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RESULTS AND DISCUSSION 

1. Spur bud burst % 
Data presented in Table (1) show the effect of dormex, 

thidiazuron (TDZ) mineral oil (MO) and urea as bud breaking 
dormancy materials sprayed on 20 December of the two studied 
seasons on the percentage of spur bud burst on various dates of 
"Anna" apples during 95/96 and 96/97 seasons. 

Data clearly showed that dormex and TDZ were effective than 
MO or urea in increasing the percentage of spur bud burst. However, 
no significant differences were recorded between MO or urea than 
control, in the first sample date (21/1). On contrary, Dormex at 2, 3 or 
4% and TDZ at 0.2, 0.03 and 0.04% were effective either in hastening 
bud burst or increasing the percentage of spur bud burst. At the end of 
sampling date (11 Feb.) the percentage of spur bud burst were 83.2%, 
88.5% and 93.4%for 1, 2 and 3% dormex (first season), respectively. 
compared with 25.2% for control. Additionally, great but slight than 
dormex effect was noticed by TDZ where it gives 78.2, 81.7 and 
83.3% of spur bud burst. On contrary, MO and urea treatments gives 
about 25.5-58.7% of spur bud burst which means that these treatments 
were less effective in increasing spur bud burst in "Anna" apples. The 
less % of spur bud burst with control, MO or urea treatments means 
that these treatments need a lot of time than dormex or TDZ to reach 

to high spur bud burst%. 
In details, sprayed "Anna" apple trees with dormex either at 2, 

3 or 4% on dormant buds greatly enhanced the percentage of spur bud 
burst. However, dormex at 4% was more effect than 2 or 3%. On 
contrary, TDZ at 0.02, 0.03 or 0.04% could be useful in breaking bud 



It is clear that the index values of floral bud burst gradually 
increased with increasing the number of days after spraying either in 
control or different treatments. After 28 days of spraying (18/1) no 
significant differences between different treatments and control in 
affecting the index values of floral spur bud burst except doratex at 3 
or 4%. However, after 58 days of spraying (18/2) all treatments were 
superior than control in increasing the index values of Foral spur bud 
burst. Generally, it could be noticed that dormex was superior 
followed by TDZ, urea whereas MO came later in hastening the index 
values of floral bud burst. The index values of floral spur bud burst 
ranged from 6.8-7.2, 4.9-6.1; 1.4-3.6 and 2.8-3.4 for dormex, TDZ, 
MO and urea, respectively after 58 days of treatments. These results 
declare that dormex and TDZ were effective in hastening the obening 
of floral spur of "Anna" apples trees. The beneficial economically of 
these results are hastening of fruit maturation and shortening harvest 

period. 
The same trend of results was also found in the second season 

of study. 

3. Spur bud % reached full bloom 
Data in Table (3) show the effect of hydrogen cyanamide, 

Thidiazuron (TDZ), mineral oil (MO) and urea on spur bud % reached 
full bloom of "Anna" apple during 1995/1996 and 1996/1997 seasons. 

Spur bud % reached full bloom increased with advancing in 
growing season regardless of the used treatments. After 35 days of 
spraying the different materials, no spur bud reached full bloom in 
MO, urea treated trees or control. However, at the same time (25 Jan.) 
spur bud % reached full bloom were 11.2, 18.3, 19.2, 7.2, 8.3 and 
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dormancy in "Anna" apples. From the economical view, TDZ is cheap 
than dormex and gives better results in this respect. 

Regarding the application of mineral oil and urea for breaking' 
dormancy in "Anna" apple trees, data showed that they were 
negligible and could be used as a defoliant materials and completed 
their function with dormex or TDZ. 

The obtained data are in harmony with Mohamed et al (1995) 
who sprayed "Anna" apple trees / MM 106 with 4% Dormex on 21 
Dec. or 21 Jan. they found that Dormex gave the highest significant 
effect on flower bud burst by all the dates except on it's late spray 21 
Jan. EI-Sherbini (1992) found that Dormex at 4-6% resulted in 
significant increase in bud bust of MM 106 apple rootstock stools. 

Also, Ko (1993), reported that the percentage of flower bud 
break in Rome Beauty apple was in significantly increased by the 
application of 4% Dormex but the percent of 2% had no significant 
effect in this connect. Also, he reported with the use of Dormex in the 
low chilling cultivar Anna apple, the percentage bud break did not 
significantly affect, only the application of Dormex reduced the period 
of bud break within 12 days. 

Bondok et al (1995) found that thidiazuron, particularly, at 
2000 ppm increased percentage of bud break and decreased the time 
required to reach full flowering compared with untreated trees. 

2. Index values of floral spur bud burst 
Data shown in Table (2) show the effect of hydrogen 

cyanamide, Thidiazuron (TDZ) mineral oil (MO) and. urea on the 
index values of floral spur bud burst of "Anna" apple trees during two 
successive seasons. 
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10.2% for 2, 3, 4% dormex and 0.02, 0.03 and 0.04% TDZ, 

respectively. 
With advanced in sampling date a great effect to dormex and 

TDZ on increasing spur bud % reached full bloom. 
After 57 days of treatments (17 Feb.) spur bud % reached full 

bloom was about 78.2-93.3 and 70.2-81.5% for dormex and TDZ 
treatments compared with 4.2-7.9 and 6.3-17.3% for MO and urea 

treatments, respectively. 
The great effect to both dormex and TDZ in overcoming on 

the shortage in chilling requirement in warm winter regions led the 
apple growers to use these materials than MO or urea materials. 
However, dormex at 4% was significantly affect spur bud % reached 
full bloom than 2 or 3%. However, TDZ at 0.03 or 0.04% were 
namely similar in their affecting on spur bud % reached full bloom 

compared with 0.02%. 
No significant differences were detected between different used 
concentrations of mineral oil. Moreover, urea at 12% was effective 
than 8 or 10% although all were negligible in increasing spur bud % 

reached full bloom. 

4. Fruit set %, number of retained fruits / tree and average 
yield / tree (kg) 

Data presented in Table (4) show the effect of hydrogen 
cyanamide (dormex), thidiazuron (TDZ), mineral oil (MO) and urea 
on fruit set, number of retained fruits / tree and average yield / tree 
(kg) of "Anna" apple trees during two successive seasons. 

From data of first season, it is noticed that different treatments 
greatly affected fruit set % either positively or negatively than control. 
However, all used treatments increased fruit set % than control except 
the mineral oil treatments at 3 and 4% and 8% urea were nearly 
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similar to control. However, mineral oil at 2% concentration reduced 
fruit set % than control. On the other hand, data of second season 
declare that all concentrations of Mineral oil exhibited values of fruit 
set similar to control whereas, all urea concentrations reduced fruit set 

% than control. 
The highest values of fruit set were obtained with trees treated 

with 4% dormex or 0.04% TDZ (first season) and those trees treated 

with 4% dormex only (second season). 
Regarding the number of retained fruits / tree, it is clear that 

dormex and TDZ treated trees produced more retained fruits than 
control. On the other hand, mineral oil and urea treated trees produced 
less retained fruits than control. The highest number of retained fruits 
was obtained with 4% dormex followed by 2 and3% dormex with no 
significant differences between the later concentration of dormex (2 
and 3%). Regarding TDZ treatments, it is obvious that 0.04% TDZ 
was superior followed by 0.03 and 0.02% treatments. Urea treated —
trees produced less numbers of retained fruits but 12% treatment was 
superior than 8 or 10%. On contrary, mineral oil treated trees 
produced the least values of retained fruits / tree. 

Dormex treated trees at 2, 3 or 4% produced more retained 
fruits than other used treatments due to the ability of dormex material 
on increasing and advancing bud burst and consequently affecting 

yield attributes. 
Regarding total yield (kg / tree), it is evident that all used 

treatments increased total yield (kg / tree) than control. However, the 
highest yield (23.7 kg / tree) was obtained by 4% dormex followed by 
urea 12% (19.5 kg / tree). No significant differences were detected 
between all urea concentrations total yield where they were exhibited 

similar values of total yield / tree. 
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On the other hand, the trees treated with thidiazuron (TDZ) at 
0.02, 0.03 and 0.04% produced similar yield / tree with no significant 
differences between them. However, the least values of total yield / 
tree were obtained with the trees treated with mineral oil with the 
three used concentrations. 

Generally, it could be noticed that average total yield tree for 
dormex treatments was 17.6-23.7 kg, TDZ was 16.8-18.3 kg; MO was 
14.7-16.3 kg and urea was 18.6-19.5 kg, compared with 11.6 kg only 
for untreated trees. 

From economic point, it could be recommended by application 
of urea as a breaking agent materials for "Anna" apples as an 
alternative application to dormex. This observation attributed to the 
nutritive role to urea plus its role in breaking bud dormancy. 
Moreover, the responses to decidious fruit trees to urea are related to 
many factors including: 

1- Extreme temperature regimes before and after anthesis 
increased natural thinning of fruits, even without chemical 
treatment. 

2- Drought or conditions of excess summer irrigation reduced 
fruit set the following spring. 

3- Under non-optimal irrigation conditions, a sharp increase 
in proline levels was noticed and reduced the effect of 
urea. 

4- The nitrate reductase activity in flowers decreased under 
non optimal irrigation conditions at the pink bud slage 
which become more sensitive to chemical thinning by urea. 

5- The increase in nitrate reductase activity a week before 
thinning with urea was correlated with hastened fruit set. 
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The increase in total yield as a result of breaking agent 
materials compared with control was also found in the second season 

of study. 

5. Harvest date and days earlier than control 
Data in Table (5) show the effect of hydrogen cyanamide, 

thidiazuron, mineral oil and urea as breaking agent materials on 
harvest date and days earlier than control of "Anna" apples during 

95/96 and 96/97 seasons. 
In first season, maturation of untreated "Anna" apples was 18 

June as found with 4% MO treated trees. Except of this treatment, all 
used treatments hastened fruit maturation than control. The dormex 
treated trees maturation was 3-5 June, for TDZ 7-8 June, for MO 16-
18 June and for urea 11-12 June. It is evident from Table (5) that 
dormex treatments hastened "Anna" apple fruits maturation by 13-15 
days, 10-11 days with TDZ, 0-2 days with MO and 6-7 days with 

urea. 
The earlier yield of "Anna" apples is required for the high 

prices and shortened harvest days which reduced the harvest costs. So, 
it is important to applied dormex, TDZ and urea spraying on "Anna" 

apple trees to accelerate fruit maturity. 
Data of second season showed that fruit maturity was in 25 

June and the treatments hastened it by about 1-12 days. This unstable 
data from season to another could be attributed to the charge in 
climatic conditions from season to another which affect breaking 

agent materials action. 
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Table (5): Effect of Hydrogen Cyanamid (Dormex), Thidiazuron 
(TDZ), Mineral oil (M.0)and Urea as bud breaking agent 
materials on harvest date of "Anna" apple trees during 
1995/1996 and 1996/1997 seasons. 

Seasons 1995/1996 1996/1997 

Treatments 
Harvest 

date 

Days earlier 

than control 

Harvest 

date 

Days earlier 

than control 

Control 18/6/96 0 25/6/96 0 

Dormex 2% 5/6/96 13 14/6/96 11 
Dormex 3% 5/6/96 13 14/6/96 11 

Dormex 4% 3/6/96 I 5 13/6/96 12 

TDZ 0.02% 7/6/96 11 15/6/96 10 

TDZ 0.03% 8/6/96 1 0 17/6/96 8 

TDZ 0.04% 8/6/96 10 16/6/96 9 

M.0 2% 16/6/96 2 23/6/96 2 

M.O 4% 17/6/96 1 24/6/96 1 

M.O 6% 18/6/96 0 24/6/96 1 
Urea 8% 11/6/96 7 19/6/96 6 

Urea 10% 12/6/96 6 20/6/96 5 

Urea 12% 11/6/96 7 18/6/96 7 

Means in each column and line with the same letter (s) are not 
significantly different at 5% level. 
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6. Fruit quality 
Data tabulated in Table (6) show the effect of hydrogen 

cyanamide, Thidiazuron, mineral oil and urea on fruit quality of 
"Anna" apples during 95/96 and 96/97 seasons. 

Fruit firmness with all treatments were less than control except 
mineral oil treated trees. Fruit firmness of untreated fruits was 14.2 

lb/inch2  compared with 13.2-13.8 lb / inch2  for dormex, 13.8 lb / inch 2  

for TDZ, 14.0 lb / inch2  for urea whereas mineral oil was 15.3-16.8 lb 

/ inch2 . The reduction of fruit firmness with the fruits produced from 
trees sprayed with breaking dormancy materials could be attributed to 
early maturation of treated fruits and become more soft than control. 

Data showed that no significant differences were obtained 
between different treatments in their affect on T.S.S.% or titratable 
acidity %. Average T.S.S. was 10.8% in control compared with 10.8-
12.2 in different treatments. Also, no significant differences were 
noticed between different treatments in titratable acidity where it was 
ranged from 0.30 to 0.63 g malic acid / 100 g fresh weight in treated 

or untreated fruits. 
Regarding anthocyanin content, it is clear that the high content 

of anthocyanin pigment in fruits was obtained with all urea treatments 
than other treatments or control. No significant differences were 
detected between different concentrations of urea. However, TDZ at 
0.03 or 0.04% produced fruits with high anthocyanin content with no 
significant differences between them. On the other hand, the poor 
coloration was obtained with all dormex concentration and control 
with no significant differences between them. The great effect to urea 
on increasing anthocyanin pigment in fruit skin due to it considerect 
as a nutritive material and plays an important role in fruit metabolism. 
The same trend of results was also found in the two studied seasons. 
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7. Mean length of new shoots number of leaves / shoot 
Data presented in Table (7) show the effect of some bud 

breaking dormancy materials on shoot length and number of leaves 
per shoot of "Anna" apple trees during 1995/11996 and 1996/1997 
seasons. It is evident that all treatments used in this experiment had 
greatly affected shoot length and number of leaves shoot of "Anna" 
apple trees. The tallest shoots were obtained with dormex at 4% in 
both seasons whereas the shortest ones were obtained with urea 10 
and 12% (first season) and urea 8, 10 and 12% and mineral oil 2,4 and 
6% (second season). The increase in shoot length with dormex 4% 
may be due to the great effect to dormex in advancing opening and 
hastening vegetative growth including shoot length. 

Regarding to the number of leaves shoot. It is clear that all 
TDZ treatments were superior than other treatments in increasing 
number of leaves shoot. These effects were recorded in the two 

studied seasons. 
Previous reports had emphasized that the effect of H2CN2 and 

Thiadiazuron as a dormancy breaking agent (North, 1992; Erez, 1987 

and Stino, 1997) and its ability to enhance the effect of low chilling 
hours (0 to 400 unit) considerable results of H2CN2 trials on "Anna" 
apple trees have been reported in Egypt (Hasseeb and Elezaby, 1993; 

Bondok et al 1995 and Stino, 1997) Yemen (Finetto, 1993) and 

Thailand (Krisanapook et al 1995). The obtained data are in harmony 

with (North, 1992 and Petri & Stucker, 1995) on Golden Delicious 

and Fuji apple trees. 
The negative effect to Thiadazuron on yield and harvest date 

of "Anna" apples were also reported by (Bondok et al 1995). 

8. Endogenous hormones 

Data tabulated in Table (8) show the change in auxins, 
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Table (7): Effect of Hydrogen Cyanamid (Dormex), 
Thidiazuron (TDZ)„ Mineral oil (M.0)and Urea as bud breaking 
agent materials on mesn length of new shoots of number of leaves / 
shoot of "Anna" apple trees during 1995/1996 and 1996/1997 seasons. 

Seasons Mean length of new 

shoots (cm) 
Number of leaves/shoot 

Treatments 1995/1996 1996/1997 1995/1996 1996/1997 
Control 18.7 h 22.6 fg 31.0 e 28.1 d 

Dormex 2% 29.2 cd 27.7 de 35.0 d 32.7 bc 
Dormex 3% 30.1 bc 31.7 be 38.7 c 32.3 bc 
Dormex 4% 35.8 a 37.6 a 38.7 c 32.3 bc 
TDZ 0.02% 28.7 cd 30.5 cd 41.2 b 38.3 a 
TDZ 0.03% 28.6 cd 30.5 cd 43.3 b 40.1 a 
TDZ 0.04% 27.3 d 30.5 cd 45.5 a 39.3 a 
M.O 2% 21.7 fg 20.2 g 28.5 fg 30.8 bcd 
M.O 4% 22.8 ef 21.3 g 27.6 g 28.2 d 
M.O 6% 24.3 e 22.2 g 28.7 fg 29.2 cd 
U r e a 8°/0 21.6 fg 21.6g 30.8 ef 33.6b 
Urea 10% 20.7 fgh 23.7 fg 31.0 e 32.7 bc 

Urea 12% 19.8 gh 25.2 ef 32.0 e 32.2 b 

Means in each column and line with the same letter (s) are not 
significantly different at 5% level. 
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gibberellins and ABA levels in "Anna" apple buds as affected by 
some bud breaking materials during 1996/1997 season. 

It is clear that bud extracts of untreated apple trees showed the 
lowest values of auxins and gibberellins and the highest values of 
ABA levels. However, an evident increase in auxins and gibberellins 
and remarkable decrease in ABA levels were noticed after 30 days of 
spraying doremex. TDZ mineral oil or urea. However, dormex and 
TDZ treatments were more effective than both urea and mineral oil in 
reducing growth inhibitors (ABA) and increasing growth promoters ' 
(GA3  and auxins). The hormonal determinations showed distinct 
relationships with the obtained data of vegetative growth and 
becoming date. 

The obtained data are in harmony with Seeley and Powell 
(1981) who reported that ABA level was high in the shoot lips during 
mid summer increased to a maximum just prior to leaf fall and 
decreased to a minimum just prior to bloom. Wood (1983) stated that 
ABA may be associated with growth inhibition after bud break but 
that free ABA dose not regulate bud break in addition. Wang et a! 
(1987) reported that ABA was not involved in thidiazuron induced 
apple bud break but promoted growth. In this regard Pieniazek and 
Rudnicki (1971). Showed that the breaking of dormancy in apple 
buds was not as dependent on reducing endogenous ABA level in the 
bud as on the accumulation of endogenous stimulators. Such as 
gibberellins in this respect, Obhlidalova et a! (1980) and Rabie et a! 
(1992) recorded an increase in gibberellins levels during dormancy 
break of potato tubers. Also, Bondok et al (1995) found an increase in 
GA3  and a decreased in ABA with spraying TDZ on "Anna" apple 
buds. 
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The obtained data are in harmony with Seeley and Powell 
(1981) who reported that ABA level was high in the shoot lips during 
mid summer increased to a maximum just prior to leaf fall and 
decreased to a minimum just prior to bloom. Wood (1983) stated that 
ABA may be associated with growth inhibition after bud break but 
that free ABA dose not regulate bud break in addition. Wang et al 

(1987) reported that ABA was not involved in thidiazuron induced 
apple bud break but promoted growth. In this regard Pieniazek and 
Rudnicki (1971). Showed that the breaking of dormancy in apple 
buds was not as dependent on reducing endogenous ABA level in the 
bud as on the accumulation of endogenous stimulators. Such as 
gibberellins in this respect, Obhlidalova et al (1980) and Rabie et al 

(1992) recorded an increase in gibberellins levels during dormancy 
break of potato tubers. Also, Bondok et al (1995) found an increase in 
GA3  and a decreased in ABA with spraying TDZ on "Anna" apple 
buds. 

Among growth regulators giberellins was the most effective in 
breaking the rest period in peach (Erez, 1971). Furthermore, Read et 

a/ (1986) reported that thidiazuron appear to has storage cytokinin like 
effects on a wide range of species and on species which respond little 
to congenital cytokinins. Thidiazuron was found to be more effective 
in breaking dormancy in apple bud 20 time than cytokinins Wang et 

a/ (1986) and Read et al (1986) has been reported that thidiazuron 
stimulates shoot proliferation on several woody species. 
9. Storage ability 

Data tabulated in Tables (9-16) show the effect of different 
bud breaking agent materials on storage life of "Anna" apple fruits 
stored at 0°C±2 and 90% RH during 95/96 and 96/97 seasons. 
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1. Discarded fruits % 
Data in Table (9) showed that all bud breaking agent materials 

increased discarded fruits % during storage at 0°C±2 and 90% RH 
than control. However, after 15 days of cold storage discarded fruits 
% was 4.5% in control compared to 4.2 to 7.3% for different 
treatments. However, after 30 days of cold storage, all dormex and 
TDZ treated fruits were exhibited the high discarded fruit % than M.0 
or untreated fruits. The increase in discarded fruits % with dormex and 
TDZ materials could be attributed to the increase in fruit respiration 
and consequently the lost in fruit components and increasing the 
discarded fruits. The same trend of results was also noticed in the 
second of study. 

Generally, it could be concluded that bud breaking agent 
materials are used for early production of Anna apples. Consequently, 
it is not important to store these treated fruits, but it could be useful 
with the bulk production with short storage duration. 

2. Weight loss °A 
As it shown in Table (10), weight loss % of "Anna" apples 

was increased with increasing storage life. However, all bud breaking 
agent 

materials increased weight loss % than control during storage at 
0°C±2 and 90% RH. However, the high weight loss % was obtained 
with dormex treatments especially with 4% treatment. Generally, 
weight loss % of "Anna" apples ranged from 3.5 to 5.7% after 30 days 
of cold storage. The increase in weight loss % of bud breaking agent 
materials treated fruits due to the increase in water loss and respiration 
process. 
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Table 9. Effect of Hydrogen cyanamide (Dormex), thidiazuron (TDZ), 
mineral oil (MO) and urea as bud breaking agent materials on 
discarded fruits of "Anna" apples stored at 0°C±2 and 90% 

RH, during 95/96 and 96/97 seasons. 

Days in cold storage 1995/1996 season 1996/1997 season 

Treatment 15 30 15 30 

Control 4.5ce 7.2 e 5.8 c 8.9 bd 

Dormex 2% 5.3 be 8.2 ce 6.2 c 9.3 ac 

3% 6.2 ab 9.3 ab 8.2 ab 10.2 ab 

4% 6.6 ab 10.2a 9.7a 11.2a 

TDZ 0.02% 4.2 ce 8.7 bd 5.6 c 7.8 ce 

0.03 % 5.3 be 9.6 ab 5.6 c 7.2 de 

0.04% 5.6 bce 9.7 ab 5.6 c 8.2 be 

MO 2% 5.7 be 7.2 e 4.2 c 6.6 e 

4% 5.8 a-c 7.7 de 5.3 c 7.7 ce 

6% 5.8 a-c 8.2 ce 5.2 c 7.2 de 

Urea 8% 6.2 ab 7.8 de 5.5 c 6.2 e 

10 % 6.2 ab 8.9 be 5.6 c 7.8 ce 

12% 7.3 a 9.3 ab 6.7 bc 8.2 be 

Means in each column with the same letter (s) are not significantly 

different at 5% level. 
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Table 10. Effect of Hydrogen cyanamide (Dormex), thidiazuron 
(TDZ), mineral oil (MO) and urea as bud breaking agent 
materials on weight loss % of "Anna" apples stored at 
0°C±2 and 90% RH, during 95/96 and 96/97 seasons. 

Days in cold storage 1995/1996 season 1996/1997 season 

Treatment 15 30 15 30 

Control 2.6 d 3.5 f 3.8 bd 4.2 bd 

Dormex 2% 3.7 bc 4.3 de 3.9 bc 4.4 ac 

3% 4.2 a 5.3 ab 4.4 ab 4.9 ab 

4% 4.8 a 5.7 a 4.7 a 5.1 a 

TDZ 0.02% 2.6 d 3.6 f 2.0 f 2.4 e 

0.03 % 2.8 d 3.8 ef 2.2 f 2.6 e 

0.04% 3.9 b 5.0 bc 3.1 e 3.5 d 

MO 2% 3.0 cd 4.1 ef 3.3 ce 3.7 d 

4% 3.0 cd 4.3 de 3.2 de 3.6d 

6% 3.0 cd 4.2 ef 3.4 ce 3.9 cd 

Urea 8% 3.1 bd 4.4 ce 3.0 e 3.6 d 

10% 3.2 bd 4.3 de 3.1e 3.7d 

12% 3.8 bc 4.9 bd 3.2 de 3.5d 

Means in each column with the same letter (s) are not significantly 
different at 5% level. 
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3. Shelf life (in days) 
Data in Table (11) showed that all used treatment decreased 

shelf life of treated fruits than control during'all cold storage periods. 
Generally, shelf life was decreased with increasing storage life 

either in treated or untreated fruits. At the beginning of cold storage 
durations, shelf life of untreated fruits was 7.2 days compared with 
5.2-6.6 days for different treatments. After 30 days of cold storage, no 
significant differences between control or 2% dormex. However, no 
significant differences were detected between mineral oil or urea 
treated trees. The decrease in shelf life of bud breaking agent materials 
treated fruits is due to the increase in water loss which caused fruit 

shrikage. 

4. Fruit firmness (lb / inch2) 
Data in Table (12) showed that all dormex and TDZ treatments 

were produced fruits with less firmness than control. However, 
mineral oil and urea treatments produced fruits with high firmness 
than other treatments or control. At the beginning of cold storage 
periods, the highest fruit firmness 15.3-16.2 lb / inch

2  was obtained 

with mineral oil, whereas the least fruit firmness 13.2-13.8 lb / inch
2  

was obtained with dormex treatments. However, after 30 days of cold 
storage, fruit firmness generally were nearly similar in different 
treatments except those of 4% mineral oil. The same trend of results 

was also noticed in the second season. 

5. Total soluble solids (T.S.S %) 
Data in Table (13) show the effect of some bud breaking agent 

materials on T.S.S. % of "Anna" apples stored at 0°C±2 and 90% RH 

during 95/96 and 96/97 seasons. 
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Table 11. Effect of Hydrogen cyanamide (Dorrnex), thidiazuron 
(TDZ), mineral oil (MO) and urea as bud breaking agent 
materials on shelf life, in (days) of "Anna" apples stored at 
0°C±2 and 90% RH, during 95/96 and 96/97 seasons. 

Days in cold storage 

Treatment 

1995/1996 season 1996/1997 season 

0 15 30 0 15 30 

Control 7.2 a 6.3 a 5.5 a 6.2 be 5.3 ab 4.2 ac 

Dormex 2% 6.5 ab 5.2 bd 5.5 a 5.3 c 4.2 be 3.5 be 

3% 5.4 cd 4.3 cf 3.2 c 5.3 c 4.2 bc 3.6 bc 

4% 5.3 cd 5.5 ab 4.3 b 5.3 c 4.2 bc 3.6 be 

TDZ 0.02% 6.2ad 5.3 ac 3.4 c 7.2 ab 6.3 a 4.2 ac 

0.03 % 6.2 ad 5.3 ac 4.2 b 6.2 bc 5.2 ab 3.2 cd 

0.04% 5.5 bd 5.2 bd 3.4 c 6.2 be 4.3 be 3.2 cd 

MO 2% 6.6 a 5.2 bd 4.6 ab 7.3 a 6.2 a 5.2 a 

4% 5.3 cd 4.4 ce 3.3 c 6.2 be 4.4 be 3.2 cd 

6% 5.2d 3.3f 3.2c 6.2 be 4.2 be 3.2 cd 

Urea 8% 5.4 cd 4.2 df 3.2 c 6.2 be 5.1 ab 4.3 ab 

10 % 6.3 ac 3.7 of 3.1 c 5.2 c 3.4 c 3.2 cd 

1 1 % 6.2 ad 4.6 be 3.0 c 5.2 c 3.3 c 2.2 d 

Means in each column with the same letter (s) are not significantly different 
at 5% level. 
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Table 12. Effect of Hydrogen cyanamide (Dormex), thidiazuron 
(TDZ), mineral oil (MO) and urea as bud breaking agent 

materials on fruit firmness (lb / inc2) "Anna" apples stored 

at 0°C±2 and 90% RH, during 95/96 and 96/97 seasons. 

Days in 

Treatment 

cold storage 1995/1996 season 1996/1997 season 

0 15 30 0 15 30 

14.2c 12.3cd 10.2d 13.8 c 11.4cd 10.3bc 
Control 

Dormex 2% 13.3d 11.3d 10.2d 13.9 c 12.2ac 11.2ab 

3% 13.2d 11.8d 11.0cd 12.8 d 11.3cd 10.2bd 

4% 13.8cd 12.4 c 11.6bd 13.6 c 12.4ac 11.4ab 

TDZ 0.02% 13.8cd 12.2cd 11.2cd 12.6d 11.5bd 10.6ac 

0.03 % 13.8cd 12.2cd 11.3bd 11.7 f 10.0 d 10.8ac 

0.04% 13.8cd 12.2cd 11.2cd 11.8ef 10.0 d 9.2 cd 

MO 2% 15.3 B 13.5bc 12.6ac 14.7 b 12.2ac 10.3bc 

4% 16.8A 15.6a 14.5a 15.9a 13.4a 11.2ab 

6% 16.2 A 14.6ab 13.3ab 15.8 a 13.6 a 11.2ab 

Urea 8% 14.0cd 12.3cd 11.2cd 12.3 df 11.3cd 10.0cd 

10 % 14.0cd 12.3cd 10.1 d 12.3 df 11.2cd 10.2bd 

12% 14.0cd 12.2cd 11.3bd 12.5de 10.2 d 10.0cd 

Means in each column with the same letter (s) are not significantly different 

at 5% level. 
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Table 13. Effect of Hydrogen cyanamide (Dorrnex), thidiazuron 
(TDZ), mineral oil (MO) and urea as bud breaking agent 
materials on T.S.S.% of "Anna" apples stored at 0°C±2 and 
90% RH, during 95/96 and 96/97 seasons. 

Days in cold 

storage 

Treatment 

1995/1996 season 1996/1997 season 

0 15 30 0 15 30 

Control 10.8 a 11.5 e 12.3 b 11.3 a I2.7bc 14.2ac 

Dormex 2% 11.2 a 12.6ad 13.2ab 12.6 a 13.6ab 14.6ab 

3% 10.9a 11.7de 12.3b 12.7a 14.8a 14.8a 

4% 11.7 a 12.8ac 13.2ab 11.8 a 13.2bc 14.6ab 

TDZ 0.02% 10.9 a 11.9ce 12.2 b 12.2 a 13.3bc 14.2ac 

0.03 % 11.8 a 12.2be 13.3ab 11.7 a 12.2 c I3.6bc 

0.04% 11.8a 13.3a 13.3ab 10.8a 12.7bc 13.2c 

MO 2% 12.2 a 13.2ab 14.2 a 10.9 a 12.6bc 13.7ac 

4% 11.9 a 12.6ad 13.2ab 10.9 a 12.5 be 14.2ac 

6% 10.8 a 12.7ad 13.6 a 11.8 a 13.2bc 14.2ac 

Urea 8% 11.9 a 12.5a-e 13.2ab 11.8 a 13.3bc 14.3ac 

10% 12.1 a 13.4 a 14.2 a 11.8 a 13.2bc 14.2ac 

12% 10.8a 13.3a 13.8a 12.3a 13.2bc 14.2ac 

Means in each column with the same letter (s) are not significantly different 
at 5% level. 
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No significant differences between different treatments were 
detected at the beginning of cold storage periods. However, an evident 
increase in T.S.S.% with advanced in cold storage durations were 
obtained. After 15 days, the high T.S.S. % (13.4%).was obtained with 
10% urea whereas the least value (11.5%) was obtained with untreated 
fruits. After 30 days, T.S.S.% generally ranged from 12.2-14.2% for 
different treatments. The increase in T.S.S.% with increasing fruit 
storage life could be attributed to the activity of 0-amylas enzyme 
which turn the starch to sugars and consequently increase T.S.S. %. 
The same trend of results was also found in the second seasons. 

6. Titratable acidity (gm malic acid / 100 gm fresh weight) 
Data tabulated in Table (14) show the effect of different bud 

breaking agent materials on titratable acidity of "Anna" apple fruits 
stored at 0°C±2 and 90% RH during 95/96 and 96/97 seasons. 

No significant differences were noticed between different 
treatments in titratable acidity. An evident decrease n fruit acidity with 
advanced in cold storage periods were obtained. The higher value of 
fruit acidity was obtained with 10 and 12% urea after 30 days of cold 
storage. The decrease in fruit acidity with increasing storage life could 
be attributed to the consumption of acids in fruit respiration during 
Kreb's cycle pathway. The same trend of results was also found in the 

second season. 
7. Non -

soluble calcium content (mg / 100 gm dry weight) 
Data in Table (15) show the effect of dormex, TDZ, MO and 

urea as bud breaking agent materials on non-soluble calcium content 
of "Anna" apples stored at 0°C±2 and 90% RH, during 95/96 and 

96/97 seasons. 
It is clear that all used treatments decreased non soluble 

calcium content than control except mineral oil treatment. 
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Table 14. Effect of Hydrogen cyanamide (Dorrnex), thidiazuron 
(TDZ), mineral oil (MO) and urea as bud breaking agent 
materials on titratable acidity (gm malic / 100 gm fresh 
weight) of "Anna" apples stored at 0°C -±2 and 90% RH, 
during 95/96 and 96/97 seasons. 

Days in cold storage 

Treatment 

1995/1996 season 1996/1997 season 

0 15 30 0 15 30 

Control 0.48 a 0.42ab 0.40ab 0.53 a 0.50 a 0.47 a 

Dormex 2% 0.37 a 0.32bc 0.30 b 0.41 a 0.40ab 0.40ac 

3% 0.30 a 0.30 c 0.32 b 0.42 a 0.40ab 0.32bc 

4% 0.32 a 0.30 c 0.30 b 0.38 a 0.32 b 0.30 c 

TDZ 0.02% 0.29 a 0.30 c 0.32 b 0.38 a 0.32 b 0.30 c 

0.03 % 0.39 a 0.32bc 0.30 b 0.41 a 0.32 b 0.30 c 

0.04% 0.41 a 0.38bc 0.36b 0.35 a 0.32 b 0.30 c 

MO 2% 0.42 a 0.40bc 0.38 b 0.48 a 0.42ab 0.43 a 

4% 0.38 a 0.32bc 0.30 b 0.41 a 0.40ab 0.40ac 

6% 0.41 a 0.32bc 0.3013 0.51 a 0.42ab 0.43 a 

Urea 8% 0.53 a 0.42ab 0.40ab 0.50 a 0.50 a 0.42ab 

10% 0.63a 0.52 a 0.50 a 0.50 a 0.42ab 0.40ac 

12% 0.58 a 0.51 a 0.52 a 0.50 a 0.42ab 0.43 a 

Means in each column with the same letter (s) are 
at 5% level. 

not significantly different 

66 



Table 15. Effect of Hydrogen cyanamide (Dormex), thidiazuron 
(TDZ), mineral oil (MO) and urea as bud breaking agent 
materials on non-soluble calcium content (mg / 100 gm dry 
weight) of "Anna" apples stored at 0°C±2 and 90% RH, 
during 95/96 and 96/97 seasons. 

Days in cold storage 1995/1996 season 1996/1997 season 

Treatment 0 15 30 0 15 30 

Control 15.2 b 12.0bc 8.0 cd 16.0 b 12.0'13 9.6bd 

Dormex 2% 11.5ce 8.6df 7.7cd 12.8cd 7.9cd 5.8 d 

3% 10.6de 7.2ef 6.2cd I 1.3de 8.6bd 8.7bd 

4% 9.5 e 6.4 f 5.3 d 10.2 e 7.4 d 6.5cd 

TDZ 0.02% 12.2cd 10.7ce 8.8 c 12.3cd 8.7 bd 7.5 cd 

0.03 % 12.2cd 10.6ce 8.7 c 13.2cd 11.3 b 8.7bd 

0.04% 12.3cd 10.5ce 7.6cd 13.4 c 10.2bc 7.5cd 

MO 2% 16.2ab 14.4ab 12.3 b 18.2 a 15.3 a 11.2 b 

4% 18.6a 16.8a 15.4a 19.3a 17.6a 15.7a 

6% 18.8a 16.7a 13.6ab 19.2a 16.5a 15.6a 

Urea 8% 12.7 c I0.8ce 8.9 c 13.7 c 10.5 b 9.6 be 

10 % 12.2cd 1 1.6bc 8.3cd 13.2cd 11.5 b 9.6bc 

12% 11.3ce 10.6ce 7.2cd 12.4cd 11.5 b 8.7bd 

Means in each column with the same letter (s) are not significantly different 

at 5% level. 
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It is well known that decrease of non soluble calcium content 
is related with increasing fruit firmness. So that mineral oil treatment 
produced firmer fruits than other treatments. An evident decrease in 
non-soluble calcium content in treated or non-treated fruits was 
obtained with advanced in cold storage periods. After 30 days of cold 
storage, the least value of non-soluble calcium content (5.3 mg) was 
obtained with 4% dormex, whereas the high value (15.4 mg) was 
obtained with 4% mineral oil. The reduction of non-soluble calcium 
content with advanced in cold storage periods is due to the 
transformation of non-soluble calcium form to soluble calcium form 
by enzyme system. The same trend of results was also found in the 
second season. 

8. Soluble calcium content (mg / 100 gm dry weight) 
Data tabulated in Table (16) showed that values at soluble 

calcium content were in an opposite with those of non-soluble calcium 
content. However, a reduction in soluble calcium content with 
advanced in cold storage periods was noticed. It is clear known that as 
soluble calcium content increased fruit firmness decreased and the 
fruits become more soft, this was noticed with dormex treated fruits. 
Moreover, after 30 days of cold storage, mineral oil treatment 
produced fruits with less values of soluble calcium content which 
means producing firm fruits. The application of dormex and 
thidiazuron (TDZ) produced soft fruits and had a short storage life. 
The same trend of results was also noticed in the second season. 
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Table 16. Effect of Hydrogen cyanamide (Dormex), thidiazuron 
(TDZ), mineral oil (MO) and urea as bud breaking agent 
materials on soluble calcium content (mg / 100 gm dry 
weight) of "Anna" apples stored at 0°C±2 and 90% RH, 
during 95/96 and 96/97 seasons. 

Days in cold storage 

Treatment 

1995/1996 season 1996/1997 season 

0 15 30 0 15 30 

Control 10.2 e 8.2 ef 6.3 de 11.3 e 9.2 de 78.7 df 

Dormex 2% 14.6bc 12.3bc 11.7ab 17.3bc 13.4bc 12.4bc 

3% 16.5ab 14.2ab 13.8 a 18.2ab 16.2 a 14.6ab 

4% 17.8a 15.3a 14.9a 19.5a 16.2a 15.8a 

TDZ 0.02% 13.6cd 11.5cd 8.2cd 15.2 d 14.3ab 12.7bc 

0.03 % 12.3 d 10.3 d 7.3 d 15.3cd 11.6cd 10.5cd 

0.04% 13.0cd 10.2 d 6.2de 14.2 d 12.4bc 10.5cd 

MO 2% 9.2ef 5.2 g 4.2 e 10.2 ef 8.2 ef 7.3 ef 

4% 7.3 f 6.3 fg 5.4de 8.2 f 6.3 f 5.2 e 

6% 8.8 ef 7.5 f 6.6de 8.7 f 6.5 f 5.7 f 

Urea 8% 12.7cd I I.8cd 10.6bc 13.7 d 11.3cd 8.6de 

10 % 13.6cd 12.7bc I0.4bc 14.6 d 12.2bc 10.5cd 

12% 14.5bc 11.2cd 10.4bc 15.3cd 12.7bc 10.5cd 

Means in each column with the same letter (s) are not significantly different 

at 5% level. 
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