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Abstract
Effects of 1-aminoethoxyvinylglycine hydrochloride (AVG or Aviglycine HCl or ReTain) and α-naphthalene acetic acid (NAA) on fruit retention, fruit quality, eveloved ethylene, and respiration in ‘Rome Beauty’ and three ‘Delicious’ apple cultivars (Malus domestica Borkh.) were studied.  The experimental trees were treated with either AVG, applied at 120 g a.i. per 935 L. ha-1 or NAA, applied at the rate of 10 ppm at 1870 L. ha-1.   The AVG treatment was applied four weeks before anticipated harvest date while the NAA treatment was applied 7 days before harvest. In both 'Delicious' and 'Rome' apples, application of AVG maintained fruit retention and firmness but reduced starch hydrolysis, ethylene evolution, and respiration as compared to the NAA treatment.  In the later harvests, fruit weights in NAA-treated trees were slightly higher than those treated with AVG.  Fruit retention, maturity and quality differences between AVG and NAA treatments were more pronounced as the time past from the commercial harvest dates.  Based on this study, application of AVG is more effective than NAA in preventing fruit drop and delaying fruit maturity and thus storage life of apples. 
Keywords:Apple post harvest physiology, AVG, fruit drop, NAA, storage life
1. Introduction

Fruit drop prior to harvest is a major source of fruit loss in apples.  Pre-harvest drop of apples is caused by a surge in endogenous ethylene at the abscission layer of fruit stem.  On the other hand, early harvest of apples will lead to low soluble solids concentration, scald development, and poor over-all fruit quality.  Maintaining fruit quality attributes after harvest, particularly fruit firmness and starch is the most important goal of fruit packing houses.  Fruit endogenous and evolved ethylene can play a major role in the ripening process, and thus storage life and fruit quality of climactertic fruits such as apples (Fallahi et al., 1985a and 1985b).
The compound 1-aminoethoxyvinylglycine hydrochloride (AVG) is an inhibitor of endogenous ethylene production in apples (Bangerth, 1978).  AVG found to retain fruit firmness in apples (Bangerth, 1978 and Wang (1977) and pears (Wang (1977).  Williams (1980) reported that AVG increased fruit firmness and fruit set in 'Delicious' and 'Golden Delicious' apples.   This compound also increased fruit set of apples (Williams, 1980) and increased the number of productive fruit spurs in trees with “dead spur” disorder (Parish et al., 1994) in the following year.
The objective in this project was to study effects of AVG and NAA on pre-harvest fruit drop, fruit quality, evolved ethylene, and respiration in three 'Delicious' cultivars and 'Rome Beauty' apples.

2. Materials and methods 

Four apple orchards were selected in three fruit-growing regions of Idaho, United States, for this study. Three orchards of ‘Delicious’ were selected as follows: 

1) ‘Ryan Red Spur Delicious’/M. 7  at Williamson Fruit Ranch in Sunny Slope.
2) ‘Starking Delicious’/M. 7 apple at Symms Fruit Ranch in Sunny Slope.

3) 'Top Red Delicious’/M.7  apple at the Henggeler Orchards in Fruitland.
4) ‘Rome Beauty’/M.7 apple at Henggeler Orchard, in Fruitland.
In each orchard, six different segments of trees, each containing five trees were spayed with either 1-Aminoethoxyvinylglycine hydrochloride (AVG or Retain) or α-Naphthalene acetic acid (NAA-800, abbreviated as NAA).  Retain was sprayed at the rate of 120 grams a.i. (AVG), mixed with 0.1% (v/v) ABG-7011 surfactant, at 935 L.ha-1 about four weeks before anticipated harvest time. α-Naphthalene acetic acid was applied at the rate 10 ppm at 1870 L.ha-1 about 7 days before anticipated harvest time.  Both AVG and NAA were applied with air blast sprayers.  In each cultivar, two trees in the middle of each segment were tagged and used for this study (total of 12 trees/cultivar per treatment). Thus, the experimental design for each cultivar was a complete randomized design with six 2-tree replications per treatment.  Trees were trained to the central leader system.  Other than the AVG treatment, all cultural practices were applied in a manner consistent with those of commercial apple orchards. 

The existing fruits under the trees were completely removed before application of chemicals.  The dropped fruits under each tree were counted and discarded once a week from the beginning of the experiment until several weeks after anticipated harvest.  The anticipated commercial harvest dates were on 25 Sept. for ‘Ryan Spur Delicious’ and ‘Starking Delicious’  and on 30 Sept. for ‘Top Red Delicious’ and on 2 Oct. for ‘Rome Beauty’ apples. Each week, 10 fruits per tree from each treatment were sampled randomly and transported to the University of Idaho Pomology Laboratory in Parma, Idaho for a complete maturity and quality evaluations.  Crops of these trees were not harvested at commercial time.  This allowed us to continue our fruit drop and fruit quality evaluations several weeks after normal harvest time.  Remaining fruit (yield) from each tree was harvested after completion of the experiment, and total number of fruit per tree at the beginning of the experiment was calculated.
Fruits were weighed and fruit color was visually ranked on a scale of 1 to 5, with 1 = 20% red progressively to 5 = 100% red.  Soluble solids concentration (SSC) was measured by temperature-compensated refractometer (Atago N1, Tokyo, Japan). Fruit firmness was measured with a Fruit Texture Analyzer (Guss, Strand, Western Cape, South Africa). Starch degradation pattern (SDP) of equatorial slices of each fruit was recorded by comparison with the SDP standard chart developed for apples (Bartram et al., 1993).
To evaluate the effect of AVG and NAA on fruit internal maturity, five apples from each tree were weighed and then placed in 20 x 28 x 28.5-cm closed chambers. The temperature of the chambers was maintained at 22.8 oC. Air samples with a constant flow rate of 80 mL·min-1 were drawn from the ripening chambers every 24 h to measure concentrations of evolved ethylene and carbon dioxide (CO2) by gas chromatography. Samples were injected onto a gas chromatograph (Hewlett Packard 5890 Series II, Lionville, Pa.) equipped with a flame ionization detector and a HayeSep Q, 80/100 packed column (Alltech Inc., Deerfield, Ill.). 


Assumption of normality was checked by computing univariate analyses for all treatments of this study. All data, including percentages and ratings were normally distributed.  Data were analyzed by general linear analysis (GLM) and a T-Test (P ( 0.05) using SAS (SAS Institute Inc., Cary, N.C.). 
3. Results and Discussion
Results are presented in Tables 1-3 and Figures 1-8.  In all apple cultivars, the total number of fruit before the start of the experiments in trees receiving AVG was statistically similar to those receiving NAA (Tables 1 and 3).  This is ideal, as the experiments needed to start with a similar crop load in both treatments.  Percentages of fruit drop in AVG-treated trees were significantly lower than those in NAA treated trees at all sampling times for all ‘Delicious’ cultivars and ‘Rome Beauty’ (Tables 1 and 3).  With the exception to ‘Top Red Delicious’ apple, fruit weight was not affected by treatments during early sampling dates (Tables 1 and 3).  In the later harvests, however, fruit weights of NAA-treated trees in all cultivars were slightly higher than those treated with AVG (Tables 1 and 3).  This is an indication that AVG may delay fruit maturity attributes, including fruit size.  In addition to the direct maturity effect, the late season fruit size increase in NAA-treated trees could in part be due to a crop load effect. In various experiments, including the “Idaho Apple Maturity Project,” we have found that fruit size of certain apples can significantly increase in late August and during September due to a reduction in the heat stress.  Since fruit drop in NAA was significantly higher, fewer fruit remained on the NAA-treated trees, leading to a higher leaf to fruit ratio (less fruit-to-fruit competition) and larger fruit size in NAA-treated trees as compared to AVG-treated ones (Tables 1 and 3)

Fruit color was not affected by AVG or NAA applications in most sampling dates (Tables 1 and 3).  Fruit color in the NAA-treated ‘Rome Beauty’ trees in two sampling dates was better than that of AVG-treated trees (Table 1), which could be due to the advanced maturity fruit in the NAA-treated trees. In ‘Ryan Spur’ Delicious and ‘Rome Beauty’ apples, fruit from trees treated with AVG often had higher firmness than those treated with NAA at different samplings (Table 2).  As compared to NAA, application of AVG reduced fruit SSC in all ‘Delicious’ cultivars, although differences were not always significant (Tables 2 and 3).  However, AVG did not affect fruit SSC in ‘Rome Beauty’.

The largest impact of AVG was on fruit SDP, evolved ethylene, and respiration in all apple cultivars tested in this study. Fruits from trees receiving AVG had lower SDP, evolved ethylene, and respiration as compared to those receiving the NAA application in all cultivars (Tables 2, 3 and Figures 1-8). ‘Delicious’ cultivars treated with AVG treatment had significantly lower fruit water core as compared to those treated with NAA (data not shown).   
[image: image2.jpg]C,H, (uL/kg/hr)

20
19 A
18 1
17 A
16 A
15 1
14 -
13 A
12

b

NAA

AVG

oW

6 ﬂ\‘&(' " ﬂ\%‘. . ﬂ‘%‘. XQ ﬂ\%‘. ‘\ ﬂ\‘&‘. X'L ﬂ\‘a‘.

Days in chambers





Fig 1. Effects of AVG and NAA on fruit evolved ethylene in 'Ryan spur Delicious' Apple.
Mean separation within each date by a T-test at 5% level.
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Figure 2. Effects of AVG and NAA on fruit respiration in ‘Ryan Spur Delicious’ apple.
Mean separation within each date by a T-test at 5% level.
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Fig. 3. Effects of AVG and NAA on fruit evolved ethylene on 'Starking Delicious' apple.
Mean separation within each date by a T-test at 5% level.
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Fig. 4. Effects of AVG and NAA on fruit respiration in 'Starking Delicious' apple.

Mean separation within each date by a T-test at 5% level.
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Fig. 5. Effects of AVG and NAA on fruit evolved ethylene in 'Top Red Delicious' apple.
Mean separation within each date by a T-test at 5% level.
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Fig. 6. Effects of AVG and NAA on fruit respiration in 'Top Red Delicious' apple

Mean separation within each date by a T-test at 5% level.
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Fig. 7. Effects of AVG and NAA on fruit evolved ethylene in 'Rome Beauty' apple.

Mean separation within each date by a T-test at 5% level.
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Fig. 8. Effects of AVG and NAA on fruit respiration in 'Rome Beauty' apple.
Mean separation within each date by a T-test at 5% level.
[image: image10.jpg]Table 1. Effects of Retain on ‘Red Delicious’ and ‘Rome Beauty’ Fruit Drop, Weight, and Color”.

Toatsl Fruit drop (% total yield) Fruit avg. wt (g) Fruit color (1-5)
x number
Cultivar Treatment of
fruit/tree 25 Sept. 20ct. 9 Oct. 15 Oct. 25 Sept. 20ct. 9 Oct. 15 Oct. 25 Sept. 20ct. 9 Oct. 15 Oct.

AVG 624 0.0 0.4 0.8 6.1 179:5 21,7 194.4 185.4 45 4.8 4.7 4.8

£y Bt NAA 630 0.4 0.7 4.0 145 1792 2173 2125 2263 44 48 47 48
Delicious

Significance NS *® * * “ NS NS L b NS NS NS NS

AVG 2933 0.0 0.1 0.4 1:1 147.3 164.9 159.4 172.3 34 33 3.3 3.8

Srading NAA 4201 0.1 03 12.5 13.1 1572 1746 1773 179.3 4.0 3.8 4.0 4.1
Delicious

Significance NS ¥ £ *% % NS NS ¥ NS NS NS NS NS

AVG 792 0.1 1.3 0.4 0.2 184.2 205.7 204.1 208.7 4.1 35 4.2 4.2

WWO_.:@ NAA 968 1.4 2.0 1:1 0.8 193.9 2155 202.5 220.0 4.3 4.1 4.7 4.7
eauty

Significance NS ** ¥ * =% NS NS NS ¥ NS ** NS L

“Values within columns of each cultivar are significantly different from each other at 5% if shown by *, at 1% if shown by **, or not significant if shown
by NS, using a T test. %Drop is calculated as: Number of dropped fruit/total number of fruits per tree at the beginning of experiment. Fruit color rating:

1= least red color, 5= highest red color.




[image: image11.jpg]Table 2. Effects of Retain and NAA on ‘Red Delicious” and ‘Rome Beauty’ Fruit Firmness, Soluble Solids, and Starch Degradation Pattern”.

Fruit firmness (N) Fruit soluble solids (° Brix) Fruit starch degradation pattern (1-6)
Cultivar Treatment
25 Sept. 20ct. 9 Oct. 15 Oct. 25 Sept. 20ct. 9 Oct. 15 Oct. 25 Sept. 2 Oct. 9 Oct. 15 Oct.
AVG 74.3 712 66.9 65.5 I1:5 117 12.8 13:2 1.8 1.9 2.7 3.2
Ryant Spur NAA 74.7 686 638 58.1 12.0 122 130 133 2.5 3.0 4.0 49
Delicious

Significance NS it ¥ = NS % NS NS L % L Ly

AVG 743 73.1 71.7 68.2 9.8 10.4 11.0 11.6 1.6 1.6 1.8 21
Starking Delicious NAA 75 7.7 69.1 69.1 10.1 T2, 123 12.0 ) 1.9 3.0 32

Significance NS NS NS NS NS ] Lty NS NS K % ¥
AVG 94.2 92.0 89.3 87.6 12.6 12.9 13.2 13.2 2.8 3.0 3.9 4.9
Rome Beauty NAA 89.3 86.6 86.2 82.3 12.4 13.0 12:9 129 3.0 3.8 4.8 55
Significance P L2 NS Ly NS NS NS NS NS # e o

“Values within columns of each cultivar are significantly different from each other at 5% if shown by *, at 1% if shown by **, or not significant
if shown by NS, using a T test. Fruit starch degradation pattern: 1= least starch degradation, 6= highest starch degradation.

Table 3. Effects of Reta in and NAA on ‘Top Red Delicious’ Fruit Drop, Weight, Color, Firmness, Soluble Solids, and Starch Degradation Pattern.”

Total Fruit drop Fruit weight Fruit color Fruit firmness Soluble solids Starch degradation pattern
Treatment No. fruit (% total) (&) (1-5) ) (" Brix) {-6)
per tree 30 Sept. 4 Oct. 30 Sept. 4 Oct. 30 Sept. 4 Oct. 30 Sept. 4 Oct. 30 Sept. 4 Oct. 30 Sept. 4 Oct.
AVG 670 0.4 0.8 159.7 165.2 4.6 4.6 72.1 81 10.6 11.2 1% 1.8
NAA 639 0.7 1.25 179.5 1823 43 4.4 70.9 68.1 12.0 12.9 2.4 31
Significance NS * £% » * NS NS NS NS e " i i

“Values within columns of each cultivar are significantly different from each other at 5% if shown by *, at 1% if shown by **, or not significant
if shown by NS, using a T test. %Drop is calculated as: Number of dropped fruit/total number of fruits per tree at the beginning of experiment.
Fruit color rating: 1= least red color, 5= highest red color. Fruit starch degradation pattern: 1= least starch degradation, 6= highest starch degradation.




4. Conclusion

Fruit retention, maturity and quality attributes in this study indicate that AVG delays fruit maturity in both ‘Delicious’ and ‘Rome Beauty’ apples.  This delay is caused by retarding ethylene evolution and respiration. Based on the results of this study, application of Retain at 120 g. a.i. at 935 L.ha-1 is essential for reducing pre-harvest drop and retaining fruit starch and firmness, and thus postharvest life of apples in medium to long-term cold storages. 
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