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Attempts to Improve the Berry Quality and Storability of Grape
"Crimson Seedless" with Potassium Compounds under Desert Conditions
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Abstract: This mvestigation was carried out for two successive seasons 1.e. 2008 and 2009 on six years old
Crimson Seedless grapevine. The comparative effects of foliar application of potassium at three concentrations
from three sources as follows: potassium thiosulfate at 1.5, 2.5 or 3.5 cm/L; monopotassium phosphate at 1.5,
2.5 or 3.5 g /L. and amiphole potassium at 1.5, 2.5 or 3.5 em/L. Trees were sprayed at fruit setting or veraison
phenclogical stages or both stages were assessed. The concerned parameters were the basic berry quality
parameters at harvest, potassium berry content and berry quality after cold storage at 0°C for 30 days. Data
clearly pointed out clear enhancements in berry quality in terms of berry weight, firmness, TSS%, acidity%e,
TSS/acid ratio, total sugars and total anthocyanin content where these parameters were accompanied by higher
berry potassium content. Superiority was due to double sprays of potassium thiosulfate at 3.5 cm/I.. The afore
mentioned treatment was accompanied by highest berry potassium level indicating that, this source of
potassium led to highest absorption of potassium which induced these enhancements in addition to the sulpher
content of this compound which enhanced the potassium effect. High potassium content also resulted
maintaining the fruit quality at cold storage and this might be attributed to the effect of potassium in
diminishing the respiration rate thus reducing the sugars consumption and thereby retarding the senescence

phase.
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INTRODUCTION

Crimson Seedless is a red, seedless, late ripening
table grape. It originated m Fresno, Califorma as a cross
between C33-199 and Emperor, selected in 1983 [1]. This
cultivar has been introduced FEgypt in the last decade.
Crimson Seedless grapes have been grown successfully
i1 the desert lands. Yet, it has been met with some
obstacles as berry size and low coloration basically due to
heat stress which inhibit anthocyanin accumulation [2-4].
Ethrel has been suggested by many workers for better
coloration [5, 6]. Health hazards restricted ethrel usage or
reduced it drastically m many places worldwide.
Potassium known as a quality element was proposed for
enhancing grape berry quality in general and coloration in
specific [7-11]. It was found to mcrease the berry content
of anthocyanin leading to better coloration [5, 12, 13]. Its'
effect in maintaining berry quality at cold storage was also
indicated [14-19].

Potassium absorption has two peaks, the first at fruit
setting stage and the second during berry maturation
[12, 20, 21]. Its' effect is related to the source from which
it has been taken [5, 17, 18]. This i1s due to better
absorption and or the effect of other substances
composing the source [11, 14, 22-24].

The scope of the present investigation is to detect
the comparative effect of three sources of potassium at
three concentrations sprayed at two phenological stages
on the basic physical and chemical berry characteristics
at harvest and after cold storage.

MATERIALS AND METHODS

This mvestigation was carried out for two successive
seasons l.e. 2008 and 2009 on six years old Crimson
Seedless grapevines in a private vineyard located at
El- Bostan region in Behera governorate. The vines are
grown in sandy soil, spaced at 1.5 x 3 m, irrigated with drip
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irrigation system. For this investigation, eighty four vines
were chosen for each considered season. Vines were
uniform, all head trained, cane pruned and trellised with a
gable system. Each vine bore eight canes that were
shorten to 12 buds with a total number of clusters
adjusted to 32/vine. The normal management practices
that were recommended by the Miistrty of Agriculture
were carried out,

The following treatments were sprayed each on three
separate vines (each acting as a replicate). The
randomized complete blocks design was adopted for the
currant investigation. The treatments were potassium
thiosulfate (KTS: K,3,0,, 36.5% K,0 88% Syat 1.5,2.5or
3.5 cm/liter, monopotassium phosphate (KH,PO,,34%
K,0, 52% P,0O.) at 1.5, 2.5 or 3.5 g/liter and amiphole
potassium (34% K,O,total amino acid L-¢¢ 7%) at 1.5, 2.5 or
3.5 crv/liter. These treatments were sprayed at fruit set
(when an average of 70% of the blossoms/cluster reached
that stage), at the veraison stage when 20% of the
berries/cluster were colorized) or at both stages.

Three vines were left untreated (control) for
comparison When control clusters reached the maturity
stage (16-17% juice Brix) as previously indicated by David
et al[l], the crop born on each considered vine was
harvested separately. Infected and deformed clusters were
discarded. The remaining clusters were placed in field
boxes, transferred to the laboratory. Three representing
clusters were selected from the crop of each vine for
evaluating quality at harvest as follows: Average berry
weight (g), berry firmness (g/cm’® ), juice TSS (%) by hand
refractometer, juice acidity (%) as tartaric acid according
to A.OAC. [25], TSS/acid ratio, total sugars (%)
according to Smith ef al. [26], total anthocyamn of the
berry skin (mg/100g fresh weight) according to Husia
et al [27] for fruits at harvest and potassium (%) in the
berries was estimated at harvest using the method
described by Brown and Lilleland [28].

The remaining cluster were placed in two cartoon
boxes i.e. one for evaluating weight loss percentage and
the other for evaluating quality after 30 days cold storage.
Boxes were placed m cold storage at 0°C and 90- 95%
relative humidity. The criteria used for assessment were:
berry firmness (g/cm®), shattering percentage, juice TSS
(%), Juice acidity (%) and T'SS/acid ratio.

The attained results were tabulated and statistically
analyzed according to Snedecor and Cachran [29]. The
mean values were compared by using Duncan's multiple
range test at 5% level [30].
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RESULTS AND DISCUSSION

Effect of Treatments on Fruit Quality at Harvest:
Average fruit weight was insignificantly affected by the
time of spraying (Table 1). Sigmificantly the heaviest
berries were obtamed due to spraying potassium
thiosulfate 2.5 or 3.5 cm/L or monopotassium phosphate
at 2.5 or 3.5 g/L in both seasons. Comparable results were
due to spraying amifol potassium at 3.5 cm/L m the first
season only. The interaction results were significant in
both seasons. Data show that, using the highest
concentration (3.5) resulted in significantly the heaviest
berries regardless the source of potassium used and the
time of application. Statistically equal if using potassium
thiosulfate at 2.5 em/T. or monopotassium phosphate 2.5
g/, as potassium source regardless the tune of
application

Berry firmness was significantly the least when
spraying was carried out at the fruit set stage (Table 2).
Whereas, it was sigmficantly the lighest when spraying
Untreated berries

significantly the least firmness in both seasons. Spraying

was carried out twice. attained
potassium thiosulfate at 3.5 cm/T, induced significantly the
highest berry firmness compared with control and
show that,

significantly the highest berry firmness was attributed to

remaining treatments. Interaction data
double potassium thiosulfate sprays at 3.5 cm/L.

On the average significantly the highest juice TS3%
was due to the double sprays (Table 3). Comparable
results were achieved due to spraying in the veraison
stage in the first season only. As for the average
treatment effect, spraying potassium thiosulfate at 3.5
cm/L resulted in significantly the highest juice TSS%
when compared with control and the remaining
treatments. Insignificant differences were attributed by
the potassium thiosulfate treatment at 2.5 and 3.5 cm/L in
the first

significantly

Interaction results showed
TS8% spraying
potassium thiosulfate at 3.5 cm/L regardless the time of

season only.
highest juice when
spray. Comparable results were attamed by double sprays
of potassium thiosulfate at 2.5 cm/L m both seasons and
at the veraison stage in the first season only.

Juice acidity was significantly the least with the
double sprays on the average (Table 4). Control berries
attained sigmficantly the highest acidity. Insigruficant
differences were due to the amifol treatment at 1.5 cm/L in
both seasons and monopotassium phosphate treatment
at1.5 g/I. inthe first season only. Whereas, potassium
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Table 1: Effect of conducted treatments on berry weight (g) of Crimson Seedless grape at harvest during 2008 and 2009 seasons

Berry weight (g)

2008 Season 2009 Season

Phase of spraying Phase of spraying

Fruit set+ Fruit set+

Treatments Fruit set Veraison  Veraison Mean Fruit set Veraison Veraison Mean
Potassium thiosulfate 1.5 em/T. 3.02 e-h 310d-h 316 ch 3.09C-E 3.11 e-h 319d-h 325c¢c-h 3 18DE
Potassium thiosulfate 2.5 em/T. 3.82a-d 3.90 a-c 3.96 ab 380 A 3.97 a-d 4.02 a-c 4.11 ab 4.03 AB
Potassium thiosulfate 3.5 cm/T 3.86 a-c 3.95 ab 4.01 a 391 A 3.99ac 4.08 ab 4.20a 1.09 A
Monopotassiumn phosphate 1.5 g/L 2.83fh 3.01eh 3.07d-h 2.97D-F 2.94 fh 31leh 31leh 3.05 EF
Monopotassiumn phosphate 2.5 g/L 3.56 a-f 3.64 a-e 3.70 a-e 3.63AB 3.66 a-g 3.75a-e 3.80 a-e 374 A-C
Monopotassiumn phosphate 3.5 g/L 3.80 a-d 3.89a-c 3.95ab 3.83A 3.86 a-e 3.95a-d 4.02 a-c 3.94 AB
Amiphole potassium 1.5 cn/L 2.75gh 2.83fh 2.96 eh 2.85FF 2.87gh 2.951h 307 eh 2.96 EF
Amiphole potassium 2.5 em/L 3.24 b-h 332ah 338ah 331 B-D 3.32b-h 341 a+h 348a-h 340C-F
Amiphole potassium 3.5 cm/L 343 a-g 352af 3.58 af 351 A-C 3.52ag 3.60a-g 367 at 3159B-D
Control 2.63h 2.63h 2.63h 263F 271h 271h 271h 271F
Mean 3.294 3384 344 - 3.394 3.484 3.544 -

Mean separation by Duncan Multiple Range (0.05)

Table 2: Effect of conducted treatments on firmness (g/cm?2 ) of Crimson Seedless grape at harvest during 2008 and 2009 seasons

Firmmness (g/cm?)

2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+

Treatments Fruit set Veraison  Veraison Mean Fruit set Veraison Veraison Mean
Potassium thiosulfate 1.5 c/L 48450 490.2n 512.31 495.7G 510.3r 5182 q 54050 523.0G
Potassium thiosulfate 2.5 cm/L 554.6 5603 e 592.7b 569.2B 604.4 h 612.7¢g 644.8b 620.6B
Potassium thiosulfate 3.5 c/L 566.8d 572.6¢ 604.8 a 5814 A 612.5¢g 623.6¢ 656.7a 630.9 A
Monopotassium phosphate 1.5 g/T. 4512 463.3 q 474.2 p 162.9H 48921 50238 5184 q 503.3H
Monopotassium phosphate 2.5 /T, 5173k 5284 j 560.5 e 5354D 5754 ¢ 587.5k 61961 5942 C
Monopotassium phosphate 3.5 g/T. 536.4h 532¢g 5756 ¢ 551.7¢C 5943 601.51 633.6d 609.8 D
Amiphole potassium 1.5 cm/L 440.7 s 452.0r 4742 p 455.61 484.2u 496.3 t 510.4r 497.01
Amiphole potassium 2.5 cm/L 4885n 4954 m 5174k 5004 F 5323 p 53950 562.6m 5448 F
Amiphole potassium 3.5 cm/L 498.3 m 510,71 532.61 513.9E 5542n 566.4 1 5895k 57T0.0E
Control 4352t 4352t 435.2¢ 435.27 4623w 4623w 4623w 462.37T
Mean 4974 C 505.1 B 528.04 - 541.9C 551.08 573.84 -

Mean separation by Duncan Multiple Range (0.05)

Table 3: Effect of conducted treatments on TS8S$% of Crimson Seedless grape at harvest during 2008 and 2009 seasons

Total soluble solids (%)

2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+

Treatments Fruit set Veraison  Veraison Mean Fruit set Veraison Veraison Mean
Potassium thiosulfate 1.5 c/L 16.2kl 16.4j-1 17.0hk 16.53 FG 16.5 lm 16.8 j-m 17.4 h-j 16.90E
Potassium thiosulfate 2.5 em/T. 182 b-f 18.5a-d 18.7 a-c 1847 AB 188 c-e 192 b-d 19.4 a-c 19.13 B
Potassium thiosulfate 3.5 cm/T 187 a-c 19.0 ab 19.2a 1897 A 19.5 ab 19.8ab 20.0a 19.77T A
Monopotassium phosphate 1.5 g/T. 1601 16.01 16.61-1 16.20 GH 16.2m 16.4 Im 17.0§-1 16.53 F
Monopotassiumn phosphate 2.5 g/ 17.2 g-j 17.7d-h 18.0¢c-g 17.63 CD 17.8 g-i 182 e-g 18.6 d-f 18.20C
Monopotassiumn phosphate 3.5 ¢/ 17.7 d-h 18.2bf 184 a-e 1810BC 18.0f-h 185 ef 18.8¢c-e 1843 C
Amiphole potassium 1.5 cm/L 16.01 16.01 16.2kl 16.07 GH 16.4 lm 16.6 k-m 17.03-1 16.67 EF
Amiphole potassium 2.5 em/L 16.4 j-1 16.7i-1 17.2g-j 16.77 EF 16.9 j-1 17.2 ik 17.7 g1 17.27D
Amiphole potassium 3.5 cm/L 16.7 i-1 17414 17.5e-i 17.20 DE 17.0j-1 17.4 h-j 17.8 g-i 17.40 D
Control 1601 16.01 16.01 16.00 H 16.4 Im 16.4 Im 16.4 1m 16,40 F
Mean 16918 171948 17484 - 17.35C 17.65 8 18014 -

Mean separation by Duncan Multiple Range (0.05)
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Table 4: Effect of conducted treatments on acidity %6 of Crimson Seedless grape at harvest during 2008 and 2009 seasons

Acidity %o

2008 Season 2009 Season

Phase of spraying Phase of spraying

Fruit set+ Fruit set+

Treatments Fruit set Veraison  Veraison Mean Fruit set Veraison Veraison Mean
Potassium thiosulfate 1.5 em/T. 0.73 ab 0.71 a-c 0.65 d-g 0.697B 0.69 ab 0.66 a-d 0.61 c-f 0.653 BC
Potassium thiosulfate 2.5 em/T. 0.58 h-j 0.55 jk 0.52kl 0.550F 0.53 g-i 0.51 h-j 0.47 ij 0.503 EF
Potassium thiosulfate 3.5 cm/T 0.56 ik 0.52kl 0.491 0.523F 0.50 h-j 047 i-j 0.44 j 0.470F
Monopotassiumn phosphate 1.5 g/L 0.74a 0.72 a-c 0.68 b-e 0.713 AB 0.70a 0.66a-d 0.65 a-d 0.670B
Monopotassiumn phosphate 2.5 g/L 0.65d-g 0.63 e-h 0.58 h-j 0.620D 0.56 e-h 0.54 {1 0.50 h-j 0.533E
Monopotassiumn phosphate 3.5 g/L 0.61 g-i 0.58 h-j 0.55 jk 0.580E 0.53 g-i 0.51h+ 0.481j 0.507 EF
Amiphole potassium 1.5 cn/L 0.74a 0.72 a-c 0.70 a-d 0.720 AB 0.72a 0.68a-c 0.67 a-c 0.690 AB
Amiphole potassium 2.5 em/L 0.71 a-c 0.67 ¢t 0.62 f-h 0.667 C 0.65 a-d 0.62b-e 0.57 e-h 0.613 CD
Amiphole potassium 3.5 cm/L 0.67 c-f 0.70 a-d 0.59 h-j 0.653 C 0.61 ¢c-f 0.59d-g 0.54 f-i 0.580 D
Control 0.74a 0.74a 0.74a 0.740 A 0.72a 0.72a 0.72a 0.720 A
Mean 0.673 4 0.654 B 0.612C - 0.621 4 0.59 B 0.565C -
Mean separation by Duncan Multiple Range (0.05)
Table 5: Effect of conducted treatments on TS8S / acidity ratio of Crimson Seedless grape at harvest during 2008 and 2009 seasons

Total soluble solids / Acidity ratio

2008 Season 2009 Season

Phase of spraying Phase of spraying

Fruit set+ Fruit set+

Treatments Fruit set Veraison  Veraison Mean Fruit set Veraison Veraigon Mean
Potassium thiosulfate 1.5 c/L 22.2j 23.11 26.2¢ 23.83G 23.9pq 25.5m-o 28.5kl 25.97G
Potassium thiosulfate 2.5 c/L 31.4d 336¢ 36.0b 33.67B 355fe 37.6d 41.3b 3813B
Potassium thiosulfate 3.5 c/L 334¢ 36.5b 39.2a 3637A 39.0¢ 42.1b 455a 42.20 A
Monopotassium phosphate 1.5 g/T. 21.2k 22.2j 244 h 2260 H 231 q 24.8 n-p 26.2m 24.70H
Monopotassium phosphate 2.5 /T, 265 g 281 F 31.0d 2853 D 31.8ij 33.7h 37.2de 23D
Monopotassium phosphate 3.5 g/T. 290¢e 314d 335¢ 31.30C 34.0 gh 36.2 ef 39.1¢c¢ 3643 C
Amiphole potassium 1.5 cm/L 21.6 jk 22.2j 2311 22.30H 214r 23.5pq 24.6 op 23.171
Amiphole potassium 2.5 cm/L 2311 24.9h 27.7f 25.23F 26.0mn 27.71 31.1j 28.27F
Amiphole potassium 3.5 cm/L 249h 24.9h 297 e 26.50E 2791 295k 33.1hi 30.17E
Control 216 jk 21.6 jk 21.6 jk 21.601 228q 28q 228q 22.801
Mean 2549C 26.85 8 290.24 A - 2854 C 3034 B 32944 -
Mean separation by Duncan Multiple Range (0.05)
thiosulfate at 3.5 cm/L. induced significantly the least On the average double sprays resulted in

percentage of this parameter with insignificant differences
from same treatment at medial concentration and the
monopotassium phosphate treatment at 3.5 g /L in the
second season. Interaction studies reveal that, least
acidity percentages at both seasons were induced by
potassium thiosulfate treatment at 3.5 cm/L when 1t was
double sprayed or sprayed at the veraison stage with
msigmficant differences between them.

TSS8/acid ratio was significantly the highest with the
double sprays on the average (Table 5). Untreated berries
attammed significantly the least ratio. Whereas, statistically
the highest ratio was due to potassium thiosulfate at 3.5
e/l in both seasons. Interaction data illustrate that
highest ratio statistically was induced by double sprays
of potassium thiosulfate at 3.5 cm/L.
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signficantly the highest percentage of total berry
sugars (Table 6). Control attained on the average
significantly the least berry total sugars percentage.
Whereas, potassium thiosulfate at 3.5 cm/L resulted
in statistically the Thighest percentage in both
seasons of the investigation. The results attamned by
potassium thiosulfate at 2.5 e¢m/L in the first season
and monopotassium  phosphate at 3.5 g /L 1in the
second one were statistically equal. Interaction

studies  show  that, double sprays of potassium
thiosulfate at 2.5 or 3.5 cm/L resulted in sigmficantly
the highest total sugar percentage in both seasons.
The double sprays of monopotassium phosphate at 3.5 g
/1. were statistically equal in this respect in the second

season only.
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Total sugars %

2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+
Treatments Fruit set Veraison  Veraison Mean Fruit set Veraison Veraison Mean
Potassium thiosulfate 1.5 em/T. 14.3 jk 14.8 g-i 152 ¢ 14.77TE 14.7 m-o 153 i-m 158 g-i 15.27D
Potassium thiosulfate 2.5 em/T. 14.8 g-i 16.2 4 17.0 ab 16.00 AB 154 i-1 16.7 d-f 17.6 ab 16.57B
Potassium thiosulfate 3.5 cm/T 15.0 gh 16.4 c-e 174 a 16.27 A 15.6 h-j 171 b-d 182a 16.97T A
Monopotassiumn phosphate 1.5 /L. 14.2 jk 14.8 g-1i 152 ¢ 1473 E 14.5 no 15.2i-m 15.7 hj 15.13 DE
Monopotassiumn phosphate 2.5 g/~ 14.6 h-j 16.0ef 16.7 be 15.77BC 15.1 j-n 16.6 d-f 17.4 be 16.37BC
Monopotassiumn phosphate 3.5 g/ 14.8 g-i 16.2d-f 16.8 be 15.93BC 154 -1 169 c-e 17.6 ab 16.63 AB
Amiphole potassium 1.5 cn/L 14.2 jk 14.5ij 14.8 g-i 1450 E 1440 148 1-0 152 i-m 14.80E
Amiphole potassium 2.5 em/L 14.5j 152¢ 1581 1517 D 14.7 m-o 15.5ik 16.21-h 1547 D
Amiphole potassium 3.5 cm/L 14.6 h-j 16.0ef 16.5cd 15.70C 14.9 k-0 16.4 e-g 17.0b-e 16.10C
Control 14.0k 14.0k 14.0k 14.00 F 143 0 1430 1430 14.30F
Mean 14.50C 1541 B 15,944 - 1490 C 15.88 8 16504 -
Mean separation by Duncan Multiple Range (0.05)
Table 7: Effect of conducted treatments on total anthocy anin (mg/100g fw) of Crimson Seedless grape at harvest during 2008 and 2009 seasons
Total anthocy anin (img/100 gm)
2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+
Treatments Fruit set Veraison  Veraison Mean Fruit set Veraison Veraigon Mean
Potassium thiosulfate 1.5 c/L 44.3 i-k 44.8 g-j 45.2 - 44.77 EF 453 ik 45,9 g+ 46.2 £+ 45.80E
Potassium thiosulfate 2.5 c/L 46.1 b-f 46.3b-e 47.1 ab 46.50 B 46.6 e-g 49.3 ab 49.9 be 4829 A
Potassium thiosulfate 3.5 c/L 46.8 a-d 46.9a-c 47.6a 47.10 A 46.7 eg 49.4 ab 500a 48.70 A
Monopotassium phosphate 1.5 T, 43.8 -1 44310k 44.9 g-i 4133 FG 45.2 jk 45.7 g-j 46.3 f-i 1576 E
Monopotassium phosphate 2.5 gT. 454 e-h 46.0 c-f 46.5b-d 45.97RC 46.3 f-i 49.0 a-c 47.6 de 47.63 BC
Monopotassium phosphate 3.5 gT. 458 d-g 46.2 b 46.8 a-d 46.27RC 47.6 de 47.84d 49.2 ab 48.20 AB
Amiphole potassium 1.5 cm/L 433kl 43.6kl 44.7h-j 43.87 G 45.0 ik 454 h-k 46.3 f-i 45.67E
Amiphole potassium 2.5 cm/L 44.7 h-j 45.21-1 46.0 ¢-f 45.30 DE 45.8 g- 46.4 fh 47.2d-f 46.47D
Amiphole potassium 3.5 cm/L 45.2 {1 45.8d-g 46.4b-e 45.80 CD 47.2d-f 47.5 de 48.0 cd 47.57C
Control 4321 43.21 43.21 43.20H 446k M6k 4.6k M.6F
Mean 44.86 C 45.23 B 45.84 4 - 46.07C 47.10 B 47534 -
Mean separation by Duncan Multiple Range (0.05)
Table 8: Effect of conducted treatments on potassium®o in the berries of Crimson Seedless grape at harvest during 2008 and 2009 seasons
Potassium % (g/100 gm)
2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+
Treatments Fruit set Veraison  Veraison Mean Fruit set Veraison Veraison Mean
Potassium thiosulfate 1.5 c/L 1.28 h-k 1.32 g-k 1.36 g-k 1320 E-G 1.34pgq 1.39np 144 1n 1.390 G
Potassium thiosulfate 2.5 cm/L 1.67 ¢-f 1.74 e-h 2.20 ab 1.870 B 1.77f 1.85e¢ 246b 2.027B
Potassium thiosulfate 3.5 cm/LL 1.80 c-e 1.87 cd 237a 2013 A 1.91d 1.98¢ 263a 2173 A
Monopotassium phosphate 1.5 g/T. 1.25 ik 1.29 h-k 1.33 g-k 1.290 BE-G 1.30qr 1.350q 1.40 m-o 1.350H
Monopotassiumn phosphate 2.5 g/L 1.46 - 1.52 e-i 1.78 c-e 1.587 CD 1.54 ij 1.61h 1.88 de 1.677D
Monopotassiumn phosphate 3.5 g/L 1.60 d-g 1.67 ¢-f 1.93 be 1.733 BC 169g 1.77f 2.03¢ 1.830C
Amiphole potassium 1.5 cm/L 1.18jk 1.22ik 1.26 h-k 1.220FG 1.22 st 1.27rs 131qr 1.2671
Amiphole potassium 2.5 em/L 132 gk 1.381k 1.44 f-k 1.380 EF 1.38 op 1.45 Im 1.52jk 1.450F
Amiphole potassium 3.5 cm/L 1.40 t4k 1.46 15§ 1.52 e-i 1.460 DE 147kl 1.52 jk 1.59hi 1.527TE
Control 115k 115k 115k 1.150 G 118t 1.18¢t 1.18¢t 1.1807T
Mean 1411 8 1.462 8 1.6344 - 1480 C 1.5378 1.74 A -

Mean separation by Duncan Multiple Range (0.05)
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Table 9: Effect of conducted treatments on weight loss %6 of Crimson Seedless grape after 30 days of cold storage during 2008 and 2009 seasons

Weight loss %6 after 30 days of cold storage

2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+

Treatments Fruit set Veraison  Veraison Mean Fruit set Veraison Veraison Mean
Potassium thiosulfate 1.5 c/L 10.7 cd 8.2g- 7.81j 390D 12.4 be 10.0 e-h 9.2 ik 10.53D
Potassium thiosulfate 2.5 c/L 82 g4 6.8k-m 6.3 m 7.10F 9.7 hi 7.4 0-q 7.0 pq 8.03 H
Potassium thiosulfate 3.5 c/L 7.6 i-k 6.51m 53n 647G 87k-m 6.8qr 6.2r 7.231
Monopotassiumn phosphate 1.5 /L.~ 11.3 be 9.4 ef 8.2 g-j 963 C 12.8b 10.6e 9.8 g-i 11.07 C
Monopotassiumn phosphate 2.5 g/L 87fh 6.7k-m 6.0 mn 7.13F 10.5 ef 84 ln 7.6 op 883G
Monopotassium phosphate 3.5 g/T. 82 g 7.3j-i 6.8 k-m 7.43 EF 991h T.6o0p 7.0 pq 8.17H
Amiphole potassium 1.5 em/L 11.7 ab 10.1 de 8.8fg 10.20 B 13.0b 11.7d 104 e-g 11.70 B
Amiphole potassium 2.5 cm/L 9.8 de 8.5f- 7.8 h-j 870D 120 cd 9.6 h-j 8.3 mn 9.97E
Amiphole potassium 3.5 cm/L 93 ef 7.4 j-1 6.8 k-m T8E 11.44d 2.0j-1 8.0no 947F
Control 126a 126a 12.6a 12.60 A 142 a 14.2a 142 a 14.20 A
Mean 9814 8358 7.64C - 11464 953 B 8.77C -

Mean separation by Duncan Multiple Range (0.05)

On the average the double sprays treatment resulted
in statistically the utmost effect concerning the berry
anthocyanin content (Table 7). On the average all of the
treatments plgments
significantly compared with the control. Sigmficantly the
higher anthocyamin content was due to potassium
thiosulfate treatment at 3.5 em/L i both seasons and both
potassium  thiosulfate  treatment at 2.5 cm/L
monopotassium phosphate treatment at 3.5 g/I. in the
second season only. Interaction data declare that, highest
anthocyanin content was due potassium thiosulfate
treatment at 3.5 cm/I, sprayed at the veraison stage or
double sprayed in both seasons. In the first season,
comparable results were due to potassium thiosulfate
treatment at 3.5 cm/L sprayed at the fruit set stage. In the
second season however, comparable results were as a
result of wveraison sprays of potassium thiosulfate
treatment at 2.5 ¢/l and moenopotassium phosphate at
2.5 g/L in addition to double sprays of monopotassium
phosphate at 3.5 g/L.

conducted mncreased  this

Effect of Conducted Treatments on Berry Content
of Potassium: On the average berry content of
potassium was significantly the highest with double
sprays (Table 8). The considered treatments increased
this content statistically when compared with control with
the sigmficantly the utmost effect attributed to the
potassium thiosulfate treatment at 3.5 cm/L. Interaction
data clarify that double sprays of potassium thiosulfate at
35 o/l induced sigmficantly the highest berry
potassium content i both considered seasons. Medial
concentration of potassium thiosulfate with double
sprays resulted in an insignificantly different effect in the
first season only.
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Effect of Conducted Treatments on Fruit Quality after 30
Days Cold Storage: Double sprays resulted in the
sigmficantly the least weight loss percentage in both
seasons (Table, 9). Potassium thiosulfate at its' lugher
concentration led to significantly the least percentage
when compared with control and the remaiming
treatments. Interaction data show that mn the first season
double sprays of both potassium thiosulfate at 3.5 cm/L
and monopotassium phosphate at 2.5 em/L resulted in
significantly the least weight loss percentage. In the
significantly the utmost
reduction was due to double sprays and veraison spray

second season however,
of 3.5% from potassium thiosulfate with insignificant
differences between them.

Berry firmness was sigmficantly the highest
as a result of double sprays in both seasons
(Table, 10). On the average sprays of potassium
thiosulfate at 3.5 cm/L resulted in significantly the
highest berry firmness when compared with control and
the remaming treatments. Interaction data declare that
statistically the firmest berries were dedicated to double
sprays of potassium thiosulfate at 3.5 cm/I. in both
Seasons.

On the average shattering percentage was
significantly the least as a result of the double
sprays (Table, 11). Spraying potassium thiosulfate at
35 cm/L m both seasons mduced significantly the
least shattering percentage i both seasons. In the

second season however, comparable percentage
was due to 2.5 cm/L  sprays from the same
compound.  Interacton data show that double

sprays of both medial and high concentrations of
potassium  thiosulfate induced the
percentage.

least shattering
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Table 10: Effect of conducted treatments on firmness (g/cm?2 ) of Crimson Seedless grape after 30 days of cold storage during 2008 and 2009 seasons

Firmmess after 30 days of cold storage

2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+
Treatments Fruit set Veraison Veraison Mean Fruit set Veraison Veraison Mean
Potassium thiosulfate 1.5 em/T. 3243 n 365.2k 4165g 3687 G 350.2p 404.5n 45931 407.7 G
Potassium thiosulfate 2.5 em/T. 42531 A46.6d 4777 b 4499 B 468.2 gh 493.4 e 5285h 496.7TB
Potassium thiosulfate 3.5 cm/LL 4463 d 467.5¢ 498.6 a 470.8 A 490.4 e 5153 ¢ 550.7a 5188 A
Monopotassium phosphate 1.5 g/ 297.2 0 3384 m 38931 3416 H 331.2q 37550 431.4kl 3794 H
Monopotassium phosphate 2.5 ¢/ 389.2 1 4203 fg 4614 ¢ 423.6D 42741 462.6 hi 507.3d 465.8D
Monopotassiumn phosphate 3.5 ¢/ 394.3 | 425.5¢ 466.6 ¢ 4288 C 4357k 4706 ¢ 515.6¢ 4740 C
Amiphole potassium 1.5 cn/L 286.4 p 327.3n 3784 j 330.71 3194r 3643 p 419.2m 367.61
Amiphole potassium 2.5 em/L M2l 387.51 4387 e 3908F 3824 0 427.51 482,71 4309F
Amiphole potassium 3.5 cm/L 374.2§ 4053 h 4464 d 408.6 E M1.6n 446.3 j 191.5¢ 4198 FE
Control 254.6 q 254.6 q 254.6 q 25461 286.4 s 286.4 s 286.4 s 286411
Mean 3538C 383.88 42284 - 391.2C 424.6 B 467.3A4 -
Mean separation by Duncan Multiple Range (0.05)
Table 11: Effect of conducted treatments on shattering®o of Crimson Seedless grape after 30 days of cold storage during 2008 and 2009 Seasons
Shattering %0 after 30 days of cold storage
2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+
Treatments Fruit set Veraison Veraison Mean Fruit set Veraison Veraigon Mean
Potassium thiosulfate 1.5 c/L 93b 7.0ef 6.7 fg 7.67D 98¢ 83 e-h 8.0fi 870C
Potassium thiosulfate 2.5 c/L 5.61) 4.7kl 3.8mn 4.70 G 6.4 lm 5.3no 4.7 op 547H
Potassium thiosulfate 3.5 c/L 5.0jk 4.3 Im 32n 4.17H 6.21lm 5.0d 4.0p 5.07H
Monopotassium phosphate 1.5 /T, 10.2a 83c 7.0ef 850C 10.6 b 9.0de 84deg 933 B
Monopotassium phosphate 2.5 /T, 6.5 fg 4.6kl 4.7kl 527F T3i-k 6.2 Im 5.8 mn 643 F
Monopotassium phosphate 3.5 g/T. 58hi 5.2ik 4.2 1m 507 FG 6.7 kl 5.8 mn 5.3no 593G
Amiphole potassium 1.5 cm/L 10.6a 9.0b 7.6 de 9.07B 11.2 ab 97 cd 8.8 g-i 9.90B
Amiphole potassium 2.5 cm/L 82cd 7.0ef 6.7 fg 7.30D 8.7ef 7.6 h-j 6.9 j-1 773D
Amiphole potassium 3.5 cm/L 7.1ef 6.3 ch 5.7 hi 6.37E 7.7 g 6.8kl 6.3 Im 6.93E
Control 10.6a 10.6a 10.6 a 10.60 A 114 a 11.4a 11.4a 11.40A
Mean 7894 6.70 8 6.02C - 8.604 751 B 6.96 C -
Mean separation by Duncan Multiple Range (0.05)
Table 12: Effect of conducted treatments on T88% of Crimson Seedless grape after 30 days of cold storage during 2008 and 2009 Seasons
TSRS % after 30 days of cold storage
2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+
Treatments Fruit set Veraison Veraison Mean Fruit set Veraison Veraison Mean
Potassium thiosulfate 1.5 c/L 16.8k-m 17.0j-m 17.91 17.23E 17.3k-n 17.7 h-k 182 e-h 17.73F
Potassium thiosulfate 2.5 em/T. 187 d-g 19.2b-d 20.1 ab 1933 AB 19.0¢cd 19.6b 20.5a 1970B
Potassium thiosulfate 3.5 cm/LL 19.0 c-e 19.8a-c 203 a 19.70 A 19.4 be 20.2a 20.6a 20,07 A
Monopotassium phosphate 1.5 /T, 164 m 16.4m 17.1 i-m 16.63 F 16.9 mn 17.4 j-m 17.9 g+ 1740 G
Monopotassiumn phosphate 2.5 ¢/ 17.7 g-k 18.5d-h 19.0c-e 1840 C 18.2e-h 18.7 de 19.4 be 18.77D
Monopotassiumn phosphate 3.5 ¢/ 182 d-h 18.9¢c-f 19.8 ab 18.97B 18.5d-f 19.0 c¢d 20.2a 19.23C
Amiphole potassium 1.5 cm/L 164 m 16.6lm 16.7k-m 16.57F 16.9 mn 17.01n 17.51i-1 17.13G
Amiphole potassium 2.5 em/L 17.0 j-m 17.5h-1 18.1 e-i 17.53 DE 17.7hk 18.0 f-i 183 e-g 18.00 EF
Amiphole potassium 3.5 cm/L 17.6 h-1 17.915 18.7 df 18.07 CD 17.5i-1 17.9 g+ 18.9cd 1810FE
Control 164 m 164 m 16.4 m 16.40F 16.7n 16.7n 16.7n 16.70H
Mean 1742 C 17.82 8 1841 4 - 1781 C 18.22 B 18.824 -

Mean separation by Duncan Multiple Range (0.05)
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Table 13: Effect of conducted treatments on acidity %6 of Crimson Seedless grape after 30 days of cold storage during 2008 and 2009 Seasons

Acidity after 30 days of cold storage

2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+

Treatments Fruit set Veraison Veraison Mean Fruit set Veraison Veraigon Mean
Potassium thiosulfate 1.5 em/T. 0.65 a-d 0.64 a-e 0.61 a-g 0.63 AB 0.61 a-c 0.57 b+ 0.55¢c-g 0.57 BC
Potassium thiosulfate 2.5 em/T. 0.50 h-1 0.50 h-1 0.41 lm 047E 048 g-k 0.42 j-m 0.381m 043 DE
Potassium thiosulfate 3.5 c/L 0.49 h-m 0.47 i-m 0.39m 045 E 048 gk 0.40k-m 0.36m 041E
Monopotassiumn phosphate 1.5 g/L 0.67 a-c 0.64 a-e 0.62 a-g 0.64 AB 0.65 ab 0.60 a-d 0.58 a-e 0.61 AB
Monopotassium phosphate 2.5 /T, 0.56 d-j 0.57 c-i 0.46 j-m 053D 0.54 ¢h 048 ¢g-k 0.431m 048D
Monopotassium phosphate 3.5 g/T. 0.54 ek 0.53 fk 0.44 k-m 0.50 DE 0.51 e-i 0.43 i-m 0.40h-1 045DE
Amiphole potassium 1.5 cm/L 0.68 ab 0.66 a-d 0.64 a-e 0.66 AB 0.65 ab 0.65 ab 0.60 a-¢ 0.63A
Amiphole potassium 2.5 cm/L 0.63 a-f 0.61 a-g 0.57 c-i 0.60BC 0.60 a-d 0.54 ¢-h 0.53 1+ 0.56C
Amiphole potassium 3.5 cm/L 0.58 b-h 0.57 c-i 0.52 gk 0.56CD 0.57 b-t 0.51 e-i 0.49 d-i 0352C
Control 0.69a 0.62 a 0.69 a 0.69 A 0.66 a 0.66 a 0.66 a 0.66 A
Mean 0.604 0.594 0.54 8 - 0.584 0.53 8 0.50 8 -

Mean separation by Duncan Multiple Range (0.05)

Table 14: Effect of conducted treatments on T88% / acidity ratio of Crimson Seedless grape after 30 days of cold storage during 2008 and 2009 Seasons

T.S.8/Acidity ratio after 30 days of cold storage

2008 Season 2009 Season
Phase of spraying Phase of spraying
Fruit set+ Fruit set+

Treatments Fruit set Veraison Veraison Mean Fruit set Veraison Veraison Mean
Potassium thiosulfate 1.5 c/L 25.8 m-o 26.61-0 29.3i-n 27.23 DE 28.4n-p 31.1jn 33.1i-m 30.87 FG
Potassium thiosulfate 2.5 em/T. 374 d-g 384 d+ 49.0 ab A1.60 A 39.6fg 46.7 cd 53.9ab 1673 B
Potassium thiosulfate 3.5 cm/LL 388 de 42.1cd 521a 4433 A 404 ef 50.5be 57.2a 4937 A
Monopotassiumn phosphate 1.5 /L. 24.5no 25.6m-0 27.6j-0 25.90 EF 26.0 op 29.0 n-p 30.8k-n 28.60 GH
Monopotassiumn phosphate 2.5 ¢/ 31.6 h-l 32.5g4 41.3cd 3513 C 33,71k 38.9fh 45.1d 3923D
Monopotassium phosphate 3.5 g/T. 35714 35.7e-h 45.0 be 3813 B 36.3 g-i 44.2 de 50.5be 13.67C
Amiphole potassium 1.5 em/L 241 0 25.2 no 26.1 m-o 2513 FF 26.0 op 26.2 op 29.2 m-p 27.13HI
Amiphole potassium 2.5 cm/L 27.0 k-o 28.7i-0 31.8hk 29.17D 29.51-0 33311 34.5 ik 3243F
Amiphole potassium 3.5 cm/L 30.3 i-m 31.4h-1 36.0e-h 32.57C 30.7k-n 35.1hj 38.6fh 34.80E
Control 23.8 0 2380 23.80 23.80F 253p 253p 253p 25301
Mean 29.70B 31.00 B 36.204 - 31.58C 36.03 B 390.824 -

Mean separation by Duncan Multiple Range (0.05)

Tuice TSS% was significantly the highest with the
double sprays on the average (Table, 12). As for the
average treatment effect, spraying potassium thiosulfate
at 3.5 cm/L. resulted in significantly the highest juice
TSS % when compared with control and the remaining
treatments.

Insigrificant differences were attributed to potassium
thiosulfate treatments at 3.5 cm/L in the first season
orly. Interaction studies show that sigmficantly the
highest juice TSS% was obtamned due to double sprays
of potassium thiosulfate at 3.5 cm/L. Results of same
treatment sprayed at the veraison stage, double sprays
of 2.5 om/. from potassium thiosulfate and double
sprays of 3.5 em/L, from monopotassium phosphate were
insignificantly differed.

On the average, significantly the least juice acidity
was due to the double sprays in both seasons of the
mvestigation (Table, 13). Comparable results were
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conducted due to spraying at the veraison stage in the
second season only. Compared with control and the
remaining treatments significantly the least results were
due to higher concentrations of potassium taken from
potassium thiosulfate and monopotassium phosphate in
addition to medial concentration of potassium taken from
potassium  thiosulfate with insignificant differences
between them. Interaction data reveal that sigmficantly
the least juice acidity percentage was attributed to double
sprays of highest or medial concentrations of potassium
thiosulfate or monopotassium phosphate in both seasons.
In the first season comparable results were as a result of
spraying potassium thiosulfate at 3.5 cm/L at the fruit set
or version stages. In the second season however,
insignificant results were achieved as a result of spraying
2.5 or 3.5 cm/L of potassium thiosulfate at the veraison
stage or 3.5 cm/L. of monopotassium phosphate at the
veralson stage
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TSS8/acid ratio was significantly the highest with the
double sprays on the average (Table 14). Whereas,
average treatment effect illustrate that spraying potassium
thiosulfate at 3.5 cm/L resulted in sigmificantly the highest
ratio  when control. Insigmficant
differences were attributed by the potassium thiosulfate

compared with

at 2.5 cm/L in the first season only. Interaction results
illustrate that double sprays of potassium thiosulfate at
2.5 or 3.5 cew/L resulted in significantly the highest
TS8/acid ratio in both considered seasons.

In general double potassium sprays induced effects
that were significantly the highest concerning the
assessed parameters. This was accompanied by highest
levels of berry potassium. Previous studies by Omar and
Abdelall [9]; Alietal. [5]; Abd El-Razek et al. [31] pointed
out the mnportance of potassium applications at the
considered phenological stages 1.e. setting and Veraison
stages. Application at the former stage was found to lead
to cell enlargement and application at the later stage was
found to enhance sugar accumulation [21, 32-34]. The
double sprays was associated with the utmost berry
potassium content and this in our opinion verify its'
utmost effect.

As a general trend all forms of potassium
successfully improved the assessed quality and storage
parameters. Superiority was dedicated to potassium
thiosulfate and in general to highest concentration used
te. 3.5 ci/L. This was accompamed by highest berry
potassium concentration. This clarifies that potassium
absorption is related to the source. These findings are in
parallel with those attained by Omar and Abdelall [9];
Hassan et al [10] and Zhenming et al. [11] concerning
that, the source of potassium affects absorption.

In specific potassium thiosulfate increased the berry
weight, Tuice TS5%, juice TSS/acid ratio, total sugars and
anthocyanin content which is highly related with the
berry coloration as previously indicated by Ali et al. [5]
and Abd El-Razek er al. [31]. Whereas, juice acidity was
markedly decreased. These findings are similar with
those previously attained by Omar and Abdelall [9] and
Alietal [5].

In our opinion these enhancements are basically due
effects induced by higher berry potassium concentrations
as cell enlargements and sugars accumulation [8, 11, 32].
In addition to potassium effects on improving the berry
tolerance to stresses [14,16]. Effects sulphur as better
potassium absorption due to lowering the PH should be
put mto consideration [35, 36].

The best berry quality maintenance after cold storage
mn terms of least weight loss percentage, least acidity%a,

83

least percentage of shattering, highest TSS% and highest
juice TSSfacid ratio was attributed to the potassium
thiosulfate treatment. These findings go with those
previously illustrated by Ali efal. [5] and Mohmed
etal [37].

These findings are possibly due the effect of
potassium 1 dimimshing the respiration rate, reducing the
sugar consumption, maintaining the berry quality and
retarding the senescence phase [5, 10, 32].

In conclusion double sprays at both the fruit set and
veraison phenological stages resulted in the utmost
potassium absorption and this was reflected on clear
enchantments of berry quality and storability. Of the three
potassium tested forms potassium thiosulfate was the
best and this was verified by the utmost enhancements of
both berry quality at harvest and maintenance of quality
after cold storage. Tlis was associated with highest berry
potassium content at harvest leading to the afore
mentioned enhancements in addition to effects attributed
to sulphur.
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