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Abstract

Sprays of GA,,; + NAA + Vapor Gard reduced fruit cracking,
reduced fruit drop, in one case reduced fruit firmness slightly, and delayed
and reduced flowering the next year. Sprays of NAA or its addition to the
GA,,, spray did not further reduce cracking. Trunk-scoring alone or in
combination with spray treatments of GA, , + NAA + Vapor Gard slightly
reduced fruit firmness, increased red color, and reduced fruit cracking.
Foliar fertilizer (Nutri Leaf, 20-20-20) applied in combination with the
growth regulator sprays caused non-colored areas of the fruits to be lumpy
and green (growth regulator sprays alone did not cause this problem).
These areas of the fruit (mostly caylx-end and green sides) failed to
develop red color, even when left on the tree for an extra week after normal
harvest, thus reducing their fresh market value.

Dicamba reduced cracking from 19% to 5% in 1989, and from 60%
to 40% in 1990. Ethephon increased cracking from 60% to 91%.
Antitranspirants (Anti-stress 550 and Farwells grafting seal) had no effect
on fruit cracking.

Apples collected from ‘Stayman’ trees that had a high percentage of
fruit cracked seldom cracked when submerged in water for 3 days.
However, when duplicated samples were submerged in non-ionic
surfactant-water solutions (1.25 ml/liter X-77), water uptake and fruit
cracking were greatly increased. A rapid test was developed to determine
the susceptibility of fruit to cracking by submerging fruit samples in non-
ionic surfactant-water solutions.

Fruit bagged in Kraft paper bags 24-51 days after full bloom (AFB)
had less side and stem-end cracking, side russet, or scarf skin than did
non-bagged fruit. These data indicate that fruits may be conditioned early
in their development to mid-season cracking.

Soil-applied NH,NO; increased fruit cracking of apples on
15-year-old ‘Stayman’/seedling trees. Root-pruning in June reduced fruit
cracking from 33% to 23% but had no effect when done in April or May.

Fruit submerged in Ethoxyquin or Diphenylamine (DPA) for 3 days
caused fruit cracking and water uptake similar to that caused by X-77. Fruit
dipped for 10 seconds in DPA, air dried, and placed in cold storage in
plastic bags for 22 days did not crack even though water had condensed on
the fruit. If these stored DPA-treated fruit were run across an apple grader
and then re-bagged, no cracking occurred; but if these fruit were placed in
water for a period of 3 days, 24% of the fruit cracked. Only fruit that did
not go across the grader remained non-cracked. Apparently, fruits that had
been across the grader brushes were more susceptible to cracking.
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Laboratory data indicate that ‘Golden Delicious’ and ‘Red Deli-
cious’ apples had lower epidermal break force and higher water absorption
than ‘Stayman’ apples, suggesting that these factors were not the cause for
fruit cracking. Our data indicate that ‘Stayman’ fruit cracking was caused
by high internal fruit pressure that developed when fruits absorbed
moisture.
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Introduction

Side cracking of ‘Stayman’ fruit usually occurs during relatively long
rainy periods or dewy nights after fruits have attained 50 cm or more in
diameter. In addition, we have observed fruit cracking near the stem-end
when fruits were 30-50 cm in diameter. Stem-end fruit cracks healed in a
few weeks, and by harvest time the scarring was not very noticeable, unless
the cracks had been over 1 cm in length when cracking occurred (Byers,
unpublished). We believe side cracks did not heal because cell division had
stopped by the time side-cracking had started. Verner (1935) reported that
fruits borne on the periphery of the tree and exposed to the sun, russeted
fruit, highly colored fruit, or the sides of the fruits with the greater sugar
concentrations are more susceptible to cracking. Dry periods followed by
rain are commonly thought to cause a great or sudden increase in water
content of the fruit, thus causing fruitto crack. However, Verner (1935) was
unable to demonstrate that drought followed by a rapid rise in soil moisture
caused cracking or that covering of limbs during rainy periods prevented
it. His data suggest that cracking occurs when the relative humidity is near
100% for 6 hours or more.

Submerging apples in a surfactant solution for 1 to 3 days increased
water uptake and fruit cracking, but pesticides commonly used on apples
did not increase water uptake or cracking of fruit in this laboratory test
(Byers et al., 1990). The data indicate that water absorption through the
epidermis might be responsible for some water uptake and cracking under
field conditions.

Previous work has indicated that fruit cracking is reduced by root
pruning (-6%), scoring (-11%), or four sprays of a combination of GA
+NAA + Vapor Gard + Alar (-71%) (Byers et al., 1990). Individually, the
chemicals in this spray combination were ineffective or marginally effec-
tive—Alar (-6%), Vapor Gard (-3%), NAA (-9%), GA 4, (-15%). These
data suggest combinations of materials may be much more effective than
would be expected based on performance of the individual chemicals.

The objectives of the experiments reported herein were to: 1) deter-
mine if cracking of ‘Stayman’ fruit submerged in surfactant solutions was
correlated with natural field cracking; 2) determine if bagging individual
fruit early in development would affect cracking later in the season; 3)
determine if soil or foliar fertilizers, root pruning, scoring, and/or chemical
sprays influenced fruit cracking; and 4) determine if stop-scald materials,
or placing graded or non-graded fruit in plastic bags followed by cold
storage, influenced cracking.

Our rationale for testing certain cultural treatments in experiments
reported here have been based on observations that fruits on vigorous trees
crack more severely than do those from less vigorous trees. We suspect that



heavy dormant-pruning, fertilization, weed control, and trickle-irrigation
contribute to fruit cracking. In addition, low foliage-to-fruit ratios, highly
colored strains, small fruit, and rough finish contribute to fruit cracking.

Certain orchard practices could be tested for their effectiveness for
reducing tree vigor and fruit cracking, such as: scoring, root pruning,
eliminating fertiizer, reducing herbicide strip width, and reducing dormant
pruning. These practices might reduce root vigor and root absorption of
water and salts, and may promote water loss from leaves, resulting in a
greater top-to-root ratio.

A high top-to-root ratio reduced root pressure and increased total
transpiration (Devlin and Witham, 1983); thus, severe pruning would be
expected to increase cracking. Drought has been shown to increase salt
concentrations in the root; and when water was re-supplied, the root
pressure increased (Devlin and Witham, 1983). Fertilizer could increase
salt concentrations in root or stimulate unwanted root growth.

Growth regulators (auxins and gibberellins) affected the plasticity
and elasticity of pea and Avena stems (Yoda and Ashida, 1960; Adams et
al., 1975) and regulated water balance (Mansfield, 1988). In apples,
Ethephon, a powerful growth regulator, reduced shoot growth and some-
times fruit growth (Byers, 1993), increased fruit drop, hastened maturity
(Unrath, 1972), and promoted flower bud formation (Williams, 1972); but
data on its effect on fruit cracking have not been published.

Since soil-applied fertilizers theoretically could stimulate root growth
and fruit cracking, the application of foliar fertilizers plus growth regula-
tors to control cracking would be a possible cultural change that might
promote good foliage condition and fruit size if soil-applied fertilizers
were eliminated. In Avena hypocotyls, KCl and EDTA used in one
experiment appeared to increase cell wall extensibility (Metraux, 1988).

Vapor Gard, superior oil, or a surfactant was used in some of the
‘experiments reported here in an attempt to potentiate expensive growth
regulators. Previous results indicated that X-77 increased fruit cracking of
‘Stayman’ in both laboratory submersion and in field tests when applied
alone but Vapor Gard or superior oil did not (Byers et al., 1990); and in
grapes, surfactants increased cracking under field conditions (Marois etal.,
1987).



Materials, Methods, and Results

Experiment 1. Laboratory test for evaluation of ‘Stayman’ fruit
cracking

Materials and Methods. Five ‘Stayman’ apples were harvested
from each of 5 trees from several blocks in Virginia where experiments
werein progress in 1989. Apples were numbered on the skin with amarker,
individually weighed on a top-loading balance (+ 1 mg), and submerged
in buckets of an aqueous solution of 1.25 ml/liter X-77. After 1 and 3 days
of submersion, each apple was examined for cracks; after 3 days each apple
was blotted dry with paper towels and reweighed. The percentage weight
gain was calculated separately for non-cracked and cracked apples.

Results. Fruit samples taken from two sections of one Winchester
block (sample #G1 and #G2) were not cracked on the tree in the field in one
part of the block (#G1), but 23% of the apples in another part of the same
block (#G2) were cracked. In the X-77 submersion test, less water uptake
and no cracking occurred with fruit from the #G1 sample when compared
to fruit from the #G2 sample. Fruit from a block of ‘201 Stayman’trees/
M.9 at Timberville absorbed more water than those at other ‘201 Stayman’
trees at other locations, but they did not crack as badly in the field or in the
X-77 submersion test as did the ‘201’ sample from Massies Mill (#S5). The
‘Staybrite’ strain from Massies Mill (#S5) appeared to crack more than did
the ‘201’ strain from Massies Mill in both the field and the X-77 submer-
sion tests, but water absorption of the Staybrite strain was lower. The
‘Stayman Supreme’ (#S5) at the Massies Mill location did not crack in the
field, and cracked only slightly in the X-77 laboratory test. (This strain
seldom cracks on the tree, is not as highly colored, and some growers say
it has other qualities inferior to the ‘201 Stayman’ strain.) These data
indicate that fruit samples collected from trees with a high degree of
field-cracking also cracked when submerged in X-77 surfactant solutions.

Experiment 2. Effect of enclosing ‘Stayman’ fruit in Kraft paper bags
Materials and Methods. In 1989, 25 16-year-old ‘201 Stayman’/
seedling trees were selected for uniform crop load, and 4 fruits on each tree
were covered with a Kraft paper bag for various periods: 16-24 days after
full bloom (AFB), 24-51 days AFB, 38-65 days AFB, 65-97 days AFB,
80-111 days AFB, and 111-121 days AFB; or were tagged as controls at
24, 44, or 87 days AFB. Each treatment represented a 100-fruit sample.
Stem-end cracks longer than 0.5 cm were recorded 51 to 129 days
AFB. Since stem-end cracks had occurred by 65 days AFB and had healed



by 111 days AFB, healed cracks were not counted at 111, 120, or 129 days
AFB. Side cracks longer than 0.5 cm were recorded from 97 to 168 days
AFB.

Side russet was rated from O to 5 at harvest and scarf skin from 0 to
10. Side russet ratings were: 0 = lenticel enlargement; 2 = lenticels
enlarged and some russet between lenticels; 3 = lenticels enlarged and
slightly raised to touch, moderate to heavy russet between lenticels; 4 =
lenticels enlarged and moderately raised to touch and moderate to heavy
russet between lenticels; 5 =lenticels enlarged and heavily raised to touch
and heavy russet between lenticels. Scarf skin: 1 =light and 10% affected;
3 = moderate and 30% affected; 5 = severe and 50% affected. No ratings
for scarf skin were over 5.

Results. Fruitenclosed in Kraft paper bags from 16 to 44,24 to 51,
and 38 to 65 days AFB had fewer stem-end cracked fruits 65 days AFB
than the controls had (Table 2). Stem-end cracks healed by 111 days AFB;
thus, they were recorded as no longer present, but fruit were examined for
any new stem-end cracks on each subsequent date. Side-cracking began by
97 days AFB. Some side cracking was associated with the stem-end
cracking, but most was not associated with the healed stem-end crack.

All bagging treatments suppressed side cracking in the period 120 to
168 days AFB. Side russet was reduced by bagging 16 to 44,24 to 51, and
38 to 65 days AFB. Scarf skin was reduced by bagging 16 to 44, 24 to 51
days, and 38 to 56 days AFB. These data indicate that fruit cracking, scarf
skin, and russet may be influenced by similar environmental conditions in
the 60-day period after bloom.

Atharvest, fruits in the paper bags were very wet early in the morning
after heavy dew, light rain, or high humidity during the night. The fruit and
the bag dried out during the day. We believe that the moisture on the fruit
in the bag was due to condensation of water vapor on the cold fruit at night.
Further study should be made regarding the bagging technique for keeping
fruit dry; apparently the technique did not keep the fruit dry when humidity
was high.

Experiment 3. Soil-applied fertilizers on ‘Stayman’ fruit cracking
Materials and Methods. In 1989, 50 16-year-old ‘201 Stayman’/
seedling trees were selected for uniform crop load. Ten single-tree repli-
cates per treatment in a randomized complete block design were blocked
according to row and terrain. The following 5 treatments were applied: 1)
control--no fertilizer, 2) 2.27 kg/tree of NH,NO; (33% N), 3) 2.27 kg/tree
of KCl1 (50% K), 4) 2.27 kg/tree of super phosphate (48% P), and 5) 36.3
kg/tree of CaSO, (20% Ca). Treatments 2, 3, and 4 were applied as a split



application May 2 and May 16 in 3.8 liter of water, and treatment 5 was
applied to the soil May 9 and was spread within 1 meter of each tree trunk.
Five limbs with an average of 16 fruits/limb were selected and tagged on
each of 10 trees. These fruits were monitored for cracking from 26 June to
6 October (about 800 fruits/treatment). The number of cracked fruits on the
tagged limbs were counted and removed, and the percentage of cracked fruit
was calculated for each date. Because the growers had treated the experi-
mental area with fertilizer in 1990, only cracking of the CaSO, treatment
was monitored in 1990.

Results. Soil-applied NH,NO; increased fruitcracking of ‘Stayman’
apples on 15-year-old ‘Stayman’/seedling trees in 1989 (Table 3). Since
the grower accidentally fertilized the plots in 1990, only the Ca SO, and
the control were followed. In 1990 both treatments had 28% cracked fruit.

Experiment 4. Root pruning effects on ‘Stayman’ fruit cracking

Materials and Methods. In 1990, 160 17-year-old ‘201 Stayman’/
seedling trees were selected for uniform crop load and terrain in an orchard
having 16 rows. Four rows of each of the following treatments were
applied in arandomized complete block design: 1) control, 2) root-pruned
20 April, 3) root-pruned 22 May, and 4) root-pruned 22 June. Five limbs
with an average of 3.5 fruits/limb were selected and tagged on each of 10
trees in each of the replicates. These fruits were monitored for cracking
from 30 May to 1 Oct (about 700 fruit/treatment). Stem-end and side-cracked
fruit on the tagged limbs were counted, side cracked fruits were removed,
and the percentage of fruits cracked was calculated for each date.

Results. Side-cracking of fruit was reduced from 33% to 23% by
root pruning in June 1990 (Table 4). Some reduction may have occurred
by the April and May root pruning, but the data are for the most part not
significantly different from those of the control. Stem-end cracks were
very evident by 30 May but they healed over by 16 July.

Experiment 5. Scoring and multiple growth regulator sprays on
‘Stayman’ fruit cracking
Materials and Methods. In 1989, 16 16-year-old ‘201 Stayman’/
seedling trees were selected for uniform crop load. Four single-tree
replicates per treatment in a randomized complete block design were
blocked according to row and terrain. The following 4 treatments were
applied: 1) control--no treatment, 2) trunk scored 12June + GA 4, +NAA
+ Vapor Gard 14 Jun, 3) trunk scored 12 Jun and 28 Jun + GA,; + NAA
-+ Vapor Gard 14 Jun and 30 Jun, and 4) trunk scored 12 June and 30 Jun



+ GA4+7 +NAA + Vapor Gard 14 June, 30 June, and 18] uly. The chemical
spray rates that were applied are listed in Table 5. The trees were
approximately 5 meters high and 5 meters wide, planted in rows 8 meters
apart. Five limbs with an average of 20 fruits/limb were selected and
tagged on each of 4 trees. These fruits were monitored for cracking from
16 Aug to 13 Oct (about 400 fruits/treatment). Side-cracked fruit on the
tagged limbs were counted and removed, and the percentage of cracked
fruit was calculated for each date. In addition, the number of non-cracked
fruit that dropped in the period from 14 Sep to 13 Oct was tabulated.

Results. Grower-applied treatments of scoring + spraying trees
with GA,+, + NAA + Vapor Gard were evaluated for cracking (Table 5).
Spray treatments were applied 2 days after scoring. Trees were scored no
more than twice, since some trees showed a yellowish cast after 2 scorings.
Cracking was reduced from 72% to 32% by 2 scorings and 3 chemical
applications. These treatments also reduced fruit drop of non-cracked
apples from 58% to 24% in the 14 Sep to 13 Oct period. We suspect the
NAA applied in the summer period reduced fruit drop.

Experiment 6. Scoring, growth regulator, and foliar fertilizers on
‘Stayman’ fruit cracking

Materials and Methods. In 1989, 102 15-year-old ‘201 Stayman’/
seedling trees were selected for uniform crop load. Six single-tree repli-
cates per treatment in a randomized complete block design were blocked
according to row and terrain. The 17 spray and scoring treatments were
applied at the dates indicated as listed in Table 6. Five limbs with an
average of 13 fruits/limb were selected and tagged on each of 6 trees. These
fruit were monitored for cracking from 4 Jul to 5 Oct (about 400 fruits/
treatment). The number of side-cracked-fruits on the tagged limbs were
counted and removed, and the percentage cracked fruit was calculated for
each date.

In addition, 10 fruits were sized with a band caliper, rated for
percentage of red color; and, on two sides of each fruit, firmness was
determined with an Effigi fruit tester fitted with a 11.1-mm tip. Return
bloom was rated from 0 to 10 (a rating of 4 would be adequate bloom for
a full crop), and on 15 Apr 90 the percent of flowers that had opened on
each limb was recorded.

Results. Fruit cracking in 1989 was not as serious as in 1987 or
1988. For this reason, differences expected among several treatments
could not be determined (Table 6). None of the treatments suppressed
cracking more than 5 mg/liter GA. Treatments that contained GA in the
spray combination also reduced cracking. Scoring alone or in combination



with spray treatments reduced fruit firmness slightly, increased red color,
and reduced fruit cracking.

Return bloom was reduced to less than half that of the control by
several of the treatments; however, most of the same treatments delayed
flower opening (Table 6).

Experiment 7. Scoring, growth regulator, and foliar fertilizer on
‘Stayman’ fruit cracking

Materials and Methods. In 1989, 90 6-year-old ‘201 Stayman’/
M.26 trees on a three-wire trellis were selected for uniform crop load. Five
6-tree replicates per treatment in a randomized complete block design
were blocked according to row and terrain. The 3 treatments were applied
on the dates indicated in Table 7. Each tree was tagged on the trunk about
1.3 meters from the soil. About 20 fruits from each tree were monitored for
cracking from 4 Jul to 5 Oct (about 600 fruits/treatment). Cracked fruits on
the tagged limbs were counted and removed, and the percentage of cracked
fruit was calculated for each date.

In addition, 10 fruits were sized with a band caliper, rated for
percentage of fruit showingred; and firmness was determined ontwo sides
of each fruit at harvest and again after cold storage on 14 Dec 89 with an
Effigi fruit tester fitted with a 11.1-mm tip. The delayed bloom was
expressed as the percent of clusters that had separated on 19 Apr 90 and the
percent of flowers that had opened 25 Apr 90. Fruit/ cm? cross-sectional
area of limb was recorded on 15 May 90 on one limb/tree as a measure of
fruit density.

Results. ‘Stayman’/M.9 trees, scored 4 times with a carpet knife, had
numbers of fruit cracked similar to those of the untreated control trees
(Table 7). Scoring 4 times + 5 mg/l GA, ,; + 2.5 mV/l superior oil + 20 mg/
INAA + 6 g/120-20-20 fertilizer (Nutri Leaf) reduced fruit cracking from
15% to 1%. Fruit diameter and red color were not affected by the treatment,
but firmness was reduced slightly at harvest and after cold storage.

The spray treatments delayed flower opening, as indicated by the
percent of clusters separated 19 Apr 90 and the percent of flowers that had
opened by 25 Apr 90; however, the number of fruits/cm? cross sectional
area of limb on 15 May 90 indicated that the number of fruits per tree was
inadequate for a full crop. These trees appeared to be more affected than
were the ‘Stayman’/seedling trees in Experiment 6. The delayed flowering
appeared to be a benefit, but was offset by the reduced numbers of flowers.



Experiment 8. Low rate herbicide sprays on ‘Stayman’ fruit cracking

Materials and Methods. In 1989, 30 15-year-old ‘201 Stayman’/
seedling trees were selected for uniform crop load. Six single-tree repli-
cates per treatment in a randomized complete block design were blocked
according to row and terrain. The 5 treatments listed in Table 8 were
applied at the dates indicated. Four limbs with an average of 16 fruits/limb
were selected and tagged on each of 6 trees. These fruit were monitored for
cracking from 13 Jun to 16 Oct (about 400 fruit/treatment). Side-cracked
fruit on the tagged limbs were counted and removed, and the percentage
of cracked fruit was calculated for each date. At harvest, fruit diameter was
determined as in Experiment 6.

Near harvest the skin puncture firmness was tested on 4 sides of one
apple from each replicate of the control and the Dicamba-treated trees
using a Wagner (500 g) dynamometer (Greenwich, Conn.) fitted with a
small point-type plunger.

Results. Dicamba (20 mg/1) applied 6 Jul 89 inhibited fruit cracking
of 14-year-old ‘Stayman’/seedling trees, particularly in July and August
(Table 8). Fruit skin resistance in the puncture test indicated that
Dicamba-treated fruits were less resistant in puncture than the controls
were (Table 8).

Triclopyr applied 27 Apr 89 appeared to increase fruit cracking, but
an application made on 6 July inhibited fruit cracking (Table 8).

Experiment 9. Growth regulator and anti-transpirant sprays on
‘Stayman’ fruit cracking

Materials and Methods. In 1990, 56 17-year-old ‘201 Stayman’/
seedling trees were selected for uniform crop load. Eight single-tree
replicates per treatment in a randomized complete block design were
blocked according to row and terrain. The 7 treatments listed in Table 9
were applied on the dates indicated. Eight limbs with an average of 4 fruits/
limb were selected and tagged on each tree. These fruits were monitored
for cracking from 17 Jul to 29 Sep (about 400 fruits/treatment). Cracked
fruits on the tagged limbs were counted and removed, and the percentage
of cracked fruit was calculated for each date.

In addition, 10 fruits were rated for percentage of red color, and on
two sides of each fruit, firmness was determined at harvest with an Effigi
fruit tester fitted with a 11.1-mm tip.

Results. In 1990, multiple applications of the combination of GA +
NAA + Vapor Gard reduced fruit cracking from 60% to 33% at harvest
(Table 9). No loss of firmness or red color (10% non-statistical increase,
data not shown) was detected. Multiple Dicamba applications alone or in



combination with GA + NAA + Vapor Gard reduced fruit cracking to an
extent similar to the reduction caused by GA + NAA + Vapor Gard.
Ethephon increased cracking from 60% to 91%. The Anti-stress 550 or the
Farwells grafting seal had no effect on fruit cracking.

Experiment 10. Growth regulators and adjuvant sprays on ‘Stayman’
fruit cracking
Materials and Methods. In 1991, 50 5-year-old ‘201 ‘Stayman’/
Mark trees on a two-wire trellis were selected for uniform crop load. Ten
single-tree replicates per treatment in arandomized complete block design
were blocked according to row and terrain. The treatments listed in Table
10 were applied on the dates indicated. An average of 120 apples per tree
were monitored for cracking from 17 Jul to 9 Oct (about 1200 apples per
treatment). The number of cracked fruits on each tree was counted and
removed, and the percentage of cracked fruit was calculated for each date.
Results. In 1991, 8 applications of GA,, ,+ NAA reduced fruit
cracking from 31.8% to 10.5% (Table 10). The addition of LI 700
-surfactant at two rates or Vapor Gard did improve the growth regulator
results, if single-degree-of-freedom comparison contrasts were used in-
stead of the Duncan's multiple range test.

Experiment 11. Growth regulators and copper sprays on ‘Stayman’
fruit cracking

Materials and Methods. In 1991,45 5-year-old ‘201 ‘Stayman’/M.7
trees were selected for uniform crop load. Nine single-tree replicates per
treatment in arandomized complete block design were blocked according
to row and terrain. The treatments listed in Table 11 were applied on the
dates indicated. An average of 120 apples per tree were monitored for
cracking from 17 Jul to 9 Oct (about 1080 apples per treatment). The
number of cracked fruits on each tree were counted and removed, and the
percentage of cracked fruit was calculated for each date.

Results. In 1991, 6 applications of a COCS copper at two rates did
not reduce fruit cracking and did not affect the results of the growth
regulator sprays when COCS was tank mixed with GA, , ; and NAA (Table
11).
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Experiment 12. Growth regulators and adjuvant sprays on ‘Stayman’
fruit cracking

Materials and Methods. In 1992, 130 six-year-old ‘Staybrite
Stayman’/M.7A trees were selected for uniform crop load. Ten single-tree
replicates per treatment in a randomized complete block design were
blocked according to row and terrain. The treatments listed in Table 12
were applied on the dates indicated. An average of 50 apples per tree were
monitored for cracking from 17 Jul to 9 Oct (about 50 apples per
treatment). The number of cracked fruits on each tree were counted and
removed, and the percentage of cracked fruit was calculated for each date.

Results. In 1992, GA, 5 at 5 or 20 ppm greatly reduced fruit
cracking; however, there appeared to be no benefit from 20 ppm GA,,, or
the addition of NAA to the GA, ; sprays or of NAA alone. A new growth
regulator XYZ, currently under a secrecy agreement, appeared to have no
effect alone or in combination with GA,,, or NAA. The addition of
Regulaid, Li 700, Oil, or Vapor Gard did not improve the effectiveness of
the growth regulator mixture (Table 12).

Experiment 13. Effect of submerging ‘Stayman’ apples in a surfactant
or apple scald inhibitors

Materials and Methods. In 1989, 50 ‘Staybrite’ apples from Massies
Mill, Va., were harvested on 7 Sep and on 8 Sep were weighed and
submerged in Diphenylamine, Ethoxyquin, or X-77 for 3 days as listed in
Table 13. After 1 or 3 days of submersion, each individual apple was
blotted dry with a paper towel, examined for cracks, and reweighed at 3
days. The percentage weight gain was determined for non-cracked and
cracked apples. .

Results. In February 1989, one grower in the Winchester area lost,
due to fruit cracking, more than 300 bushels of ‘Stayman’ fruit that had
been packaged in 2.3 kg plastic bags in January 1989 and placed in cold
storage for a period of 4-5 weeks. These fruits were not treated with
stop-scald materials as is usually done at cold storages in this area.

‘Staybrite Stayman’ fruit from Massies Mill submerged in Ethoxyquin
or DPA solutions for 1- and 3-day periods exhibited fruit cracking and
water uptake similar to X-77 (Table 13). Previous tests indicated that fruit
submerged in typical pesticide concentrations used in the summer period
did not increase cracking or water uptake (Byers et al., 1990).



Experiment 14. Effect of dipping ‘Stayman’ apples in an apple
scald inhibitor, subsequent cold storage, and water submersion

Materials and Methods. Fifty ‘Staybright’ apples from Massies
Mill, Va., were harvested on 7 Sep and held in cold storage. On 19 Sep each
fruit was weighed and submerged in Diphenylamine for 10 seconds, air
dried, and placed in cold storage for 8 days (Table 14). Fruits were then
removed from cold storage and divided into two groups. One group was
placed directly in 5-1b polyethylene bags, and the other group was run
across a commercial apple grader (washed and dried with a brush-type
drying roll, without wax). Fruits were stored in bags and then removed
from storage twice and allowed to warm at room temperature to induce
condensation on the fruit in the bags (6 hours and 24 hours on days 6 and
13, respectively). Water condensed on the fruits in cold storage, even on
the first day fruits were in the bags. Fruits were held in bags for a total of
22 days in cold storage.

Since none of the 50 fruits cracked in cold storage, fruits from both
groups then were submerged for 3 days in water only. After 1 or 3 days of
submersion, each apple was blotted dry with a paper towel, examined for
cracks, and reweighed at 3 days. The percentage weight gain was deter-
mined for non-cracked and cracked apples.

Results. ‘Staybrite Stayman’ apples from Massies Mill submerged
in DPA for 10 seconds, air dried, and placed in plastic bags in cold storage
for 22 days did not crack, even though water had condensed on the fruit.
When these DPA-treated fruits were run across an apple grader and then
re-bagged, no cracking occurred; but if the fruits were then placed in water
for aperiod of 3 days, 24% of the fruit which had been run across the grader
cracked; those that did not go across the grader remained non-cracked.
Apparently the cuticle was sufficiently disturbed to cause fruit cracking
when submerged. Interestingly, the fruit lost weight during the 22 days of
cold storage, regained some weight when placed in water, but gained less
than that lostin cold storage. Even those cracked fruits that had gone across
acommercial grader and were submerged for three days in water, weighed
less than before placement in cold storage, yet cracked when placed in
water. (Table 14). In addition, since weight gained by the non-graded and
graded fruits was the same, the strength or weakness of the epidermis may
be what is involved in fruit cracking and perhaps not the amount of water
uptake.

11
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Experiment 15. Laboratory test for evaluation of apple cultivars or
strains of ‘Stayman’ for fruit cracking

Materials and Methods. Fifty kg of fruit were harvested from 10
trees from 5 different orchards for laboratory experiments (Table 15): 1)
‘201 Stayman’/Mark, ‘201 Stayman’/seedling, ‘Supreme Stayman’/seed-
ling, ‘Triple Red Delicious’/seedling, ‘Golden Delicious’/seedling.
Seventy-five fruits from each orchard were divided into 2 groups and
submerged into water, or 1.25 ml/liter X-77, for 3 days. After 1 and 3 days
of submersion, each apple was examined for cracks, and after 3 days each
apple was blotted dry with paper towels and re-weighed. The percentage
weight gain was determined separately for non-cracked and cracked
apples.

Results. When submerged in a water-surfactant solution of X-77,
more apples cracked from ‘201 Stayman’/Mark trees than did fruits taken
from ‘201 Stayman’/seedling trees, even though the trees were located in
the same orchard about 100 meters apart on similar soil (Table 15). Visual
observation indicated that more than 50% of the fruits on the ‘Mark’ trees
had cracked, and less than 10% on the seedling trees. The ‘Supreme
Stayman’, which seldom cracks in the field, did not crack when submerged
in X-77 water solution. Neither ‘Golden Delicious’ nor ‘Red Delicious’
cracked. ‘Golden Delicious’ and ‘Red Delicious’ gained more weight than
did the three ‘Stayman’ samples of fruit. The ‘Supreme Stayman’ and the
‘201 Stayman’/seedling fruits gained less water and also cracked the least
when compared to the ‘201 Stayman’/Mark.

Experiment 16. Apple peel resistance tests

Materials and Methods. Near harvest the skin puncture firmness
was tested on four sides of 5 apples from each orchard using a Wagner (500
g) dynamometer fitted with a plunger. In addition, a razor blade was used
to cut a uniform slit in the cheek of each apple, which was then submerged
in 1.25 ml/liter X-77. After 1 day the width of the opening of the slit was
measured with a hand caliper (+ 0.01mm).

Two microtome razor blades mounted 5.65 mm apart were used to
cut a piece of apple peel approximately 75 mm long from the cheeks of 5
apples from each orchard. The pieces were removed from the apple along
with about 1 mm of apple flesh by undercutting with a sharp knife. Two
Plexiglas clamps (55-60 mm apart) were used to suspend the peel verti-
cally. A 300-g weight was hung from the peel for 15 seconds and then
removed. The total increased extension (extensibility), the relaxation



distance (elasticity), and the distance not elastic (plasticity) were ex-
pressed as a percentage of the original peel length between the two clamps
(Yoda and Ashida, 1960; Adams et al., 1975). After extension measure-
ments were made, the break force of each peel was determined by pulling
the bottom clamp with a Wagner (1000 g) dynamometer (Greenwich,
Conn.).

Results. In a previous preliminary study, 10 ‘Golden Delicious’, 10
‘Red Delicious’ and 10 ‘201 Stayman’ apples were cut with a razor blade
on the tree in the field. Overnight 6 of the‘Stayman’ cracked, but none of
the‘Golden Delicious’ or ‘Red Delicious’ cracked.

The ‘201 Stayman’/Mark fruit sample (the ‘Stayman’ strain most
susceptible to fruit cracking on the tree) appeared to have more internal
pressure (as indicated by the razor blade cut test) than did the other two
‘Stayman’ samples (Table 16). In addition, there seemd to be a negative
relationship between the puncture test (lower apple skin resistance) and fruit
cracking. Both ‘Golden Delicious’ and ‘Red Delicious’ had low internal
pressure (razor blade test), and they also had low skin resistance (puncture
test), unlike the ‘Stayman’ samples. Stretching the apple skin with 300 g of
weight did not show differences in elasticity, plasticity, or total extensibility
between the 3 ‘Stayman’, ‘Golden Delicious’, or ‘Red Delicious’ samples
(Table 16). In addition, the break force of the apple skin was not different
between the ‘Stayman’ samples, but ‘Red Delicious’ and ‘Golden Delicious’
had much lower break forces.

These data suggest that high internal pressure (razor blade test),
perhaps combined with lower skin resistance (puncture test), is correlated
with fruit cracking (Table 15). The ‘Golden Delicious’ and ‘Red Delicious’
samples had lower epidermal break force and higher water absorption than
‘Stayman’ did, suggesting that these factors by themselves are not the cause
for fruit cracking. We believe the lower internal fruit pressure of the ‘Golden
Delicious’ and ‘Red Delicious’ varieties upon the absorption of water was
responsible for their resistance to cracking. It is possible that when fruits
absorb water, ‘Stayman’ fruits swell more than do ‘Golden Delicious’ or
‘Red Delicious’.

13
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Summary

Multiple sprays of 5 ppm GA,,; were as effective as 20 ppm sprays
for reducing fruit cracking (Exp. #12). The addition of foliar nutrients to
GA 5 sprays caused non-colored areas of the fruits to be lumpy and green,
and the fruit failed to develop color properly at harvest (Exp. #6). The use
of superior oil, asurfactant, or Vapor Gard appeared to be equally effective
for potentiating GA, , ; in one experiment (Exp. #10).

Root pruning reduced fruit cracking more when done in June than
when done in April or May (Exp #4).

Spray combinations that included NAA at 20 ppm did not appear to
reduce fruit cracking, but 20 ppm NAA reduced fruit drop at harvest (Exp.
#5), delayed bloom, and decreased flowering (Exp#6, 7), but NAA did not
delay bloom or decrease flowering at 5 ppm (Exp # 9). A minor trend to
increased color and softening of fruit was detected in another experiment
in which NAA was used in the spray combination (Exp # 6).

In one experiment, scoring of the tree trunk reduced fruit cracking
(Exp#6), but not in another (Exp # 7). Copper sprays had no effect on fruit
cracking (Exp # 11). Sprays of Ethephon (Exp # 9) or soil-applied
NH,NO; (Exp # 3) increased fruit cracking.

When ‘Stayman’ apples were harvested from trees with a high
percentage of cracked fruit and were submerged in water for 3 days, few
apples cracked; but if a surfactant (0.125% X-77) was added to the water,
greater water uptake and cracking occurred (Exp # 15, Byers et al., 1990).
Apples taken from trees not susceptible to cracking had a much lower
percentage of cracked fruit when submerged in a surfactant solution (Exp
# 1,15). Thus, we believe the surfactant submersion test can predict the
susceptibility of ‘Stayman’ to cracking in field.

Occasionally growers report cracking of ‘Stayman’ fruit in cold
storage. Our data indicate that fruit that have been across the grader
brushes are more susceptible to cracking (Exp. #14). In addition, fruit
submerged in scald inhibitors (Ethoxquin or Diphenylamine) cause fruit
cracking and water uptake similar to X-77-water solutions (Exp. #13).

Our laboratory data indicate that high internal fruit pressure results,
the fruit swells, and the swelling is responsible for fruit cracking (Exp #
16). ‘Red Delicious’ and ‘Golden Delicious’ resistance to cracking ap-
pears to be related to less swelling and lower internal fruit pressures when
these fruits absorb substantial quantities of water (Exp # 16).



Literature Cited

Adams, P. A., M. J. Montague, M. Tepfer, D. L. Rayle, H. Ikuma, and P.
B. Kaufman. 1975. Effect of gibberellic acid on the plasticity and
elasticity of Avena stem segments. Plant Physiol. 56:757-760.

Byers, R. E., D. H. Carbaugh, and C. N. Presley. 1990. ‘Stayman’ fruit
cracking as affected by surfactants, plant growth regulators and
other chemicals. J. Am. Soc. Hort. Sci. 115:405-411.

Byers, R. E. 1993. Controlling growth of bearing apple trees with ethep-
hon. HortScience 28:1103-1105.

Costa, G.,C. Giuliva, and A. Ramina. 1983. Influence of growthregulators
onapple fruitcracking (cv ‘Stayman Red’). ActaHort. 137:367-374.

Devlin, R. M. and F. H. Witham. 1983. Plant Physiology. Boston: Willard
Grant Press. 577p.

Mansfield T. A. 1988. Hormones and regulators of water balance. pp.
411-430. In:Plant Hormones and Their Role in Plant Growth and
Development. Netherlands: Kluwer Academic Publishers Dordrecht.
681p.

Marois, J. J., A. M. Bledsoe, R. B. Bostock, and W. D. Gubler. 1987.
Effects of spray adjuvants on development of Botrytis cinerea on
Vitis vinifera berries. Phytopathology. 77:1148-1152.

Metraux, J. P. 1988. Gibberellins and plant cell elongation. pp. 296-317.
In:Plant Hormones and Their Role in Plant Growth and Develop-
ment. Netherlands: Kluwer Academic Publishers Dordrecht. 681p.

Unrath, C. R. 1972. Effects of preharvest applications of ethephon on
maturity and quality of several apple cultivars. HortScience 7:77-79.

Verner, L. 1935. A physiological study of cracking in ‘Stayman Winesap’
apples. J. Agric. Res. 51:191-222.

Williams, M. W. 1992. Induction of spur and flower bud formation in
young trees with chemical growth retardants. J. Am. Soc. Hort. Sci.
97:210-212.

Yoda, S. and J. Ashida. 1960. Effects of gibberellin and auxin on the
extensibility of pea stems. Plant Cell Physiol. 1:99-105.

15



16



17

‘dnod sjdde-gz yoes ur sajdde e pur ‘payoRID ‘PIYORIO-UOU JOJ ‘[9AJ] %G ‘SIMUT] IOUIPGUOD) L
(a2 '+) STPAI] %] PUB %g ‘arenbs-y) Aq
O0[q [D# IISAYIUIA Y} 01 SUWN[OD UNJIIM Paredwiod sem Jusunean Yory ‘IeAN[nd yoes Joj podisuiqns sajdde ¢z JO SUBN,

SI'0OFPLO — SI0FHLO 0 0 0 1dag L1 EN# Piseyouryy  Surpssspweidng-uvwiARlg
YPOFOLT VPOFIST TL6FTST 6 +%88 .7} 1d3S 61  SS# [T SAISSBN 111 W/AIgARIS-UBWARS
LEOFSET P90 S8EOFIPI 0 % 0 1dag 61  SS# M satssepy  Surpesspwaidng-uswAelg
0SOFI6CT 0SOFLIS IVIFITT 8S #aSL xx¥S 1daS 61  SS# [T SAsse Burpass/ | 0Z-UBwARIS
ZTOF IV €80FSST TTOFECT LI 9 0 1daS 77 pI# SMAISquIT], Burppess/| oz-urwARIS
YZTOFETE L8OFOSE STOFLIE 1z «91 0 1doS 77  £1# SMMAsequury, 6 /10Z-Uewdelg
SI'0FELT OPOFT0T I1TOFLYT € «81 o1 Wdag ZZ  7O# JISIYOUT Burppess/[ 0Z-URWARIS
9I'0F 60 — 91'0F$60 0 0 0 wdg L] [D# WISIYIUIM Burpass/ [ 0z-UBwIA®IS
sojdde sojdde sojdde cAeq [ Aeq peSmwgns  yOO[qUONEIOT

v PYIRI)  PIYORID-UON aeq ¥90351001/uUTRNS-1RATIND

paxoRId [/-X W paBIouiqns

4sAep ¢ 1oy ured WyBM % PRY % _ ZzPYORIO WNUY %

(6861) ures jysom adejuddiad pue Suppeid
3Ny uo (LL-X %ST1°0) uonnjos yuepdelins e uj sujen)s sjdde uewie)s, Suidauiqns Jo 10347 °| qeL



T9A3] % 159, 38uwy S[dn[MN UBOUN( AQ SUWM[OD UMM UONERIRASS URI,
'PRIAPE %0S PUB 3I9AIS=G ‘PIIOPE. %,0€ PUB ARIIPOU =¢ ‘PIIXAPE PIORLINS Y 3Y3 JO %01 PUB YBT=| ‘UDS JIBIGp
"PIIORTR %0S PUB 313A35=( 'S[3ONUI| URMIq
19SSTU AABDY 0] 91RISPOW PUR YONO) O} PIsIel A[91BI9pOUl PUB JUSWITIR[UD [90NUS[=f ‘S[3ONUS| USAMIIq 19SSTU AABY 0 3JBISPOU YoNo3
0} pastel Ay31[s pue JUSWSSIRIUS [2ONUI[=¢ ‘S[3INUI] UI9M13q J9SSTU JUIOS PUR JUSWSTIL[US [90NUS[=7 JUIWITIL[US [201jUS[=() :Jures 195STU IPISy
‘(9pei3 JO INO NI SWOS UMOIY} JABY P[NOM SIBOS JWOS) BIBP SUD{ORID JSYUNY Ul PIPN[OUT J0U 19M pue
g1V sAep [ 1] Aq Bureds Swos YIm pafeay gV sAep g9 01 [§ WOy pouad Sy} Ul Pud WIS Y} JeAU PINIRID JBY UL
"IV 91 pe358eq 319Mm JINJ USYM SNOIAGO JOU SBM TBY 3} J0UTS ¢ # pue | # 1da0X sjusunean e
103 Pa109[es 219Mm N PI[IRY-UON NI PI[rey sem [ # [0NU0) "GV 0T - ST ABW PaLIND00 [l ‘6861 ‘ST [Udy - paLMOd0 Woolq [z

Q6b1 QITZ O®L6Z ®SEl ®BIL ®SS ®ST [ S0 SO 0 - - gIva.gpedBel  jonuo) 6
Q€ST  qB9ET  QESE Oyl BES Q@IS Q@IT 0 0 0 0 ®sz 0 €4vVayypeSBel jonuo) g
—— ayT P9Il - - - - - - - - Te - 1S9AKR 0} [7]  poBBeq L
Q0sT  98ZET 99§97 9q80ZI ®BLS 49€ 400 - O b A 8 1110108 poBeg 9
20IZ  90ZT 998V %98L QB[99 Q89S GBQT | o o o - - L6015y poBed
QT S9yT POTTT 9980l BES PGS BEY T 0 o0 S0 gqoI - 901gf  podleq p
€01 09T1 POOIT 959 9T 4TI ®TI 0 0 0 0 97 I [so1pz  poBSeq ¢
9880  OpEl O46'8T 99Z6 G80S 4SE QST | 0 0 0095 0 ppoI9l  poBSeq 7
Bp81 B 69T BTy ®BOLI BI'II ®B€8 ®Ilp 1 0 S0 0 AB9C 0 dg4Vd T peSBe]  [onuo) |
891 6kl 6zl 0zl 11l L6 621 0TI £IIL 69 1§  (gdva-woolq
[y Joye skep)
aUDS  yBumes g4V - pORIO 3pIS gava sfeqjo  uouneal],
J®0§ 1958TU 9IS samewIng %, £POYORI0 PUD WIBS % 31ep uonwond

(6861) Supjoetd ynyy uewie)s, uo sdeq Jaded jo 1347 7 dqe],

18



TPAJ] %S 159, 93uey s[dnnyy s,uedsun(] Aq SUWN|Od UIYIM uonjeredas UBdAK
‘Jusunean) sod
sojdde o8 APrewnxoiddy g Aepy [10s 9y 03 parfjdde sem ¢ jusunean
pue ‘193em jJo uojred | ut 9] Aejy pue g Aej uoneordde jds e se
pardde a1om ¢ ‘¢ ‘z sjusunesl] ‘jusunean Jad sajeordal 9ox sjoym I[3uls Us I,

q®8Z q0Z 981 96 qeE 0 O £9¢ (8D %07) YOoseD ¢

Q€Z 961 991 96 9Z 0 O LTT (d %8¥) 0% v

QZZ 9SI 9%¥I 98 9Z 0 O LTT (1 %09) 10 €

BGE BOE BYZ BLI B9 0 0 LTT (N%¢€€) SONVHN T

Q9Z 9ZZ 961 9821 _M9€ 0 0 0 [onuoy '

9 6l L € SI ST 9T (65 ) Jusuneal],
PO dog dog 8ny 8Sny |nr ung oan
o1y

1IN PIYORID % SATRINWINY

(6861) BupjoRad 3Ny UBWAL)S, UO YUNI) 331} Y J€ [10S 3y} 0) pajjdde SIIZI[IId) JO 1PPT € AqEL

19



"TOAJ] 9,6 1591, aBuey S[dnnpA s,uedun(g AQ SUWN[OD UM uorjeIedas UBSIA,

QI'€C 9781 Qq¥El BLL ®B6S ®BOY 0 vos unfzz  peurudjooy
qQey8T QBTTT qEOLI ©®86 BE9 EBI'E 0 vop Aewzz  peurud 100y ¢
Qesyz QL8 qOvVl ®BT6 BSO EBIY 0 ezy 1dyoz  peurudjooy ‘T

®9ZE ®QLT BT a BEIl ®BLL BEY 0 1. X34 --_Jonuo) |

I vl LT €1 0f 91 91 0€
Lal0) dog Sny Sy r g g Aepy
PaYyoRID IpIS payorl puo wid)s  paurud
sAnE[NWIN) 9%, dATIR[NWIND) 9%, areq ZJUSUIJRAI ],

(0661) Sunjoeid Jnyy uewie)s, uo Surunid 3001 Jo 19353F P dIqBL

20



—

(o}

TOA] % § 1591, a8uey a[dnnyy s,uesun(g Aq SUWINJOd UTYIM UoneIedas UBSJAK
‘Juounjear) 1ad sojdde gop Ajerewxoirddy “jusunesr iod sajeorjdal 3313 SjOYM 1IN0,

8l 0 ¥I Wdz gz  prenpiodep +
8l 0f ¥l zog 8BpTe 008 VVN +
81 0f I Z0 g8 Al Lty +
Q¥Z Q1€ 908 QqLVv 961 AN A paIods P
0f ¥I Wdz gz prenpJodep +
o€ 1 zog BpTT 008 VVN +
o€ ¥I Z0 g Tl Ltryo +
961 9$9¢ q€ZI 96€ 90T 8 I paIods g
vl Wdz gz prenoJodep +
1l z0g 3pTT 008 VVN +
"l zog STII L+vyo +
q0¢ q8vr 990 qO¥l q8€ Z1 paIods 7
B8C BOIL BHP9 BI'SS [BOPT jonuo) ‘|
POEl POEl gyl Sy ¢ Snygr f unf unf omerd  (ey/d)
0} ﬁ%m 1 ﬂoﬁa— _u chogwo.ﬂﬁ
doip iy o, 1IN PAYORID 9, dATIR[NWUN)) sojep uoneonddy  -nuuoyg vy

(Kyuno)) uospAN ‘6861) Sunjoetd Jnij ueuife)s, uo sieids J0jen3ax Yymoa3 pue 3ur10ds Jo 1031H °S dqBL



Swoz VVN+
1 KA OA+
Q81  qLIY 79 Oqe899qS8  QLSL 3POL POE PQZ qI Q0 0 O I Ol 8T L - Swgvo 11
ST DA+
oqB L7 QB LIS 3pOQ 1 POqL POGRy qBE GRL O O [ Ol 8T L 8w ¢ vO 01
ez DA+
oqegE Qe T6'S WL PIS PQE QBTG 0 0 [ Ol 8T L Bwoz Vo 6
wez no+
oqB9¢  qB 009 qQe[Z q8ZI] ®6 ®S ®E O O [ O 8 L 3wog veg-9 '8
Swos vd-9+
8woz VVN+
1 E 4 0+
oqB ST  qL9'E L POE PQZ ®T®I I 0 [ Ol 8 8 Swg vo L
3woz VVN+
ez no+
oqe [ qBST'S 6 PPE PE 9T q0 0 O [ Ol 8 L 8wg vo 9
ez 1o+
oqe ST Q859 326 PA9 PP QEQRT I 0 [ Ol 8T L Swg vo g
sz o+
oq®EE  qQT¥Y poqe g Poqeg oqB9 Q®Z qQ®[ 0 O [ Ol 82 L 3wz VO v
oqe g€ QB ST9 L PE PI QI PRI 0 0 I Of 8 ( SBwg VD €
oqe LE qRSLY oqegl 98Ol °q89 Q®Z q0 0 O [ Ol 8 L 3woz VD T
BIS  ®BZpg BZ0 ®BZL Q98 QLLL BEZ ®Bpl BY B B] 0 0 onuo) ‘|
06 1dv 91 1S9ATEY 38 I0[0D (um) S 1T 11 9z L1 1T ¢ dog Buy mf mp (o Jusuneal],
063dv 91  (01-0) 06 °Q ¢ (suoidu) pay I3rewrerp wQ dog dag Bny 3ny mp mr /T “Bur)
uwado  woo|q (SuoIneu) sseUULL % g awy
WOO[q % WMYY SSIuuLny YN PINIRID % FANE[NUT) sarep uoneonddy

(6861) SunjorId JINIj ;uBWIAB)S, UO S[BIIWIAYD JIY)0 pue ‘s10)e[n3al YImoa3 ‘3ur10ds Jo 35347 ‘9 3qeL

22



"JOAI] %¢ 159 98uwy SjdnmN s,uesun(y Aq SUWINJOD UMM UORBIRdIS UBINL
“Jusunean 13d sojdde oy Ajprewnxosddy ‘usunean 3od $37801daJ 990 JJOYM XIS,

I

oqege Qe gy's B6S Qe 0'69 QB 68 32 9poqep] Poges QB9 Q®p QBT 0 O
@®Oy qeEcy B6S Q69 ®Z6 ®8I'S O9PO§ POS PGy Qeg ez 0 0

oyl Qqeg0’s 9 PoE PKQZ 91 90 0 0 I
5qeBpT  QOS'E 9pog PO4S POAE QEE Gl 0 0 1

QT q0sE B 09 9.9 208 qQTLL 99 PT PMT Q91 Q0 0 0 I

Q91 Qe L9S B 65 269 QB 06 €08 °¢ PI PIL QI gl 0 0

01
01
0l

0l

01

01

L
0l

Lt
Lt
L

k4

LT

X4

L
L7

(ol ol ol

01

8
L

02-02-0T+

Suuoog ‘L1

Suuoog ‘9]
8.1 vidaa+
8T 0+
Swoz VVN+
DA+

Swg VD Sl
LR O+
Bwoz VVN+
1 DA+

Bw g VO b1
84T 02-02-02+
Swoz VVN+
ez DA+

8w g VD €1 |

8 ' 02-02-02+
8woz VVN+
ez DA+
Bwg YO+

Buuoog “Z|

(panupnuod) (6861) Sunjoeld JInij ,uswIfe)S, UO S[BIWAYD JIY)0 pue ‘s10jen3a1 Yimoi3 ‘3uriods Jo 3034 9 dqe



ToA9] % W8I 98uwy ofdnmy sreoun( AQ STINIOS UM BOREIedIs WEO <
uounean 22d sojdde (09 Apreumcoiddy gm%ihﬁanﬁg%g Jmunean 3od sayeorjdal AL,

809 07-07-0Z+

8w 07 008 VVN+
Mgz 1o+
€2 6 07 87 Bug VD+
®g] qQ0p QL q19 999 ®6L ®EI'8 91 Q1 90 90 O O O € 6 0T 8¢ pas0og ¢
®0¢ ®Z6 ®Z6  qegY B[, ®9, ®TEI'S BGI®Ol B9 BZ O O O € 6 OC 8¢ PAI0DS T
LY © 06 ® 06 € $9 BZL ®IL ®LYL BGI B6 ®BL ,BE 0 0 0 — jonuo) ‘|
06 A= 1 (3o
qui eare WATRYE 000 (W) € L] S € 6 ST 9 T AUSUnEAL]
Teuonos 0634V 67 0634V 61 6390 ¥1 (suomou) poy puep PO dog dog Sny By mruns Sny Sny mpuny  Bw)
SSOD/U  puokoqpue  potmiedos (SUOJNOU) sSoUmy % Imuy oy
Ay “ON Woo|q [N % SINSNID) %  SSNmWILy MY POPRI 9 sAnEmum)  s3Ep vonesddy

(6861) SuppEId JNIY § A/, UBWAE)S, UO S[EIWAYD JIYIO PUE ‘13Z[[1}19] ‘s108[n31 ymoi8 ‘Buriods Jo 107 *L qEL o



25

'$0°'0>d 3591-3 AqQ SUWN|0D UMM SJTed UBAW JO S0UROGMUBIS
TAS] %S ‘159, 9Buwy |dnmA s,ueoun(y Aq SULM[OO UM uoneredos UBSJAK
‘Juouneax; 19d sodde oop Apewrxosddy axoe/e8 ¢/ 7 ¢ JoAeids 1sejqUTE Ue (Iim pIARids Juaunean) Jod sajedrdal 9a1 AjOYM XIS,

96 99 29y q¢ ®l 0 O 9 ¢ Jkdopuy ‘g
«10€ LIE «L8T +20¢ ®S®L QS 9T OS5I Q0 ®BO O O 9 07 equesiq ¥
BZE BGZ ®BG] ®BE ®BE O O LT § JAdopuy ‘¢
q®0z 9881 98 qE¢ ®BO O O Lz S equeaq 7
+LVE 99€ +8Z€ +LPE ®ERL QB6I QL] 98 9E€ ®BI O O jonuo) °|
9pIs  op;s  9pIs 91 6 €1 ST SI 9T €I
PO Pl U SPIS RO dog dog Buy Sny mr uny _mpr ydy (i
(wod) Bu)  UBUNBRIL
opisojdde (32103 8) Jojurerp NG POYIRID %, sop oy
(3591 axmgound) souEISISAI UD[S MUy sAnEIIM) uoneonddy

(6861) UE)SISII UPYS puE ‘JjIUIEP JNJj ‘Sunjed Jnyy uewde)s, uo sieads J0jem3al YPmoi3 Jo 147 g qEL



ToAI] %S 159, 93uwy S[dnmyN s,Ueoun(y Aq SULM|OD UNRIM UORERIBADS UBSIAL
"+ Amf pue o1 Ay Ajuo pardde
sem uoydayle 3deoxs  dog pue ‘g1 Sny ‘bz nr ‘01 Mf opew 239m suoneondde Aeids,

qe 7 286 QS9 98 QIS Q6E Q0 ®BHT TWQL Tess sJmIeg ‘L
q 81 p6 995 998y 9P 9QE€E Q6T TBHZ WL 0SS ssens-nuy ‘9
e Zp qe96 ®l6 ®B68 ®B98 ®BYL BIS ®BG] SBwps uoydoyiyg S
qQ7e Q68 0P PP9E POZE 990 qLZ ®ZZ SBwoz BqURdIq P
ezl preo) Jodep +
Bwol VVN+
Bwg VO+
q1z Q16 997 PSZ PE€ 91Z qo0z ®gl Swoz BqUEBOIJ €
gzl pIen JodeA +
SBwor VVN+
qe ZZ BL6 O€€ PIE PLZ 9€7 961 ®pl SBwg VD T
Q91 968 909 9LS Q8 qLE QZE (B LT - jonuo) °|
(poom 62 I 8 €1 1€ Ll
Jeh-1) (16ady61) dog dog Bny Sy mr or
Suuamop Suuamop
SPON %  sumdg 9% payoRId (v “Bur)
INY % dAREMUN) ey ZJUSUIBAL],

(0661) Sunjoead Iy ;uBwWIAB)S, UO S[BIIWAYD SNOLIBA JO 13JJH *6 dqeL

26



‘SISATeUR 210J2q 1001 aIenbs UISOIR 0 POULIOJSURI) 319M BIR(
TPA3] %S 1591, 98uwy S[dNN s,URoUN( AQ SUUM|OO UM UOTRIRdas UBIINL
"81 Joquiaidog pue ‘p JquIdag ‘[Z IsnBny ‘L sndny ‘bz Amy ‘0 Amy
‘9z sunf ‘z| sunf pew 310M suonesndde pue |6 udy pZ PILMOO0 WOOI] [N,

000 100 10 10 €0 65 65 SSAP'ET
000 000 100 200 SO OL 001 SSAp
¥OO SO PO €0 ¥ 6 8§ SSAE
10 9 € 9 ' 66 t¥ SSAZ
000 00 000 00 00 00 O SSA
10 € 200 20 ¥ 96 b SSAET
v SIT 1S ¥9 98 89 b ¥ SA €7
05 6 9 LU 09 16 I8 €SAT
$isenuo)
69 €9 9 I't ST 01 €0 $0°0=d S’
8z1'1  wddg VVN +
qQ60l 9.9 Q€S QI't Q71 Q10 ®B00 Mug,g0 wddg Lryg g
8z1'1 wddg VVN +
wergo wddg Ltbyp 4
Q€€ 971 960 QS0 910 Q00 ®00 TuzZz wddgzg prepjode) p
8z1'1  wddg VVN +
weLgo wddg Ltvyp 4+
9ZS 957 961 980 910 qI0 ®l0 quzZz wddgzg 00LTT €
8711 wddg VVN +
weLgo wddg Ltbyp 4
98¢ 987 907 960 9€0 Q10 ®lQ0 Ty wddosz] 00LTT T
BRIE BO'EZT B661 BSEl BLO BOT (B T0 jonuo) ‘|
6 sz 11 8 ¥ 1€ Ll
PO deg dog SBny Bny Amr Amr
el
S'€ ey Zueuneal]
POYORID I % Py

(1661) Sunjoead JInaj ;uewe)s, uo sjuean{pe pue s10je[n3aI YIMoas Jo 331H ‘01 2IqeL

27



‘sIsA[eue 910J9q 1001 a1enbs uIsoIe 0}
POULIOJSURI) 2I9M BIR(] 'JOAJ] %S 1591, 98uey sjdnjnjA s,ueoun(y AQ suwnjod UM uoneredss UesA K
‘g 1dag pue ‘¢ 1dag ‘1z 1sn8ny ‘2 1sn3ny ‘bz Ang ‘11 Ang spewr a1om suoneosrjddy,

Qe 68 QB H'El QB 10l q8L'S 99€T ®BZO 0 sq[ T $J0D °S
60y BSOl BLZI ®BOS8 989y BEQ 0 SqISTO SJ00 v
$q[ SZ0 $20D +
.19 wddg oggauomN VYN +
°q$'8C 9T8 9€S q¥T 901 ®BIO 0 Tee wddg o4zopuolg Ltbyn ¢
.19 wddg g gauonMN VYN +
20€Z qIL qIv 9¥T 960 ®I10 0 Mg wddg ozepuoly Ltbyn
qegLE BOLI BGYI BOOI ®BLS BSO 0 jonuo) ‘|
6 ST I1 82 vl 1€ Ll
PO dog dog Bny  Bny  Amg Ang
©8 001 9wy ZIUSUIBAI],
320/ pIAYIRI) % Yy

(1661) Sunjorid jmay uewie)s, uo 13ddod pue sioje[n3ax YPIMoa3 Jo 1F 11 dqBL

28



PAI] %S 19 aBuwy sjdnnjy 5,0voUN( AQ SUWNIOO UNPM UORRIRASS UL
‘of wn8ny pue ‘|| N8Ny ‘7z Anf ‘7 Ay spew 2s9m suonwondde pue 76 [Udy 0f PALNDO0 WOOIQ [Nz

W LY pIen) Jodvp +
o wddg  YYN+
wops wddg Libyp+
T PYL PPy PRy BPPE PPT I PO 20 90 8619 ZAX €l
T 9p6 1o +
meor wddg  VYN+
mops wddg LPyp 4+
PE  PL PT JT BT P1 1 PO 20 q0 8Bg19 ZAX U
LY 00L 1T+
meor wddg  YYN+
wops wddg Lbyp 4
PP9E 9997 99€l PII 9L PS PY PO 20 90 8¢9 ZAX ‘11
W gLy prRMESY +
meoe  wddg  YYN+
mops wddg Lvyp 4
qIp 997 9911  P6 PIL PSS PPy P 20 90 8¢9 ZAX ‘01
meoe wddg  VYN+
mops wddg Lvyp 4+
pTC PFL  PPY9 SPS SIS IPPE PT PO 90 90 B9 wddog] ZAX 6
W 9p6 ST'0 1o +
qepS QeOor QeZZ 9907 951 9901 996 998Z q1 q0 SBSI9 0S1 ZAX '8
gLy  %STI'0  00LTI+
BZ0 ®ep ®If ®OL QEOZ ®Hl QeQl ®p ®Z ®] SBG9 0s1 ZXX L
qegs Qely ®BGZ Qepz QES] QB[] dq®E QeZ 991 q0 S¢[9 wddog] ZAX 9
Js 91 Jo 30O Y0 JO 90 PO 90 90 muggLe wddoz Ly g
PTL S PPE PT UYHT PI 1 PGl 90 q0 M9ps wddg Ly
mops wddg Ltvyp 4
Pyl POl 99 P9 PPS PPE SPT PI 90 q0 ug9e wddg VVN €
Q.S QEOy ®6Z GBST Qqe6l QBSI QBZI PQl 991 q0 mug9g wddg QOZVVN T
®Go ®gp ®IE QE/T ®ZZ ®L] ®Hl OGBZ 991 £90 jonuoy |
¥1 1 s 91 8 6 1z T v LT
PO PO dog dog dog By Sy  Sny Sny
&8 001 vy uouneall #
PRI WNIT % Py

(Z661) Suppesd Jnyy uewie)s, uo syuean{pe pue siojensaa Ymois Jo 1IYF 71 dqeL

29



*dnoi3 aydde-gz yoes ur sojdde e pue ‘paxyorId ‘PINORIO-UOU JOJ ‘[9AI] 9,6 ‘SINWI] SDUIPYUOD L
“Jusunjear)sdnoid
ojdde ¢z--¢ J0J ‘[OAI] %< 1591, aBuey a[dnnp s,ueduUN( AQ SUWNJOD UIYIM uoneredas UedA,

8E0FZVT SSOF69T 9TOFH60 QIL 99§ 3wopoz umuekuaydiq

WOFI0Z SYOFIET €90FLOT Q€8 96L Bw 09T umbAxoyig
9E0FSET OVOFLYZ 890F891 Q€8 9909 WSZ X
EC0FPY0 ESEFTET £K600FTEO BGl ZB8 [onuo)
so[dde sojdde sojdde gheq 1heq  (;I0N juduUIIeaI ],
IV PaYoRI) PadORI-UON u ‘Fw)
payoen ey
skep ¢ Joye ures WIPM % iy %

(6861) A1038I0qRE] A1) UI UTES JY31IM IBeyuddirad
pue Sunjorad 3y uo suopnjos preds-dojs Jo juejoelns g uj ssjdde ;uewAe)g, Suidrawqns Jo 33 €Y dqBL

30



31

‘dnoi3 yoro wr sojdde sAD-AJuam ], JOAI] %S ‘SIT] SOUIPPUODL

PIOFI01-
CIOFVT1-

0I'0F6Z0+ CZIOF6TI1- <4 0 popeiD
ITOF8I0+ ACIOFZVI- 0 0 X popeIS-uoN

Jojyem Jo sAep ¢ pue (sAep ¢ Jjem ur  o8eI0ls pjoo (sAep ¢ Joem wr  (aBwiois pjoour  Jay/Bur 0QOT
skep zz Joyeel0],  padiwqns) Jo sAep 77 Joye poSwiqns)  sAep 7z Joye) oummpjdusydiq  JusUNELI]

$50] JO UTE3 JUBBM % paYoRID % payoRI) 9% 995 0 peddig

sAep ¢ J10j J3jem ul pagrouiqns
J3)e| pue 3gea0)s p[od ui pjay sdjdde ,uewife)s, Jo Suppesd uo yvJd Jo 199351 ‘pI 2IqeL



'TPA9] %S ‘SIUIT] 30USPPUOD,

9T'0F 19°¢ LIOFP9'E 91 0 M ez'1 LL-X
LOOF I¥O LOOF IV O 0 0 e M
Surppaas/pIepue)s/SNONIA( USP[OD
awes LI'OFSEE 0 0 M1 LL-X
vwoF STl 0 0 I\
901 /P21 9[du L /snon1PR Py
awres A EA A 0 0 M ST'1 LL-X
Y00F 1T0 0 0 1M
Burpessowaidns/uewie)g
0€0F T8I 0£0F 891 A | 14 M ST'1 LL-X
90'0F €0 900FZ€0 14 14 .M
Burpess/[ oz/uewAe)g
PSOF E0'E Y80F VT 9 34 T ST'1 LL-X
8TOFELO zZTTOFV90 14 1% M
YR/ [ 0Z/UBWAR)S
so[dde iy poyoem-uoN ¢ Aeq [ AeQ
sAep ¢ Joye paYyoRId
ured Jy3M % Ny % 3001S1001/UTEI}S/TeADND)

juelIRLINs € uj Uewfe)s, JO Sure)s Jo sieAnnd djdde snoLIeA U0 UOISIdWINS JO 3T ST dqeL

32



33

ToA3] % 53], a8uwy S[dnm suesUN( Aq SULIM{OD UMM UOREredss UBN

®0'L BEg0 BOLT  BGESE 2000  209T 0 9,01 Surpass/snonIR( USPOD PIEPURIS
BGL ®Z90 ®BLLT  ®BOPE Q085  OSSE 0 9060  901'A/SNOBIR(Q PIY P ddu],
e6P 090 ®6ST  ®BSI'E BOL6E  Bhbb z qIgT Bunpsss/wewiAelg Swidng
LEXS BYS0  BYPT  B66T BO06  906€ 9¢ q6b'1 Bunpacs/rBWIARIS 107
BEL QL0 ®BOTT  ®BYOE BO96 9 bSE 001 zBLST W/ URwARS 107
(sreosed
(sreosed  Ayonsely Aonserg Amqusuaxyg  (8) (Aep 1) m jo
-o[y p 18) 2010] (30103/8) IO JOZRI YIPIM URL)
Bumyds o yearg 159 nye 15911 ¥00151001/UTRNIS/IRATIT)
ST (yBrom wre1d 0o¢) 3Buey) % umoung  1ds % 107wy

5159} [9ad adde 0) suier)s ;uewfe)g, pue sieannd 3jdde jo asuodsay *9] dqeL



i

B R . -..s..-
S
Ced AL f0
...n_.r.._....n.w-r ?.nﬁ_.—. £
PR RS Sl .__17..: :
LT St au...\- FORY A

= .-Hﬂﬂdm.ﬁ) .




siue]q adedspue pue Lrasinpg

$32IN0SY P 2 £11sa104 jo adajon
qovag iy pue "ug “dxg -dudy ‘e sa8e10
u10) ‘surern) [rewg sseadpn ] ‘sureis) [rewg L u_ .
AN ‘ouimg ‘sueaqhog ‘sinueaq ‘safe1o0g mu:cm [[ews ‘odoeqo, FIPEA ‘hnsasog ‘ooeqo], Aapng ‘peag ‘desyg
UOISUNXT 2 [IIeasay s apafios snpeg 214D Suds apryo)
[amnoLsy 121u0 uorsua oreasay M 129U uOKSUANXT R
d A0S0 * WA B Y DJEISAY $IVINOSIY 19
speoy uoydureyy uoISTRIXY R YoILIY [eamnoLdy 4 proowory spoudoy IR [EmImLSy
/ [eamnoudy Jajemapry, JUOWP3AJ WIIYINOG #aso pen H spjouiay eruidaig 3samyInog
Surssasorg
pocyves \ ya \

=\ /e 7 A o

A /_0“0 vt.-.?("‘ﬁv“&”“o&.
%J’“&"”‘ a‘\ ’ N e Lot S

rﬂll&v " '.‘ . sasaomg ey 3 Mo

u&umk &Uhﬂvwvh uoﬁﬂ—uﬂm

\ uotws jusuiadxy pampousy viurda
..3 ‘ &imqsyprrg
‘

$90In0sY PN 2 £1153104 jo 383[j0)
sdox)) srwouoidy Y
Pus JonaT, sueaqAog

; P YL, erurda
v ‘surers) [rews sy Nuu«h”& oo»:m Jog mvHQquU
I2Ud) UOISUXY mvsingy ‘ ’ ” o%:onwm
R [oIeasay  JIAJUI)) UOISUIIXY U91X

SR B AR i s

aj0ys wigsey  peamynousy \ 1
vuidnp uisey ‘ AaqreA. yeopueuayg [OJeas9y

—— [eInnoLI3y
sures [ewis P
‘ejour) ‘wiod Hyy

aBuripy uonuny sumby IJU3)) UOISUANXY .HH .H wﬂ\H
it ® Yoaeasay [ermynonidy . .
I3]UD) UOISUANXY 29 [IIesay
. S 2 Numeery A s Hwy 3 TNOTISY JO 9389][07)
[eamnordy Juowpaly UIIYIION [eanynoLSy $1nqaPPIN k o \.: . < w .:



VT/017/0695/500/951298



	image34623
	image34624
	image34625
	image34626
	image34627
	image34628
	image34629
	image34630
	image34631
	image34632
	image34633
	image34634
	image34635
	image34636
	image34637
	image34638
	image34639
	image34640
	image34641
	image34642
	image34643
	image34644
	image34645
	image34646
	image34647
	image34648
	image34649
	image34650
	image34651
	image34652
	image34653
	image34654
	image34655
	image34656
	image34657
	image34658
	image34659
	image34660
	image34661
	image34662
	image34663
	image34664
	image34665
	image34666

