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ABSTRACT

Studies were conducted in 1994 and 1995 to investigate the effect of
Naphthalene acetic acid (AN), Carbaryl (Naphthylmethyl carbamate) and Accel (N-
(phenylmethyl) - (H-purine - 6 - amine (BA)) on fruit set, yield, quality and leaf
mineral concentration in ‘Paulo Red’ apples. The treatments consisted of NAA at
5ppm, 10ppm, 15ppm; Catbaryl at 0.05%, 0.1% and 0.2%, and. Accel at 25ppm,
50ppm and 75ppm and unsprayed control. Thinning trials conducted over two years
indicated that Accel and Carbaryl consistently thinned the apples as evidenced by the
lower number of fruits per limb cross sectional area on the sprayed trees compared to
the unsprayed trees. The treatments reduced yield (total fruit weight per tree) but
caused increases in pH, total soluble solids content, percent red color, return bloom
and mean fruit weight. The treatments did not influence the number of seeds in the
fruit. Accel and carbaryl treatments caused increases in fruit length fruit diameter and
fruit length to diameter ratio while NAA had no effect on these parameters.

Leaf mineral composition was affected differently during the two experimental
years. NAA reduced N and Ca contents in 1994 and 1995 but increased K contents
durlng those years. In contrast, carbaryl mcreased N and Ca contents and reduced K
contents in both years but reduced Mg contents in 1994 only. Accel mcreased K and
Mg contents, reduced Ca contents but had no effect on N in 1994 while ii increased K
and Ca contents in 1995. Both N and Mg contents were not affected by Accel in
1995.
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1. 0 lNTRODUCTlON ,
| One of the common practlccs in dpple productlon is chemlcal fruit thmmng This

practlce 1mproves frult sm‘ quahty, 1ncreascs rctum bloom and reduce blenmal

bearmg (lehams 1979 Looney, 1986) The practice of frult thmnmg that is,
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removal of certain flowers or clostors of flowers or individual Gruits after frult

natural dropping has ooccurred, has beeo known for a very long time (Ryupo, 194

cited by Valenzuela, 1992}, Under optimum conditions, most trees will set mo

than needed for full crop. Fruit thinning is done to reduce limb breakage, increasc
fruit size, improve fruit color and quality and stimulate floral initiation for next year's
, cTop (Westwood, 1993).

There are three general methods of thinning namely: hand, mechanical and
chemical. Hand thinning involves removing flowers or fruit. Previously finit were
thinned to a prédetermincd spacing but now size thinning is preferred (Westwood,
1993). Size thinning is the selective removal of small, weak fruit irrespective of
spacing with the consideration of the desired degree of thinning (Westwood, 1993).
Mechanical thinning may be carried out by using a direct blast of high pressure waior
from a hand operated sprayer at or slightly posi bloom, or use stiff bristled brush o
“sweep” off some of the fruits while they are quite small or use a power tree shaker of
the type used for mechanical harvest (Westwood, 1993). The force causes the heavier
fruits and those closer to the point of impact to separate from the spurs (Westwood,
1993; Byers, 1990 as cited by Valenzuela, 1992). Blossom and fiuit thinning of
deciduous fruit trees using chemical sprays has been a standard practice in
commercial orchards of the world for a long time (Childers, 1983 as cited by
Valenzuela, 1992). The advantages of chemical thinning over hand or mechanical
thinning are reduced thinning costs, better fruit size and quality and better return
bloom on biennial varieties. Possible disadvantages of chemical thinning are: hazard
of frost after early sprays, overthinning in some cases, some foliage injury and
variable results with trees of different ages and vigor (Westwood, 1993).

Chemical thinning can be accomplished at bloom time and during the early’
postbloom period.  Strongly biennial cultivars may require adequate thinning
(Williams, 1979). Some of the postbloom chemicals are hormone types and are used
to upset the natural hormone balance of the tree. Others are non-hormone types but
cause stress and embryo abortion (Williams, 1979). The mode of action of the
postbloom thinning chemicals is not fully understood. Embryo abortion may precede
or accompany fruit abscission, but is not considered to be its cause. High temperatures
or chemical stress of any kind applied to apple trees during the early postbloom period

will increase fruit abscission (Williams, 1979). The post bloom thinning chemicals are
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generally believed to interfere with the endogenous hormones which control the flow
of nutrients to the developing fruit (Williams, 1979). |

The cheinical thinners for apples are ethephon (Jones et al., 1983, 1989; Knight
and Espencer, 1987), gibberellins (Cohen and Greene, 1988), benzyladenine (Elfving
and Cline, 1993a, 1993b); naphthalene acetic acid (Williams, 1993; Nielsen and
Dennis, 1993), cppu (N-2-chloro 4-pyridyl (N-phenylurea) (Bound et al, 1991; Byers
and Carbaugh, 1991) and accel (Hull et al. 1993).

Most of the studies on chemical thinning of apples are still not conclusive. In
addition the studies are specific to particular apple cultivars and different ecological
and environmental conditions. Accel, one of the chemical thinners used in this study
is new and needs to be tested under different environmental conditions and different
apple cultivars. Therefore, a two year study was conducted to investigate the effects
of naphthelene acetic acid, accel and carbaryl on apple fruit set and yield and quality

of 'Paulo Red' apple fruits.

2.0 MATERIALS AND METHODS

Two similar experiments were conducted on a block of ten-year apple trees
(Malus domestica Borkh CV ‘Paulo Red’) trees growing on MM 106 rootstock in a’
commercial orchard in Pontotoc County, Mississippi State, U.S.A. The trees were
growing in North-South rows and were trained to a conventional central leader form
(Westwood, 1993). They were planted at a spacing of 5 x 3.5m and were about 4m
high. The first experiment was initiated on April 30" 1994 and terminated on August
18™ 1994. The second experiment was initiated on May 19" 1995 and terminated on
August 25" 1995. The different dates of application in the two years was due to the
fact that the optimal sizes of the fruits required, i.e. 10-12mm diameter, before
application of thinners was attained at different dates. The treatments comprised
application of naphthalene acetic acid (NAA) at concentrations of Sppm, 10pprn: and
15ppm; accel (N-(phenylmethyl) — (H-purine-6 amine) benyladenine (BA)), at
concentrations of 25ppm, 50ppm and 75ppm and carbaryl (Naphthylmethyl
Carbamate) at 0.05%, 0.1% and 0.2%. All the chemicals were applied to the trees as
dilute sprays using a hand sprayer (Food Machinery Corp; Jonesboro, Ark) and were
sprayed on calm, clear and dry days from 11.00 hours to 16.00 hours GM.T. The
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Leaf mineral composition

Four weeks after the “application of the chemicals, leaf samples were collected
for the determination of N, K, Ca and Mg contents. The samples were cleaned by
dipping in detergent solution and tap water and rinsed with distilled water. Leaf
samples were dried at 60°C and ground to pass through a 1-mm screen, in a steel mill.
All samples were analyzed for N, K, Ca and Mg contents. The Kjeldahl procedure
(Nielsen and Sommers, 1972) was applied to determine N contents while K, Ca and
Mg contents were analyzed by an ICP emission spectrophotometre (Model 975;
Psalma Atomcomp by Thermo Jarrell Ash; Franklin, Mass) (Dahlquist and Knoll,
1978).

Statistical Analysis

The effectiveness of treatments was determined based on the following
variables: percentage fruitset, fruit length and diameter, number of fruits thinned, total
soluble solids content, pH, percent red color. Treatment means were separated for
significant difference using S.A.S. general linear models procedure (SAS Institute Inc.

Cary. N.C.) Regression analysis was also done.

3.0 REsuLTS
1994:

Fruitset and number of fruit per tree were reduced in response to increased
concentrations of the thinners but were affected more strongly by NAA (Table 1).
Yield per tree was reduced similarly by the thinners. Both fruit length and diameter
were increased by Accel and carbaryl while NAA had no significant (P 0.05) effect.

Neither length to diameter ratio (L : D ratio (average value 6.3) nor number of
seeds per fruit (average value 6.3) (Data not shown) was affected by any of the
thinners. Return bloom which was reflected by the number of blossom clusters per
cross sectional limb circumference was not significantly (F < 0.05) affected by
carbaryl but wis increased by WNAA and Accel (Table 1).

Mean fruit weight increased as the concentrations of the chemical hinners was
increased but NAA had a stronger effect. pH was increased by NAA. (P< 0.05).
Conversely, total soluble solids content was increased by all the chemical thinners.

NAA reduced N and Ca contents while it increased K contents and reduced Ca
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contents, and had no significant effect on Mg coutents. In contrast, carbaryl increased
N content and reduced K cuuicnts, increased Ca and reduced Mg contents. Accel had
no effect on N contents but it increased K and Mg content and reduced Ca conients .
Percent red color was significantly increased (P < 0.05) by the thinners as their

concentrations increased but carbaryl had the strongest effect.

1995:

Similarly to 1994 fruit set and number of fruit per tree and yield were reduced by
the thinners. Fruit length and diameter were increased by carbaryl and Accel while
NAA had no effect (P < 0.05). The fruit length to diameter ratio {(average value 6.2)
(Data not shown) were, however, unaffected by the chemical thinners. Return bloom
was increased by all thinners (Table 2). Mean fruit weight increased as the
concentrations of the chemical thinners increased with NAA having a stronger effect
as in 1994. (Table 2). The chemical thinners had variable effects on the leaf mineral
concentrations of N, P, Ca and Mg. NAA reduced N, Ca and Mg contents but
increased K contents while accel had no effect on N contents, reduced K and N
contents, increased Ca contents, and had no effect on Mg contents (Table 2).

Percentage red color was significantly (P < 0.05) increased by the thinners as
their concentrations were increased and Accel had the strongest effect. pH was
increased only by NAA while the rest of the chemical thinners had no effect.

Conversely, total soluble solids content was increased by all the chemical thinners.

50




Ouma and Rice

Reducing fruit set with chemical thinners in apples

Table 1. Effects of Naphthalene acetic acid (NAA), carbaryl and accel on the fruit set, return bloom, yield, fruit characteristics

and leaf nutrient status of ‘Paulo Red’ apple trees grown at Pontotoc farm, 1994 experiment

Treatments®

Fruit No. of Yield Fruit Fruit Blossom pH  Soluble Foliar Micronutrients Mean  Percent
®PCLA fruit per pertree  length  diameter chasters’ PCLA solids fruit red
tree kg) (cm) (return bloom) (*Brix) N K Ca Mg weight color
ppm  ppm ppm  ppm @)
1. Control 8.0 700 94 5.9 7.0 1.1 5.2 8.2 220 131 099 031 114 70
2. NAA 5ppm 6.3 600 89 6.5 7.5 2.0 5.1 9.6 200 136 086 0.32 130 70
3. NAA 10ppm 33 352 70 7.0 8.0 49 5.3 10.8 190 152 084 0.30 200 71
4. NAA 15ppm 3.0 256 58 7.2 7.3 53 5.9 12.9 172 172 070 0.29 280 95
5. Carbaryl 0.05% 59 654 90 7.3 7.4 1.2 5.3 10.5 237 110 101 024 150 86
6. Carbaryl 0.1% 4.1 600 76 7.9 7.8 1.0 5.5 11.9 240 106 114 0.19 io 88
7. Carbaryl 0.2% 43 510 64 8.7 8.6 0.9 5.7 13.4 256 0.86 134 0.10 195 96
8. Accel 25ppm 6.2 640 95 6.3 7.5 3.2 5.1 10.2 222 092 090 031 124 70
9. Accel 50ppm 4.6 576 78 6.9 8.8 45 53 11.7 220 144 062 039 140 88
10. Accel 75ppm 33 468 69 7.7 9.3 5.6 54 13.6 215 142 036 049 182 90
Significance
S.E. =+ 0.10 16.20 2.10 0.50 0.32 0.30 0.80 0.01 2.36

 Each mean has 4 observations;

area; NS = Not significant at p <0.05
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fruit characteristics of ‘Paulo Red’ anples {rees grown at Ponioisc farm, 1995 experiment
B = Yy

Treatments® Fruit No. of Yield Frait Fruit Blossom pH  Soluble Foliar Micronutrients Mean  Percent
°PCLA fruitper pertree  length  diameter chasters’ PCLA solids fruit red
| tree {kg) {cm) {return bloom) (*Brix) N K Ca Me weight color
Ppm  ppm ppm  ppm )
®
1. Control 8.2 680 59 6.6 7.3 2.8 53 16.2 260 130 099 030 99 67
2. NAA Sppm 6.3 562 80 6.8 7.6 37 5.5 I1.s 250 152 080 029 155 79
3. NAA 10ppm 59 3i0 71 7.1 7.8 7.8 5.7 2.3 230 1.69 0.64 0.26 165 85
4. NAA 15ppm 4.2 250 50 7.4 8.1 8.4 5.9 13.8 212 178 041 022 316 89
5. Carbaryl 6.05% 6.1 560 75 6.9 76 3.6 5.0 16.5 2.14 124 090 030 160 75
6. Carbary! 0.1% 5.6 374 56 7.7 7.9 4.8 5.3 11.6 259 1061 095 031 i85 80
7. Carbary! 0.2% 4.2 260 32 8.6 8.3 6.6 5.6 13.0 271 090 099 030 190 88
8. Accel 25ppm 59 472 78 7.0 7.4 33 5.4 10.7 2,16 09F 110 025 130 79
9. Accel 50ppm 4.6 466 62 7.8 7.8 5.9 5.6 i19 220 155 120 030 185 90
10. Accel 75ppm 33 265 40 8.6 8.9 6.8 5.8 3.1 2.1 172 140 031 175 96
Significance
NAA I L#* %% NS NS Lk ¥ LE* LE* NS Lk = Ik L**
Carbary! Qi L** ¥ %% T NS L L#% Q¥ L[¥*  NS* L** [
S.E.=+ 12.20 1.50 0.60 0.42 0.36 0.56 0.72 0.06 8.20 1.20

Each mean has 4 observations; L. = Linear effect by regression analysis; ** Significant at p < 0.05; "PCLA = per square centimetre of limb cross sectional area;

NS = Not significant at p < 0.05; Q@ = Quadratic effect m% regression analysis

(%2}
No
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Table 2. Effect of Naphthalene acetic acid (NAA), carbaryl and acce!l on fruait set, return bloom, yield, leaf nutrient status and
|
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4.0 DISCUSSION AND CONCLUSION

The experiments were conducted over two years to investigate how the differer”
weather and soil conditions prevailing would influence the efficacies and activities
of the three chemical thinners. Although the above conditions were not determined
they were assumed to affect the results to be obtained.

Over the concentration ranges used in this study, NAA, carbaryl and accel
reduced fruit set and increased fruit weight to the same or greater extent than each
other. Vield is mainly a function of fruit number (Forshey and Elfving, 1977).
Thinning with NAA, carbaryl and accel reduced yield in the two years tested. The
large fruit weight increase induced by the thinners in this study was insufficient to
offset the effect of fewer fruit per tree on total yield, The increase in fruit weight
associated with the chemical thinner treatments suggest significant tmprovement in
the fruit sive distribution in the crop. This is a very important factor in determining
the consumer preferences of ‘Paulo Red” apples.

The fact that NAA had no «ffect on fruit length and diameter while carbaryl and

Lox increased them imply that they have variable effects on fruit shape. Accel and
carbaryl however, did pot affect lengibh to diameter ratio, indicating that they
increased the two parameters equally. Cell division is most active in apples at bloom
and coniinues for 2 o 3 weeks after which the rate declines substantially (Denne,
1963). The largest increase in length to diameter ratio occurred when GAg; was
applied near bloom (Greene, 1989). The thinners in the present study were applied
two wecks after bloom. [t is logical to attribute these latter findings to the fact that
cell division in ‘Paulo Red’ apple trees takes place immediately after bloom hence the
thinners applied could not have had an effect on fruit shape.

The effect of chemical thinners on percent red color was slightly influenced by
the year of experimentation, i.e. carbaryl had the strongest effect on it in 1994 while
accel had the strongest effect in 1995, The different environmental condition which
may have occurred in the two years apparently caused the observed differerces.
Percent red color is a determinant of fruit maturity hence the different environmental
factors in 1994 and 1995 may have influenced the efficacies, activities and
Metabolism of trees differently. The chemical thinners therefore advanced the

ripening of the fruits. Growth regulators such as accel and carbaryl also advance

ripening of other apple cultivars (Ouma, 1996).
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The thinners also increased the total soluble solids content of the fruits. It could
be argued that the thinners' thinning activity altered the leaf to fruit ratio so that there
were more leaves to support fruit growth (Greene, 1989). It is necessary, however, for
and experiment to be carried out to quantify shoot and leaf growth to prove this claim.
It appears that as the soluble solids content increase in the fruit pH increased
accoi..ing to the present study. Therefore, the thinners by increasing solv*:le solids
also incieased pH because the two parameters are apparently related in determining
fruit quality. Since the thinners used in this study advanced maturity of the fruits the
above relationships can be explained, i.e. as a fruit matures the soluble solids content
increases while its acidity decreases.

The effects of all chemical thinners on foliar nutrient concentrations primarily
reflected crop load induced changes in foliar levels of N, K, Ca and Mg. Increased
foliar N contents from carbaryl application may have caused lower levels of K and Ca
from the leaves. The effect of thinners on the leaf mineral nutrients was however,
strongly influenced by the year of experimentation. In most cases the thinners affected
the leaf mineral contents very differently in the two years. It is most probable that the
different environmental conditions prevailing in the two years particularly
immediately, at, and after the thinners were applied affected their efficacies, uptake,
activities and metabolism of the trees to influence the crop load induced changes.
Also the nutrient levels in the plant tissues and soil before application of thinners
could have affected the nutrient composition of the leaves. It is reéommended that
further studies on these chemical thinners be conducted with the above issues in
consideration.

Fruit size which was reflected in mean fruit weight was increased by the
thinners. This observation may be attributed to the fact that reducing fruit set by the
thinners reduced the number of sinks, i.e. fruitlets causing less competition for the
assimilates and resulting in big sized fruits.

Return bloom which is reflected in the number of blossqm clusters per cross
sectional limb area was increased linearly by the thinners. This finding confirms the
fact that thinning fruits can reduce the incidence of biennial bearing as reported
previously (Forshey and Elfving, 1987; Looney, 1986).

Finally, it must be accepted that the different dates of treatment application in

the two years may have influenced the occurrences of some differences in the results.
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The chemical thinners were applied based on the attainment of particular sizes of the
iruitlets. This time occurred at different dates in 1994 and 1995 hence the different
application dates. Another area which should be tested in a future experiment is the
date of application of the thinners in relation to thinuing efficacy.

From the results of this study it can be concluded that the application of NAA,
carbaryl and accel reduce the fruitset of "Paulo Red' apples and also affect the fruit
guality parameters such as percent red color, total soluble solids, pH, leaf mineral
nuirient status, and fruit length. i can also be concluded that the thinners reduce yield

per tree but increase return bloom aud fruit size as reflected in mean fruit weight.
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