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Vesicular-arbuscular mycorrhizal (VAM) fongl
are common ie arable seils and con enhance plame
nutricnt uptake and growth (Gerdemann, 10753
Huvmun, 1978; Mosse & Tinker, 198c), Hence
the volue of spplyirg pesticides 1o ficld crops
might be partially counterbalunced by side effects
on the VAM fungal pepulotion, In glasshowse pot
experiments, VAM infections were reduced by
various pesticides (Fayman, Macdonald & Spokes,
197R), including fungicides (Nesheimm & Linm,
196493 Jalali & Daomsach, 1975; El-Ginhmi, Nicolson
& Daft, 1976); benomyl was especially active
(Builey & Safir, 1977; De Bertoldi er al., 1077;
Boatman ¢r af,, 1978). Canversely, the nematicide
DBRCP (1,z-dibromo-3-chioropropans) increased
YAM infection in coton (Bird, Rich & Glover,
1974). With peamws the nematicidefinsecticide
carbofuran reduced mycorrhiza in both pot and
field experiments (Backman & Clark, 19771, VAM
poepulations in ficld-grown potatoes were reduced
by the insecticide aldrin and in wmatoes by the
insecticide metasyetox (Kruckelmann, 1973). but
were little affected by other pesticides on feld
benns (Salt & Heenby, 1971), Spore numbers of
VAM fungi in field-grown peas were affected by
funpicides, bur not consistently  (Stewnrr &
Pleger, 1977). Seil fumigents have stronger
effects; for exsmple formulin preatly  reduced
VAM populations in a wheat ficld {Hayman, 1970
and methyl bromide usually eliminsies the VAM
population slmost completely,. for example in
citruy  nurseries (Kleinschmidt & Gerdemann,
1972),
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The vaoriability of results from arable fields
prompted us to examine mycorchizal popula-
tions of pesticide-treated plots in field rtrinls
of barley, maize and potatoes at the Bothamsted
{clay loom) and Wobum (sandy loam) facms, as
fellows:

{1) Barley {Hordenm vulrare L. *Julia’) in Butt
Close, Wobumn: benomyl at 22 kg ha—?, dazomet
(general biocide) ae a2y kgha-!, aldicarb (pri-
marily a nemaricide) at 6 kg ha=' and centrols,
All plots had received annually 27kgha-t of P
and 5z kg ha-! of K as compound fertilizer and
either 38 (MN-1) or 75 (MN-2) kg ha=! of IV a5 *Nitro-
chalk” 25,

{2) Barley (*Julia’) in Long Hoos field V,
Rothamsted: benomyl at 4 kg ha=!, aldicorh ot
& kg ha ', ehlosfenvinphos (imsecticide} ar 2 kg
ha~t, chlortoluron {herbicide) at 2 kgha—' and
conrrols. All plos had been initially treated with
the hecbicide 2.4-0 and given annual dressings of
sakgha? of P amd 2o5 kg ha~! of K a5 com-
pound fertilizer and 125 kg ha=! of W as *Mitro-
chalk” 25,

(3] Maize (Zea mayvs L. “Anjou 210" in Burtt
Furlong, Woburn: dazomet at 450 kg ha=! and
controls, All plots recedved snnually 61 kg ha? of
P and 232 kg ha! of K as compound fertilizer
and so kg hu~? of N as *Mitro-chalk® 25,

{4) Maize (*Calderon 535" in Long Hoos field
VT, Rothamsted: benomyl at 11-3 kg ha Y, dazo.
met at 450 kg ba~', aldicarb at 3-5 kg ha-t,
phorate (inzecticide) ar 1+65 kg ha=!, & mixture of
benomyl -+ dazomet + phorate ar their respective
rates and controls. All plots received annually
sgkrha! of P and 235 kg ho! of K a5 com-
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414 Nozes and

pound fertilizer and 5o kg ha=! of M as *Nitro-
chalk” 25.

(5} Potatoes (Sofarmen tuberasum L. ' Pentlond
Crown’) in Great Hill, Wobum: benomyl,
thizbendazale (fungicide), and carbofuran, all at
23 kpha™', and controls, All plets had been
given N, P and K at 242, 106 and 3og kgha!,
respectively, as compound fertilizer,

In October 1977, three replicate root-soil
samples were collected from each of two o four
replicate plots per trestment, depending on the
experiment. Each sample consisted of five bulked
subsamples token from the top 1ocm of soil
along the plant rows, After thorough mixing,
sog was wet-sieved (Gerdemann & Nicolson,
1063) for counts of VAM spores, A random root
sample of twenty 1 cm pleces was examined at
% 160 magnification after staining with trypan blue
{Phillips & Hayman, tg7e}. YAM infection was

Brisf arricles

recorded os before (Ocampa, Martin & Hayman,
1080). The data were analysed statistically on log
rranslormations.

Tahle 1 summarizes the results, Spore popula-
tions were rather low compared te numbers
generally reported for arable soils (see Hayman,
1g78). The laminate type (Mosse & Bowen, 1968],
similar to  Glomus  macrocarpus  VIE,  Fe0ipoTis
{Gerdemann & Trppe, 1974) was predominant
in all five sites, comprising 7o o 6%, of the
intal population. A few white reticulate and
yellow vacuolate types (Mosse & Bowen, 1568)
and some unidentified spores were also found.
Consistenuly fewest spores were found in the
benomyl-treated  plots, Dazomet alto  reduced
spore numbers, especially in maize, as did phorate,
The eilects of aldicark were variable; it had litle
effect on spore populations in barley and maize at
Rothamsted bur increased spore production in

Tablz 1. Mycorrhizal populations of

field eraps af barley, maize and potatocs

rreated eoith different pesticrdos

Root Root Entry
Sporesfioo g length coriex points fem Vesicles fem
Crop/Site Pesticide il infected  infected root oot
(%) [58)
Barley:
Butt Close, W-1 MNone a0 g g7 45t £3s
Denomyl 38* 5 g U 530
Dazomet Pl 4 165 23> 4o
Aldicark [T b1 b3t 237" 1663+
Butt Close, M=2  None 434 3* 143 2 gega
Benpmyl iy L] < 1* o1 Qb o"
Dazomet 42 1* o-1? ofe a7
Aldicark sk 4* R 18" =7
Long Hoos None 36 3 g 14 o
Benomyl 350 3ab a4t 1-m a
Aldicark 497 3 s 150 P
Chlorfenvinphaos age 3 g {28 o
Chleroluron i ih om4s g o
Miaize:
Butr Furlong Mons 258 241 190 fge ag
Diazamet gt 4 z2-5" 24® a2
Long Hoos Mone 2o5% fos 3410 230t 7ot
Er_m?' g?b: _y}h 1?'5“ 4 5..-[.--.!: ah
Dazomer 136ne 31" 17 157 ot
Aldicarh 167 gav 2592 20-g 143
Phorate gz4abe 278 140" 11ig8 ov
Benomyl+ Dazemet + Phorate 1047 147 75" 63" o7t
Potato:
Great Hill Mone He 2 oss 13t a
Benamyl fan 3% oof 3% o
Thishendazole 3" i i L o7 Q
Carbaofuran gy 5 ) 3T o

Dats analyeed on log transformation and ¢ test, Within cach group, means differ significantly (P = 005}

where not followed by the same letter.
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Notes and brief articles

=y at Woburn, In the potat experiment VAM
g5 were too spamse for treamment differences
¢ evaluated,
ost mycorchizal infection cecurred in maize,
cially in the control {no pesticide} ploms at
¢ Hoos field where the percentage of oot
th infected was double that present in plots
ed with benomyl, dazomet or phorate, The
tive effect of dazemet om mycorrhiza in
e wag even more marked ot Woburn (Burm
eng). Barley at the lower level of W ar Bux
¢ field showed the biggest pesticide treatment
t of all the experiments, with VAM infection
2 aldicarb plots reaching more than seven
s that in the conerals. Tn the other experi-
15, however, aldicarh had no significant effect
sither increasing or decreasing  infection.
awnyl and dazemet generally had 1 negative
t on infectdon, and phorete significantly re-
wl infection at the ome site where it was
ied. Thishendazole, carbofuran, chlorfenvin-
¢+ and chlortoluron had no obviows effect
wences between pesticide treammients: were
aule to evaluate atatistically in the potato and
w (high ) experiments because mycorchizal
tion was sparse.
anlitative differences in infection are evident
esicle production, with most vesicles being
ed in barley in Weoburn soil, Numbers of
¢ points were usually intuenced by pesticldes
uch the same way as VA infection of the root
ot was affected,
1e greatly increased VAM infection associated
aldicarb at Butt Glose was cipecially interest-
Bird et al. (1074) explained similar observa-
with DBCP on cotton by suggesting that
acmaticide might eliminate nematodes com-
ig for the same root sites as VAM fungi, or
ight directly affect the physivlogy of the
us or root, Higher levels of N seemed m
side the aldicarb effect,
ir findings from the five experiments cx-
wd indicete that populations of VA myveor-
i fungi in arable fields are affeceed, not only
ungicides and general biocides, but also by
wicides and insccticides. Sometimes their
s were slight or even positive, but usually
decreased mycorthizal infections and spore
bers, an effect that ocourred most consistently
benomyl, Since some crops (e.g. maize} are
lly strongly mycorchizal, and many plants
grow better with mycorrhiza, the possibility
ant protection chemicals indirectly affecting
vield by their effects on VA mycorchiza
Id reecive more attention. In our study,

1. Br. mveol. Soc. 74 (2), (1080).

415
pesticide effects may have been lessened by the
presence of nbundant fertilizer becmuse high N
and P levels generally decresse VAM infection
and spore numbers (Hayman, 1g70, 1978) and
plent responses to  mycorrhiza are generally
greatest in soils deficient in phosphare. Tt is likely
that pesticides could be more deleterious in less
fertilized soils by inhibiting a larger indipenous
mycorchizal population in a situation where its
stimulatory cffects on plant nutrient uptake were
more important o the crop,
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