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FIGURE 1. Mualformation ranged from absence of the tip to nearly complete absence of the ear.

INTRODUCTION

Soon after the introduction of soil
fumigation in The Netherlands where
winter wheat is grown in the potato
crop rotation scheme, the first cases of
ear malformation were noted (Hijink,
1969). The rapid increase of soil
fumigation in these regions has subse-
quently resulted in many reports of ear
malformation. This side-effect of
fumigation may lead to considerable
yield reductions, sometimes up to
more than 20%. The fact that occasion-
ally ear malformation was seen in the
second and third year after fumigation
pointed to a rather persistent factor
remaining in the soil.

The symptoms are most clearly visible
at the stage of appearance of the ears.
The malformation ranges from the ab-
sence of the tip to a nearly complete
absence of the ear {(Figure 1, 2,3 and 4).
Normal and malformed ears can be
found on the same plant. This indicates
a nonhomogeneous distribution of the
causing factor in the soil.

Much research has already been per-
formed on the cause of this ear malfor-
mation. De Clerque and D'Herde
(1971) attributed the ear malformation
to damage by thrips (Limothrips cere-
alium). This insect seemed to prefer
cereals grown on fumigated fields,
Symptoms of thrips damage are dif-
ferent from the symptoms described
above. Later, research by D'Herde
(1974) indicated a chemical was the
cause of ear malformation. Chloroally]
alcohol, possibly formed by hydro-
lysis of 1,3-dichloropropene, was
thought to be rather persistent and
responsible for the ear malformation,
However, in degradation studies of
1.3dichloropropenes in the soil, Van
Dijk {1974}, found a rapid biodegrada-
tion of the chloroailyl alcohols,

Field studies, carried out in The
Netherlands revealed that ear malfor.
mation is not confined to one soil type
Most varieties of winter wheat seemed
sensitive, although not to the same
extent. In general, factors which pro-
hibit a rapid disappearance of the



fumigant from the soil favor the occur-
rence of ear malformation. Such fac-
tors are low temperature, high
moisture content of the soil, superfi-
cial compaction of the soil after
fumigation, slaking and adsorption
(Leistra, 1972). The real cause of the
ear malformation however remained
unexplained.

1974 Experiments

After pot experiments in 1973 failed to
exhibit ear malformation, field studies
with the very sensitive winter wheat
variety *‘Manella” were undertaken.
From injection at successive stages of
growth it was found that the most
sensitive stage is that of maximum
stooling, i.e., stage § according to the
Feekes-scale (Large, 1954). Beyond
this stage no ear malformation could
be induced.

Injection procedure. The chemical was
injected in the sandy soil at a depth of
18 cm, between the rows of the winter
wheat (16 injections per m?). After
injection, the soil was pressed by foot
to avoid too rapid volatilization, Injec-
tion was carried out in March 1974
when the wheat was in the stool-
ing stage. The products and chem-
icals used were: DD* soil fumigant,
VIDDEN® D and TELONE®
soil fumigants: pure cis- and trans-
1,3-dichloropropene (bp. 105°C and
112°C resp.), 1,2-dichloropropane (bp.
95-97°C), 2,3-dichloropropene (bp.
93-95°C) and a mixture of cis- and A8 ‘
trans-3-chloroallyl alcohol; and in ad- MAMNELLA
dition the DD fraction Wltl:l a bo_'lmg FIGURE 3, Additional examples of malformation.
point <80°C and the fraction with a
boiling point >120°C. The doses of the
chemicals were so chosen that the [§
concentration in the soil was the same

as after normal autumn fumigation 4

with DD at 250 1/ha. Hexane was
added to some chemicals to obtain
injectable quantities.

Results and Discussion

The numbers of malformed ears, ex-
pressed as a percentage of the total
number of ears are summarized in Ta-
ble 1.

Table [ shows that 1 2-dichloropropane
or a conversion product of this com-
pound is responsible for ear malforma-
tion. The ear malformation after

FIGURE 4. Additinntal examples of malformation,
* Trademark of the Shelf Chemical Company.
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application of the commercial prod-
ucts VIDDEN D, DD and TELONE
can be explained from their content of
1,2-dichloropropane namely 25,20 and
15%, respectively. Cis- and trans-1,3-D
(as well as CAA) do not cause ear
malformation. Removal of the non-
nematocidal component 1,2-di-
chloropropane from the mixtures
seems necessary to prevent the ear
malformation. When manufacturing
the commercial products complete re-
moval of 1,2-dichloropropane is diffi-
cult and very expensive, however, a
reduction in the level is feasible. The
question thus arises to which level 1,2-
dichloropropane has to be reduced to
avoid ear malformation and reduction
in yield.

1975 Experiments

As described above, chemicals were
injected in the soil in the autumn of
1974, the usual season in practice for
fumigation, before sowing winter
wheat. This was also done on separate
plotsin the spring of 1975, when winter
wheat was in the stooling stage.

Treatments were as follow:

Autumn 1974: 1,2-dichloropropane at
different doses, viz. 50, 25,12.5and6.2
I/ha; 1,2-dichloropropane at different
doses in combination with cis- and
trans-1,3-dichloropropene (both 70
I/ha); DD, TELONE, and TELONE
IT soil fumigants in usual recom-

mended dosages of 250, 175 and 150
1/ha, respectively.

Spring 1975: The same chemicals were
used but the dosages were 25% of the
autumn application. The experiments
were carried out on an acid sand soil,

anacid peaty sand soiland a calcarious
clay soil,

Results and Discussion
The relation between
fqrmed ears and the amount of 19.
dlch!oro_propane at autumn and spn"ng
‘apphcatlon is given in Figure 5. The
‘no effeg:t’ level of 1,2-dichloropropane
:1111 niillusmgl ‘car malformation with ay-
mn application was ab
With VIDDEN D, DD angl'llt‘ESLglg%
about 62, 50 and 25/ ha, respectively,
of 1,2-qlgh]oropropane were applied t(;
the soil in autumn, so the ‘no effect’
lc\fel 18 easily exceeded. TELONE 11
soil fpmlgant, containing about 39 of
1,2-d1chlor0propane, caused negligible

percentage mal-
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Percentage of malformed cars (m.e.) in “Manella”?
fter soil fumigation at the stooling stage.’

winter wheat’

Chemicals * S ame. - Chemicals .
CVidden D St s 2,30
Dh L g b . PomT s 43 fr. _bp<80°C )

.T'elone. Lk

2%
_cis-l.,3'-])__ # 0
iraﬁs-l,:i-li B
120 ’

fr. bp>120°C

CAA (67,5 ' ha™

unt_reafed :

© 1,3-D = 1,3-dichloropropene
23D = 2,3-dichloropfope_ne__
1,2-D' = 1,2-dichloroprepane”
fr. bp = fraction with boeiling poi
CAA = chloroallyl aicu_hoi e

'sandyf_sﬁil ' 44:3 mg.: 1
- peaty'soi:l ; s mg
clay soil ‘ o491 mg

' malformed

car malformation. When appliedin
spring at the stooling stage the ‘no
effect’ level of 1,2-dichloropropane is
about 1 1/ha. The same percentage of
{nalfonned ears was obtained by in-
Jecting 25% of the amount used in
autumn. After fumigation with DD in
autumn when 2-4% of the amount of
1,2-dichloropropane is still present at

the stooling stage ear malformation
can be expected.

There seems to be no interaction be-
tween 1,3-dichloropropene and 1,2-di-
chloropropane in causing ear
malformation, The relation between
percentage malformed ears and grain
vield in percentage of the yield of the

in Figure 6.

untreated plots is given
When percentages of malfqrmed gaz S
are higher than about 15, yield re ll0
tion can be expected. As pte,rcentﬁlgeI

malformed ears increases above 1

the yield continues to decrease. Ian
general a more severe €ar malformof
tion is noticed at a higher percentage
malformed ears.

At percentages of ma!formed et'ia‘;;
below 15 generally no yield reduct t
is obtained, The average grail w?%he
of malformed and normal ears ¢
three trials is given in Table 2.

e
From Table 2 it can be seel th:;t. sthls
grain weight of malformed €



much higher than the grain weight of
normal ears. At lower percentages of
malformed ears the lower number of
grains in the malformed ears is com-
pletely offset by a higher grain weight.
The yield at low percentages of mal-
formed ears is sometimes even higher
than the yield of the untreated but this
may be attributed to a positive partial
sterilization effect of the 1,3-dichloro-
propenes.

Conclusions

1. The ear malformation is caused by
1,2-dichloropropane or a conver-
sion product of this compound.

2. The **no effect’’ level of 1,2-di-
chloropropane is causing ear mal-
formation in the sensitive winter
wheat variety ‘‘Manella,” was at
autumn application (usual date of
fumigation), about 51/ ha and at the
stooling stage in spring about |
1/ ha.

At percentages of malformed ears
higher thanabout 15 yield reduction
can be expected.

At percentages of malformed ears
below 15 the lower number of grains
in the malformed ears was com-
pletely offset by a higher grain
weight.

5. The 1,2-dichloropropane content of
the mixtures, most often used, (DD,
VIDDEN D and TELONE) is so
high that the ‘‘no effect’ level is
exceeded. As a result, in many
cases yield reduction can be
expected.

6. There is no interaction between 1,2-
dichloropropane and 1,3-di-
chloropropene in causing ear
malformation.

7. Reducing the content of 1,2-di-
chloropropane in the mixtures (o a
lower level (about 3%) prevents ear
malformation and yield reduction.
TELONE 11, a recently developed
soil fumigant of The Dow Chemical
Company, meets these require-
ments.

8. The results emphasize the necessity
to involve all the components of
pesticide formulations in the study
of their effect.
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FIGURE 6. Relationship between percemtage of malformed ears and grain yield in percentage of
the yield of the untreated plots.
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