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Planting Distances vs. Yields and Amount of Pruning Time 
of Peach Trees 

F. 0. HARTMAN and R. G. HILL, JR.1 

INTRODUCTION 
If Ohio fruit growers expect to realize a profit 

from their enterprise today, they need to obtain high 
yields without incurring excessive high costs of pro
duction. Consequently, a trend has developed to
wards high density plantings of apples ( 1, 5) and, in 
more recent years, of peaches as well ( 2, 6). 

Important consideration in the management of 
high density fruit plantings must be given to training 
and pruning of the trees ( 3). With increased num
bers of trees per acre, higher yields earlier in the life 
of the planting are obtainable. Accompanying this 
increase, however, might be higher labor costs as with 
pruning. Studies reveal that pruning is responsibk 
for more than 30% of the cost of growing apples ( 4). 
This could well be the situation relative to peach pro
duction. 

MATERIALS AND METHODS 
A high density peach planting consisting of 270 

trees was established at the Jackson Branch of the 
Ohio Agricultural Research and Development Cen
ter in April 1969. The cultivars are 'Redhaven' and 
'Redskin', with 'Halchaven' used for buffer trees. 
The trees were set at a distance of 20 feet between 
the rows and at distances of 20, 15, IO, 7Y2 , and 5 
feet within the row. On an acre basis, these planting 
distances result in 109, 145, 218, 290, and 436 
trees per acre, respectively. The plots ranged from 
as few as 4 trees at the 20-foot distance to 19 trees at 
the 5-foot spacing. The plots are approximately 85 
feet in length, depending on the number of trees pre
sent. 

RESULTS AND DISCUSSION 
Yields obtained in 1971 from plots with the vari

ous tree spacings are shown in Table 1. This was 
the third year for the life of the planting. It is ap
parent that at this early age of the planting there was 
an increase in plot yield, and correspondingly on an 
acre basis as the planting distance between trees was 
reduced. 

The weight of prunings in 1972 and the pruning 
time in 1973 are given in Table 2. In this planting, 
the plots containing the closer spaced trees required 
a greater amount of pruning when determined by 
weight or time in the early years of the planting. It 

1Professor and Professor and Associate Chairman, respectively, 
Dept. of Horticulture, The Ohio State University and Ohio Agricultural 
Research and Development Center. 
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could be that in some high density plantings the in
creased return the grower receives from higher yields 
might be somewhat reduced due to higher pruning 
costs. 

As a result of low winter temperatures and/ or 
spring frosts or freezes, none or only minor crops were 
obtained for 3 years following 1971. However, in 
1975 a good crop was obtained and by this time the 
trees at the wider spacings had equaled the yields of 
trees at the closer planting distances (Table 3). 

Vegetative growth of the trees in this planting 
was most vigorous, particularly when small or no 
crops were produced, and considerable pruning time 
was involved, especially in plots with trees spaced 5 
and 7}'2 feet apart. Pruning was most important 
here to keep trees from shading each other and getting 

TABLE 1.-Yields of Peach Cultivars at Jackson, 
Ohio, 1971. 

Planting Bushels/ Acri! 

Distance 'Redhaven' 'Redskin' 

ft 
20 35.3 43.6 
15 86,7 83.5 
10 97.2 96.2 
71/, 180.7 145.5 
5 194.8 177.7 

TABLE 2.-Tree Spacing and Relation to Pruning. 

Planting Pruning Weight Pruning Time 
Distance per Plot, 1 972 per Plot, 1973 

ft lb min 
20 32 105 
15 55 163 
10 72 204 
71/, 93 319 
5 107 326 

TABLE 3.-Yields of Peach Cultivars at Jackson, 
Ohio, 1975. 

Planting Bushels/ Acre 

Distance 'Redhaven 'Redskin' 

ft 

20 297.9 618.8 
15 405.4 722.0 
10 352.0 641.2 
71/, 451.9 515.4 
5 365.1 633.1 



TABLE 4.-Tree Spacing and Relation to Pruning, 1973-1978. 

Pruning Time per Plot (min) 

Planting 
Distance 1973 1974 1975 

ft 
20 105 91 59 
15 163 113 89 
10 204 157 86 
7 y. 319 201 11 B 
5 326 180 113 

too tall. Time required for pruning continue~ to br 
greater for plots containing closer spaced trees (Table 
4). 

It appears from these data that less pruning time 
is required as the trees become older. Part of thi~ 
difference is due to the fact that the data presented 
represent dormant pruning time which was usually 
carried out in March. Since 1974, summer shearing 
or hedging has been used in this planting to help to 
control height and spread of these vigorous trees. 
This summer pruning has reduced the time required 
for the dormant pruning in recent years. 

Given a couple more favorable years for a crop, 
the excessive vegetative growth of the closer spared 
(5 and 7.12 feet) trees would undoubtedly have been 
reduced, along with some reduction in pruning labor. 
In addition, during the first 5 years or so of the plant
ing, the total yields of the plots with closer spaced 
trees would likely have been even more impressive as 
compared to plots with 15 and 20-foot spaced trees. 

Naturally, these early crops are most welcomed 
by the grower, giving him a quicker return on his in
vestment of land, trees, materials, and labor. How-

4 

Cumulative 
1976 1977 1978 1973-1978 

52 46 43 396 
76 71 73 585 
78 71 69 665 
70 54 60 822 

119 91 121 950 

ever, until ways are available to help provide for a 
crop more consistently by misting before or at bloom 
or other means, the full potential of earlier, larger 
yields of higher density plantings may not be realized. 
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Influence of Heading Height of Newly Planted Trees 
on Apple Tree Growth 1 

DAVID C. FERREE2 

INTRODUCTION 
Recommendations for many years have been to 

prune 1-year apple whips at 24" to 36" after plant
ing with little regard for differences in cultivar re
sponse ( 1, 2, 3). These recommendations have been 
satisfactory because almost all trees were relatively 
large, free-standing, and trained to either a modified 
leader or open center. In the new intensive manage
ment systems which restrict tree height to 7' to 8', 
the location of the first tier of scaffold shoots becomes 
critical if maximum production efficiency is to be 
achieved. 

In slender spindle systems, Wertheim ( 7) sug
gests procuring feathered nursery trees and not whips 
as is the normal practice with conventional trees. 
The only pruning cut recommended on these trees at 
planting time is to cut the central leader at 32". 
Norton ( 4) follows this technique for trees to he 
grown as slender spindles and has suggested pruning 
at 24" and rubbing off buds below the central leader 
down to 14'' to develop the first tier of scaffolds in 
trellis plantings. Tukey ( 6) has suggested heading 
newly planted trees at 16" just below the bottom wire 
( 18") for trellis plantings. 

Since cultivars appear to differ in the distribu
tion of growth as the result of heading cuts, two stud
ies were established to determine the response of new
ly planted trees on various cultivars to different head
ing heights. 

MATERIALS AND METHODS 
Study 1 

In the spring of 1975, nine cultivars on either 
MM 106 or M 7 at a spacing of 15' x 25' were 

1Appreciation 1s expressed to Fred Finney, Moreland Fruit Farm, 
and Bruce Downes, Downes Orchard, for their cooperation in these 
studies. 

'Associate Professor, Dept. of Horticulture, Ohio Agricultural Re
search and Development Center and The Ohio State University. 

planted at the Moreland Fruit Farm, Moreland, 
Ohio. The trees were headed at heights of 24", 27'', 
and 3 O" replicated 6 times for a total of 18 trees of 
each cultivar. Shoot growth was measured after 
completion of growth in the following three height~ 
on each tree: top 3" (3" immediately below the cut); 
3" to 6"; and below 6" ( 6" below the cut to the bud 
union). 

Study 2 
Jonathan and Golden Delicious on M 9 at a spa

cing of 8' x 12' and Spur Delicious on M 9 (Miller
spur 14", 16", 20") and Oregon Spur ( 24") at a 
spacing of 6' x 12' were planted in 1977 by Downe~ 
Orchard, Inc., with the trees managed on a four-wire 
trellis. The trees were headed at 14", 16", 20", and 
24". In the 20" and 24" treatments, one or two 
buds were left immediately below the cut to develop 
a central leader. Further shoots were rubbed off 
down to a height of 14" and all shoots below 14'' were 
allowed to grow. 

The treatments were replicated 10 times with 5 
trees of each cultivar in each replication for a total of 
50 trees receiving each treatment. After cessation 
of growth, shoot growth was measured as previously 
described. 

RESULTS AND DISCUSSION 
Summarization of the data from nine cultivars 

in Study 1 on M 7 and MM 106 revealed that more 
shoots were produced with a heading height of 30'' 
than 24", but no difference in total shoot growth or 
average shoot length resulted from the various head
ing heights (Table 1 ) . The highest number of shoots 
occurred in the area 3" below the heading cut and 
shoots in this zone had the greatest total shoot length 
and longest average length. The shoots in this zone 
would be the most desirable to develop as scaffolds. 

TABLE 1.-lnfluence of Height of Heading Cut and the Production and Distribution of Growth of Newly 
Planted Apple Trees.* 

He}ght of Heading Cut Distribution of Growth 

24" 27" 30" Top 3" 3" .. 6" Below 6" 

Number of Shoots 1.9bt 2.lab 2.3a 2.6a l.5c 2.2b 
Total Shoot Length [cm) 62c 680 69c 92a 41c 66b 
Average Shoot Length [cm) 29c 29a 27a 37c 24b 25b 

*Average of 162 trees of nine cultivcrs. 
tMeans without a letter in common ere statistically different [.05). 
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TABLE 2.-Differences in the Response of Nine Cultivars in the Distribution of Shoot Growth of Newly Planted 
Apple Trees.* 

No. of Shoots 

Top 3"· Below 
Cultivar 3" 6" 6" 

Double Red Jonathan 2.7 1.5 1.7 

Empire 2.7 2.0 3.2 

Cortland 2.6 1.5 1.0 

I dared 2.4 1.3 3.6 
Double Red Stayman 2.9 1.8 4.3 
Red Chief Delicious 2.4 0.6 8.9 
Mutsu 2.5 1.8 2.4 
MacSpur 2.6 1.3 1.8 
Paulared 2.8 1.2 

LSD .05 = 0.7 

*Average of growth from 24", 27", and 30" heading heights. 

However, often the crotch angle was narrow and 
shoots lower down had to be selected. The use of 
wooden snap clothespins on these upper shoots could 
aid in forcing a wide, strong crotch. 

In the area 3" to 6" below the heading cut, few
er shoots were produced and these shoots had less 
total and average shoot length, although the crotch 
angles were wider and more desirable. Many of the 
shoots in the zone 6" below the cut to the bud union 
were too low for desirable scaffolds and would have 
to be removed to facilitate good cultural practices. 

A comparison of the distribution of shoot growth 
produced by the nine cultivars indicates that without 
exception more shoots were produced in the 3" imme
diately below the cut than in the area 3" to 6" below 
the cut (Table 3). There was more total growth 
and longer average shoot length in the top zone. 
Shoots below the top zone of Red Chief Delicious 
were very short and unsuitable for development as 
scaffolds, which is characteristic for many Spur Deli
cious sports. 

In the area 6" below the cut and the bud union, 
ldarcd, Double Red Stayman, and Red Chief Deli
cious produced more shoots than were produced in 
the top 3" area. Shoots in the middle and lower 
zones of Double Red Jonathan, Empire, !dared, 

1.2 

Total Shoot Growth Av. Shoot Length 

Top 3"- Below Top 3" ... Below 
3" 6" 6" 3" 6" 6" 

122 53 56 45 33 31 
78 46 76 29 23 24 
79 35 25 30 24 18 
66 38 110 29 27 29 

127 66 148 44 34 36 
51 9 18 21 7 12 

101 50 68 38 30 25 
83 39 58 34 20 23 

121 34 39 43 22 25 

LSD .05 = 25 N. S. 

Double Red Stayman, and Mutsu were numerous 
enough and of sufficient vigor that heading height 
was not critical. The heading height for cultivars 
such as Red Chief Delicious must be chosen carefully 
if scaffolds are to be selected from the more desirable 
vigorous shoots. 

In Study 2, the 14" heading height resulted in 
the longest central leader in Spur Delicious. Al
though a trend existed for the lower heading heights 
to produce longer central leaders in the other culti
vars, the effect was not well defined (Table 3). 

In 1931 Oskamp ( 5) evaluated for growth dis
tribution from various severities of pruning on newly 
planted 2-year apple trees. He found that the more 
severe pruning resulted in terminal growth which was 
longer and had greater dry weight with fewer grow
ing points. 

Central leaders in Study 2 on the trees headed 
at 24" tended to be shorter than trees with the lower 
heading heights. Heading heights had little cff ect 
on the number of shoots produced or total growth per 
tree of Golden Delicious and Spur Delicious. The 
16" heading height resulted in the longest central 
leader and more shoots and more total growth per 
tree in Jonathan than the other treatments. Head
ing heights of 20" or 24" and removing buds to the 

TABLE 3.-lnfluence of Heading Height* on Length of the Central Leader, Number of Shoots per Tree, and 
Total Shoot Growth per Tree of Three Cultivars on M 9. 

Length of Central Leader (cm) Total No. of Shoots/Tree Total Shoot Length/Tree 

Heading Golden Spur Golden Spur Golden Spur 
Height Delicious Jonathan Delicious Delicious Jonathan Delicious Delicious Jonathan Delicious 

in 
14 77bt 73cd 60cd 2.9de 4.4c 3.3cd l 12d 214bc 105de 
16 72ab 86a 45f 2.7de 9.8a 3. lcde 85de 453a 89de 
20 68c 66de 38f 2.5de 4.3c 3.3cd 67de 173c 90de 
24 59e 58e 43f 2.7de 5.7b l.8e 78de 232b 5le 

•Trees cut at 20" and 24" had buds below the top two rubbed off down to 14", with shoots below 14" allowed to remain. 
tMeans without a letter in common are statistically different (.05). 
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14" level did not result in increased growth of any of 
the cultivars. 

Jonathan and Spur Delicious headed at 14" or 
16" produced the greatest percent of their shoots and 
shoot growth in the zone 3" below the heading cut 
(Table 4). Shoots on Golden Delicious were more 
evenly distributed in the top 3" zone and the 3"-6" 
zone. Nearly 70% of the shoots and growth of Spur 
Delicious occurred immediately below the cut when 
it was made at 14". Growth distribution changed 
significantly when the heading cut was raised to 16'', 
with only 36% of the shoots and 39% of the growth 
occurring in the 0-3" zone. Since these treatments 
were both on Millerspur, the difference can't be ex
plained by strain differences. 

No difference in the distribution of growth oc
curred with Jonathan headed at either 14" or 16", 
but Golden Delicious produced a greater percentagc 
of its shoots and more growth in the upper zone when 
headed at 14" compared to 16". The reasons for 
the differences in cultivar response are not obvious 
but such differences must be considered when differ
ent cultivars are combined in management systems 
such as the trellis where the distribution of scaffold 
shoots is critical to production efficiency. 

The 14" and 16" heading heights resulted in 
relatively few shoots or little growth in the zone 6" 
below the cut to the bud union (Table 4). The re
moval of buds or young shoots from below the central 
leader to a height of 14" on trees headed at 22" to 24" 
resulted in more than 60% of the shoots and total 
growth occurring in the zone from 14" to the bud 
union. The much larger size of this zone on these 
trees probably accounts for the appearance of in
creased growth in this zone. As noted earlier (Table 

3), total number of shoots or total shoot growth/tree 
were not increased by these treatments. 

By heading at 20" to 24" and rubbing off budc; 
to 14", it is possible to tie the tree to the lower wire 
immediately and avoid any growth reduction caused 
by the wind moving the tree. However, in this study 
the wires were not in place and none of the trees were 
tied during the first growing season. 

In Study 1, the higher heading heights resulted 
in more total growth, which was not found in Study 
2. However, the 20" and 24" treatments had buds 
removed and this could account for the difference. 
The extra management step involved in removing the 
buds would not seem justified based on the results of 
this study. However, if a growth advantage could 
be achieved by tying the first season, the practice may 
have merit. 

With cultivars such as Jonathan, Empire, !da
red, Stayman, or Mutsu, which branch freely 10" to 
12" below the heading cut, heading height is not criti
cal. Heading cuts of 24" to 30" for free-standing 
trees and 16" for trellis trees are suggested. With 
cultivars such as Spur Delicious which produce most 
of their vigorous shoots within 3" of the heading cut, 
heading height should be adjusted so that scaffolds 
will be positioned where they are desired. For free
standing trees, the heading cut should be only 3·• 
higher than the desired location of the first tier of 
scaffolds. 

Since 2/3 of the uppermost shoots on Spur Deli
cious will have very narrow crotch angles, wooden 
snap clothespins snapped around the leader when the 
shoots are 3" to 4" long are recommended to insure 
strong crotch angles in these shoots. For trellis 
plantings, Spur Delicious should be headed no higher 

TABLE 4.-lnfluence of Heading Height* of Three Cultivars on Shoot Distribution of Newly Planted Apple Trees 
on M 9 Rootstock. 

Distribution of Growth 

Top 3" Below Cutt 3"·6" Below Cut 6" to Bud Union 

Heading Golden Spur Golden Spur Golden 
Height Delicious Jonathan Delicious Delicious Jonathon Delicious Delicious Jonathan 

in 
Percent No. of Shoots 

14 39c:j: 56b 69a 50ab 36dc 24dc l ld Sd 

16 9de 59b 36c 58a 24de 46bc 33c 16c 

20 7de 7de 17d 19e 25de 17e 67b 68b 

24 6e 5e 13cd 3f lf 18e 84a 94a 

Percent Shoot Length 

14 40c 58b 74a 49ab 34c 19d l ld 7d 

16 Sde 59b 39c 60a 24cd 47b 32c 17d 

20 6de 6de 16d 19d 26cd 19d 67b 68b 

24 5e 6de 13de 3e le 19d 84a 94a 

*Trees cut at 20" and 24" had buds below the top two rubbed off down to 14", with shoots below 14" allowed to remain. 
tDoes not include the central leader. 
:j:Means without a letter in common are statistically different (.05). 
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Spur 
Delicious 

6d 
18d 
66b 
61b 

7d 
14d 
65b 
60b 



than 14" to produce a desirable branch orientation 
on the bottom wire ( 18"). Heading at 16" results 
in the side shoot<; being pulled nearly horizontal when 
they are attached to the bottom wire. This severe 
bending will result in greatly reduced growth in the 
area of the trellis where maximum growth is desired. 
Vigorous, undesirable watersprouts also will be pro
duced at the point of the bend. 

LITERATURE CITED 
1. Banta, E. S., F. S. Howlett, and R. G. Hill, Jr. 

1970. Pruning and Training Fruit Trees. Ohio 
State Univ., Coop. Ext. Serv., Bull. 528, 24 pp. 

2. Childers, N. F. 1973. Modern Fruit Science. 
Hort. Pub., 960 pp. 

8 

3. Crowe, A. D. 1975. Apple Growing in Eastern 
Canada. Agriculture Canada Pub. 1553. 

4. Norton, R. L. 1977. Training and Pruning 
Young Apple Trees. N. Y. Coop. Ext. Serv. 

5. Oskamp, J. 1931. Thi.' Effect of Pruning Apple 
Trees at Planting Time. Cornell Univ., Agri. 
Exp. Sta. Mt>m. 138. 

6. Tukey, L. D. 1967. Trellis Apple Production 
for Orchard Mechanization. Pa. Fruit News, 
46( 12) :6-14. 

7. Wertheim, S. J. 1970. The Training of thf' 
Slender Spindle of Four Apple Varieties. Prol.'f
station voor de Fruitteslt Wilhdminadorp, Pub. 
No. 10, 158 pp. 



Problems of Nitrogen Nutrition 
of Mature Apple Trees on M 9 Rootstock 

D. C. FERREE and G. A. CAHOON1 

INTRODUCTION 
The increa~ing use of trees on clonal size con

trolling rootstock, particularly in the most dwarfing 
M 9, has created a need for more precise information 
on the proper fertilization of these trees. 

Although various investigations ( 4, 7, 8) have 
found some differences in nutrient uptake of dwarf 
vs. standard sized trees, it is generally agreed that 
alteration of nutrient uptake is not the mechanism 
causing dwarfing. Most current fertilizer appFca
tions are based on recommendations ( 1, 5) of foliar 
analysis and tree age. Such recommendations make 
no adjustment for tree size as influenced by rootstock. 
The amount of nitrogen fertilizer required to main
tain adequate leaf nitrogen levels and sustain opti
mum shoot and fruit growth in mature dwarf trees 
has not been determined. 

METHODS AND MATERIALS 
In 1972, two rates and forms of nitrogen ferti

lizer were applied to mature trees on M 9 which pre
viously had been uniformly fertilized. The Jonathan 
trees were planted in 1956 and Delicious and Golden 
Delicious in 1957, with all trees spaced 10' x 18' and 
supported by wooden posts. The soil is a fertile silt 
loam. 

The fertilizer treatments consisted of: 1) a check 
with no fertilizer applied; 2) ammonium nitrate 
(NH.NO,) at Y2 lb/tree; 3) NH,N08 at 2 lb/tree; 
4) sulfur coated urea ( SCU) 2 , a slow-release nitrogen 
form, applied at a rate equivalent to 2 lb of NH,NO, 
with a 15% dissolution rate of urea reduced the first 

'Associate Professor and Professor, respectively, Dept. of Horti
culture, Ohio Agricultural Research and Development Center and The 
Ohio S1ate University. 

'Experimental material supplied by the Tennessee Valley Au
thority. 

7 days; 5) SCU at the rate equivalent to 2 lb of 
NH,NO, but with a 30% dissolution rate. The 
treatments were arranged in a randomized bloc!.. with 
four replications and four trees per treatment. The 
trees were chemically thinned each year with addi
tional hand thinning when needed. 

Annual nitrogen applications before 1972 were 
equivalent to or greater than Ya lb NH,NO..lyr for 
each year of tree age. The average nutrient levels 
found in the tree foliage in 19 72 were: phosphorus, 
0.23%; potassium, 1.56%; calcium, 1.01 % ; magne
sium, 0.32%; manganese, 131 ppm; and boron, 20 
ppm. 

In 1972 and 1973, the fruit from each tree were 
graded on an FMC weight-sizer and the number of 
fruit in each of the following size classes recorded: 
size 1-3 Ya inch diameter and larger; size 2-2% to 
3 1/16 inch diameter; size 3-2 5/16 to 2 3/4 inch di
ameter; and size 4-smalkr than 2Y-i inch diameter. 
The fruit in size classes 1 through 3 were graded on 
commercial standards and culled fruit were removed 
and counted. In 1974 and 1975, the fruit from two 
trees/treatment/replication were graded. A 20-fruit 
sample of size 2 fruit from each tree was rated for 
russet and color in 1972 through 1974. 

Samples of 40 mid-terminal leaves per tree wen' 
collected the first week of August each year and dried 
in a forced draft oven, ground through a 40 mesh 
screen, and analyzed for total nitrogen by the Kjel
dahl-Gunning method. 

RESULTS AND DISCUSSION 
General Yield Patterns 

The cropping pattern of the trees indicates that 
early yields were not high (Table 1). The original 
treatments on these trees consisted of various degrees 
of fruit removal which may partially explain the low 

TABLE 1.-Average Yield ond Total Accumulated Yield per Tree of Three Cultivars on M 9 Rootstocks, Woos
ter, Ohio. 

___________ _:_A_:_v__::ce:..::c-rage Yield* 

Cultivart 

Jonathan 

Golden Delicious 

Delicious 

1960-1963 

lb/t bu/a 

18 
15 
23 

104 
88 

130 

*Set 1 O' x 1 8' or 242 trees/ acre. 

1964-1967 

lb/t bu/a 

48 
56 
48 

278 
319 
278 

1968-1971 

lb/t bu/a 

101 
124 
103 

584 
715 
590 

tJonathan planted 1956, Golden Delicious and Red Delicious planted 1957. 
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Total 
Accumulated 

1972-1975 Yield 

lb/t bu/a lb/t bu/a 

116 669 1136 6567 
129 741 1294 7467 
172 993 1383 7963 



TABLE 2.-lnfluence of Soil Applied Nitrogen Sources and Rates on Leaf Nitrogen Content and Fruit Color 
and Russet of Golden Delicious on M 9. 

------~------·- - - --· ---~ -- ·-----·- - -----·-·----~ - --- ~---------- ---- - ----
Average Leaf 

Colort Russett 
Rate 

Nitrogen Concentration (%)* 

Treatment (lb/Tree) 1972 1973 1974 1975 1972 1973 1974 1972 1973 1974 

Check 0 2.58 2.36 2.34 2.2B 2.6 2.6 2.9 1.7 1.9 2.0 

NH,NOa 0.5 2.64 2.33 2.43 2.29 2.5 2.7 3.2 I .7 2.0 2.2 
NH,NO, 2.0 2.76 2.49 2.49 2.36 2.8 2.9 2.8 1.7 2.2 2.2 

scu 15% 2.0 2.68 2.37 2.44 2.42 2.7 2.8 3.0 1.7 2.0 2.2 

scu 30% 2.0 2.68 2 37 2.42 2.23 2.8 2.4 2.8 1.6 2.1 2.2 

*August sample of 40 mid-terminal leaves. 
tGraduated rating system color 1 = yellow to 5 = green; russet 1 = no russet to 5 = complete russet. 

early yields. However, from 1968 to 1975 yields of 
all three cultivars exceeded an average of 5 7 5 bushels 
per acre. Before 1972, Golden Delicious was th<> 
most productive cultivar. Frost severely reduced the 
Delicious crops in 1966, 1967, and 1971 which. 
coupled with a natural tendency for vigorous growth 
of standard habit Delicious, resulted in the Deliciom 
trees averaging 2 to 3 feet greater in both spread and 
height than the other cultivars. Since 1972, Deli
cious has been the most productive cultivar. A heavy 
fruit set and inadequate thinning resulted in a very 
large yield in 1975 when the three cultivars exceeded 
1,000 bushels/ acre. 

Nitrogen Relationships 

Golden Delicious leaf nitrogen content was 
slightly lower in all treatments in 1973 through 1975 
than the initial values in 1972 (Table 2). However, 
the rates of application or nitrogen forms had no in
fluence on leaf nitrogen concentration in any year of 
the study. The Wooster silt loam soil in this study 
has a relatively high cation exchange capacity and 
historically has been rather slow to produce changes 
in nutrient uptake by deeply rooted trees. The nitro
gen levels in all years were relatively high and other 
nutrients were well above deficiency levels. 

The nitrogen treatments had no significant in
fluence on fruit color or russet of Golden Delicious. 
The range of nitrogen rates used and the 4-year du
ration of the study would have been expected to re
sult in noticeable shifts in leaf nitrogen levels. Other 
studies on this soil type have resulted in differences 
within 4 years. Smith ( 6) found that 'Murcott' Tan
gerine devitalized by excessive cropping did not re
spond to extra fertilizer. He found that starch de
pletion and death of feeder roots accompany the de
cline and concluded that root starvation, as a result 
of crop strain, was the primary cause of tree decline. 

Fruit Size 

A general decrease in fruit size for all cultivars 
occurred (Table 3). Beginning in 1972, both Jona
than and Golden Delicious were chemically thinned 
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annually and the high degree of biennial cropping 
was eliminated. The more consistent and higher an
nual yields would explain a portion of the general 
decrease in fruit size. The marked increase in the 
smaller size 3 fruit in 1974, a year of only moderate 
crop load (Jonathan 45 7 bu/ a, Golden Delicious 602 
bu/ a, and Delicious 667 bu/ a), was not influenced 
by fertilizer source or rate. Neither NH,N0,1 or 
SCU at the rates used influenced the fruit size dis
tribution of these three cultivars. 

In 1972 and 1973, size 4 fruit were included 
with the culls which explains the relatively large per
centage of culls. Russeting, bruising, and color ac
counted for more than 65<,lr of the culls each year. 
The fertilizer treatments had no influence on the per
centage of fruit culled nor the cullage factor respon
sible for rejection. 

A general overcropping situation existed in all 
treatments in 197 5 which resulted in a significant de
crease in large fruit (size 1 ) and increase in smaller 
fruit (sizes 3 and 4). The number of fruit per tre<' 
was two to three times larger in 1975 than in the 
other years of the study (Table 4). Neither the ni
trogen forms nor the rates of application affected the 
number of fruit/tree in any year of the study. 
Tree Vigor 

The rather dramatic reduction in fruit size and 
low vigor of the trees as indicated by reduced vegeta
tive growth indicated that these trees, particularly 
the Golden Delicious trees, were not accumulating 
the quantities of reserves needed for balanced growth 
and fruiting. Avery ( 2, 3) reported that similar 
fruit loads prevented root growth of M 9 to a greater 
extent than more vigorous rootstocks. He also sug
gested that some mechanism exists in the most dwarf
ing stocks that diverts photosynthate into fruit produc
tion at the expense of growth in other plant parts. 
It appears that these mature trees on M 9 rootstocks 
were directing most of their photosynthates into fruit 
with little left over to support shoot and root growth. 
The possibility exists that root foraging was inad
equate to take up the soil applied nitrogen. It is 



TABLE 3.-lnfluence of Two Soil Added Nitrogen Sources and Rates on the Fruit Size Distribution of Three Cultivars on M 9 Rootstocks. 

Cultivar and 
Treatment 

Golden Delicioust 
Check 
NH,NOa 

NH,NOa 

scu 15 % 
scu 30% 

Delic1ou; 

Check 
NH,NOs 

NH,NOs 

scu 15 % 
scu 30 % 

Jonathan 
Check 
NH,NOs 

NH,NOa 

scu 15 % 
scu 30% 

Rate 
(lb/Tree) 

0 
0.5 
2.0 

2.0 

2.0 

0 
0.5 
2.0 
2.0 
2.0 

0 
0.5 
2.0 
2.0 
2.0 

9 
8 

13 
9 

7 

35 
33 

29 
36 
32 

5 
5 

5 

7 

Percent 1972 

2 3 

34 
32 
34 
29 
33 

26 
31 
30 
26 
31 

37 
28 
29 
30 

40 

38 
43 
39 
47 
48 

19 
16 
18 
21 
23 

49 

47 
42 
40 
42 

Culls 

19 
17 
14 
16 
13 

18 
18 
15 
17 
18 

18 
16 
16 
19 
15 

23 
17 
24 

21 
20 

31 
43 
35 
45 
40 

8 
3 

6 
8 

4 

Percent 1973 

2 3 

33 
35 
36 
36 
37 

20 

17 
18 
15 
17 

45 
35 
43 
46 

41 

26 
31 
27 
26 
24 

28 
16 
19 
18 
25 

26 
36 
27 
22 
33 

Fruit Size Distribution* 

Cull• 

18 
12 
15 
17 
18 

20 

22 

20 
21 
21 

21 
25 
25 

24 
22 

0 

l 

0 

21 
36 
32 
35 
31 

6 

7 
13 
11 

6 

2 

6 

6 

6 

5 

5 

18 
16 
15 
13 
14 

10 
12 
15 
16 
10 

Percent I 97 4 

3 4 

85 

83 
85 

87 
86 

48 
38 
38 
35 
32 

73 
67 
58 
60 
67 

6 

6 

3 

4 
4 

3 
2 
3 
2 
3 

2 
l 
l 

2 

Culls 

3 

4 

5 

4 

5 

10 
9 

12 
16 
21 

10 
12 
13 
12 
16 

*Size 1-3 1/8" diameter and larger; size 2-2 7/8"-3 1/16" diameter; size 3-2 5/16"-2 3/4" diameter; size 4-2 1/4" diameter and smaller. 
tTrees set l O' x 18', Jonathan planted l 956, Golden Delicious and Delicious planted 1957. 

0 

0 

0 

0 

2 

6 
8 

5 

0 

0 
0 

0 

0 

2 

2 

16 
11 
15 
19 
17 

20 
14 
17 
12 
12 

Percent 1975 

3 4 

57 
59 
50 
58 
51 

36 
32 
32 
36 
28 

51 
54 
53 
54 
54 

25 

21 
25 
24 
27 

14 
15 
12 

9 

12 

16 
18 
15 
19 
19 

Culls 

16 
18 
24 

16 
21 

31 
42 
35 
27 
39 

13 
14 
15 
14 
14 



TABLE 4.-lnfluence of Two Soil Applied Nitrogen Sources and Rates on the Average Number of Fruit per Tree 
of Three Cultivars on M 9 Rootstocks. 

Average Number of fruit/Tr~e 

Rate 
Golden Delicions* Delicious Jonathan 

Treatment (lb/Tree) 1972 1973 1974 1975 1972 1973 1974 1975 1972 1973 1974 1975 

Check 0 390 205 424 1094 610 385 380 1099 487 420 318 836 
NH,NO, 0.5 350 195 426 763 608 382 319 1279 339 361 319 872 
NH,NO, 2.0 518 294 464 1036 616 296 384 875 381 389 339 879 
scu 15 % 2.0 367 192 408 855 738 404 356 896 356 332 270 920 
scu 30% 2.0 560 276 398 1044 653 316 385 1128 414 411 346 809 
---- --- ---------- --------- -- --~"'----------·-

*Trees set l O' x 18', Jonathan planted 1956, Golden Del1c1ous and Del1c1r;us planted 1957. 

difficult to understand how an application of ap
proximately 290 lb of nitrogen/ acre applied under 
these trees would fail to influence leaf nitrogen con
tent and shoot growth if ample root growth existed 
for its uptake. 

The production efficiency of 600-1,000 bushel'; 
per acre achieved by these mature trees on M 9 ha' 
been very satisfactory, but the proper balance of 
growth and fruiting has not been achieved to main
tain fruit size. Additional work is needed to deter
mine the leaf to fruit ratio necessary to maintain a 
balance between root growth, shoot growth, and 
yield. Such a balance is necessary so that the tree~ 
can carry a productive fruit load any given year and 
still maintain the necessary reserves for adequate 
shoot, root, and fruit growth the following year. 
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Effects of Postbloom SADH, Urea, Dormant Zinc, 
and Zinc-Containing Fungicides on Fruit Set 

and Foliar Nutrient Content in 'Delicious' Apple 1 

E. J. STANG, D. C. FERREE, and G. A. CAHOON2 

INTRODUCTION 
Widespread consumer acceptance of the 'Deli

cious' apple has stimulated extensive commercial 
planting of various strains of this cultivar throughout 
fruit producing regions of the world, including Ohio. 
Unfortunately, research and grower experience with 
the 'Delicious' apple has indicated blossoms of thi<> 
cultivar to be more susceptible than many other cul. 
tivars to cold injury, particularly during frost condi
tions in early spring. In addition, tendencies toward 
poor fruit set and tardiness in spur and blossom de
velopment are disadvantages observed in most 'Deli
cious' strains, especially the standard, non-spur type 
strains. 

Growth regulators, including SADR-Alar ( suc
cinic acid, 2,2-dimethylhydrazide) and ethephon
Ethrel ( 2 chlorocthylphosphonic acid), post-bloom 
nitrogen (urea), and mechanical scoring of limbs on 
tree trunks have been observed to induce early flower 
initiation and, in some cases, promote increased fruit 
set in various apple cultivars (3, 7, 9). 

Nutrient deficiencies, particularly boron ( B) 
and nitrogen (N), have also been implicated in re
duced fruit set (2, 8). Post-bloom foliar sprays of 
nitrogen or boron are now suggested in some fruit 
producing regions where reduced fruit set can he at
tributed to a known deficiency. 

Severe zinc (Zn) deficiency in fruit crops i~ 

known to result in reduced fruit bud development. 
In recent years, some fruit growers have interpreted 
this phenomenon to be related to reduced fruit set. 
Zn deficiency occurs most frequently in soils very 
high in pH or saline soils in more arid areas. 

Diagnosed Zn deficiency in tree fruit crops in 
Ohio is rare. Most Ohio soils contain sufficient micro
nutrients including Zn to supply known fruit crop re
quirements. Only infrequently do specific crop and 
soil conditions exist under which the Zn level falls 
below that considered adequate for fruit crops as es
tablished by plant analysis. Such conditions may 
occur in sandy or muck soils, soils high in pH and 

1The authors gratefully acknowledge the assistance and co
operation of Papania Orchards, New Waterford, Ohio, in extending 
use of their focd1t1es for a portion of these studies. 

2Ass1stant Professor, Associate Professor, and Professor, respec
tively, Dept. of Horticulture, The Ohio State University and Ohio Agri· 
cultural Research and Development Center. 
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available phosphorus, and some peat soils. Except 
for sandy soils, commercial tree fruit crops are usual
ly not established under these conditions. Tempo
rary Zn deficiency may occasionally occur in sandy 
soils or more often may be induced through misman
agement of nutritional programs, e.g., the excessive 
application of lime and phosphorus. 

If a proven Zn deficiency in a tree fruit crop 
exists, the most common corrective measure suggested 
for Ohio has been the application of high concentra
tions of zinc sulfate as a dormant spray. For maxi
mum response and to avoid leaf and fruit injury, it 
is suggested the spray be applied just prior to open
ing of the buds. Recent research indicates, however, 
that dilute foliar applications of Zn may be more ef
fective than dormant sprays in maintaining satisfac
tory Zn levels in apple leaves ( 5). 

Application of fungicides containing zinc or 
manganese (Mn) have also been shown to increase 
Zn and Mn content of apple tissue ( 4, 6). 

METHODS AND MATERIALS 
To assess the influence of Zn, Alar-85, and urea 

(N) on fruit set in Delicious, a uniform commercial 
planting of 7-year-old 'Starkspur Supreme' Delicious 
on seedling rootstock was selected for treatment in 
spring 1976. 

Zn was applied as 22% zinc sulfate at 2.4 kg/ 
100 liters water ( 20 lb/100 gal) dilute dormant spray 
on March 3, 1976. Alar-85 at 0.24 kg/100 liters 
water (2 lb/100 gal) and urea at 0.6 kg/100 liters 
water ( 5 lb/ 100 gal) alone and in combination were 
applied May 6, 1976, 3 days after full bloom stage of 
fruit bud development. 

Counts of 100 or more blossom clusters on five 
trees per treatment were made at full bloom, followed 
by fruit counts on the same limbs in August 1976 to 
assess fruit set. 

No soil application of nitrogen fertilizer was 
made to this planting in 1976. Treatments were 
sampled for foliar analysis of N and Zn content, be
ginning on May 18, 1976, and at approximate 3-week 
intervals through July 18, 1976. 

Unknown to the authors, Dikar fungicide was 
applied to this planting in a standard recommended 
spray schedule for Ohio (0.18 kg/100 liters) begin-



TABLE 1.-Effects of Postbloom Alar, Urea, and Dormant Zinc Applications on Fruit Set, Foliar Nitrogen, 
and Zinc Content in 'Starkspur Supreme' Delicious on Seedling Rootstock, 1976. 

Nitrogen (%) Zinc (ppm)t Mean Fruit 

Treatment 5/18 S/26 6/18 5/18 5/26 6/18 Set (%)* 
----· 

Urea (5 lb/100 gal) 2 42 2 39 1 97 65 100 124 13 0 a 

Zrnc Sulfate* (20 lb/100 gal) 2 67 2 54 1 92 55 83 100 9 0 a 

Alar (2 lb/100 gal) " 32 2 37 2 02 56 83 121 18 5 b 

Zrnc Sulfate* (20 lb/ 1 00 gal) + 
Urea (5 lb/1 00 gal) 2 53 2 54 2 15 62 95 107 4 5 a 

Alar (2 lb/1 00 gal) + 
Urea (5 lb/1 00 gal) 2 49 2 46 2 14 57 101 115 19 6 b 

Check 2 64 2 58 2 04 66 107 117 2 0 a 

*Zrnc and zrnc/urea were applred as 22 % zrnc sulfate rn a dormant applrcatron on March 2, 1976 Alar and urea were applred on 
May 6 1976 3 days after fu 11 bloom 

tDrkar fungrcrde applred as concentrate spray (6 lb/ A) begrnnrn~ rn trght cluster and contrnurng rn succeedrng sprays Drkar contains 
1 8 % zrnc expressed as 1 8 % Zn++ and 14 4 % manganese expressed as Mn++ rans 

:j:Mean frurl set based on number of frurt per 100 or more blo;som clusters, five trees per treatment Means 'allowed by same letter 
not srgnrfrcantly different at 5 % level (Duncan's multiple range) 

ning at tight cluster stage, for control of apple scab 
(Venturia inequalis) and powdery mildew (Podo
sphaera leucotrzcha). Dikar is a special formulation 
of mancozeb (Di thane M-45) and dinoca p (Kara
thane) and contams 1.87c zinc, expres5ed a;;; Zn++ ion, 
and 14.4% manganese as Mn++ ion 

Because of the complicating influence of Zn ap
plied through the Dikar fungicide application in thi5 
test, an additional test was establi5hed in 1977 to 
examine the influence of two fungicides containing 
Zn and manganese (Mn) on foliar content of the<;c 
micronutrients. Dikar and Dithane M-45, a coordi
nation product of zinc ion (2% Zn++) and manganese 
ethylene bisdithiocarbamate ( 16% Mn++), were ap
plied on April 29, 1977, 7 days after full bloom, to 
21-year-old 'Starkrimson' Delicious trees at the Lane 
Avenue Horticultural Farm in Columbus. Five tree<; 
each were treated with Dikar at 0.18 kg/ 100 liter5 
water ( 1.5 lb/100 gal) or Dithane M-45 at 0.18 kg/ 
100 liters water ( 1 5 lb/100 gal) a5 a dilute spray. 
Fully developed leaves from spurs on 2 and 3-year-old 
tissue were sampled on May 11 and Sept. 2, 1977, for 
foliar analy5is. Immediately after sampling, both 
check and treated leaves were washed with detergent 
followed by 0.1 N HCl wash and rinsed in distilled 
water to remove external zinc and manganese prior 
to analysis, as described by Ashby ( 1 ) . 

All fruit was lost to a severe freeze on the night 
of April 29, 1977. Tree<; in this test received no ad
ditional pesticide applications during the 1977 sca<:on 
following initial treatment. 

In the 197 6 test, foliar application of urea had 
little apparent influence on leaf N content sampled 
May 18, 12 days after application (Table 1 ) . Dif
ferences were consistent with normal variation ob
served in single <:ample<: between treatments. In all 
treatment<:, early season foliar N level<; were above 
those comidered adequate for fruit <;ct in Deliciom. 
As normally occurs, leaf N declined through the end 
of the active period of shoot growth in mid to late 
July in Ohio. 

Similarly, Zn levels in foliage were unusually 
high in all treatment<:. Zn level<> in foliage increased 
in all treatments through the sampling period to lcveh 
comidered very high in normal foliar sampling in 
Ohio commercial apple orchards. Very high Zn un
doubtedly resulted in part from surface Zn re5idue~ 
following Dikar fungicide applications for the season. 

Higher Zn content, either through dormant Zn, 
combined Zn/urea, or from Dikar applications in the 
check did not re<:ult in increased fruit set. Urea ap
plication alone did not significantly increase fruit set. 
Increased fruit set occurred only in Alar or in com
bination Alar/urea treatments, and is generally con-

TABLE 2.-Early and Late Season Foliar Zinc and Manganese Content in 'Starkrimson' Delicious Following a 
Single Application of Dikar or Dithane M-45 Fungicides.:t 

Treatmentt 

Check 

D1kar (1 5 lb/100 gal) 

Drthane M-45 (1 5 lb/1 00 gal) 

Zinc (ppm) 

5/11/77 9/2/77 

33 
68 

115 

38 
63 

42 

Manganese (ppm) 

5/11/77 9/2/77 

21 

200 

194 

13 

25 

37 

*D1kar (18% Zn++, 144% Mn++) and D1thane M-45 (20% Zn++, 16% Mn++) applied Aprrl 29, 1977, 7 days after full bloom All 
fruit was lost to a freeze on the night of Aprrl 29 No addrtronal pest1crdes applred 1n 1977 

tFalrage washed 1n detergent followed by 0 1 N HCI wash and drstrlled water rinse to remove surface residual Zn and Mn deposits. 
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sistent with results obtained in previous tests with 
post-bloom Alar applications ( 7). 

Results of the single application treatment of 
fungicides containing Zn and Mn in the 1977 test 
indicated a substantial increase in content of these 
micronutrients at both early and late season sampling 
dates (Table 2) when compared with untreated trees. 
Both Zn and Mn content were within levels consid
ered sufficient to high for apples in Ohio. 

Regrettably, evaluation of the influence of Zn 
and Mn applied through fungicides on fruit set wa<; 
not possible in the 1977 test. Where fruit wa<; pres
ent in the 1976 test, however, Zn levels apparently 
were similar to 1977 tests and indicate that fungicide-; 
containing Zn applied early in the sea<;on can supply 
adequate zinc for tree requirements In fact, it is 
likely that foliar application of Zn through Zn con
taining fungicides or dilute foliar applications of zinc 
sulfate in the early post-bloom period are as effective 
as a separate dormant application of zinc sulfate in 
providing Zn for apple tree requirements. Zinc ap
plication is not recommended on apples in Ohio ex
cept in the rare instances where severe deficiency i<; 
determined through foliar analysis. 
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Economic Appraisal of Insect and Disease lniury 
to Ohio Peaches and Potential Pesticide Use Strategies 

FRANKLIN R. HAW 

INTRODUCTION 
The detailed appraisal of insect and disease in

jury in the format of a life table has yielded valuable 
information on 1Jioeconomics of apple pests ( 10). 
Need for pesticides in high value crops such a~ 
peaches is well known, yet little information has been 
collected on economic losses caused by insects and 
disease<>. 

Harcourt ( 12) constructed a lifr table for a 
vegetable crop and related its usefulness to develop
ment of practical pest management optiom. The 
author modified this technique to illustrate impact 
of insects and di<;eases on apple quality and yields and 
noted the lack of defined economic incentives to assist 
a change to optimal pesticide me policies on high 
value crops ( 10). This report i" an economic ap
praisal of crop injury by both insects and diseases to 
four varieties of peaches. 

METHODS AND MATERIALS 
Studies were initiated in 1971 at the Ohio Agri

cultural Research and Development Center, vVooster. 
The study area rnnsisted of a 1-acre block containing 
ca. 20 replicates of 'Halchavcn', 'Golden Jubilee', 'El
berta', and 'Cumberland' peach varieties planted in 
a 25 x 25 ft grid in 1964 and maintained in a god cul
ture. 

Prior to the study, trees were sprayed each year 
with insecticides and fungicides on a regular ::.ched
ule. During the study years, the block was fertilized 
and mowed but pesticides were omitted. An un
sprayed block of plums was immediately north and 
unsprayed blocks of apples immediately south and 
west of the study area. 

SAMPLING 
During May 1971, 2-4 limbs/tree were tagged 

( 10-15 trees/variety) and the fruits were examined 
in situ at various intervals throughout the growing sea
son. The experiment was initially established as a 
crop life study with data recorded at 7-10 day inter
vals. Assessment of damage to individual fruits was 
completed twice in June and July and at harvest. 
Sampling was initiated shortly after shuck-split each 
year. No estimates were made of insect or disease 
damage to peach foliage, twigs, limbs, or trunks. 

'Professor, Dept. of Entomology, Ohio Agricultural Research and 
Development Center and The Ohta State University. 

'Thanks are expressed to Dr. Robert A. Spotts, Dept. of Plant 
Pathology, for his review and critical comments of this manuscript 
and to John Gregory for technical assistance. 
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Loss of individual fruits waq recorded as insect 
or disease injury on the fruit which, if graded accord
ing to USDA and Ohio grade laws, would result in 
that fruit being classified as nonsaleable fresh fruit or 
"cull". Each type of injury was recorded separate
ly but multiple "hit~" by the same insect or disease 
on an individual fruit were recorded as a single cull 
factor. Each identified insect or disease which 
caused injury to an individual fruit was designated 
as a cull factor. 

In the first year of the study, there was a full 
crop and no pesticides were used on the block. Hand 
thinning was required on all varieties. Severe win· 
ter conditions in 1972 killed most peach buds, pre
cluding data acquisition. A mild winter in 1973 
with a severe drop in temperatures in February re
quited in a complete lo5s of all peach buds. Severe 
winter conditions thinned peach buds in 1974, re
sulting in ca. 33 % crop, but a sampling program 
similar to that conducted in 1971 was initiated. 

A good crop of peaches wa~ produced in 1975 
( 7 5 ft of full). Following + years with no pesticides 
(1971-1974), ca. one-half of the block was placed 
back on a chemical protection program. Azinphos
mcthyl plus captan at 0.75 lb"AI and 1.75 lb AI/acre, 
respectively, were utilized in a standard spray sched
ule. Fruit injury from pests was rated at harvest. 

To ascertain the economic impact of various cull 
factors, average market prices were obtained for Ohio 
peaches in 1971 and 1974. The average prices were 
based on yields of 200 bu/ acre graded to U. S. No. 1 
and priced at $6.00/hu and $8.00/bu in 1971 and 
1974, respectively. Analyses included the dollar loss 
per acre for each cull factor as well as the total effect 
on both yield and quality by all crop injury factors 
for each variety throughout each season. No at
tempt was made to present net income, hut merely 
potential for gross income. 

RESULTS AND DISCUSSION 
Economic Appraisal 

As noted in a previous study (9), the format of 
this life table differs from the conventional insect life 
table in that it records each mortality (cull factor) 
on each individual fruit. The study was terminated 
at harvest and the potential yield was initially deter
mined using the number of fruits present at shuck
split stage as the base. For example, Table 1 pre
sents a typical analysis of crop injury occurring on 
the Cumberland variety in 1974. This tabulation 
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FIG. 1.-Effects of insect and disease injury on 
potential yield of three varieties of peaches, Wooster, 
1974. 

allows an appraisal of the relative importance of each 
cull factor in relation to those fruits remaining at 
specific sampling dates. Each factor could he severe 
enough to cause the fruit to be unsaleable as a U. S. 
No. 1 fruit. The degree of economic loss resulting 
from multiple injuries to the same fruit as well as 
relative varietal susceptibility can be determined 
within each sampling period. 
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FIG. 2.-Effects of insect and disease injury on 
quality of three varieties of peaches, Wooster, 1974. 

The recording of multiple injuries (Table 1) 
served to illustrate the complexity of damage poten
tials from a number of fruit insects and diseases. 
Only ca. 22% of the fruits were potentially market
able in early June when the sum of individual cull 
factors greatly exceeded the total number of fruits in 
the plot. Within 30 to 50 days after shuck-split, 
major peach damage was caused by the plant/stink 

TABLE 1.-Crop Injury Development on Cumberland Variety, Wooster, 1974. 

Sample Date 

June 6 

June 18 

July 3 

July 18 

August 5 
(Harvest) 

Total Fruits 
per Plot 

309 

177 

123 

110 

99 

Total Fruits 
Marketable 

per Plot 

67 

9 

0 

0 
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Major 
Cull 

Factors 

Plant/Stink Bug 
Oriental Fruit Moth 
Rusty Spot 

Plan1/Stink Bug 
Oriental Fruit Moth 
Rusty Spot 

Plant/Stink Bug 
Oriental Fruit Moth 
Rusty Spot 

Plant/Stink Bug 
Oriental Fruit Moth 
Plum Curculio 
Rusty Spot 
Peach Scab 

Plant/Stink Bug 
Plum Curculio 
Japanese Beetle 
Rusty Spot 
Peach Scab 

Total Cull 
Factors 

per Plot 

178 
4 

188 

370 

65 
5 

166 

239 

41 
2 

121 

164 

46 
1 
4 

110 
10 

171 

48 
32 

99 
25 

205 

Percent 
Cull 

57.6 
1.3 

60.8 

36,7 
2.8 

93.8 

33.3 
1.6 

98.4 

41.8 
0.9 
3.6 

100.0 
9.1 

48.5 
32.3 

1.0 
100.0 
25.3 



bug complex. Severe infection of the Cumberland 
variety by the apple powdery mildew fungus, Podo
sphacra sp. ( 8), was noted in early June. The de
velopment of peach scab, Cladosporium carpophilum 
Thuem., was observed in mid-July. 

Figures 1 and 2 show the development of total 
fruit injury caused by insects and diseases and their 
influence on yield and quality of three varieties in 1974 
when no hand thinning of fruits was required. All 
injury factors were determined as a percentage of the 
potential yield at shuck-split stage of fruit develop
ment (ca. May 1 7). Yields of all three varieties were 
reduced to less than 50% of potential yield within ca. 
30 days of shuck-split (Fig. 1). Of the remaining 
fruits, only ca. 20% of Cumberland fruits were mar
ketable on June 6; Halehaven and Golden Jubilee re
mained above 50% marketable until well into July 
(Fig. 2). 

Maximum dollar losses by variety from each ma
jor cull factor for 1971 and 1974 are presented in 
Table 2. In 1971, the reduction in income ranged 
from 33% (Golden Jubilee) to 91 % (Cumberland). 
During the first year without pesticides, major injury 
to fruit in the form of cat-facing by tarnished plant 
bug, Lygus lineolaris ( Palisot de Beauvois), scarring 
and gumming by the hickory plant bug, Lygocoris 
raryae (Knight), water-soaked injury by L. querca!
bae Knight, and gummosis probably caused by L. om
niragus Knight appeared in ca. the same seasonal se
quence as observed by Rings ( 17). 

The potential income per acre was higher for the 
partial crop in 197 4 but the loss in income at harvest 
increased to a fraction of potential income on all vari
eties (Table 2). The Cumberland variety had more 
than $2,700 loss on a crop with a potential income of 
$1,600 due to the cumulative effect of major cull fac
tors. 

Although plant bug injury was lower than in 
1971, damage from plum curculio was much higher 
in 1974. Disease incidence had reached the point 
where almost all Golden Jubilee peaches were lost to 
peach scab and 100% of Cumberland peaches to rusty 
spot. Elberta was again reduced by a frost-freeze. 
While not recorded, there was a marked increase in 
the severity of peach leaf curl, Taphrina deformans 
(Berk.) Tul., which undoubtedly contributed to some 
weak buds and subsequent fruit drop. In addition, 
flagging of terminals caused by Oriental fruit moth 
larvae was very high in 1974. 

Incidence of brown rot, M onilinia fructicola 
(Wintr.) Hoovey, during bloom stage was minimal 
throughout the study years. Chandler ( 1974) ob
served the same in his studies. Although lack of sig
nificant injury from brown rot may have been due to 
erratic cropping, brown rot is particularly devastating 
in humid climates and during storage and shipping. A 
more accurate estimate of brown rot incidence un
doubtedly would have been made if fruits had been 
harvested and stored at room temperature for several 
days. 

In 1975, following 4 years of no pesticides, appli
cations of azinphosmethyl reduced plum curculio 
damage 87% while Oriental fruit moth damage was 
reduced 90% (Table 3). The Elberta peach crop 
was again reduced by low temperatures to < 1 % of 
the Cumberland crop. "Control" fruits which were 
harvested and held at room temperatures for 7 days 
developed 75-lOO'fc infection by brown rot which was 
particularly heavy where fruits were also injured by 
insects. The amount of plant/stink bug damage, al
though reduced in this first year of pesticide protec
tion, was still unacceptable for commercial orchards. 

By 1976, the percent damage caused by plum 
curculio and Oriental fruit moth had been reduced to 

TABLE 2.-Maximum Dollar Loss by Major Cull Factors on Peaches from Untreated Trees, Wooster, 1971 
and 1974.* 

Income 
Potential $1 Acre 

Variety $/Acre Harvest Plant Bugst Plum Curculio Other lnsect4 Rusty Spot Peach Scab Brown Rot 

1971 

Halehaven 1,200 432 900 12 120 144 12 72 
Golden Jubilee 1,200 804 600 0 84 0 0 12 
Elberta 1,200 576 900 432 48 12 12 36 
Cumberland 1,200 108 384 60 300 1,092 72 0 

1974 

Halehaven 1,600 96 208 1,072 26 48 1,216 80 
Golden Jubilee 1,600 64 224 528 296 64 1,360 2 
Elberta 1,600 Frost-No Fruit 

Cumberland 1,600 0 160 512 120 1,600 400 48 

*Peach crop for 1972 and 1973 was frozen-0 $ income at harvest. 
tlncludes tarnished plant bug, Lygus lineolaris (Palisot de Beauvais), hickory plant bug, Lygocoris caryae (Knight], quercalbae Knight, and 

omniragus Knight. 
:j:lncludes Japanese beetle, Popillia japonica Newman, and Oriental fruit moth, Grapholitha molesta (Busck). 
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TABLE 3.-Control of Peach Pests with a Regular Spray Program Following 4 Years of Pesticide Absence, 
Wooster, 1975.* 

Treatment Plum Curculia Oriental Fruit Moth Plant/Stink Bug Brown Rot Peach Scab Rusty Spot 

Golden Jubilee 

Check 4 21 31 5 85 0 

Az1nphosmethyl plus 
Caplan Standard 0 0 11 0 17 0 

Cumberland 

Check 3 2 21 0 8 98 

Standard 0.4 7 0.1 2 97 

Halehaven 

Check 8 37 28 21 3 42 

Standard 2 5 14 14 8 

*Five trees of each variety. 
tAll fruit from each replicate tree rated at harvest, 965-1776 total fruits. 

less than 0.2% each compared to 77% and 481/r 
damage in the checks. However, in 1977 a severe 
~pring freeze once again eliminated the gathering of 
additional data from this orchard. 

Pesticide Strategies 
Marketing goals play a major role in pest control 

decisions by fruit growers. Hall ( 11 ) reported that 
43% of respondents in a grower survey marketed 
one-half or more of their crop via a farm market 
while 25% and 15%, respectively, noted they sent 
one-half or more of their crop to who~esalc and retail 
markets. Processing firms or farm cooperatives werr 
not major outlet~ for their fruits. PYO (pick-your
own) operations and farm stands can be somewhat 
insulated from large scale price fluctuations, but con
sumers object to substandard quality fruits. In 
years of above average production, fruits of lesser 
quality are essentially non-saleable as fresh produce. 

External quality of peaches relates directly to 
product shelf life. Insect injury to peaches can be 
potential entry points for brown rot ( 3). In addi
tion, all marketing trends indicate an increase in 
quality standards, particularly for fresh produce. 
These consumer constraints play a major role in 
grower risk aversion observed in high value crop~ 
such as peaches. Thus, the recent report ( 1) which 
stated that little change is expected in pesticide use 
patterns on apples (preventing rather than curative) 
may also apply to peaches and other tree fruits in the 

absence of practical alternatives where a complex of 
pests is present in the orchard. 

Economic analyses to improve decisions con
cerning environmental effects of pest control strate
gies along with estimates of biological uncertaintie~ 
should aid good decision making ( 5, 14). Headley 
( 14) also suggested that the economic threshold 
should vary with the price of the produce. Unfor
tunately, prices for peaches have typically undergone 
large year-to-year fluctuations, generally brought 
about l1y crop failures due to frost-freeze. The un
certainty of weather is a major factor in the current 
use of protective spraying in tree fruits. 

Experience in mid-Ohio over the last 10 years 
shows very few years with a maximum peach crop 
(Table 4). In addition, a recent survey of Ohio 
growers by Hartman ( 13) revealed that the three 
leading problems in peach production were consid
ered to be low winter temperature injury, spring 
freezes, and canker-borer problems. While all three 
affect fruit production, the third group more typical
ly appears on weakened and stressed trees. Hartman 
( 13) also found that 46 % of the growers were crop
ping less than 2 years out of 5 and only 15 % more 
than 4 years out of 5. 

Peach industry officials recently reported that the 
industry has been declining and financial support for 
research on these problems looks very dim ( 2). In
creased federal regulations and the potential for 

TABLE 4.-Peach Crop Histories in Selected Mid-Ohio Orchards, 1965-1975. 

Ohio 
Locations 

Wooster 

Wooster 

Jeromesville 

Salem-NW 

Type 

OARDC Research 

Small Commercial 

Cornmercia I PYO 

OARDC Branch Research 
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Years of Record 

1971-1975 
1965-1975 
1965-1975 
1970-1975 

Cropping Probabilities 

None 33-50% 

0.4 0.4 
0.6 0.2 
0.3 0.3 
0.5 0.3 

Full 

0.2 
0.2 
0.4 
0.2 



RP AR's (re bu ttable presumptions agaimt registra
tion) being placed on EDBC and benomyl add to the 
problems faced by the peach industry. Under these 
situations, the decision-making process becomes even 
more difficult with stone fruits which require 4-6 years 
to obtain a return on investment (RO I). These zero 
production years may not necessarily coincide with 
either a state or U. S. short crop which, based on his
torical supply/ demand relationships, dictates higher 
product prices. 

In perspective, it is obvious that when cropping 
peaches in only 2 of 5 years, risking insect or disease 
injury when a full crop is finally produced is not a 
viable alternative to most growers. Price leve's are 
not generally established before the critical pe5ticide 
time period develops, i.e., 30-40 days after bloom. 
Not only is ROI a major problem with tree crops ( 4), 
but marketing situations involving long range custo
mer-producer relationships and quality produce are 
not likely to be altered on the basis of the probable 
saving of some costs of pesticides. This saving in the 
form of reduced numbers of sprays may be offset by 
increased amounts of disease a5 well as increased gra
ding expenditures ( 7). 

The average Ohio grower has other crops such 
as apples, plums, pears, cherries, corn, vegetables, 
grapes, or strawberries ( 11 ) . This diversity of crops, 
while offering insulation to severe weather or changes 
in cropping potential and subsequent income, also pre
sents some management problems. PYO strawberries 
and many berry crops, for example, are near harvest 
dates when peaches are at the stage where certain ad
justments can be made in pesticide applications. 

While there is low confidence in prediction of 
U. S. or even Ohio production of peaches, there 
would seem to be opportunities to reduce major eco
nomic injury occurring in the 30-day period imme
diately following bloom. Plum curculio damage 
was noted to range from relatively low levels to quite 
high levels during this study and apparently responds 
to annual weather changes as also reported by 
Chandler ( 6) . 

If two applications of azinphosmethyl were ap
plied at 0.5 lb AI/ 100 gal for the control of plum 
curculio only (based on in jury levels in Table 2), at 
a cost of ca. $7.20/acre, and were 85% successful, a 
cost-benefit ratio from 0 to ca. 50: 1 would have been 
obtained in 1971. The cost-benefit ratio in 1974 
would have ranged from 0 to 120: 1. Other costs 
resulting from direct damage or loss of fruit, as well 
as unmeasured indirect damage from increased labor 
requirements for sorting damaged fruit, would reduce 
the benefit ratio. Sampling for adult movement 
and refinement of host plant attraction relationships 
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could substantially aid the more accurate placement 
of specific chemicals for control of plum curculio. 

Although little can be done about sampling for 
the plant bug complex, planting away from wooded 
areas and practicing weed control can reduce pres
sures from these insects ( 1 7). Spraying for plum 
curculio is also recommended during the same time 
the major effects of these insect pests occur. 

The relationship between the numbers of flagged 
terminals and Oriental fruit moth populations, es
pecially during August and September, could aid pre
diction of larval entrances on late varieties. Phero
mone traps may promote the same predictive capa
bility at less cost. The establishment of visual thres
hold injury levels for insect pests, which are helpful 
guidelines for economic damage and subsequent ac
tions, are of more limited value in the case of certain 
peach diseases. For example, 40-70 days elapse from 
the time the spores of C. carpophilum Thuem. land on 
the fruits until the symptoms of peach scab are visible 
( 15). However, good control of apple powdery mil
dew in nearby apple orchards should decrease the po
tential for rusty spot ( 8) . 

The cropping probability in some peach growing 
areas and the risk aversion associated with the poten
tial economic losses observed in this study would seem 
to preclude severe reductions in current pesticide use 
on peaches. This is particularly true in the absence 
of significant changes in current consumer demands 
for quality produce and state and federal grade laws 
on high value crops. Quality and quantity of fresh 
fruit are major economic factors governing net income 
to growers. Improvements in cultural practices to in
crease yield and quality of the packout, as well as pre
cise application of pesticides as noted by Ferree and 
Hall ( 9) for apples and by Phillips and Weaver ( 16) 
for peaches, can off er substantial benefits with a mini
mum of risk. 

Additional information concerning the levels of 
insect populations associated with damage thresholds 
should increase grower confidence in predicting 
chances of success when making adjustments in pesti
cide strategies. However, the Ohio peach grower 
presently lacks such information and is likely to choose 
the conventional approach to pesticide usage in order 
to yield (what appears to him) the maximum ROI 
whenever he has a crop. 
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Effects of Air Volume Rate and Travel Speed 
on Air Velocities Delivered by Orchard Air Sprayers 

R. D. BRAZEE,1 R. D. FOX,2 D. L. REICHARD,2 and F. R. HAW 

SUMMARY 
Air velocities produced by orchard air sprayers 

decreased as travel speed increased and alwavs di
minished rapidly with increasing distance fro:ri the 
outlet. However, decreases in air velocity were at 
lower rates for sprayers which delivered high mas~ 
flows than they were for sprayers which delivered low 
mass flows. 

INTRODUCTION 
Both the deposition efficiency and distribution 

of chemicals applied by air sprayers arc far from 
ideal. Steiner ( 8) found only 70%- of the applied 
material deposited on apple trees when spraying 561 
1 /ha ( 60 gpa) of solution and only 55 <Jr deposited 
when spraying 3741 1/ha ( 400 gpa) during nearly 
ideal conditions. Hall et al. ( 3) measured deposits 
of Guthion at various sample sites in apple trees. The 
high and low-airflow-rate sprayers, respectively, de
posited 2.1 and 8.9 times more residue on the siteq 
nearest the sprayers than in the tops of the trees. In 
another experiment, Hall et al. ( 2) reported consis
tently higher amounts of fruit scab in the tops of apple 
trees that were sprayed with air sprayers. 

With the trend toward increasing costs for chemi
cals and toward increasing concern for environmental 
protection, improvement in deposition efficiency and 
distribution is essential. 

Air sprayers rely on the air streams, or jets, they 
deliver to put the spray on target. The air stream 
must be strong enough to drive the spray into the 
tree and impinge the drops onto the foliage. Since 
it is often necessary to spray when the wind is not 
calm, the air jet should be effective in light winds. 
Further, it is desirable to use the minimum air horse
power needed to deliver the spray on target. 

To make appreciable improvements in air spray
ers, one must know how their air jets are affected hy 
operating conditions. The objective of this study 
was to measure air-velocity profiles at various hori
zontal distances from orchard air sprayers under sev
eral combinations of air velocity, mass-flow rate, and 
ground-travel speed. 

EQUIPMENT AND PROCEDURE 
Air velocities produced by sprayers were mea

sured at five levels in an open field, and at the centers 
and far sides of two trees in a peach orchard. In the 
open field, measurements were made at heights of 
1.46, 2.67, 3.55, 4.43, and 5.59 m above ground. In 
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the orchard, velocities were measured at 1.24, 2.45, 
3.33, 4.22, and 5.59 m heights. Measurements in 
the center and on the far side of the trees were made 
when the air outlets traveled lines which were a hori
zontal distance of 3.1 and 4.6 m, respectively, from 
the sensors. Measurements in the open were made 
with the horizontal distances of 1.5, 3.1, and 4.6 m 
between the path of the outlet and the anemometer 
sensors. At least six passes were made with the 
sprayer at each of the travel speeds of about 3.7, 5.0, 
and 8.0 km/h. The background wind velocities were 
measured at all heights both before and after the 
sprayers passed the measurement station. 

The three orchard air sprayers used in the ex
periment were considerably different. The model 
2A364·" (Fig. 1) sprayer has its own engine, which 
drives two 0.91 diam axial flow fans that deliver 
about 33.0 m3/s of air at 113 km/h. The model 
803S·; (Fig. 2) sprayer is powered by a tractor PTO 
shaft and has a centrifugal fan. The width of the 
outlet on the sprayer can be adjusted from 5.7 to 11.4 
cm wide. When the outlet is completely open, the 
803S will deliver about 11.2 m3 / s of air at 167 km/h. 
During these experiments, the outlet width was set 
at either 7 .0 or 9.5 cm. At the 7 .0 cm wide opening, 
the 8038 delivers about 7.2 m3/s of air at 177 km/h. 
It discharged about 9.8 m3/s of air at 177 km/h when 
the outlet was 9.5 cm wide. The model 3P50A (Fig. 
3) sprayer is mounted on a three-point hitch and 
powered by the tractor PTO shaft. This sprayer 
also has a centrifugal fan which delivers about 1.8 
m3/s of air at 322 km/h. 

The 2A36 and 803S sprayers discharge air from 
both sides of the sprayer so two rows of trees can be 
sprayed simultaneously. The air outlets on the 
3P50 sprayer can also be rotated to discharge air from 
both sides of the sprayer, hut were set to discharge air 
from only one side of the sprayer during these experi
ments. The 2A36, 803S, and 3P50 sprayers will be 
designated as high-airflow-rate (mass) ( HAFR), me-

1 Reseorch Leader, USDA-Science and Education Administration, 
Federal Research, Wooster, Ohio. 

'Agricultural Engineers, USDA-Science and Education Adminis· 
!ration, Federo I Reseo rch, Wooster, Ohio. 

'Professor, Dept. of Entomology, Ohio Agricultural Research and 
Development Center and The Ohio State University. 

'Mention of o trademark or proprietary product does not con· 
stitute o guarantee or warranty of the product by the U. S. Dept. 
of Agriculture and does not imply its approval to the exclusion of 
other products which may be suitable. 

5Monufactured by F. E. Myers & Bros. Co., Ashland, Ohio. 
"Manufactured by De Kinkelder, Zevenaar, Holland. 



FIG. 1.-2A36 sprayer and tower with anemometer and direction sensors. 
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FIG. 2.-8035 sprayer. 

di um-airflow rate ( MAFR), and low-airflow-rate 
( LAFR) sprayers, respectively. 

The air velocities were measured at the lower 
levels with hot-film anemometer sensors and at the 
top level with a Gill UVW propeller anemometer. 
It was possible to measure all three mutually perpen
dicular velocity components at each level. The air 
velocity, wind direction, and travel-timing signals 
were recorded on magnetic tape. Detailed informa
tion on the data acquisition and processing compo
nents used in these experiments are included in a pa
per by Fox et al. ( 1 ) . 

Air velocity data were processed with a model 
960A Texas Instruments minicomputer. The com
puter program calculated the following: component 
and resultant sprayer air velocities; means and stan
dard deviations for the component and resultant velo
cities; distance from the starting point to maximum 
velocity for the three component velocities and the 
resultant velocity; sprayer travel speed between start
ing and stopping points; and means for the compo
nent and resultant atmospheric wind velocities. 

Formulas have been developed for air velocities 
delivered by stationary nozzles in laboratories and 
wind tunnels, but none are known to apply directly 
to jets from moving air sprayers. Multiple regres
sion analyses were used to develop air velocity equa-
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tions from data for each sprayer. The dependent 
variable was maximum resultant air velocity. For 

FIG. 3.-3P50 sprayer. 



mea~urements in the open, the independent variables 
were: sprayer travel speed, horizontal distance be
tween the air outlet and anemometer sernors, and 
height of the sensors above ground. The indepen
dent variable5 for the orchard data were travel speed 
and height above ground. 

The multiple regression analyses showed highly 
significant influence for horizontal and vertical 
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FIG. 4.-Effect of travel speed and horizontal dis
tance from air outlet on air velocity delivered at 3.35 
m height by HAFR sprayer. 
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(height) distance and for ground travel speed. The 
multiple correlation coefficient was lowest for the 
LAFR sprayer, probably because it delivered very 
low velocities with increasing height and horizontal 
distance from the outlet. Although wind velocities 
were very low during the experiment, the wind af
fected the jet from the LAFR sprayer more than the 
jets from the other sprayers. The paper hy Reichard 
et al. ( 7) gives detailed results of the regression analy-
ses. 

Figures 4, 5, and 6 are plots of air velocities com
puted from regression equations for the HAFR, 
MAFR with 9.5 cm (3.75 in) outlet opening, and 
LAFR sprayers, respectively. The figures show the 
effects of travel speeds ( 4, 6, 8 km/h) and horizontal 
distances from the air outlets on the air velocities de
livered at 3.35 m above ground. A plot of the same 
variables for the MAFR ( 7 .0) sprayer would show 
curves similar to those in Fig. 5, but lower in velocity, 
for each of the three speeds. Figures 4 and 5 show 
that an increase in either the travel speed or horizon
tal distance from the sprayer outlet decreased the air 
velocity delivered. Figure 6 ( LAFR sprayer) shows 
that an increase in horizontal distance decreased the 
air velocity delivered, but the effect from changes in 
travel speed is less clear than for the other sprayers. 
The lack of effect from changes in travel speed wa" 
prohahly due to the very low air velocities delivered 
by the LAFR sprayer at greater horizontal and ver
tical distances. 

Figure 7 shows a comparison of the air velocities 
delivered at 3.35 m height by the HAFR(2A36), 
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FIG. 6.-Effect of travel speed and horizontal dis
tance from air outlet on air velocity delivered at 3.35 
m height by LAFR sprayer. 



MAFR(830S) with 7.0 cm (2.75 in) outlet opening, 
and LAFR(3P50) sprayers traveling at 6 km/h. The 
curve for the MAFR sprayer with 9.5 cm outlet open
ing would be between the curves for the HAFR and 
MAFR sprayer with 7 .0 cm outlet opening and ap
proximately parallel to the latter curve. 

The effect of height above ground on air velocity 
delivered by the sprayers when traveling at 6 km/h 
and with 3.1 m horizontal distance between the air 
outlets and anemometer sensors is shown in Fig. 8. 
The curve for the MAFR sprayer with 9.5 cm outlet 
opening is slightly higher and approximately parallel 
to the curve for the MAFR(803S) sprayer with 7.0 
cm (2.75 in) outlet opening. From the figure there 
appears to be little difference among air velocities de
livered by the sprayers at higher elevation. All were 
low and apparently influenced by even light atmos
pheric wind. Generally, wind velocity increases at 
higher levels. Since wind direction changed fre
quently, sometimes assisting and at other times re
sisting the sprayer jets, the jets cannot be reliably 
compared when at the upper levels. 

Table 1 lists air velocities derived from the re
gression equations for all sprayers used in the experi
ment. Velocities were determined for travel speeds, 
heights, and horizontal distances typical of the ex
tremes and center of the experimental conditions. 
For all sprayers the highest air velocity occurred with 
the slowest travel speed, lowest height, and nearest 
horizontal distance. At the lowest height ( 1.22 m) 
and nearest horizontal distance ( 1.5 m), the HAFR 
and MAFR sprayer with outlet openings of 7 .0 and 
9.5 cm delivered about the same air velocities at each 
travel speed. The LAFR sprayer delivered consid· 
erably lower \'clocities at this position. At a height 
of 3.35 m and horizontal distances of 1.5, 3.1, and 
4.6 m, the HAFR sprayer delivered the highest air 
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FIG. 7.-Effect of horizontal distance from air 
outlet on air velocity delivered at 3.35 m heig'ht by 
sprayers traveling at 6 km/h. 
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velocity at each of the three travel speeds. The velo
citie~ delivered by the HAFR and MAFR sprayers 
with both outlet width~ were considerably lower at 
the 5.49 m height than at the 1.22 m height. For 
example, at a travel speed of 6 km/h and horizontal 
distance of 3.1 m, the velocities delivered at 5.49 m 
were only 12, 17, and 14% of the velocities at 1.22 m 
for the HAFR, MAFR(9.5), and MAFRt 7.0) spray
ers, respectively. 

The velocity delivered by the LAFR sprayer de
creased very rapidly as distance from the outlet in
creased. At the 1.22 m height, 1.5 m horizontal dis
tance, and 4 km/h travel speed, the air velocity was 
only 14% of the exit velocity. Randall ( 5) also 
showed that air velocities delivered by a sprayer with 
high exit velocity (324 km/h), but low airflow rate 
( 1.53 m3/s), decreased at a much faster rate than for 
sprayers delivering higher airflow rates. The same 
sprayer also delivered considerably lower air velocity 
when the travel speed increased. For example, at 
2.9 m horizontal distance and 1.2 m height, the spray
er delivered air velocities of 44.0 and 22.9 km/h at 
travel speeds of 3.2 and 6.4 km/h, respectively. 
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ORCHARD MEASUREMENTS 
The multiple regression analyses showed signifi

cant influence from vertical distance and travel speed. 
However, most of the correlations were lower than 
for the multiple regression analyses of open field data. 
The lower correlations probably occurred because 
there was no attempt to identify variables which ac
count for the effect of tree structure on the sprayer 
jets. 

The regression equations were used to calculate 
the sprayer air velocities at two heights and three 
travel speeds as listed in Table 2. At each of th<.> 
three travel speeds, the HA.FR sprayer delivered high-

er air velocities at the 1.22 m height than the oth<"r 
sprayers. The same is true for the air velocities de
livered at the 3.35 m height in the center of the tree. 
The air velocities delivered by the sprayers at the 3.35 
m height on the far side of the tree were quite scat
tered. In all cases, air velocities at the 1.22 m height 
were considerably higher than at the 3.35 m height. 
Also, each sprayer delivered lower air velocities at the 
1.22 m height as travel speed increased. 

Table 3 shows a comparison of velocities de
livered in an open field, in the center of a tree, and on 
the far side of a tree. The velocities were computed 
from the regression equations. Generally, but not 

TABLE 1.-Resultant Velocities Derived from Multiple Regression Equations. 

Sprayer 
-~--·--·-·---

HAFR 

MAFR(9.5) 

MAFR(7.0) 

LAFR 

Horizontal 
Distance 

(m) 

1.5 

3.1 

4.6 

1.5 

3.1 

4.6 

1.5 

3.1 

4.6 

1.5 

3.1 

4.6 

Speed 
(km/h) 1.22 

-- - ------··--·- -----
4.0 111.0 
6.0 107.0 
8.0 104.0 

4.0 81.1 
6.0 77.6 
8.0 74.0 

4.0 60.1 
6.0 56.6 
8.0 53.1 

4.0 113.0 
6.0 110.0 
8.0 104.0 

4.0 104.0 
6.0 101.0 
8.0 94.0 

4.0 80.2 
6.0 77.1 
8.0 70.7 

4.0 112.0 
6.0 107.0 
8.0 101.0 

4.0 104.0 
6.0 92.8 
8.0 81.7 

4.0 82.3 
6.0 65.4 
8.0 48.6 

4.0 45.4 
6.0 40.8 
8.0 39.2 

4.0 27.3 
6.0 23.2 
8.0 21.9 

4.0 15.5 
6.0 I 1.9 
8.0 11. I 
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Velocity (km/h) 

Height (m) 
3.35 5.49 

65.7 23.9 
62.1 20.4 
58.5 16.8 

45.2 16.7 
41.7 9.13 
38.1 5.56 

33.5 10.1 
29.9 6.52 
26.3 2.96 

47.8 20 4 
44.6 17.2 
38.1 10.8 

43.0 20.7 
39.8 17.5 
33.4 11.0 

24.6 7.29 
21.4 4.11 
15.0 - 2.30 

44.1 9.69 
41.7 10.1 
39.3 10.6 

41.8 13.0 
36.4 13.2 
31.0 13.5 

25.9 2.76 
17.5 2.87 

9.13 1.98 

35.0 23.0 
31.3 20.0 
30.4 20.0 

23.2 17.4 
20.7 16.6 
21.1 18.6 

17.7 18.2 
I 6.5 I 9.4 
18.2 23.4 



always, the velocities were higher for positions in the 
open than for corresponding position<> in the center 
or far side of a tree. In some areas, it appears that 
changes in wind direction or velocity may have influ
enced the air velocities. Tree structure may have 
caused the air velocities to increase in some cases. 

Although the peach trees med in this study were 
well pruned and beginning to lose some kaves, they 
exerted considerable influence on the sprayer air \'do
c1ties. Many more orchard experiments will be 
needed to explain the effect of tree structure on spray
er air jets. 

TABLE 2.-Resultant Velocities Derived from Multiple Regression Equations for Orchard Data. 

Horizontal Travel Velocity (km/h) 
Distance 

Sprayer (m) 
Speed Height (m) 
(km/h) 1.22 3.35 

Center of Tree 
HAFR 3.1 4.0 109.0 37.2 

6.0 93.2 39.1 
8.0 74.5 37.8 

MAFR(7.0) 3.1 4.0 89.9 25.4 
6.0 87.4 30.1 
8.0 69.4 19.1 

MAFR(9.5) 3.1 4.0 65.9 29.5 
6.0 63.6 30.7 
8.0 40.6 11.3 

Far Side of Tree 
HAFR 4.6 4.0 83.3 28.5 

6.0 74.2 25.3 
8.0 62.6 19.6 

MAFR(9.5) 4.6 4.0 57.4 34.4 
6.0 50.8 23.6 
8.0 52.0 20.6 

MAFR(7.0) 4.6 4.0 69.7 26.2 
6.0 65.7 29.5 
8.0 48.4 19.5 

TABLE 3.-Comparison of Resultant Velocities Delivered by Sprayers Traveling 6.0 km/h in the Orchard 
and in the Open. 

Horizontal Velocity (km/h) 

Distance Height (m) 
Sprayer Location (m) 1.22 3.35 

HAFR Open 3.1 l 07.0 62.1 
Center of tree 3.1 93.2 39.1 

Open 4.6 56.6 29.9 
Far side of tree 4.6 74.2 25.3 

MAFR(9.5) Open 3.1 101.0 39.8 
Center of tree 3.1 87.4 30.1 

Open 4.6 77.l 21.4 

Far side of tree 4.6 50.8 23.6 

MAFR(7.0) Open 3.1 92.8 36.4 

Center of tree 3.1 63.6 30.7 
Open 4.6 65.4 17.5 

Far side of tree 4.6 65.7 29.5 
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FIG. 9.-Comparison of air velocities delivered 
by two sprayers with the same air horsepower at out
let but different discharge velocity and airflow rates. 

DISCUSSION OF AIR VELOCITIES 
DELIVERED BY AIR SPRAYERS 

Figure 9 shows a comparison of the air velocitic<> 
calculated as shown by Reichard et al. ( 7) for two 
sprayers with the same air horsepower at the outlet 
but with different discharge velocities and mass flow 
rates. One sprayer delivers 33.0 m3/s at 129 km/h, 
and the other delivers 14.7 m~/s at 50% higher velo
city ( 193 km/h). Figure 9 shows that the sprayer 
delivering the higher air velocity, but the lower air
flow rate, produced a higher velocity for only a very 
short distance. At 3 .1 m from the air outlet, the 
sprayer delivering the lower airflow rate at the outlet 
produced 21 % higher air velocity. This example may 
be somewhat oversimplified because of slight differ
ences in fan efficiencies for the two cases. However, 
it indicate5 that for a given power input it is better to 
use the lowest air velocity needed at the outlet with the 
highest airflow rate. 

A certain minimum air velocity is needed to con
vey and effect impingement of spray drops. Reichard 
et al. ( 6) showed that several nozzles commonly used 
with orchard air sprayers produce a very wide range 
of droplet sizes. There are no definitive data known 
to show the velocity needed to make various sizes of 
droplets impinge on a compliant leaf in an airstream. 
Several researchers, including Miles et al. ( 4), have 
shown that larger spray droplets produce higher depo
sition efficiencies on rigid targets than do small drop-
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lets. Also, a certain velocity is needed to streamline 
the leave5 and allow the spray to penetrate the edge 
of the tree canopy. Randall ( 5) stated that an air 
velocity of 44 km/h was needed for Cox apple trees be
cause it would reduce the projected leaf area to about 
40% of its original area. More research is needed to 
determine the air velocities needed to produce high 
deposition efficiencies under conditions encountered 
by growers who use air sprayers. 

ACKNOWLEDGMENTS 
The authors acknowledge the assistance of W. 

Alvey, P. Keck, and A. Swank, electronic technicians, 
and W. Boyes and D. Collins, mechanical technicians, 
in developing instrumentation, conducting the experi
ments, and analyzing the data. They also acknow
ledge the help of Ms. D. Baum, secretary, in data 
processing. 

LITERATURE CITED 
1. Fox, R. D., R. D. Brazee, W. R. Alvey, W. R. 

Boye5, and A. W. Swank. June 1977. A Data 
Management System for Atmospheric Flow in 
Plant Regions. ASAE Paper No. 77-4027, 1977 
ASAE Annual Meeting, Raleigh, N. C. 

2. Hall, F. R., H. Y. Forsythe, Jr., B. M. Jones, D. 
L. Reichard, and R. D. Fox. 1975. Compari
<;on of Orchard Sprayers for Insect and Disease 
Control on Apples, 1966-1969. Ohio Agri. Res. 
and Development Center, Res. Bull. 1078. 

3. Hall, F. R., D. L. Reichard, and H. R. Krueger. 
197 5. Dislodgeable Azinphosmethyl Residues 
from Air Blast Spraying of Apple Foliage in 
Ohio. Archives of Environmental Contamina
tion and Toxicology, 3 :352-363. 

4. Miles, G. E., D. E. Threadgill, ]. F. Thompson, 
and R. E. Williamson. 1975. Simulation of 
Droplet Deposition on Bodies with Rectangular 
Boundaries. Transactions of ASAE, 18: 74-78. 

5. Randall, ]. M. 1971. The Relationships Be
tween Air Volume and Pressure on Spray Distri
bution on Fruit Trees. ]. Agri. Engr. Res., 16 
( 1) : 1-31. 

6. Reichard, D. L., H. J. Retzer, L. A. Liljedahl, 
and F. R. Hall. 1977. Spray Droplet Size Dis
tributions Delivered by Air Blast Sprayers. Tran
sactions of ASAE, 20 (2) :232-237, 242. 

7. Reichard, D. L., R. D. Fox, R. D. Brazee, and 
F. R. Hall. June 1977. Air Velocities Deliv
ered by Orchard Air Sprayers. ASAE Paper 
No. 77-1037, 1977 ASAE Annual Meeting, Ra
leigh, N. C. 

8. Steiner, P. W. 1969. The Distribution of Spray 
Material Between Target and Non-target Areas 
of a Mature Apple Orchard by Airblast Equip
ment. M.S. Thesis, Cornell Univ. 



Spray Droplet Sizes Delivered by Orchard Air Sprayers 
D. L. REICHARD ,1 H. J. RETZER ,2 and F. R. HALL3 

SUMMARY 
Spray droplet sizes delivered hy atomizers on 

orchard air sprayers were measured. All atomizers 
produced a very wide range of droplet sizes but some 
delivered a much greater proportion of large drops 
than others. Nearly all of the droplet distributions 
contained the largest proportion of droplets in either 
of the two smallest size classes ( 7 .2 to 22 .5 or 22 .5 
to 3 7 .5 ,um ) . The droplet size distributions also \·a r
ied with the position measured in the sprav pattern. 

INTRODUCTION 
The size of droplets deliYered by an orchard air 

sprayer greatly influences pest control. If the drop
lets are too small , the deposition efficiency is de
creased and drift is increased. If the droplets aH' too 
large, the sprayer air velocity may not he sufficient 
to carry the drops to the top of the trees, and coYer-

-.:, .. 
age may be inadequate to control a pest. Present 
evidence as to which droplet sizes are best for use with 
orchard sprayers is not conclusive, partly due to lack 
of information on droplet sizes delivered by orchard 
air sprayers. 

METHOD AND MATERIALS 
A model OAP-200X optical array spectrometer 

probe (Fig. 1) and model PDS-100 particle data sys
tem (Particle Measuring Systems, Inc. 4 ) were used 

'Agricultural Engineer, USDA-Science and Education Adminis
trat:on , Federal Research, Wooster, Ohio. 

'Agricultural Engineer, USDA-Science and Educat ion Adminis
trat ion , Agricultural Equipment Laboratory, Beltsville, Md. 

"Professor, Dept. of Entomology, Ohio Agricultural Research and 
Development Center and The Ohio State University. 

'Mention of a trademark or proprietary product does not con· 
stitute a guarantee or warranty of the product by the U. S. Depart 
ment of Agriculture and does not imply its approval to the exclusion 
of other products that may also be suitable. 

FIG. 1.-0ptical array spectrometer probe used to measure droplets 
delivered by 2A36 sprayer. 
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to measure the droplet size distributions in water 
sprays delivered by orchard air sprayers. The sys
tem measured and counted spray droplets in each of 
22 size classes ranging from 7.5 to 337.5 micrometers 
(,um). Several different statistics were calculated 
for the droplet size distributions, hut just the volume 
median diameter ( VMD) is discussed in this paper. 
Half of the total spray volume is included in drop' 
larger than the VMD. 

Spray droplets delivered hy three different sets 
of disc-core type nozzles on a model 2A36 sprayer 
(F. E. Myers and Bros. Co.) were mea'iured in the 
center of the spray pattern and 46 cm from the noz
zles. All nozzles wrre oprratrd at 14.1 kg/ cm2 prrs
sure and had flow rates as recommended by a rcprr
sentative of the sprayer manufacturer for each of the 
l 0 nozzle positions. The nozzle po~itions were num
bered from bottom to top of the outlet. 

Two of the nozzk sets were manufactured by 
Spraying Systems Co. and the other set was manu
factured hy Delavan Manufacturing Co. The Dela
van Raindrop nozzles were designed to produce larger 
drops than other disc-core type nozz1cs with the same 
capacity. In this paper, the Spraying Systems and 
Delavan nozzles arc designated as SS and Del, re
spectively. The Del set of nozzles delivered 0.65 1/s 
and the SS sets delivered 0.63 and 0.21 1/s, respec
tively. To determine if the sprayer air blast reduced 
the sizes of spray droplets, droplet size distributions 
produced hy an SS2-23 nozzle in a chamber contain
ing still air were measured. 

Spray droplet sizes were also mea~ured at 46 cm 
from the atomizers on a model 3P-50 Kinkelder 
sprayer. The 3P-50 sprayer relies primarily on its 
high velocity (about 89 rn/s) air stream to break up 
the liquid delivered at low pressures through a tn
angular-shapcd device. The valve was set so each 
atomizer would deliver 6.3 ml/s during the experi
ment. 

Spray droplet sizes were measured at several 
places in the spray patterns delivered by SSl0-25 
(No. 10 disc and No. 25 core) and Del 5-25 (Rain
drop series) nozzles mounted on the horizontal center
line of the 2A36 sprayer. Measurements were made 
on the vertical centerlines of the nozzles, both above 
and below the horizontal centerlines of the nozzles. 

RESULTS AND DISCUSSION 
It is known that a spray droplet will shatter if 

the relative velocity between the drop~et and air 
stream becomes too great. Spray droplet sizes de
livered by a SS2-23 nozzle at position No. 4 on the 
2A36 sprayer were compared with the droplets de
livered by the same nozzle in calm air. Fig. 2 shows 
that the SS2-23 nozzle delivered a greater proportion 
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FIG. 2.-Droplet size distribution for t'he follow
ing: SS2-23 in chamber and at position No. 4 on 2A36 
sprayer; atomizer at position No. 4 on 3P-50 sprayer. 

of smaller dropkts in air blast than in the chamber. 
The VMD for the spray in the air blast and calm air 
was 102 and 187 ,um, respectively. 

Table 1 shows the flow rates and VMD of the 
sprays delivered by different nozzles in the high-flow
rate set of SS nozzles. Some of the positions are not 
shown because they had the same nozzle as one of the 
other positions shown in the table. There was some 
difference in the VMD delivered hy the same nozzles 
at different positions, probably caused mainly by the 
variation in air velocity around the outlet of the 
sprayer. Table 1 shows a trend toward higher VMD 
values as the flow rate capacities of the nozzle in
creased. Both the low-rate set of SS nozzles and the 
Del nozzles also tended to deliver higher VMD values 
as their flow rate capac1t1es increased. The mean 
VMD was highest ( 213 ,um) for the Del nozzle set, 

TABLE 1.-VMD Delivered at 46 cm from SS High
rate Nozzles Set on 2A36 Sprayer. 

Position Nozzle Flow Rate VMD 
No. (disc-core) (ml/sec) (µm) 

2 SS3-25 25 125 
3 SS4·25 39 143 
5 SS5-25 47 194 
6 SS7-25 74 222 
7 SS8·25 86 233 
8 SSl 0-25 108 243 



next highest ( 187 ,um) for the SS high-rate nozzle set, 
and lowest ( 148 ,um) for the SS low-rate nozzle set. 

When compared with a SS nozzle delivering 
about the same flow rate, the atomizers on the 3P-50 
deli\'ered a much coarser spray. The SSl-13 nozzlP 
at position No. 1 on the 2A36 sprayer delivered a 
spray with VMD = 108 ,um, and the mean VMD 
produced by the four atomizers on the 3P-50 sprayer 
was 214 ,um. Fig. 2 shows the cumulative number 
percentages of various sizes of droplets in a spray d<'
]i\'crcd by an atomizer on the 3P-50. 

All of the sprays delivered at 46 cm from the 
atomizC'fs on the 2A36 and 3P-50 sprayers contained 
a very wide range of droplet sizes. Nearly all sprays 
contained the largest proportion of droplets in either 
of the two smallest size classes ( 7 .5 to 22.5 and 22.5 
to 37.5 ,um). Nearly all sprays also contained 10% 
or more droplets in the smallest size class. However, 
even the distributions in which 30-40~~ of the drop
lets were in the smallest size class contained less than 
1 % of the spray volume in the smallest size class. 
Some of the atomizers dcli\'cred no droplets in thr 
largest size class ( 322.5 to 337 .5 ,um), but most of 
them contained some droplets (less than 1 % ) in that 
class. More details on droplet sizes delivered by 
various nozzles and sprayers arc included in publi
cations by Reichard et al. ( 1, 2). 

Droplet size measurements at ~cveral positions 
in the spray patterns of SSl0-25 and Del 5-25 nozzles 
indicated that VMD varied with position in the pat
tern. Measurements at 0.91 m (horizontal distance) 
from the Del 5-25 nozzles and at 15.2 cm increments 
on the vertical centerline of the nozzle showed the 
lowest VMD ( 188 ,um) at 15.2 cm above the nozzle. 
The VMD values gradually increased to 249 ,um and 
270 ,um at 45.7 cm above and below the position with 

33 

the lowest VMD respectiYcly. Measurements at 3.66 
m frcm the SS 10-25 nozzle and at 61.0 cm increments 
on the vertical centerline of the nozzle showed con
siderably less variation in VMD with position in the 
<;pray pattern than for spray.;; delivered at 0.91 m hy 
the same nozzle and the Del 5-25 nozzk. At 3.66 m 
and at the same height as the nozzle, the SS 10-25 
nozzle delivered a spray with a VMD of 168 /Lm. At 
61.0 and 122.0 cm ahove the nozzle, the VMD's were 
169 and 170 t•m, respectively. At 182.9 cm aho\'e 
and 61.0 cm below the nozzle, the VMD's were 188 
and 195 ttm, respecti\'cly. Due to the direction of 
fan rotation, the 2A36 sprayer air jet tended to push 
the spray upward on the side of the sprayer where the 
droplets were measured. Prohahly the turbulence of 
the sprayer air jet tended to make the droplet size dis
tributions over the spray pattern more uniform as dis
tance from the nozzle increased. 

All droplet size distributions ddi\'ered by the 
atomizern in these experiments contained a very wide 
range of droplet sizes. More experiments are needed 
to determine the best range of droplet sizes for control
ling orchard pests, but it would seem desirable to have 
atomizers which deliver fewer very small droplets 
than delivered by the nozzles used in these experi
ments. 
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The Effects of European Red Mite Feeding 
on the Growth and Yield of Spur ... Type Delicious Apple 1 

W. G. KLOPFENSTEIN 2 and R. P. HOLDSWORTHs 

INTRODUCTION 
The apple cultivar, Red Delicious, is a low pro

ducing variety ( 1), at least in the Midwest and 
Northeast. It is also susceptible to outbreaks of the 
European red mite, Panonychus ulmi (Koch). In 
spite of its drawbacks, Red Delicious comprises about 
33 % of Ohio's apple trees, with spur-types being 
widely planted. It is suspected that mite feeding 
could be a factor contributing to low productivity. 

Previous research has shown Red Delicious pro
ductivity to be affected by the European red mite (2, 
3). In a 2-year study in New York, European red 
mites were allowed to build up to nearly 300 per leaf 
in standard Red Delicious and Cortland trees, while 
mites were suppressed in corresponding control tree-;;. 
At the end of the first season, the trees with few mites 
had greater trunk growth. During the Fecond year, 
mites were controlled on all trees, but there was a 
carryover effect on the trees that had heavy mite in
festations the previous year. Bloom was 75% lighter 
on Cortland and 34% lighter on Red Delicious. 
Yields were reduced by 65'/c and 36/C, respectively. 

Since fruit bud formation occurs during the 
early summer of the year before bloom, it appears 
that the reductions in bloom and yield were caused 
by mites feeding in the year before harvest. It should 
be pointed out, however, that the mite populatiom 
in this experiment would cause discoloration of leave~ 
and therefore were much higher than commercial 
growers would tolerate. 

Hall and Ferree ( 4) in Ohio have shown that 
low mite densities can affect the photosynthesis of 
Red Delicious. They added 15 two-spotted spider 
mites ( Tetranychus urticae (Koch) ) per leaf to young 
trees. There was a reduction in photosynthes:s as 
early as 7 days after the mites were placed on the 
leaves. The significance of this study is that photo
synthesis was reduced before the eye could detect 
damage (yellowing) to the leaves. 

The authors thought it would be of value to de
termine the effect of low to moderate populations of 
European red mite on the growth and yield of spur
type Red Delicious in the early production years. 

1The authors thank Dr. David C, Ferree, Dept. of Horticulture, 
and David J. Horn, Dept. of Entomology, for advice and consultation. 

21nstructor, Dept. of Biology, Sinclair Community College, Day· 
ton, Ohio. This study was performed by the senior author as a par
tial fulfillment of the Ph.D. requirements at The Ohio State University. 

'Professor, Dept. of Entomology, The Ohio State University and 
Ohio Agricultural Research and Development Center. 
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MATERIALS AND METHODS 
This study was conducted in 1974, 1975, and 

1976 at The Ohio State Universitv Overlook Farm in 
Fairfield County. 'Miller Sturd~espur' Red Deli
cious trees on MM 106 rootstock were used. The 
trees were 2 years old when planted in 1971, and were 
jmt coming into hearing in their fourth year in thi: 
field ( 1974). 

During the 3 years of the study, all maintenance 
sprays followed a Captan-Imidan integrated control 
schedule (5). (Dormant oil was omitted in 1975.) 
Spray concentration was 3X, applied by air blast 
sprayer. 

Twenty-eight trees were divided into four treat
ments. The experimental design was one of seven 
randomized complete blocks, with a single tree of 
each treatment present in each block. The Euro
pean red mites in treatment 1 were kept low by spray
ing as required with Carzol 92SP, at either 2 or 4 oz 
per acre. The European red mites in treatments 2 
and 3 were allowed to build up. The intent was to 
hold treatment 2 to about 20 mites per leaf, hut allow 
the mites on treatment 3 to increase to 30 per leaf or 
more. Since there were high populations of preda
ceous mites, Amblysieus fallacis (Garman) and Zet
zellia mafi (Ewing), it was necessary to destroy pre
daceous mites by spraying with Sevin 50 W, 5 lb per 
acre, in order to obtain the desired density of red mites 
in treatments 2 and 3. Treatment 4 served as a con· 
trol for any adverse effect of miticide on growth and 
yield, i.e., any time a miticide was sprayed on treat
ments 1 or 2 or 3, it also was sprayed on 4. 

In 1976 mites were suppressed on all trees by 
using Omite 30 W, 2 lb per acre, on July 6 and 19, 
August 5 and 19. 

European red mite populations were estimated 
by the random collection of leaves from the lower 
two-thirds of the crown. Sample sizes were 15 leave5 
per tree in 197 4 and 25 leaves per tree in 197 5 and 
1976. Mites were brushed on to glass plates and 
counted under a microscope. 

Tree growth was measured hy recording seasonal 
changes in trunk circumference and shoot extension. 
The vegetative condition of the leaves was measured 
by an analysis of foliar nitrogen (percent dry weight, 
Kjeldahl method). Fruit production was recorded 
in 1975 and 1976 as fruit number and total weight 
per tree. (In 1974, the few apples produced were 
removed during the summer and not recorded.) 



TABLE 1.-Differences in Average European Red Mite Populations, According to Treatment, 1974. 

Intended 

Date 1. Low 2. lntermediatet 

August 23 9.6 a* 9.1 a 

September 4 1 2.6 a 17.9 a 

September 16 12.9 b 51.1 a 

*Means on the same date followed by the same letter do not differ at 5 % level. 

Density 

3. Hight 

8.0 a 
24.7 a 

51.7 a 

4. Miticide Controlt 

0.7 b 

1.3 b 

7.0 b 

tSprayed with Sevin 50 W, 5 lb per acre, on July 11 and 22. Treatment 4 was sprayed with Carzol 92SP, 2 oz per acre, on June 25 
and August 2. 

TABLE 2.-Differences in Average European Red Mite Populations According to Treatment, 1975. 

Intended Density* 

Date 1. Low 2. Intermediate 3. High 4. Miticide Control 

May 24 0.9 bt 2.6 a 2.4 a 0.9 be 

June 6 3.7 c 14.7 a 17.0 a 7.0 b 

June 12 0.0 c 9.9 a 7.7 a 0.9 b 

June 19 0.0 c 7.7 a 7,4 a 1.4 b 

June 26 0.3 b 9.0 a 7.6 a 0.2 b 

July 2 1.0 b 8.0 a 7.0 a 0.8 b 

July 10 1.0 c 6.4 b 19.5 a 0.9 c 
July 17 0.1 c 0.7 b 17.6 a 1.1 be 

July 28 0.3 be 0.2 b 13.6 a 0.6 b 

August 5 1.3 be 0.7 c 22.5 a 3.4 b 

August 13 0.7 b 0.6 b 18.7 a 1.1 b 
August 20 0.1 b 0.0 b 4.7 a 1.0 b 
August 27 1.8 b 0.5 b 6,6 a 0.7 b 
September 9 1.2 b 0.2 c 3.3 a 0.9 be 

*European red mites were regulated by the following sprays: Carzol 92SP, 2 oz per acre, treatments 1 and 4, May 28; Carzol 92SP, 
4 az per acre, treatments 1 and 4, June 9; treatment 4, June 23; treatment 2, July 2 and 1 01 and treatments 2 and 4 on Sept, 9. Predaceous 
mites were destroyed by the use of Sevin 50 W, 5 lb per acre, on gro upr. 3 and 4, July 15. 

tMeans on the same date followed by the same letter do not differ at the 5 % level. 

TABLE 3.-Average Number and Total Weight of Fruit Produced per Tree. 

1975 

Treatment Group Number Weight (lb) 

1 40.4 at 13.4 ab 

2 20.3 b 7.0 c 

3 22.9 b 8.1 be 
4 43.4 a 14.5 a 

*Bud kill, due to frost, also contributed to overall low yield in 1976. 
tMeans in the same column followed by the same letter do not differ at the 5 % level. 

Number 

36.0 a 
18.3 a 
9.4 b 

34.3 a 

1976* 

Weight (lb) 

16.3 a 

8.1 ab 
4.0 b 

14.5 a 

TABLE 4.-Average Foliar Nitrogen Content* (Percent Dry Wt.) in Each of the Four Treatment Groups as Sam
pled in 1974, 1975, and 1976. 

Treatment Group 

2 
3 
4 

August 15, 1974 

2.47 at 
2.41 a 

2.43 a 

2.42 a 

July 6, 1975 

2.18 a 

1.87 b 
1.92 b 
1.99 ab 

Date Sampled 

September 3, 1975 

2.02 a 
1.85 b 

1.71 c 
2.01 a 

*1.90 % is the lower limit of nitrogen content to be considered acceptable. 
fFor each sample date, treatment groups followed by the same letter do not differ at the 5 % level. 
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August 11, 1976 

2.40 a 

2.47 a 

2.33 a 
2.41 a 



RESULTS 
Mite populations were low at the beginning of 

the experiment. It was necessary to spray treatments 
2 and 3 with Sevin (July 11 and 22) in order to cause 
an increase of European red mites. Table 1 shows 
the differences that finally occurred late in the 1974 
season. Peak populations were more than 50 per 
leaf on treatments 2 and 3. The overall seasonal 
averages were low for all treatments, being 5.2, 8.3, 
8.9, and 0.9, respectively, for treatments 1, 2, 3, and 
4. 

Mite densities were maintained at different levels 
in 1975 (Table 2). Treatments 1 and 4 were kept 
at a season-long average of 2 per leaf or less. Mites 
reached h,ghest levels in treatment 3, averaging 9.7 
per leaf for the first 48 days, and then increasing to 
an average of 12.2 per leaf for the second half of the 
season. The pez k population in treatment 3 was 
22.5 per leaf, a moderate density when compared 
with populati ls in the New York experiment ( 2, 3). 

In 1976, mite populations were suppressed in all 
treatments, and averaged less than 1 per leaf for the 
entire season. 

Table 3 shows the effect that European red mite 
feeding had on the number and total weight of fruit 
per tree. There is an apparent correlation between 
the late season peak of mites in 1974 on treatments 2 
and 3 and the lower numbers and total weight of fruit 
in the same treatments in 1975. Likewise, there is 
an apparent correlation between the moderate densi
ties on treatment 3 in 1975, and the decreased num
bers and total weight of fruit in 1976. There was 
no effect on the weight of individual fruits in either 
1975 or 1976. (Data not included here.) The fact 
that there were fewer fruits can be interpreted as an 
adverse effect of mite feeding on the formation of 
fruit buds. Mite stress apparently prevented some 
fruit buds from completing development, with the lms 
in crop being realized in the following year. The fact 
that weights of individual fruits did not differ among 
treatments suggests that there was no significant effect 
of mite feeding on the same year's crop. 

Table 4 indicates that mite feeding had an effect 
on foliar nitrogen content in 1975. At mid-season and 
at season's end, the trees with more mites had lower 
foliar nitrogen levels. In both treatment groups 2 
and 3 on Sept. 3, the nitrogen content was reduced be
low the desired minimum level of 1.90% dry weight. 
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Measurements of vegetative growth, i.e., trunk 
circumference and shoot extension, showed no differ
ences according to mite densities. 

The small amount of miticides used during the 3-
year period had no detectable effect on growth or 
yield'l. (For effect on crop, compare group 1 with 4, 
Table 3.) 

DISCUSSION 
One recommended mite control procedure in 

Ohio is that growers use a miticide when more than a 
few trees in a block show visible feeding damage 
("bronzing") . In most years the first visible damage 
occurs in June or July, and miticides are applied. Late 
season outbreaks, however, are apt to be ignored. 
Many growers in Ohio stop spraying in late July or 
early August. Between the last spray and harvest it 
is not uncommon for European red mites to increase 
to 30 per leaf or more. Some growers are willing to 
tolerate late mite outbreaks on the basis that they come 
too late to affect the current crop. This view fails to 
consider the possibility that a late outbreak may have 
an adverse effect on the next year's crop. 

This study demonstrates that young spur-type 
Red Delicious trees have a low tolerance to damage 
by moderate levels of European red mite. Late sea
son outbreaks of European red mite should be con
trolled, since they may be contributing to the low pro
dutivity of spur-type Red Delicious in their early bear
ing years. 
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Insecticide Tests Aga'inst Rose Chafer Adults 
in Northern Ohio 

ROGER N. WILLIAMS1 

The rose chafer, M acrodactylus subspinosm 
( Fabricius), is an endemic American insect which at
tacks roses, grapes and various other fruits, and vege
table crops. The common name is derived from its 
attraction to rose flowers; however, the affinity to 
grape blossoms is even stronger. In most textbook~ 
it is covered under grape pests since it is considered 
most injurious to this crop ( 4, 6, and 7). Its distri
bution ranges over southeastern Canada and the eas
tern half of the United States ( 5) . 

The larvae feed on the roots of grasses, grain, 
weeds, and other plants ( 1, 3, and 4) hut are not con
sidered to be of economic importance. Webster ( 9) 
reported finding 100 or more rose chafer grubs per 
square yard in sandy areas near Bellevue, Ohio. He 
also noted that the insect passed nearly a who!e year 
in the ground, eggs being deposited in June and the 
adults emerging from the ground the following June. 

The chafer adult usually makes its appearance 
in the vineyard suddenly and often in countles~ 

swarms. It feeds at first on the blossom buds (Fig. 
1) or blossoms and later attacks the newly set fruit 
and the foliage ( 7). The destruction of the blossoms 
causes thin, scraggly clusters that arc often not worth 
harvesting ( 8). Adults can be found in the vine
yard for 3 or 4 weeks after emergence. Injury to 
Concord foliage is rarely severe enough to cause seri
ous damage, although the leaves arc often riddled by 
the beetles and have a tattered and ragged appear
ance. Thin-leaved varieties, such as Delaware, may 
have their leaves completely consumed except for the 
main veins. 

METHODS AND MATERIALS 
Two types of tests were conducted in the evalua

tion of insecticides for the control of the adult rose 
chafer. 

Contact Toxicity Studies 
These tests consisted of an evaluation of seven 

insecticides in a Potter spray tower in the Insecticide 
Test Laboratory at OARDC in 1976. Adults of the 
rose chafer were collected from a sandy Concord 
vineyard near North Kingsville just prior to bloom. 
Insects were collected from this particular area be
cause it was suggested that the standard control, 
Methoxychlor, was not yielding satisfactory results. 

'Associate Professor, Dept. of Entomology, Ohio Agricultural Re
search and Development Center and The Ohio State University. 
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Rose chafer adults were held for 24 hours at 
24° ± 1.5° C and 60% RH prior to being treated. 
Stock solutions ( 1 % ) of all materiah tested were pre
pared from technical grade materials using a mixture 
of acetone and olive oil, 19:1 (vol/vol), as the sol
vent. 

Two replicates of 10 beetles each, selected at 
random, were anesthetized with ether and placed on 
filter paper in 9-cm glass petri dishes. Each repli
cate was sprayed with 5 ml of the insecticides at one 
of the concentrations. Checks consisted of two sets 
of 10 beetles each sprayed with the solvent. Treated 
beetles were removed from petri dishes and placed in 
paper cups with a moist wick of 57c honey-water and 
covered with a glass petri dish and held at 24° ± 
1.5° C and 60% RH. Treatments were made on 
June 17, 1976, and mortality readings were made 24 
hours later. 
Field Screening Studies 

This series of tests was conducted in a sandy 
vineyard at North Kingsville in 1977. Four of the 
compounds from the laboratory study were tested 
along with a synthetic pyrethroid, Pydrin, and four 
other insecticides. This experiment was conducted 
in a portion of a producing vineyard which had an 
annual problem with rose chafer adults. 

FIG. 1.-Damage caused by feeding of rose cha
fer: a. injury to grape blossom buds; b. injury to ovary 
resulting in destruction of the berry. After Johnson (2). 



TABLE 1.-Percent Mortality of Adult Rose Cha~ 
fers 24 Hours After Treatment in Potter Spray Tower 
at Wooster, 1976.* t 

Percent Concentration 

Treatment 0.001 0.01 0.1 

Methoxychlor 0 0 10 
Thiodon 0 5 90 
D1az1non 0 0 100 
Guth ion 0 35 100 
lmidan 0 5 100 
Sevin 0 0 60 
Ambu;h 5 5 100 

*Based on two replicates of 10 beetles eoch. 
tPercent mortality in the treated controls was 0. 

1.0 

100 
100 
100 
100 
100 
100 
100 

The Concord grape rows were planted on 10 ft 
centers with 8 ft between trunks in the row. Each 
row represented a block containing one replicate. of 
each treatment. A replicate was composed of five 
adjacent vines in the row with four replicates/treat
ment. The 10 treatments were completely rando
mized within each block. A single application wa~ 
made on June 5, soon after rose chafer adults were 
first observed feeding on the grape blossom bud". 
Application was made at the rate of ca. 100 gpa with 
a Hudson 6209, 2 gal Favorite spra)er at 40 psi. 

Damage was evaluated by examining three dif
ferent shoots on the three center vines in each plot. 
At each location, two clusters on a single shoot were 
rated according to the number of buds, flowers, or 
berries missing from the two clusters collectively. 
Ratings were as follows: 1 = 1-10 missing, 2 = 11-
25 missing, and 3 = 26-40 missing. The damage 
ratings are means of the 12 readings made from a 
treatment on the given date. 

TABLE 2.-Control of Rose Chafer Adults on 
Young Grape Clusters, North Kingsville, Ohio, 1977. 

Treatment and lb ai/ Acre 

Penncap·M 2E 1 
lmidan 50WP 1 .25 
Alfo·tox 20 % Methoxychlor 1.25 

10 % Diazinon 0.625 
Guthion 50WP 0.5 
Pydrin 2.4E 0.2 
Methoxychlor 50WP 1.6 
Sumithion SEC 1.5 
Diazinon 50WP 1 
Zolone 3EC 2.25 
Untreated Check 

Mean Rating Grapes 
Removed/Two Clusters 

June 28 

1.19 c* 
1.81 b 

1.14 c 
1.36 be 
1.25 c 
1.28 c 
1.39 be 
1.81 b 
1.58 be 
2.36 a 

*Means not followed by same letter are significantly different 
at the 5 % level of probability using DMRT. 
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RESULTS AND DISCUSSION 
Contact toxicity studies in the laboratory seemed 

to verify growers' suspicions that Methoxychlor was 
not killing the chafer adults (Table 1). In fact, all 
of the other compounds y'elded higher mortalities. 
At the 0.1 % level, only three com pounds ( Methoxy
chlor, Thiodan, and Sevin) did not kill all of the 
beetles. Guthion was the most effective insecticide 
in the laboratory tests. 

It is interesting to note that when a preliminary 
observation was made 45 minutes after treatment in 
all ratec:; of the Ambush treatments, every insect wa~ 
down and apparently dead. However, at the time of 
the 24-hour reading in the lower rates, many had re
covered. Ambush is a synthetic pyrethroid and typi
cal of pyrethrins, it gave a quick knockdown, hut the 
lower rates failed to kill the beetles. 

All of the compounds in Table 1 are labeled for 
use on grapes with the exception of Ambush. How
ever, they are not all labeled for use against the rose 
chafer on grapes. 

Field screenin.~ plots did not seem to substantiate 
the results in the laboratory studies. Actually Meth
oxychlor was not significantly different from the low
est rating (least damage) which was achieved in the 
Alfa-tax plots. Methoxychlor was slightly better 
than Guthion in field ratings (Table 2). It was anti
cipated that Guthion would do better in the field than 
it did. However, it must be kept in mind that these 
are different classes of insecticides with great differ
ences in the length of activity in the residues. Or
~anophosphate insecticides such as Guthion are gen
erally less residual than chlorinated hydrocarbon 
compounds such as Methoxychlor. This may ac
count for part of the differences between laboratory 
and field studies. 

Diazinon and Methoxychlor were included in 
both the laboratory and the field tests. Alfa-tax was 
only employed in the field evaluation. It is a mix
ture of Diazinon and Methoxychlor and at the rates 
used proved to be the most effective compound yield
ing the lowest index rating. It must be remembered 
that more total insecticide was applied with Alfa-tax 
than either of the two constituents alone. 

Field screening was more difficult to evaluate 
than the contact toxicity studies because populations 
were very low and because it is difficult to know how 
many beetles were killed by a specific pesticide under 
field conditions. Due to the relatively low chafer 
population in 1977, it was not meaningful to make 
counts of the number of chafers per cluster on the 
various treatments. 



SUMMARY AND CONCLUSIONS 
Damage to grapes by the rose chafer, iv! acrodac

tylus subspinosus ( Fabricius), is a common occurrence 
in sandy soils in the grape-producing regions of the 
eastern United States ( 2). Numerous insecticidal 
compounds have been tried over the years, hut none 
have been completely successful when the chafers are 
present on the vines in large numbers. This may he 
due to several factors over which the grower has little 
control, but it would seem logical that the primary fac
tor would be that as beetles invade the vines each can 
do some damage before it is killed. Thus, to have 
complete control it would be necessary to completely 
exclude the pest from the vineyard. 

It was concluded from this research that Meth
oxychlor is still an effective pesticide against the rose 
chafer, even in areas where it has been employed in 
spray schedules for many years. Based on these re
sults, Alfa-tax will be added to the control recom
mendations for the rose chafer. Although several 
other materials gave good results, they are not labeled 
for the rose chafer. 
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Apple Powdery Mildew Eradication and Bloom Delay 
with Dormant Season Surfactant Sprays 

ROBERT A. SPOTTS1 

INTRODUCTION 
Apple powdery mildew is an important disease 

in apple producing regions of the world ( 1°). The 
disease is caused by the fungus Podosphaera leucotri
cha (Ell. & Ev.) Salm., which overwinters in vegeta
tive and fruit buds ( 2) and infects young, emerging 
tissue. During the growing season, vast quantities of 
conidia are produced which infect young blossoms, 
leaves, and fruit under the proper environmental con
ditions. 

Currently, several fungicides are used commer
cially to control powdery mildew. These fungicide~ 
are applied frequently throughout the growing season 
and may not give acceptable mildew control on sus
ceptible cultivars when weather favors disease devel
opment. The cost of apple powdery mildew control 
is probably between 10% and 20)'( of the total di
sease control cost. 

Although the antimicrobial properties of surfac
tants are well known, this experimental use for con
trol of powdery mildew is a relatively recent develop
ment. Many surfactants, especially the anionic and 
cationic materials, are toxic to apple foliage ( 6). 
The cationic compound didecyldimethylammonium 
bromide (DDAB) effectively eradicated P. leucotri
cha, but caused an increase in fruit russet (9, 10). 
Similarly, the nonionic surfactant NC5630 (based on 
condensation products of cetyl and oleyl alcohol with 
ethylene oxide) was extremely active against P. leuco
tricha but caused fruit damage in field tests ( 4). 

Fruit and foliar phytotoxicity problems were 
overcome when these chemicals were applied to trees 

1Assistant Professor, Dept. of Plant Pathology, Ohio Agricultural 
Research and Development Center and The Ohio State University. 

during the dormant season ( 5). Excellent eradica
tion of mildew from infected buds was obtained with 
autumn sprays of "Offshoot O" and "Offshoot T" 
(Atlas Chemical Industries, Inc.). Application of 
Offshoot 0 in March caused a 3-4 week delay in bud 
break, but thereafter growth quickly returned to nor
mal. Additional work showed that the individual 
component esters of Offshoot 0 were powdery mil
dew eradicants, but their activities were inferior to 
that of the mixture ( 7). Because a considerable con
tribution to fungitoxicity by other formulants in the 
commercial mixture was apparent, the nonionic sur
factants Tween 20 (Atlas Chemical Ind., Inc.) and 
Ethylan CP ( Lankro Chemicals Ltd.) were studied. 
Ethylan CP controlled mildew as well as Offshoot 0. 

Recently it was shown that one application of a 
variety of surfactants, including Ethylan CP and Tri
ton X45 (Rohm and Haas), to apple trees during the 
dormant season resulted in a significant reduction in 
primary mildew the following season ( 3, 8). An 
October application gave better control than one in 
March. Autumn treatments delayed bud burst and 
flowering up to 2 weeks whereas March treatments 
caused a 4-6 week delay. Triton X45 was the best 
mildew eradicant, but yield was reduced, perhaps be
cause delayed flowering interfered with optimum pol
lination time. 

MATERIALS AND METHODS 
Several surfactants2 were evaluated for control 

of apple powdery mildew in 1977 at OARDC (Table 
1 ) . The Triton nonionic surfactants are alkylaryl-

'Triton surfactants and Dikar supplied by Rohm and Haas Co., 
Offshoot T by Procter and Gamble, and Nufilm 17 by Miles Chemi· 
cal and Fertilizer Corp. 

TABLE 1.-Effect of One Dormant Application of Several Surfactants on Powdery Mildew on Cortland Foliage. 

May 10 

Treatment* 1% a.i.t 5% a.i. 1% a.i. 

Triton XlOO 2.0:j: 4.2 

Triton N57 1.7 2.8 

Triton X35 5.2 3.0 

Triton CS7 1.9 1.3 

Offshoot T 2.6 1.0 

Nufilm 17 1.5 2.3 

Dikar 76WP 0.6 

Water 3.0 

LSD(p = 0.05] 3.5 

*Dikar 76WP 2.0 lb/100 go/ applied April 11, 21, 29; May 6. All other treatments applied March 9. 
ta.i. = active ingredient calculated on w/v basis. 
:j:Values represent average percent mildewed leaves on 60 terminals per treatment. 
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18 
25 
25 
26 
28 
31 

June 9 

5% a.i. 

39 
20 
27 
25 
32 
41 

22 
24 
16.0 



TABLE 2.-Effect of One Dormant Application of Several Surfactants on Cortland Bud Development. 

Growth Stage* 

April 11 April 20 April 29 

Treatmentt 1% a.i.i 5% a.i. 1 % a.i. 5% a.i. 1% a.i. So/. a.i. 

Triton Xl 00 HIG GT p p PF B 
Triton N57 HIG GT B oc PF B 
Triton X35 HIG HIG B B PF PF 
Triton CS7 HIG GT p oc PF B 
Offshoot T HIG GT p oc B B 
Nufilm 17 HIG HIG B B PF PF 
Dikar 76WP HIG B PF 
Water HIG B PF 

*GT = green tip; HIG = half-inch green; OC = open cluster; P = pink; B = bloom; PF = petal fall. 
tDikar 76WP 2 lb/100 gal applied April 11, 21, 291 May 6. All other treatments applied March 9. 
:t:a.i. = active ingredient calculated on a w/v basis. 

oxypolyethoxyethanol compounds and vary in the 
number of ethylene oxide groups from 3 (Triton 
X35) to 10 (Triton XlOO). Triton CS7, however, 
is the sodium salt of an amphoteric surfactant and is 
anionic. Offshoot Tis a 63% mixture of fatty alco
hols, mainly C, andC1 0, used for de-suckering tobac
co. Nufilm 17 (poly-1-p Methen-8, 9-diyl) is apes
ticide extender. 

Each treatment was applied at 1 ljC and 5% ac
tive ingredient (weight/ volume basis) to six random
ized scaffold limbs of mature Cortland on seedling 
rootstocks. Limbs were sprayed until runoff with a 
pressurized hand sprayer at 30 psi on March 9. Un
sprayed trees were at half-inch green on April 11. 
Powdery mildew counts were made on all leaves of 
10 terminals per limb on May 10 and June 9. Stages 
of bud development were determined for all limbs on 
April 11, 20, and 29. 

RESULTS AND DISCUSSION 
Due to reduction in overwintering inoculum re

sulting from low January temperatures, apple pow
dery mildew was not severe during the 1977 season. 
No significant mildew control was observed with any 
of the surfactants at the 1 % or 51/c rates (Table 1). 
No trend in disease control was detected in the Triton 
series. 

Other researchers (3, 8) have reported that au
tumn applications of surfactant eradicated the pow
dery mildew fungus better than spring applications. 
Applications at leaf fall may be a more practical ap
proach than late winter sprays in Ohio due to severe 
winter weather which often makes orchard spraying 
extremely difficult. Although secondary mildew in
fection is affected by surfactants ( 8), this is probably 
related to eradication of overwintering mycelium 
which is most clearly evident as a reduction of pri
mary mildew. 

The mildew evaluations reported here were 
probably taken too late to assess the effect of surfac-
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tants solely on primary mildew. However, it must 
be emphasized that powdery mildew was extremely 
scarce in 1977 and treatment effects were difficult to 
determine. 

Bloom delay of approximately 9 days occurred 
when the 5% rate of Triton XlOO, Triton N57, Tri
ton CS7, and Offshoot T was applied. Although 
other researchers considered bloom delay caused by 
surfactants as detrimental, this effect could be viewed 
as a potential technique for frost protection. Pre
sently, however, much remains unknown, and addi
tional research to evaluate the effect of dormant ap
plications of surfactants on disease control, bud de
velopment, fruit set, and yield is underway at 
OARDC. 
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BETTER LIVING IS THE PRODUCT 
of research at the Ohio Agricultural Research and Development Center. 
All Ohioans benefit from this product. 

Ohio's farm families benefit from the results of agricultural re
search translated into increased earnings and improved living condi
tions. So do the families of the thousands of workers employed in the 
firms making up the state's agribusiness complex. 

But the greatest benefits of agricultural research flow to the mil
lions of Ohio consumers. They enjoy the end products of agricultural 
science-the world's most wholesome and nutritious food, attractive 
lawns, beautiful ornamental plants, and hundreds of consumer prod
ucts containing ingredients originating on the farm, in the greenhouse 
and nursery, or in the forest. 

The Ohio Agricultural Experiment Station, as the Center was called 
for 83 years, was established at The Ohio State University, Columbus, 
in 1882. Ten years later, the Station was moved to its present loca
tion in Wayne County. In 1965, the Ohio General Assembly passed 
legislation changing the name to Ohio Agricultural Research and De
velopment Center-a name which more accurately reflects the nature 
and scope of the Center's research program today. 

Research at OARDC deals with the improvement of all agricul
tural production and marketing practices. It is concerned with the de
velopment of an agricultural product from germination of a seed or 
development of an embryo through to the consumer's dinner table. It 
is directed at improved human nutrition, family and child development, 
home management, and all other aspects of family life. It is geared 
to enhancing and preserving the quality of our environment. 

Individuals and groups are welcome to visit the OARDC, to enjoy 
the attractive buildings, grounds, and arboretum, and to observe first 
hand research aimed at the goal of Better Living for All Ohioans! 
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Ohio's major soil types and climatic 
conditions are represented at the Re
search Center's 12 locations. 

Research is conducted by 15 depart
ments on more than 7000 acres at Center 
headquarters in Wooster, seven branches, 
Green Springs Crops Research Unit, Pom
erene Forest Laboratory, North Appalach
ian Experimental Watershed, and The 
Ohio State University. 
Center Headquarters, Wooster, Wayne 

County: 1953 acres 
Eastern Ohio Resource Development Cen

ter, Caldwell, Noble County: 2053 
acres 

Green Springs Crops Research Unit, Green 
Springs, Sandusky County: 26 acres 

LABORATORY 

EASTERN OHIO RESOURCE 
DEVELOPMENT CENTER 

• 

Jackson Branch, Jackson, Jackson Coun
ty: 502 acres 

Mahoning County Farm, Canfield: 275 
acres 

Muck Crops Branch, Willard, Huron Coun
ty: 15 acres 

North Appalachian Experimental Water
shed, Coshocton, Coshocton County: 
l 047 acrei; (Cooperative with Agricul
tural Research Service, U. S. Dept. of 
Agriculture) 

Ncrthwestern Branch, Hoytville, Wood 
County: 247 acres 

Pomerene Forest Laboratory, Coshocton 
County: 227 acres 

Southern Branch, Ripley, Brown County: 
275 acres 

Western Branch, South Charleston, Clark 
County: 428 acres 




