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The use of chemicals to defoliate nursery stock dates back
to at least 1940, when Milbrath, et al., (7), advocated the use
of ethylene gas for defoliating roses in storage. a method that
apparently works well but which has disadvantages.

The need for early defoliation in the nursery to allow
earlier digging of stock has undoubtedly existed for years in
many areas. Hand-stripping is a common, but very expen-
sive method of leaf removal. Other non-chemical methods
(sweating in pits, use of animals, etc.) have been used but all
have serious limitations.

Chemically-induced defoliation prior to digging and stor-
age 1s potentially the most promising method of leaf removal,
but an entirely satisfactory chemical treatment for a wide
variety of plants has not been found. A number of chemicals
have been tried (3,4 6,8,9,10,11) by various workers, but only
a few have been useful and none has received commercial ac-
ceptance. A naturally occurring growth regulator, such as Ab-
scisin II (1), seems potentially to be the ultimate answer, but
present information Indicates that it, too, lacks the features
of an effective nursery stock defoliant (2) in spite of con-
siderable speculative publicity to the contrary.

An effective defoliant for deciduous woody nursery stock
should cause 50% or more leaf fall in 2-3 weeks and any re-
maining leaves should be loose enough to drop during digging
and handling prior to storage. Little or no bud or bark dam-

age can be tolerated, and the plant must grow normally fol-
lowing transplanting.

During the past five years, with the cooperation of sev-
eral members of the Washington State Nursery Association,
a number of chemicals and chemical combinations have been
tested for nursery stock defoliation in central Washington.
Various commercial defoliants (developed primarily for field
crops) and miscellaneous chemicals were tried. The results
of these tests are reported here.

MATERIALS AND METHODS

Sprays were applied at commercial nurseries in central
Washington using a portable power sprayer operating at ap-
proximately 150 psi. Sprays were applied to runoff, using
rates based on the manufacturer’s suggestions when available.
At weekly intervals following treatment, until the plants were
dug and stored by the nurseryman, the percentage defoliation
was visually determined. I'ollowing winter storage, the plants
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ducted under project 1690  Financial support was given by C and O, Heath, May, Mt Arbor,
Milton, Pacific Coast and VanWell Nurseries.
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were replanted for observation in commercial plantings or at
Pullman in test plots. In all years, except 1966, single plots
of 5 plants or more were treated for each cultivar. During
1966, duplicate plots of 3 or more plants were used.

In 1962, treatments were started September 28 and repeated
3 times at weekly intervals on previously untreated plants. In
1963, treatments were applied on October 17 and 24. In 1964,
applications were made on October 15 and 22 at low concen-
trations on the same plants and compared with single higher
doses. In the years following 1964, only one application per
plot was made, but treatments were applied {twice, a week

apart, on previously untreated plots. In 1965, sprays were ap-
plied on October 8 and 15, and 1n 1966 on October 13 and 20.

Throughout the text, concentrations are expressed in per-
centages of the formulation or chemical as recelved and not
active ingredients or absolute amounts. Percentages are calcu-
lated on volume for liquids and weight for dry materials.

RESULTS AND DISCUSSION
1962 :

During 1962, 10 chemicals were used on 13 cultivars.
The results from only two chemicals and the last two treat-
ment dates are given in Table 1. These chemicals were DEF
(S, S. S-tributyl phosphorotrithioate) and Folex (tributyl-
phosphorotrithioite), both commercial defoliants and very sim-
ilar in composition. Other chemicals used, which were un-
satisfactory at the rates used and under the conditions of this
trial, are listed 1n Table 2. The two earliest spraying dates
(September 28 and October 5) resulted in excessive damage
with all chemicals.

One Washington nursery used DEF at about 19% on a
moderate scale with success for one or two years prior to 1962.
Two nurseries used this material extensively in 1962 and
both reported some unfavorable results. As noted in Table 1,
e 1% concentration may be too high under some conditions
with some plants.

Some chemicals listed in Table 2 might be satisfactory if
used at lower rates, but with the exception of Glytac EC plus
oll, all caused extensive damage.

1963 :

In 1963, 7 chemicals were used on 10 cultivars. Those
that produced the best results are listed in Table 3. UC 20299
was the poorest of these chemicals. Damage with most chem-
icals was minor compared to the previous year. Potassium
1odide (KI) and aminotriazole were generally unsatisfactory
because of excessive damage, and Cadox was generally inef-
fective at the rates used (Table 2). In spite of the injury
with KI, a favorable response encouraged further work.
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Table 1. Percent defoliation induced by chemidals applied in the nursery to
several deciduous woody plants  (1962) !

Chemical and concentration

Treatment DEF Foles?

Plant datc(Oct) 0 75% 1 00% 1.25% 0 75 % 1 00% L 25%
‘Edwar ds’ 12 100 (4)* 100 (4) 100 (4) 100y 100(4) 100 (4)

plum 19 100 (3) 100 (3) 100 (3) 100 (3) 100 (3) 100 (3)
‘Early Ttaliaw’ 12

prune 19 95 (3) 95 (3) 95 (3) 100 (8) 100 (3) 100 (3)
‘Perfection’ 12 100¢3)  100(3)* 100(2)* 100(2)  100(2)¢ 100 (2)*

apricot 19 100(2) 1002 100(2)* 100 (2) 100 (2)* 100 (2)*
‘Bartlett’ 12 100 (3) 100(3)  100(3) 100 (3) 100(3) 100(3)*

pear 19 100 (3) 100 (3) 100 (3) 100 (3) 100 (3) 100 (3)
‘Anjou’ 12

pear 19 100(3)  100¢3)* 100(3)* 1003 100(H* 100(3)*
‘Winesap' [2 100 (4) 1004)* 100(3)* 1004) 100(4)* 100(3)

apple 19 100 (3) 10G(3)*  100(3)* 100 (3) 100(3)* 100 (3)"*
"‘Rome Beauty |2

apple 19 80 (3) 80 (3) 80 (3)* 50 (3) 50 (3) 50(3)*
‘Anthony Waterer’ 12

spiraca 19 20 (3) 20 (3) 20 (3) 20 (3) 30(3)* 40(8)°
Wergela rosea | 9%

19 2003  80(3)  30(3)  20(3)  30(3)  30(3)

French c¢rab 19

sldg 19 00 (3) 60 (3) 60 (3) 80 (3) 80 (3) 80 (3)
French pear 12

sldg. 19 50 (3) 60 (3) 75 (3) 75 (3) 75 (3) 75 (3)
Pyrus calleryana 12

sldg. 19 0(3) 0 (3) 0(3) 0 (3) 0 (3) 0 (3)
Prunus mahaleb 12

sldg. 19 75 (3) 75 (3) 75 (3) 70 (3) 80 (3) 100 (2)

IPcfohation of controls was nil on November 9, four weeks followiny the first application cxcept
for "Perfecction” apricot which had lost 209% of its leaves

2Concentration calculated on the pereentage of formulation uscd, not active 1ngiredient  (6#/gal.)
Dupont spreader-sticker used in additton at 1 pt /100 gal  spray material

‘Numbers 1n parentheses are the weeks required for the indicated percertage defohation  Plants
usutally dug by that time

Concentration excessive under conditions of this tmal, usually judged because of poor growth
after replanting rather than damage prior to storage

Table 2. Miscellaneous chemicals used in defoliation wrials but consideted gen-
crally unsatstactory at the indicated rates and under the conditions of
these trials on deciduous woody nursery stock

CHEMICAL CONCENTRATION!?

1962
Endothal (3,6 endohexahydrothalate) 1.09/, 1.59%  2.09%
TD 273 Harvest Aide 1.0 1.5 2.0
Endothal-TD 288 Harvest Aide 1.0 ‘1.5 2.0
Ansar 138 (cacodylic acid) 0.12 0.24 0 306
Diquat (I:1 ethylene-2:2 dipyridylium dichloride) 1.125 0.25 0.50
Paraquat (1:1-dimethyl-4,4' dipryidylium

dichloride) 0.125 0.25 (.50
Glytac EC (plus 109, Volck supreme oil) 0.125 0.25 0.375
Hydirogen cyanamid 0.60 1.20 ]1.80
1963
Cadox (cadmium oxyquinolate) 0.12 0.24 0.36
Aminotriazole (3-amino-1,2,4-triazolc) 0.12 0.24 0.36
Potassium 10dide (KI) 0.60 I.20 [.80

1Concentration caiculated on the percentage of the formulation uscd, not active ingredient

159



2wy JBYY AQG Bnp A[[Ensn siue[d

Eﬂﬁum_—ﬂwm_u

98eviuadIad  poyedipul

'IIBUOJINS[AIR[AY[E UV
10} parmbar sysam 2yl ole sisayjuared ur saIndig,

afie101s 01 1oud 23vwep ueyy Joyles Bunuepdar Jummoljoj yimoid 1ood jo asnedaq padpnl Ajensa ‘[etI3  SIY)  JO SUOTITPUOY JJPUN  AISSIIXI  UOIIRIIUDDIUO ),
Hmm DE\E& [ 1B posn ospe f/-X ucu_ﬁmhw:ﬁ JATIDE ‘siseq Uone[nwlIoy] © UG PAENdE3  UOIIPIIUIDUO )
(#) 01 (¢) ¢g (¥) 0¢ (}) 6 (F) 0 ANON
(¢) 0Z (+) 01 (z) 09 (€) 06 . (€) ¢ - (3 6 : (§) 05 - (1) O (£) 0 - (¥) 08 090
(£) 03 (F) 0T (2) 09 () 06 - (8) € - (p) ¢ - (£) 03 = (F) 0 ()0 - (b) 01 9¢°0
() 0Z () 01 (2) 6 (¢) 08 (¢) €3G (¥) ¢z - (8) 03 - (F) 0 (£)0 : (b) 6L 210 66202 DN
(€) 0¥ (%) 0G () 6 (¢) 08 - (€) 001 - (F) c1, . (6) 05 : () ¢ (¢)0 (+) 0 310
(¢) ¢z (+) 0Z (3) <L (¢) o - (€) 08 - (3) 06 (£) 03 : (b) € (€)0 () 0 8% pPlWBURAD
(¢) 01 ) 02 (2) 06 (¢) 0L - (€) 001 - (F) 0G (¢) 02 : (F) G (¢) 0 (+) 0 Z10 U580 IpAH
- ({1o
swxdng
(¢) 03 (F) 01 (3) €6 ()er,  (glool ()08 @0 (por (80 : (1) 0 00'¢ WIOA %¢
(€) 03 (F) 01 (3) ¢6 (gos  :(§oor (06 ©or ot (0 s (F) 0 00 3 snjd) AN
(¢) 0Z () 01 (g) 62 (¢) 06 (€) 00T - (F) 06 () OF . (1) 01 (€) o () 0 00' 1 [OUODDEN]
: (€) 03 . (F) 06 (oot (g et . (¥) 0¢ (¢) ¢ () 0 (€)o : (F) 0 0¢'|
: () 03 . (%) 06 -(€)001 (g o¢ - {(p) 06 (¢) ¢ (F) 0 (£) 0 - (#) 0 00’1
(¢) 0 () 06 (€) 001 (¢) 0¢g (¥) 0¢ (¢) ¢ ($) 0 : (€)0 - (5) 0 G1'0 A4
(%) -ouon JU2IUSY )
FT L1 tC L1 te Ll FC L1 ke L1 ( 190Q) =1 W]
yoead 1ead a1dde B jueld
wn]d P 139[31eq 1ead sury
EpOIET, eHOJe(], 1IEMIIQ 11931y, PaY.

SNONpIIP [BIIAIS

01 (Jg pue [ 129012(Q) S1Ep Om1 U0 L1asinu ay)

(co61) siuejd poom
ur poidde sjeoruwsys Aq poonpur uonviojop UDIRg ‘¢ IR

160



161

(6) 0 (9) o1 G (%) 0 ANON
(#) 06 (¢) ¢z - (F) 01 - (€) 05 (F) 05 - (¢) op (¢) 0% - (#) 001 (¢) o (¥) 05 09 0
(#) 0¢ (¢) ¢Z - (F) 0T - (¢) 0z (¥) 03 -(¢) oy (¢) 09 : (F) 06 (€)0 (F) 07 9¢ 0
(¥) 001 (©)oo1r - )OI - (6) 03 (F) 0Z -(©)og (¢) ¢1 ($) 0¢ (€) 0 (¥) 03 210 66503 DN
($) 09 (€) 06 (¥) 0¢ () oc () <6 (¢) ¢6 {¢) 06 () €6 () 65 #)0 gL 0
(¥) 03 (¢) 09 (¥) 0g (S) 0¢ (F) 08 (6) ¢t (¢) €3 () 0¥ (¢) 01 () 0 8k 0 PIEURAD
(%) 03 (¢) 0§ () 0g (¢) o¢ (¥) 08 (¥) 06 (6) €3 ) OF (€) 0 (#) 0 210 usdoipiH
([0
s dng
- () 001 - (¢) 06 (¢) €} - (€) 06 (¥) 06 - (F) 06 (¢) 08 - () 04 -(¢)o - () 0 00 & YIOA %$
() 66 (6) 09 (§) 1 . (€) 06 (+) 06 -(¢) 001 (¢) ¢z  (F) 0L (¢) 0 - (F) 0 00 3 snid) N
(¥) C6 (¢) 06 (¢) ¢1 . (6) 06 (¥) 06 (<) 001 (¢) ¢z - ($) 09 (€)0 - (17 0 00 | [OUODIEN]
- (¥) 08 - (¢) 0% - () 06 - (¢) ¢6 () OF (4) OF ($) <6 . (F) 00T (¢) 08 . (F) 06 0¢ 1
(¥) 08 (¢) oF . (7) 06 - (¢) ¢ () 0¢ (¢) o2 (€) 66 - () 001 (¢) 65 - () 03 00 I
(%) 0g (¢) OF - (7) O . (€) ¢ (#) 09 (€) 09 (¢) ¢8 (¥) 06 (¢) 01 (¥) 03 GL 1A
uEm
npIeq B1abram ap[s Iead qeld eI g
mmm.uuam m,v_ﬂum.ﬂ— P .__.m nmm._m.._mE AH ﬂm_ﬁ.:um Juﬂuhh.—
(ponuniuad} ¢ 2|qP L,



1964 :

In 1964, 7 chemicals—or combinations of chemicals—
were applied on October 15 and 22 on 11 cultivars, and single
and double applications (on the same plants) were compared
(Table 4). Damage was almost nil, occurring only on weigela,
‘Rome’ apple, and P. mahaleb seedlings. The damage to
‘Rome’ apple was not apparent until after storage and re-
planting. The most satisfactory chemical treatments were KI
in combination with Nacconol NR (an alkylarylsulfonate) or
with DEF. These combinations frequently resulted in faster
defoliation than when these chemicals were used separately.
Repeat applications of low and medium rates were usually
more satisfactory than single low, medium, or high rates. The
time required for complete defoliation (where achieved) un-
der undisturbed conditions varied from 1 to 6 weeks. The
figures with ‘Yellospur’, ‘Hi-Early’, ‘Rome’ apples and °‘Ital-
1an’ prune are low because of early digging (2 and 3 weeks
after treatment). An additional week In the field at the
stage they were dug would usually increase defoliation consid-
erably.

1965 :

In 1965, 15 chemicals or chemical combinations were used
on 14 cultivars applied on October 8 and 15. Damage was more
severe than the previous year, especially with the earlier ap-
plication date. However, both dates were earlier than in
1964 ; this undoubtedly accounts for a good portion of the
damage. The 5 years’ data presented here indicate that
plants become more resistant to damage and easier to defoli-
ate as dormancy approaches, and that more damage occurs
from treatments made prior to October 15, even though growth
and conditions varied considerably from year to year.

The most satistactory materials were KI, KI 4 alanine,
Bromodine (a bromine-iodine complex) and DEF. Other ma-
terials were not as effective and/or caused more damage.
Pyrus calleryana, French crab, and ‘Bartlett’ pear seedlings
were not completely defoliated without damage by any treat-
ment. Some cultivars were more subject to damage than oth-
ers, especlally ‘Bartlett’ pear. The time required for complete
defoliation with undisturbed conditions varied from 2 to 5
weeks, depending on the plant.
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1966 :

In 1966, 7 chemicals, or chemical combinations, were used
on 12 cultivars. Bromodine, KI, and KI plus Bromodine were
the most satisfactory. The addition of alanine to KI did not
help as muech as the previous year.

Almost no injury was apparent at storage time, but
many plots failed to grow properly after replanting, notably
those of ‘Chinook’ cherry and ‘Bartlett’ pear. It is of interest
to note that plants which were replanted in commercial
plantings (‘Red Winesap’, ‘Golden Delicious’, and ‘Hi-Early’
Delicious apples), rather than in test plots, grew normally.
This would indicate that handling, planting, and subsequent
care may have been more conducive to good growth under com-
mercial conditions and that defoliated plants may be more
subject to adverse conditions than non-defoliated plants.
This had been suspected in previous years, but had
not been nearly as apparent. However, the evidence is far
from conclusive, since comparable plants were not observed
under both conditions. Plants in the test plots were not head-
ed back as in commercial plantings and less growth stimula-
tion would be expected. Moisture may have been less ade-
quate in test plots because of somewhat shallower plantings.
Another factor contributing to the difference observed may
have been the physical condition of the stock at the time of
treatment, although these plants had set terminal buds
when treated. It is not known whether hand-stripped plants
would respond in a similar way or if the chemicals were en-
tirely responsible. It is possible that hand-stripped plants
might respond similarily if defoliated too early.

Pyrus calleryana, French crab, and Bartlett pear seed-
lings showed little response to the defoliants by the time they
were dug. An additional week would have helped consider-
ably except with P. calleryana, which did not respond satistac-
torily to any treatment during the course of the experiments.

Interesting data was collected, although not presented
here, to show that it would not be necessary to wait for com-
plete defoliation in the field prior to digging. It was noted
that plots showing as little as 109 defoliation at digging
time could be 1009 defoliated after digging, bundling, loading,
and transporting to the storage. Thus, it would only be neces-
sary to wait for partial defoliation, if the remainder of leaves

was loose, prior to digging.
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SUMMARY AND CONCLUSIONS

Of the 30 chemicals or chemical combinations used dur-
ing the 5-year period of this study, DEF (0.25 - 0.75% ), Bro-
modine (1.0 - 2.0%), KI (0.1 - 0.2%), Nacconol NR (0.5 -
1.0%), and KI (0.1%) in combination with Bromodine
(1.0%), alanine (1.5 - 2.0%), Nacconol NR (0.5%) or
DEF (0.259%) were most successful. These chemicals were
all used on a number of plants during at least two years of the
study.

The 33 cultivars used varied considerably in their re-
sponse to defoliants. No satisfactory treatment was found for
weigela or for P. calleryana seedlings. ‘Rome’ apples were
very difficult to defoliate without injury, probably because
they tend to grow late in the season. Apple and pear seed-
lings (other than P. calleryana) varied considerably in ease
of defoliation. In general, all plants became more resistant
to damage and easier to defoliate as dormancy approached,
because growth ceases, tissues harden, and the natural abscis-
sion processes begin. Evidence was obtained to show that
1t would not generally be necessary to wait for complete de-
foliation prior to digging, but only for adequate loosening of
leaves. Subsequent digging and handling prior to storage
caused the loss of remaining leaves.

It was evident that two defoliant applications approxi-
mately a week apart at low rates would often cause faster
defoliation with less injury than a single application of a
higher rate. Satisfactory results might be obtained by using
a very low rate applied approximately 4 to 5 weeks prior to

digging followed by a second application one to two weeks
later.

Many factors appeared to influence the response to de-
foliants, i.e. plant vigor, stage of plant growth, nutrients,
moisture, temperature, growing season, location, and individ-
ual plant characteristics. It is, therefore, doubtful that a
given chemical can be found, except one which is naturally
occurring, which will be satisfactory for a large number of
plants. If such a chemical can be found, the proper rates will
probably vary and the response will be influenced by the above
factors. The chemicals mentioned above as being most sat-
isfactory can undoubtedly be safely used on a number of
plants, but they cannot be used without regard to the influenc-
ing factors just mentioned. Not only is this important, but
Inadequate care following transplanting may cause undue loss
of defoliated plants.

More trials must be made. Undoubtedly, additional pro-
mising chemicals will be found. Programs currently under-
way which are searching for fruit looseners may yield chem-
icals of value for stimulating leaf abscission (5). More needs
to be known of the plant characteristics which influence the
penetration and response to defoliants in order to make it
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possible to defoliate difficult types. Other approaches to de-
foliation, such as the use of electrical current or a combination
of defoliants and growth regulators might have promise.
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