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Abstract 
The effect of the photosynthetic inhibitor herbicide Cyanazine on VA mycorrhiza and on pea plant growth 

was examined. Plant growth was decreased by Cyanazine applied at the rate of 0.05 and 0.1 mg ml -~ . 
Cyanazine only decreased VA mycorrhiza of pea roots when applied at high doses (0.1 mg ml- l). However, 
no direct effect of the herbicide on VA endophyte development was found. These results suggest that the 
inhibitory effect of Cyanazine on VA mycorrhiza took place via influence on plant metabolism and growth. 

VA mycorrhizas alleviated the deleterious effect of the herbicide on plant growth when applied at 
moderate (0.05 mg ml ~ ) but not at high (0.1 mg ml- i) doses. 

Introduction 

It is well known that vesicular-arbuscular (VA) 
mycorrhizal fungi increased plant growth mainly 
by P uptake (Hayman, 1974). As VA mycorrhizas 
are components of most plant systems, pesticides, 
especially herbicides, can affect mycorrhizal fungi 
or mycorrhizal formation. There are few papers on 
the effect of herbicides on VA mycorrhizas (Trappe 
et al., 1984). 

Cyanazine herbicides inhibit the growth of most 
plant organs by affecting the respiration and by 
mitotic disturbance of plant cells (Audus, 1976). 
The growth inhibition that Cyanazine produces in 
plants is mainly attributed to the blockage of 
photosynthesis (Fedtke, 1982; Lopez-Gorge et al., 
1983). The inhibition of photosynthesis by her- 
bicides, when applied as foliar spray, but also when 
applied via the root, has been already demon- 
strated (Lopez-Gorge et al., 1983). The carbon re- 
quirements of VA mycorrhizal fungi, must be sup- 
plied by the host photosynthate (Harley and Smith, 
1983). Hence, any factor which modified the 
photosynthetic product, available for distribution, 
might affect VA mycorrhizal development (Furlan 
and Fortin, 1977; Hayman, 1974). 
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Several photosynthetic inhibitor herbicides have 
no effect on VA mycorrhizas (Ocampo and Barea, 
1985). However, other photosynthethic inhibitor 
herbicides affect VA mycorrhizas depending on the 
experimental conditions used (South et al., 1980; 
Spokes et al., 1981). Thus, it is very difficult to 
predict the effect of these herbicides on VA mycor- 
rhizas and mycorrhizal formation. 

On the other hand, the herbicides can also affect 
VA mycorrhizas through their effect on plant meta- 
bolism and growth. In that way, it is hard to distin- 
guish between cause and effect (Trappe et al., 1984). 

The interactions between Cyanazine and the 
formation and functioning of VA mycorrhiza are 
examined in this paper. 

Materials and methods 

The experiments were carried out in open pots 
(500 ml) with of sand/vermiculite mixture (1:1 v/v) 
and with soils collected from Granada Province, 
Spain. The sand/vermiculite mixture was auto- 
claved at 120~ for 20min., and 100ml of diluted 
Hewitt's nutrient solution (1/2) containing 
50 mgl -I of P (ph = 7.2) was added to each pot. 
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The soils were a "red brown", pH = 8.4 (Soil 1) 
and a "grey brown", pH = 8.1 (soil 2) types (for 
full details see (Garcia-Romera, 1986). These soils 
were mixed with 25% (w/w) of sand, and used 
either unsterile to allow infection by the indigenous 
VA endophyte or sterilized by steaming and in- 
oculated with rhizosphere soil from maize plants 
pots cultures of a isolate of Glomas mosseae which 
contained spores, mycelium and infected root frag- 
ments. To each pot 5 g soil inoculum mixed with 5 g 
sand was added. In experiment 2, G. mosseae was 
inoculated eight weeks before pea planting. Soil 
filtrate (filter paper Whatman no. 1) from the rhizo- 
sphere of mycorrhizal maize plants was added to 
the uninoculated controls. Soil filtrate contained 
common soil microorganisms with no propagules 
of Endogonaceae. 

Pea (Pisum sativum cv. Lincoln) was used as test 
plant. Seeds sown in moistened sand, and two- 
week-old seedlings were transplanted to the pots 
and grown under greenhouse conditions. Sup- 
plementary light (Sylvania incandescent and cool- 
white lamps, 400nmol. m 2S-~ 400-700nm), 16/ 
8h light-dark cycle, 25/19~ and 50% R.H. was 
used. Plants were watered from below using a 
capillar system and fed with Hewitt's nutrient solu- 

Table 1. Effect of  Cyanazine herbicide on VA mycorrhiza and on 
the dry wt. (shoots and roots) of  pea (Pisum sativum) plants 
grown in unsterilized and sterilized soil 1 

Amoun t  of  Dry weight (mg) % mycorrhizal 
herbicide root length 
applied Shoot Root  

( m g m l - ' )  

Sterilized soil 
0 236 c 400 a 
001 222 c 395 a 
0.05 79 d 95 b 
0.I 80d 80b 
Sterilized soil plus G. mosseae 
0 356a 386a 66a  
0.01 347 a 360 a 58 a 
0.05 160b l l 0 b  50a 
0.1 82d 96b 3b  
Unsterilized soil 
0 358a 308a 40a  
0.01 392a 312a 39a 
0.05 155b l12b  25a 
0.1 106d 102b 15b 

Each figure is the mean for five pots. Within dry wt. and within 
% root length infected values followed by the same letter are not  
significantly different according to Duncan ' s  multiple range test 
P = 0.05. 

tion (5 ml w k s  - l )  containing phosphate for unino- 
culated soil pots, lacking phosphate for inoculated 
pot and diluted (1/2) plus 50mgl ~ of P for sand/ 
vermiculite pots was used. All plants were ino- 
culated with Rhizobium meliloti strain 128C53 is- 
olated in our laboratory. 

Three Cyanazine herbicide concentrations were 
prepared in fresh aqueous solutions. Ten ml with 
the concentration of 0.01, 0.05 and 0.1 mgml- '  
were added to pots containing soil or sand/ 
vermiculite. The herbicide was applied to pots after 
two weeks of plant growth (Experiment 1) or eight 
weeks before planting (Experiment 2). Pots without 
herbicide application were used as controls. 

Plants were harvested after 4 (Experiment 2) or 
6 (Experiment 1) weeks and the amount of dry 
matter determined. After harvesting parts of the 
root system were cleared and stained (Phillips and 
Hayman, 1970) and the percent root length infected 
measured by the gridline intersect method (Giovan- 
netti and Mosse, 1980). 

Results 

Experiment 1 

VA mycorrhizal infection was decreased by 
Cyanazine herbicide, when applied at the rate of 

Table 2. Effect of  Cyanazine herbicide on VA mycorrhiza and on 
the dry wt. (shoots and roots) of  pea (Pisum sativum) plants 
grown in unsterilized and sterilized soil 2 

Amoun t  of  Dry weight (mg) % mycorrhizal 

herbicide Shoot Root root length 
applied 
(mgml  -I )  

Sterilized soil 
0 268 c 392 a 
0.01 233c 324a 
0.05 92 d 89 b 
0.1 78d 86b 
Sterilized soil plus G. mosseae 
0 330 a 398 a 66 a 
0.01 326a 385 a 50a 
0.05 133 b 112 b 37 a 
0.1 108d 92b 7b 
Unsterilized soil 
0 306 a 332 a 45 a 
0.01 306 a 351 a 45 a 
0.05 123 b 91 b 40a  
0.1 94d 86b 9b  

Legend as in Table 1. 



0.1 mg ml-t in soil 1 or 2 (Tables 1 and 2) and also 
in sand/vermiculite mixture (Table 3) pots. 

The herbicide decreased dry weights of in- 
oculated and uninoculated pea plants grown in soil, 
when applied at the concentration of 0.05 and 
0.1 mgml -~ (Tables 1 and 2). In plants grown in 
unsterilized soils the same effect on the dry weights 
was observed (Tables 1 and 2). However, shoot dry 
weights of VA infected plants, grown in both soils, 
were higher when the herbicide was applied at the 
concentration of 0.05mgml -~ than at the con- 
centration of 0.1 rnl. No differences between both 
herbicide applications were found in the non VA 
infected plants. 

Shoot dry weight of pea plants grown in sand/ 
vermiculite pots inoculated with G. mosseae was 
decreased, when the herbicide was applied at the 
rate of 0.05 and 0.1 mgml -~ (Table 3). However, 
the dry matter of uninoculated plants was de- 
creased by the herbicide at all rates of application 
(Table 3). 

Experiment 2 

Table 4 shows the dry matter and the percentage 
of root length infection of pea planted in soil l and 
in sand/vermiculite pots, eight weeks after the 
Cyanazine application. No differences between the 
different doses of herbicide applied and the control 
either in plant dry weight or in the percentage of 
mycorrhizal root length were observed. 

Table 3. Effect of Cyanazine herbicide on VA mycorrhiza and on 
the dry wt, (shoots and roots) of inoculated with G, mosseae and 
uninoculated pea (Pisum sativum) grown in sand/vermiculite 
mixture 

Amount of Dry weight (mg) % mycorrhizal 
herbicide root length 
applied Shoot Root 

(mg ml- l ) 

Uninoculated 
0 238a 332a 
0.01 l17b 150b 
0.05 83c 78c 
0,1 48d 49d 
With added inoculum(G, mosseae) 
0 304e 310a 
0.01 290 a 270 e 
0,05 14I b 139 b 
0.1 56d 55d 

32a 
26a 
24a 
4c 

Legend as in Table 1. 
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Table 4. VA mycorrhiza and dry wt. (Shoots and roots) of 
four-week-old pea (Pisum sativum) plants grown in pots treated 
with Cyanazine herbicide and inoculated with G. mosseae eight 
weeks before planting 

Amount of Dry weight % mycorrhizal 
herbicide root length 
applied Shoot Root 

(mg ml- ~ ) 

Soil l 
0 28 12 16 
0.01 31 14 14 
0.05 31 16 21 
0,1 26 13 12 
Sand/vermiculite mixture 
0 25 22 18 
0.01 32 15 21 
0.05 33 15 22 
0.I 29 14 15 

Each figure is the mean for five pots. Within dry wt. and within 
% root length infected values no significant differences accord- 
ing to Duncan's multiple range test (P = 0.05) were found. 

Discussion 

Cyanazine herbicide decreases plant growth and 
VA mycorrhizal infection, when applied at the 
agronomical rate of 0.1mgm1-1. The main dif- 
ficulty is to determine cause and effect of her- 
bicides, because what influences the fungus may 
thereby indirectly influence the host and viceversa 
(Trappe et al., 1984). However, when the Cyan- 
azine was applied to soil 1 or to sand/vermiculite 
pots, eight weeks before pea planting, no effect on 
VA mycorrhizal infection was observed. This sug- 
gests that the VA mycorrhizal fungus development 
was not directly affected by the Cyanazine her- 
bicide. Thus, the negative effect of the herbicide on 
VA mycorrhizal infection was probably through its 
effect on the plant. The results of these pre-inocula- 
tion experiments cannot be generalized for other 
herbicides. In fact, a correlation between the fungus 
in soil and as mycobiont with host plants, when 
exposed to the same herbicide, not always has been 
found (Ocampo and Hayman, 1980; Spokes et al., 
1981). But this method may be meaningful to test 
differences in responses between fungal isolates to 
Cyanazine herbicides. 

Because of the enormous variety of crops, soils 
and ambient conditions under which herbicides are 
used, it is very difficult to assess a general mode of 
action of herbicides on VA mycorrhizal fungi. For 
example, no effect (Burpee and Cole, 1978) or nega- 
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tive effect (Pellet and Sieverding, 1986) of Alachlor 
and Trifluralin on VA mycorrhizas has been obser- 
ved. The use of sand/vermiculite medium may be 
suitable to test the effect of herbicides on VA 
mycorrhizas because less variables must be con- 
sidered. Moreover, this medium may be useful for 
the design of physiological experiments which try 
to elucidate the mode of action of herbicides on VA 
mycorrhizal formation. 

Pea plants were more sensitive to Cyanazine her- 
bicides when grown in sand/vermiculite mixture 
than in soil, but in both media VA mycorrhizas 
alleviate the effect of the herbicide on plant growth, 
when applied at intermediate 0.05 mg ml -~ ) levels. 
Similar results with other photosynthetic inhibitor 
herbicides have been found (Ocampo and Barea, 
1985). Indigenous endophytes were as effective as 
G. mosseae on plant growth with or without ap- 
plication of Cyanazine. However, the beneficial 
effect of VA mycorrhizas disappears, when the 
Cyanazine was applied at the agronomical rate 
(0.1 mg ml- ~ ), in all treatments tested. 
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