cide detoxification. The data o f Fig. 3 b also show 
that the detoxification rate is m arkedly  slower than  
the penetration rate o f the herbicide.
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Fig. 3. Apparent variable fluorescence normalized to the control value, Fv (tm)/F w (control), as a function o f  time after 
application of phenmedipham in Ipomoea  (a) and sugar beet (b) leaves. Experimental conditions as in M aterials and 
Methods.

Further striking phenom ena o f Fig. 3 are the 
different susceptibilities o f plants grown during 
spring and autumn, respectively. F or the tim e being, 
this seasonal effect appears to be ra ther curious 
because the experiments were perform ed w ith 
plants of the same age which are grown in a phy to ­
chamber by using the same seeds. Even m ore 
pronounced seasonal variations are observed if  the 
plants are grown in a greenhouse or in the field.

The seasonal phenom ena observed w ith the phen- 
m edipham -susceptible Ipomoea could perhaps be 
explained by penetration differences in spring- and 
autumn-time plants. The same phenom enon could

also be responsible for the resistant sugar beets, 
because a reduction of the penetration rate sim ul­
taneously with an invariant detoxification rate 
would give rise qualitatively to the differences 
observed in Fig. 3 b. This assum ption, however, 
remains to be confirmed experimentally.
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