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Chemical Thinning 'Fuji' Apple in the Midwest 

David C. Ferree and John C. Schmid 

Abstract 

'FujiVM.7 apple trees in a commercial orchard were treated with a range of chemical thinners over 

7 years to determine their effectiveness. NAA and NAD did not adequately thin and did increase pygmy 

fruit. Multiple sprays of ethephon and scoring increased return bloom. Although carbaryl or BA (Accel) 

did not generally reduce fruit set when applied alone, the combination caused significant thinning 2 out 

of 5 years and 4 out of 5 years increased return bloom. In 2 of 3 years of limb treatments, Endothall ap 

plied at bloom reduced set. 

Introduction 

Chemical thinning is used widely in 

commercial apple production to increase 

size, enhance return bloom, improve qual 

ity, avoid limb breakage and lessen bien 

nial bearing (3, 4, 14, 15). As new apple 

cultivars, such as 'Fuji,' are introduced 

and grown in areas removed from where 

they were developed, optimal thinning 

programs need to be developed. 'Fuji' is 

predicted to capture 10-11% of the world 

apple market by 2005 (12). 'Fuji' has been 

reported to have a strong tendency toward 

biennial bearing in Tasmania (6), Wash 

ington and British Columbia (10), Japan 

(9), Italy (11,12) and from our experience 

in Ohio. Most of the available chemical 

thinning materials have been tried on 

'Fuji.' Bound et al. (1) found that the most 

effective timing with benzyladenine (BA) 

was 20 d after full bloom and concentra 

tion of 200 and 400 ppm were most effec 

tive. However,, these concentrations are 

above the rate labeled in the United States. 

NAA (naphthalene acetic acid) and NAD 

(naphthalene acetamide) have been re 

ported to inadequately thin and result in 

pygmy fruit (8, 11). NAA has resulted in 

more thinning when applied closer to 

bloom than when applied later (13). Ethe 

phon was efficient in thinning 'Fuji' in 

Tasmania and Italy just before full bloom, 

but the degree of thinning declined linear 

ly over time becoming ineffective 5-6 

days after full bloom (7,13). Carbaryl has 

been tried by several investigators (10, 

11), but alone it did not adequately thin or 

prevent biennial bearing. The combina 

tion of carbaryl with BA, ethephon or 

MCPB-ethyl generally resulted in in 

creased thinning compared to the com 

pounds alone (10, 11). Since many of 

these trials were conducted in warmer and 

drier climates than Ohio, a series of stud 

ies was initiated to determine the best 

method to thin 'Fuji' in a humid climate. 

Materials and Methods 

Beginning in 1992 a thinning trial was 

conducted annually on 'Fuji'/M.7 trees 

planted in 1988 in a commercial orchard 

near Pataskala, OH. Trees were free 

standing and trained as a central leader 

with minimal pruning. Thinning sprays 

were applied with a high pressure hand 

gun until drip occurred. Fruit set (%) was 

determined by tagging one or more limbs 

so that 200-300 flower clusters/tree were 

counted just prior to bloom with fruit 

counted in mid-summer well after June 

drop was completed. At harvest the crop 

was rated visually on a scale of 1 to 10 

with 5 being a full crop and 10 being an 

excessive crop. In other studies, this rating 

system had a correlation with actual yield 

of r = 0.89-0.92. A sample of 25 fruit was 

taken at random from the periphery of 

each tree and weighed to estimate fruit 

size. The following spring return bloom 

was rated on a 1 to 10 scale with 10 being 

a snowball bloom. The treatments in each 

trial were arranged as a randomized block 

with single trees treated. Duncan's Multi 

ple Range Test at P = 0.05 was used as the 

means separation test. 
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7992 Trial. Treatments in this trial are 

shown in Table 1. NAD and NAAwere ap 

plied at petal fall (19 May 1992) and 10-12 

mm fruit diameter (28 May 1992), respec 

tively. BA (benzyladenine) was also ap 

plied at 10-12 mm fruit diameter, while 

weekly ethephon sprays were begun the 

following week. Trees were scored at the 

10-12 mm fruit diameter stage with a 

curved bladed knife cutting through the 

bark and cambium with a single cut that 

joined. Pygmy fruit were rated on a scale 

of 0 = none to 5 = many. Treatments were 

replicated 8 times. 

7993 Trial. Treatments are listed in 

Table 2 and included carbaryl (Sevin 

XLR), NAA, BA in various concentrations 

and scoring. Treatments were arranged as 

a randomized complete block with 7 indi 

vidual tree replications. 

7994 Trial. Treatments were listed in 

Table 3 with the PF (petal fall) treatments 

applied May 9, 1994, and the 10-11 mm 

fruit diameter sprays were applied May 18, 

1994. Treatments were arranged as a ran 

domized complete block with 7 individual 

tree replications. 

7995 Trials. Treatments are listed in 

Table 4 and were applied on May 14,1995, 

and were arranged as a randomized com 

plete block with 7 individual tree replica 

tions. An additional trial was established 

on limbs of trees in an adjoining row by ap 

plying various rates of Endothall (mono-

N,N-dimethylalkylamine salt) (Table 5). 

Sprays were applied by a hand-held CO2 

sprayer to drip on May 7, 1995, when 80-

90% of the flowers were opened. There 

were 8 replications of each treatment 

arranged as a randomized complete block. 

Flower clusters were counted and at har 

vest russet and scarf skin were rated on a 

1-5 scale with 1 being none and 5 being se 

vere. A similar scale was used to rate leaf 

injury which occurred as dark necrotic le 

sions on the leaf edges and at times in in-

terveinal areas. 

7996 Trials. Since the combination of 

Accel and Sevin had been promising in 

past trials, various rates and combinations 

were applied in 1996 with treatments list 

ed in Table 6. Treatments were arranged as 

a randomized complete block with 8 sin 

gle-tree replications. As in 1995, a second 

trial with 8 replications of limb treatments 

applied at 80-90% open flowers of various 

rates of Endothall (Table 7) with applica 

tions and ratings were made as previously 

described. 

7998 Trials. The trial in 1997 was con 

sidered invalid due to very poor set, re 

sulting from frost damage and thus, was 

repeated in 1998. Treatments consisted of 

various application times of carbaryl 

(Sevin XLR) and combinations of carbaryl 

with other materials (Table 8). Ethephon 

was applied at the rate of 900 ppm, car 

baryl (Sevin XLR) 2.5 ml/L, NAD at 50 

ppm and BA (Accel) at 50 ppm. Treat 

ments were arranged as a randomized 

complete block with 8 single-tree replica 

tions. Two higher rates of Endothall were 

again applied to limbs when flowers were 

30-50% open with 5 replications of each 

treatment in a randomized block design 

(Table 9). 

Results 

7992 Trial. Although there was a 25% 

difference among the treatment extremes 

of fruit set, there was no significant differ 

ence among the treatments for fruit set or 

crop rating (Table 1). Pygmy fruit were in 

creased by NAA compared to the control. 

Fruit size was increased by NAA at 10 ppm 

and BA at 100 ppm. These two treatments 

as well as multiple ethephon sprays and 

scoring increased return bloom. Scoring at 

10-12 mm fruit size caused the greatest in 

crease in return bloom. 

1993 Trial. BA reduced fruit set and 

scoring, plus BA increased fruit set and 

crop and the following year increased re 

turn bloom and crop rating, but only NAA 

at 20 ppm, Ba, and BA plus NAA at 10 

ppm decreased set (Table 2). BA plus car 

baryl decreased crop rating and increased 

fruit size and in the following year in 

creased return bloom and crop rating. 

1994 Trial. Accel at petal fall, followed 

by Accel at 10 mm fruit size was the only 

treatment that decreased set and crop rat 

ing (Table 3). Fruit size was not affected 

by any treatment. Return bloom was in-
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Table 1. Influence of thinning treatments applied in the spring of 1992 on 
5-year-old 'FujiVM.7 trees. 

Weekly sprays applied beginning one week after 10-12 mm stage (28 May 1992); Petal Fall was 19 May 1992. 

vScoring was a connected cut through the bark encircling the trunk 30 cm above the soil. 

xMean comparison by Duncan's Multiple Range test p = .05. 

wPygmy fruit rated as 0 = none to 5 = many. Crop rating: 1 = no crop, 5 = full crop, 10 = excessive crop. 

vBloom rating: 0 = no flowers to 10 = snowball bloom. 

creased by Accel at 50 or 100 ppm and by 

Accel at PF followed at 10 mm fruit size 

by either Accel or carbaryl. 

1995 Trial. All thinning treatments re 

duced fruit set and crop rating and in 

creased fruit size (Table 4). The inclusion 

of oil caused over thinning and resulted in 

too few fruit for reliable size measure 

ments. While in previous years it required 

combination sprays to thin, the ease of 

thinning in 1995 resulted in over-thinning 

when Accel was combined with other 

products. All treatments except Accel 

alone at 75 ppm increased return bloom 

with the combination treatments causing 

the greatest increase. Limb treatments of 

various rates of Endothall had no effect on 

fruit set, size or shape (Table 5), which 

Table 2. Influence of thinning treatments on fruit set, average fruit size, 

fruit Ca and crop load of 'Fuji7M.7 apple in 1§93. 

2Random sample of 25 fruit/tree. 

vCrop Rating: 1 = no crop; 5 = full crop; 10 = excessive crop. 

xMean comparison by Duncan's Multiple Range Test p = .05. 

wBloom Rating: 0 = no flowers to 10 = snowball bloom. 
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Table 3. Performance of ACCEL and Carbaryl as thinners on 7-yr.-old 

'FujiVM.7 trees in Pataskala, Ohio in 1994. 

zCrop rating: 1 = no crop, 5-6 = full crop and 10 = excessive crop. 

YReturn bloom rating: 1 = no bloom to 10 = snowball bloom. 

"Mean comparison by Duncan's Multiple Range Test p = .05. 

could have been related to the light crop on 

these trees. Fruit russet and scarf skin were 

not influenced, but leaf injury was in 

creased with the higher rates. 

1996 Trial None of the thinning treat 

ments influenced fruit set, size or crop 

(Table 6). In the following year a frost in 

April killed many flowers so return bloom 

was light and unaffected 1996 by treat 

ments. Applications of Endothall to limbs 

when 80-90% of the flowers were open, 

decreased fruit set with no significant in 

fluence of rate, although a trend existed for 

the highest rates to cause the greatest re 

duction (Table 7). Scarf skin tended to be 

increased by higher rates of Endothall, 

while russet and stem cracking were unaf 

fected by treatments. 

1998 Trial. Although carbaryl alone 

did not decrease fruit set, when another 

thinner was applied in combination with 

carbaryl, set and crop were reduced (Table 

8). Generally treatments that decreased set 

also increased fruit size and return bloom. 

Two or three applications of ethephon 

were particularly effective in increasing 

return bloom. Crop ratings greatly above 5 

(full crop) resulted in trees with no bloom 

the following year. Limb treatments of En 

dothall applied when 30-50% of the flow 

ers were open significantly reduced set lin 

early as rate increased, but with no change 

in fruit size (Table 9). 

Discussion 

In the 1992 and 1993 trials NAA or 

NAD did little thinning, but NAA at 10 

ppm did increase fruit size in 1992, but not 

in 1993. Combining NAA with BAdid not 

cause thinning relative to the control. The 

lack of effectiveness of NAA to thin 'Fuji' 

was also found by others (8, 11). Howev-

Table 4. Influence of chemical thinning treatments on 'Fuji' apples in 1995 

(Pataskala, OH). 

Treatment 

at 10 mm 

(rate/100 gal) Rate 

Fruit 

set Crop 

rating2 

Fruit 

wt(g) 

Returnv 

bioom 

1996 

Check 

Accel 

Carbaryl 

Accel + Carbaryl 

Accel + Oil 

Accel + Oil + Carbaryl 

Accel + Ethrel 

50.7ax 

75 ppm 18.6bc 

2.5 ml/L 31.6b 

75 ppm + 2.5 ml/L 10.6c 

75 ppm + 5 ml/L 7.5c 

75 ppm + 5 ml/L + 2.5 ml/L 9.1c 

75 ppm + 400ppm 8.4c 

zCrop load estimate: 1 = no crop, 5 = full crop; 10 = excessive crop. 

^Return bloom rating: 1 = no bloom to 10 = snowball bloom. 

xMean comparison by Duncan's Multiple Range Test p = .05. 
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Table 5. Influence of bloom applications of Endothall to limbs of 'Fuji' on 

fruit set, fruit size and quality in 1995. 

2Rate for Russet: 1 = no russet to 5 = complete russet. 

YRating for Scarf Skin: 1 = no scarf skin to 5 = complete scarfing. 

xMean comparison by Duncan's Multiple Range Test p = .05. 

wRating for Leaf Injury: 1 = no injury to 5 = leaf killed. 

er, NAA applications around bloom as op 

posed to 10-14 days after bloom caused 

thinning (7,10). Our work confirms that of 

others that NAA and NAD does cause 

pygmy fruit with 'Fuji' (6,8,11,13). NAD 

also has been reported to have a negative 

effect on fruit bud development the fol 

lowing year (13). 

Carbaryl alone was used in 5 studies, 

and only in 1995 when all thinners 

worked, did it adequately thin 'Fuji.'The 

combination of carbaryl and BA (Accel) 

caused significant thinning in 2 out of 5 

years, and in 2 other years return bloom 

was increased even though a significant 

reduction in set did not occur. This com 

bination was also successful in British 

Columbia (10). The combination of min 

eral oil to enhance the effect of carbaryl 

was effective in Italy (11). In the present 

study, spray oil was used with BA or BA 

and carbaryl in the easy to thin year 

(1995) and over-thinning occurred. Thus, 

the combination of carbaryl and BA 

(Accel) was one of the most successful 

treatments in these trials in breaking the 

biennial tendency of 'Fuji.' 

Ethephon has been used successfully to 

thin 'Fuji' in several studies when applied 

around bloom (7,11,13). However, Jones 

et al. (8) found that ethephon when 

sprayed at full bloom caused excessive 

russet. However, they concluded that 

"ethephon at FB is currently the only sat 

isfactory thinning spray for Fuji." In 1992, 

multiple sprays of low rates of ethephon 

did not cause thinning, but did increase re 

turn bloom. In 1998, combining ethephon 

with carbaryl at petal fall caused optimal 

thinning and enhanced return bloom. Fol 

lowing this treatment with a second ethep 

hon spray at 10-12 mm fruit size, resulted 

in over-thinning and a corresponding dra 

matic increase in return bloom. The com 

bination of carbaryl, NAD and ethephon at 

petal fall also caused nearly optimal thin-

Table 6. Influence of various rates of Accel and Carbaryl on fruit set and 

size of 'Fuji' in 1996 at Pataskala, OH. 

p rating: 1 = no crop; 5 = full crop; 10 = excessive crop. 

yPromalin rate: 1.85 ml/L Kings open (May 9); PF (May 14); May 22 applied Carbaryl (Sevin XLR). 

xMean comparison by Duncan's Multiple Range Test p = .05. 

wReturn bloom rating: 1 = no bloom to 10 = snowball, rated after severe frost in April that greatly reduced bloom. 
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Table 7. Influence of various rates of Endothall on fruit set, size, and qual 

ity of 'Fuji' in 1996, Pataskala, OH. 

zRating for russet: 1 = no russet to 5 = excessive russet. 

^Rating for scarf skin: 1 = no scarf skin to 5 = excessive scarf skin. 

xMean comparison by Duncan's Multiple Range Test p = .05. 

wRating for stem cracking: 0 = no cracks, 1 = cracks. 

ning. These treatments are promising and 

need to be tested further under humid Mid 

west conditions. Recent recommendations 

from Tasmania suggest ethephon at bloom 

followed by BA at 140-160 ppm, 20 days 

after full bloom as a thinning program (6). 

Research in Tasmania indicates that 'Fuji' 

trees could be cropped at higher levels than 

'Golden Delicious' or 'Delicious' due to 

large fruit size and later picking date (6). 

This is not the experience in Ohio where 

'Fuji' must have lower crop loads than 

these cultivars if it is to have bloom the fol 

lowing year. The difference is likely the 

amount of growing season after harvest in 

Tasmania. In Ohio due to 'Fuji's' late har 

vest date, leaves are often exposed to frost 

prior to picking. 

Mantinger (11) states that "thinning of 

'Fuji' is more difficult than other varieties, 

and moreover even sufficient thinning 

does not always bring about a satisfactory 

flower bud differentiation for the follow 

ing year." Since it is generally accepted 

that the earlier that thinning occurs, the 

greater is the effect on return bloom, thin 

ning at bloom should be evaluated with 

this cultivar. Byers (2) reported that En 

dothall, pelargonic acid, Vl-1066, Wilthin 

and ammonium thiosulfate inhibited fruit 

set of apples, but he did not report trials on 

'Fuji.' Of bloom thinning materials tried in 

Ohio, Endothall has been the most consis 

tent causing significant thinning of spur-

type 'Delicious' in each of the last 4 years 

(5). Limb treatments of Endothall caused a 

reduction in fruit set of 'Fuji' in 2 of the 3 

years, particularly at the higher rates. Scarf 

skin was increased slightly in one year, but 

there was no effect on russeting. 

Table 8. Influence of chemical thinning treatments on fruit set and yield of 

'Fuji' apples at Pataskala, OH in 1998. 
Fruit 

set 

Treatment* 

Crop 

rating2 

Fruit 

weight 

(g) 

Return* 

bloom 

Control 

Carbaryl PF 

Carbaryl + Ethephon PF 

Carbaryl + Ethephon PF + Ethephon 10-12 mm 

Carbaryl + NAD + Ethephon PF 

Carbaryl + Ethephon PF + Ethephon 10-12 mm + 

Ethephon 20-25 mm 

Carbaryl + Accel 10-12 mm 

Carbaryl 10-12 mm 

zCrop rating: 1 = no crop, 5 = full crop, 10 = excessive crop. 

VReturn bloom rating: 1 = no bloom to 10 = snowball bloom, correlation of crop rating and return bloom is -.89**. 

xMean comparison by Duncan's Multiple Range test p = .05. 

treatment: Ethephon applied at 900 ppm, Carbaryl (Sevin XLR) applied at 2.5 ml/L, NAD applied at 50 ppm. and Accel applied at 

50 ppm. 
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Table 9. Influence of Endothall ap 

plied at bloom on fruit set and 

fruit size of Fuji,' Pataskala, OH 

1998. 

^rop rating: 1 = no crop, 5 = full crop, 10 = excessive crop. 

VMean comparison by Duncan's Multiple Range Test p = .05. 

Looney et al. (10) reported that the syn 

thetic auxins NAA and MCPB-ethyl ap 

plied at bloom were effective whole-clus 

ter thinners of 'Fuji/ but many of the 

remaining fruit were in clusters with mul 

tiple fruit. A carbaryl spray applied post-

bloom further reduced crop and increased 

the incidence of singles. In Japan where 

'Fuji' originated, blossoms are often re 

moved by hand to insure large fruit size 

and good return bloom (9). Studies by 

Waldner and Knoll (13) confirm the earli 

er that hand thinning of 'Fuji' is accom 

plished, the greater the effect on return 

bloom. They found that thinning 45 days 

after full bloom improves flowering the 

following year, whereas at 75 days after 

bloom it is no longer effective. 

In summary, results from this group of 

experiments indicate that NAA and NAD 

should not be used because of inadequate 

thinning and pygmy fruit. Carbaryl or BA 

(Accel) alone will not generally thin ade 

quately, but the combination of these ma 

terials at 10-12 mm fruit size gave the most 

consistent thinning program. We need 

more experience with ethephon in combi 

nation with carbaryl. Bloom thinners, such 

as Endothall, also show promise when 

they become approved for use. 'Fuji' under 

our conditions is very biennial and it re 

mains a significant challenge to correctly 

thin it with bioregulators. 
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