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Abstract. Experiments determined the effectiveness of the bipyridinium herbicides
paraquat and diquat and of the diphenyl ether herbicide lactofen to desiccate onion
(Allium cepa L.) shoots without affecting bulb quality and storage life. Paraquat, ap-
plied once, desiccated 80% of onion shoots within 3 days. Diquat desiccated ≈ ≈ 60% of
onion shoots within 10 days of treatment. Lactofen caused slight necrosis but did not
adequately desiccate onion shoots. Diquat and paraquat reduced sprouting of ‘Red
Wethersfield’ more than of ‘White Portugal’. Chemical names used: 6,7-dihydrodipyr-
ido[l,2    2’,1’-c] pyrazinediium ion (diquat); (±)2-ethoxy-l-methyl-2-oxoethy1 5-[2-
chloro-4-(trifluoromethyl)phenoxyl] -2-nitrobenzoate (lactofen); 1,1’-dimethyl-4,4’-bi-
pyridinium ion (paraquat).
Onion sets are small, undersized bulbs that
produce a large onion upon planting (Comin,
1946). Bulb size and storage life are impor-
tant in onion set production. U.S. Dept. of
Agriculture standards require a diameter of
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0.8 to 2.5 cm, with at least 40% of the sets
between 0.8 and 1.9 cm. Onion bulb size
and storage life are affected by seeding rates
and environmental conditions during growth.
Excess moisture in the field can prolong
maturation (Nonnecke, 1989), resulting in
onion shoots remaining green and making
harvesting difficult. Excess moisture also
prevents sets from maturing properly, which
reduces storage life (Comin, 1946; Non-
necke, 1989). Wet weather and high humid-
ity during harvest and curing can lead to neck
rot and premature sprouting (Walker et al.,
1944).

Traditionally, to facilitate harvest, onion
tops were treated with dinoseb [2-sec-butyl-
4-6-dinitrophenol]. In 1986, the U.S. Envi-
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Pig. 1. Sprouting of onion shoots 3 weeks (top) and 5 weeks (bottom) after planting. The shoots
were treated with a desiccant, the bulbs harvested and stored at SC for 4 months before being planted.
The bars are means for 1987 and 1988 results. White = ‘White Portugal’; red = ‘Red Wethersfield’.
The desiccant treatments were: untreated control (CON); lactofen at 0.56 kg·ha-1 (LACT); diquat
at 0.28 kg·ha-l (DIQU); diquat at 0.28 kg·ha-l plus UAN at 3.8 liter. ha-1 (DI + 2); two applications
of diquat at 0.28 kg·ha-l (DI/DI); paraquat at 0.28 kg·ha-l (PAM); paraquat at 0.28 kg·ha-l plus
UAN at 3.8 liter·ha-1 (PA + 2); and two applications of paraquat at 0.28 kg·ha-1 (PA/PA).

Table 1. Desiccation of ‘Red Wethersfield’ and ‘White Portugal’ onion foliage 10 days after the first
treatment and the percent of onion sets regraded as U.S. no. 1 after 4 months of storage at 5C. Data
are means for 1987 and 1988.
ronmental Protection Agency canceled the
registration for dinoseb, and there are no
desiccants currently registered for onions.
Paraquat and diquat (bipyridinium herbi-
cides) are used to desiccate potato vines and
may have potential for use in onion if they
do not injure the bulb or cause residue prob-
lems.
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Bipyridinium herbicides may be translo-
cated in susceptible plants. In Philadelphia
fleabane (Erigeron philadelphicus L.),
horseweed [Conyza canodensis (L.) Crong.],
and wall barley (Hordeum glaucum Steud.),
paraquat was translocated rapidly throughout
the vascular system of susceptible but not
tolerant biotypes (Bishop et al., 1987; Tan-
aka et al., 1986). Paraquat movement also
was reported in radish (Raphanus sativus L.)
and wild oats (Avena fatua L.) (Merritt, 1982).
Plants do not metabolize bipyridinium her-
bicides. Residues of bipyridinium herbicides
have been found in potato tubers even after
several months of storage (Headford and
Douglas, 1987; Summers, 1980). If diquat
or paraquat translocates into the onion bulb,
injury of the shoot meristem could result.

The translocation of bipyridinium herbi-
cides in susceptible species causes concern
about their use as onion desiccants. Thus,
my objective was to determine the effective-
ness of chemical desiccants to kill onion
shoots while maintaining bulb storage life
and viability.

The experiment was conducted in 1987 at
Lansing, Ill., on a Milford silty loam soil
(pH 5.8, organic matter 2% to 3%) and in
1988 at St. Charles, 111., on Drummer silt
loam soil (pH 6.2, organic matter 4% to 5%).
‘Red Wethersfield’ and ‘White Portugal’ on-
ions were seeded on 20 Apr. 1987 and 10
May 1988. There were two rows of onions
planted 10 cm apart per bed, and the plot
size was 1.2 x 3 m. A seeding rate of 85
kg·ha -1 was used (Hopen and Peterson,
1974). The experiment was a split-plot de-
sign with the cultivars as main plots and des-
iccant treatment as subplots. There were three
replications. DCPA [dimethyl 2,3,4,5,6-te-
trachloro-1,4-benzenedicarboxylate] at 11.8
kg a.i./ha was applied at planting. Oxyfluor-
fen [2-chloro-l-(3-ethoxy-4-nitrophenoxy)-4-
(trifluoro-methyl)benzene] at 0.14 kg a.i./ha
was applied for broadleaf weed control when
the onions were at the two-to three-leaf stage.
The experiment was maintained weed-free
by cultivation and hoeing as necessary.
Chlorothalonil [tetra-chloroisophthalonitrile]
and azinphos-methyl [o,o-dimethyl s-(4 oxo-
1,2,3 -benzotriazin-3 -(4H)-yl methyl) phos-
phorodithioate] were applied as needed to
control diseases (i.e., Botrytis leaf blight and
purple blotch) and insects (thrips), respec-
tively.

The desiccant treatments were: 1) an un-
treated control; 2) lactofen at 0.56 kg·ha-l;
3) diquat at 0.28 kg·ha-1; 4) diquat at 0.28
kg·ha-1 plus urea ammonium nitrate (UAN)
at 3.8 liter·ha-l; 5) two applications of di-
quat at 0.28 kg·ha-1; 6) paraquat at 0.28
kg·ha -1; 7) paraquat at 0.28 kg-ha-l plus
UAN at 3.8 liter·ha-1; and (8) two appli-
cations of paraquat at 0.28 kg·ha-1. Treat-
ments 2 to 7 also included X-77 Spreader
(Chevron Chemical, Ortho Agricultural
Chemical Div., Richmond, Calif.) at 470
ml·ha -1. Urea ammonium nitrate is a com-
mercially available (Growmark, Blooming-
ton, 111.) liquid fertilizer whose concentration
is equivalent to 16.5 kg N per 100 liter. The
adjuvant UAN has been reported to improve
the activity of many postemergence herbi-
cides (Beckett and Stoner, 1988). The des-
iccant rates were selected based on the
minimum labeled rates for potato.

The first desiccant treatments were made
on 11 July 1987 and 25 July 1988, when the
onion sets started to senescence. In 1987, the
onion leaves were lying on the soil surface
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and starting to brown, while in 1988 the on-
ion leaves were lying on the soil surface but
were still green. The second applications
(treatments 5 and 8) were made 3 days later.
Desiccants were applied with a CO2 back-
pack sprayer equipped with 8006 flat fan
nozzles and delivering 370 liter·ha-l at 210
kPa.

Desiccation of the onion shoots was rated
10 days after the first application on a scale
of 0 = no foliar bum or senescence to
100 = complete foliar burn and tissue death.
The bulbs were harvested and visually in-
spected for exterior damage. The shoots were
cut from the bulbs, and the bulbs were sorted
into either U.S. no. 1 or all others (Jones
and Mann, 1963). The U.S. no. 1 bulbs were
allowed to cure by passing dried air at am-
bient temperature over them for 3 weeks. All
bulbs sorted as U.S. no. 1 were then stored
at 5C for 4 months, after which they were
resorted. Then, 12 U.S. no. 1 bulbs for each
treatment-replicate combination were planted
into 10-cm-diameter (480 cm2) plastic pots
containing an artificial medium [1 peat moss
: 1 loam soil : 1 perlite (by volume)]. The
onions began to emerge ≈2 weeks after
planting and continued to emerge for the next
3 weeks.

Data were tested by analysis of variance.
There was no significant interaction between
year and either treatment or cultivar, indi-
cating that trends were similar both years;
therefore, data from both years were com-
bined for analysis. Means were separated by
least significant difference procedure.

Desiccant treatment had no effect on yield
of bulbs or the percent of bulbs graded as
U.S. no. 1 immediately after harvest (data
not shown). Yield was ≈ 15,000 kg·ha-l and
≈85% of the bulbs were graded as U.S. no.
1. The main reason for rejection was small
size. The bulbs had no apparent external in-
juries, were not misshapen, and were solid
and healthy appearing after harvest.

Desiccation was less in 1988 than in 1987.
For example, desiccation 10 days after treat-
ment averaged 52% in 1988 and 75% in 1987.
The difference between years was probably
due to less-mature onions and hot and dry
weather in 1988. Such weather can decrease
bipyridinium herbicide absorption (Sum-
mers, 1980). Also, how far onion senes-
cence has progressed before desiccant
application appears to be important in ob-
taining satisfactory foliage kill.

Paraquat applied once desiccated 87% of
‘White Portugal’ onion shoots, making nei-
ther UAN nor a second application of para-
quat necessary (Table 1). Including UAN with
paraquat significantly improved desiccation
of ‘Red Wethersfield’ compared to paraquat
alone. ‘Red Wethersfield’ was more upright
at the time of application than ‘White Por-
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tugal’, so contact and retention of the spray
solution by foliage of ‘Red Wethersfield’ was
probably poorer than for ‘White Portugal’.
Diquat applied once desiccated shoots of ‘Red
Wethersfield’ 62% and those of ‘White Por-
tugal’ 68%. A second application of diquat
or addition of UAN to the spray solution
improved desiccation. Two applications of
diquat are often required for complete desic-
cation of potato vines (Zandstra and Putnam,
1989). Lactofen at 0.56 kg·ha-1 caused slight
phytotoxicity but did not desiccate onion
shoots.

The percent of ‘White Portugal’ bulbs re-
graded U.S. no. 1 after 4months of storage
was reduced by paraquat, but not by diquat
(Table 1). The reduction in quality was pri-
marily due to the bulbs drying up. ‘Red
Wethersfield’ was not as adversely affected
by paraquat as was ‘White Portugal’. The
rapid kill of ‘White Portugal’ leaves by pa-
raquat could have caused bulb damage or not
allowed proper curing of the onion neck,
Comin (1946) reported that if the neck re-
gion is not fully dried out it becomes a prime
target for diseases.

Sprouting of ‘Red Wethersfield’ and ‘White
Portugal’ bulbs differed. Sprouting 3 and 5
weeks after planting of ‘Red Wethersfield’
treated with diquat + UAN was reduced when
compared to the control (Fig. 1). Diquat did
not decrease sprouting of ‘White Portugal’.
Paraquat decreased sprouting of both culti-
vars compared to the control. For example,
< 20% of bulbs had sprouted 5 weeks after
planting when paraquat was applied once.
The greatest difference in sprouting between
cultivars was for bulbs harvested from on-
ions treated twice with paraquat. Of ‘White
Portugal’, 60% sprouted, while 8% of ‘Red
Wethersfield’ sprouted. The shoots emerg-
ing in the paraquat treatments appeared to
have reduced vigor. The difference in
sprouting occurred both years and possibly
was due to greater translocation of paraquat
into ‘Red Wethersfield’ bulbs.

Germination of monocots has been re-
ported to be affected by applications of pa-
raquat (Appleby and Brenchley, 1968; Eagely
and Williams, 1978; Klingman and Murray,
1976; Salazar and Appleby, 1982; Young et
al., 1984) For seed germination or onion bulb
sprouting to be affected, a significant amount
of herbicide must be absorbed, translocated,
and retained (Young et al., 1984). Injury to
onion bulbs from bipyridinium herbicides
could be related to high temperatures at the
time of application causing rapid uptake and
translocation into the bulb (Merkle et al.,
1965; Jones and Mann, 1963). Necrosis at
the stem end of potato tubers following the
application of diquat was correlated with the
amount of bipyridinium herbicide in the tu-
bers (Eagely and Williams, 1978).
Diquat and paraquat applications affect
sprouting of the bulbs, suggesting that the
herbicides move into the bulb, possibly in-
juring the shoot meristem. Therefore, they
are probably unsuited for foliar desiccation
in set production.
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