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ABSTRACT

Six  date  palm  cultivars  i.e.  Azadi,  Dhakki,  Gulistan,  Zahidi,  Shakri  and 
Khudrawi commonly grown in Dera Ismail Khan were studied for their physio-
chemical  composition  at  Agricultural  Research  Institute,  Dera  Ismail  Khan, 
Pakistan  during  the  year  2006.  Physio-chemical  measurement  was  made  at 
Kimri, Khalal, Rutab and Tamr stages. The results revealed that at Kimri stage 
number of weeks taken to complete the maturity were maximum in Gulistan 
(16.40 weeks), Dhakki (16.10 weeks) and Zahidi (16.00 weeks) against minimum 
in  Shakri  (11.86).  Significant  differences  were  observed for  physio-chemical 
characteristics at various maturity stages. Among the varieties maximum fruit 
size i.e. length (5.092 cm), dia (3.065 cm), fruit weight (23.36 g) and pulp weight 
(21.58 g) was produced by cv. Dhakki at Kimri stage. The moisture was found 
maximum in cv. Shakri at Kimri stage (85.05%). The total, reducing and non-
reducing sugars were maximum (71.05, 56.65 and 13.87%) in cultivar Dhakki at 
Tamr stage. The astringency percentage was found maximum in cv. Khudrawi 
(1.46%) at Rutab stage. Maximum yield (96.00 kg/palm) was found in Dhakki 
while minimum in Zahidi (32.00 kg/palm).

KEYWORDS: Phoenix dactylifera; cultivars; chemico-physical properties; 
Pakistan. 

INTRODUCTION

The date palm (Phoenix dactylifera L.) is extensively cultivated for its edible 
fruit. It is used on both fresh and dry forms. Being rich in sugar it is a source 
of  energy.  Most  of  the carbohydrates  in date in  the  form of  fructose and 
glucose are easily absorbed by the human body (6). The fruit of date palm is 
composed of a fleshy pericarp and seed. Abdessalam et al. (1), Al-Hahmoudi 
et al. (7), Zim et al. (26), Ahmed and Sheikh (4) and Khan (19) have reported 
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a significant variation in physio-chemical properties among the date varieties. 
El-Kosary and Soliman (14) also reported variation in fruit characteristics of 
various cultivars.  The date passes through four  different  stages from fruit 
setting to maturity i.e. Kimri, Khalal, Rutab and Tamr. The physio-chemical 
changes  occur  at  various  maturity  stages  which  have  been  reported  by 
various researchers in other parts of the world. Myhara  et al. (22) reported 
that in some varieties this later process completes rapidly making the fruit 
palatable  at  Khalal  stage.  Rutab  stage  is  characterized  by a  decrease  in 
weight due to moisture loss, a partial inversion of sucrose and a browning of 
skin and softening of the tissues. Al-Hooti et al. (8) reported that on maturity 
from Kimri  to Tamr stage sugar  content  increased,  but  other contents i.e. 
moisture, crude protein, ash, tennis and pectin decreased. Ahmad et al. (3) 
evaluated  12  varieties  of  date  palm  (Phoenix  dactylifera L.)  showed  that 
glucose and fructose increased rapidly with maturation from Kimri through 
Khalal, Rutab and Tamr stages. Total sugars may represent over 50 percent 
of flesh weight at Tamr stage. Godara et al. (16) observed rapid increase in 
size,  weight  and reducing sugar.  It  is  the  period of  high acid activity and 
moisture content (upto 85%). At Khalal stage when the fruit is turned yellow 
or red, weight gain is slow but sucrose content increases, moisture content is 
decreased and fruit loses its astringency. Total sugars content (32.96%) was 
reported in Hillawi until Rutab stage. In Tamr stage total sugar contents in 
both cultivars were same (53.39 and 53.41%).

Sawaya  et al.  (24) reported that Khudrawi fruit  contained 94 percent flesh 
while Sullaj and Sifri fruit contained 88 percent pulp. Rehman and Wazir (23) 
studied the physio-chemical characteristics of seven different  fruits of  date 
palm varieties and reported that  fruit  weight  ranged from 6.3-19.3 g,  flesh 
weight  5.3-17.19  g  and  fruit  length  ranged  from  2.3-4.3  cm.  Chemical 
composition  i.e.  moisture  percentage,  total  sugars,  reducing  and  non-
reducing  sugars  ranged  from  16.25-18.70,  68.65-71.78,  53.52-56.08  and 
14.36-18.53 percent, respectively.

The objective of this study was to determine the physio-chemical composition 
of date cultivars at various maturity stages in Dera Ismail Khan.

MATERIALS AND METHODS

This study was conducted at Agricultural Research Institute, Ratta Kulachi, 
Dera Ismail Khan, Pakistan during 2006. Twenty three years old date palm 
plants of Azadi, Dhakki, Gulistan, Khudrawi, Shakri and Zahidi were grown on 
clay loam soil in the experimental orchard. Eighteen palms of similar vigour 
were selected and subjected to same cultural  practices.  Ten strands from 
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each spathe were randomly selected for  physio-chemical characteristics of 
fruit  at  various  maturity  stages  i.e.  Kimri,  Khalal,  Rutab  and  Tamr.  The 
experiment was laid out in split  plot design having varieties as main factor 
while maturity stages as sub-factor.  To identify each maturity stage from fruit 
setting to beginning of each specific stage, number of weeks was counted. 
Period between all stages was also calculated in weeks. All bunches were 
harvested at  full  colour.  The average bunch weight  (in  kg  per  palm) was 
determined for each treatment by conventional method. Samples of 30 date 
fruits were randomly selected from each treatment at each maturity stage, 
carefully  packed  in  polythene  bags  and  brought  to  Pomological  Section, 
Agricultural Research Institute, Dera Ismail Khan for determination of physio-
chemical characteristics.

Physical parameters, i.e. fruit size, weight, pulp weight, pulp percentage and 
seed weight  were determined at different  maturity stages according to the 
procedure described by Iqbal (17).

Chemical characteristics of fruit  i.e. moisture percentage, acidity,  reducing, 
non-reducing and total sugars were determined at different maturity stages 
according to the methods recommended by AOAC (2).

The  data  on  each  parameter  was  statistically  analyzed  by  analysis  of 
variance technique (25) and Duncan’s multiple range test (13) for comparison 
of means using (MSTAT) computer programme. 

RESULTS AND DISCUSSION

The mean squares for fruit weight, fruit diameter, pulp weight, seed weight, 
moisture percentage, reducing, non-reducing and total sugars and yield were 
significant except pulp percentage (Table 1). Time taken by each cultivar at 
each  maturity  stage  differed  significantly  among  the  cultivars  (Table  2). 
Among  the  cultivars,  time  to  reach  at  final  maturity  stage  was  found 
maximum in cultivar Dhakki (24.72 weeks) followed by Gulistan (24.60) while 
it  was  minimum  in  cv  Shakri  (19.82  weeks).  In  Dhakki  maximum  time 
duration  is due to its larger  size.  Khan (19)  and Rehman and Wazir  (23) 
recorded maximum fruit length (4.57,4.50 cm) in cv Dhakki With regards to 
stages  average  maximum number  of  weeks  was  taken  by all  cultivars  at 
Kimiri stage (14.79 weeks) followed by Khalal (4.44), Rutab (2.48) and Tamr 
stage (1.83).  Maximum time for Kimiri stage, was due to the fact that fruit 
completed all its physical parameters at this maturity stage. The Kimri stage 
is characterized by green colour, Khalal stage by red or yellow colour, Rutab 
stage as soft type and Tamr stage is characterized as full soft.     
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Table 1. Duration (weeks) taken by fruit of six date cultivars at different maturity stages. 

Date cultivars Maturity stages MeanKimri Khalal Rutab Tamr Total
Azadi 14.43b 4.00f 3.05gh 2.10jk 21.56 5.89b
Dhakki 16.10a 3.91f 2.71hi 2.00jk 24.72 6.18a
Gulistan 16.40a 3.90f 2.48jk 1.95j=i 24.60 6.07ab
Khudrawi 14.00b 5.19e 2.43ij 1.76ki 23.38 5.85b
Shakri 11.86c 6.11d 2.43ij 1.42i 19.82 5.45c
Zahidi 16.00a 3.52fg 2.24i=k 1.71ki 23.47 5.87b
Mean 14.79 4.44b 2.48c 1.83d

LSD for varieties at 0.05 = 1.840, LSD for stages at 0.05 = 0.502, 
LSD for C x S at 0.05 = 3.680, C.V (%) = 5.44

Physical characteristics

The data  on fruit  length  (Table 2)  indicated that  fruit  of  all  date  cultivars 
completed  its  development  in  terms  of  length  at  Kimiri  stage.  No  further 
development was recorded at rest  of  stages.  Dhakki possessed maximum 
fruit  length (5.09 cm) followed by Gulistan (4.69 cm) and Azadi (4.08 cm), 
Khudrawi (3.87 cm). Minimum fruit length was produced by Shakri and Zahidi 
(3.447 and 3.42 cm). All cultivars showed similar trend at Khalal, Rutab and 
Tamr stages in case of fruit length. Khan and Ghaffoor (18) and Iqbal (17) 
also reported maximum fruit length of Dhakki among the cultivars grown in 
Dera Ismail Khan. Little decrease was noted in fruit length at almost all  three 

Table 2. Fruit length (cm) of six date cultivars at different maturity stages.

Date cultivars Maturity stages MeanKimri Khalal Rutab Tamr
Azadi 4.083 de 3.957 de 4.017 de 4.027 de 4.021 c
Dhakki 5.092 a 4.757 be 4.850 ab 4.940 ab 4.910 a
Gulistan 4.698 be 4.523 c 4.533 c 4.513 c 4.567 b
Khudrawi 3.870 de 3.820 e 3.837 e 3.823 e 3.838 d
Shakri 3.447 f 4.040 de 4.137 d 4.123 d 3.937 cd
Zahidi 3.420 f 3.460 f 3.467 f 3.430 f 3.444 e
Mean 4.102 4.093 4.140 4.143

     LSD for varieties at 0.05 = 0.1350, LSD for V x S at 0.05 = 0.2701, C.V (%) = 4.01

stages, but it was probably due to shrinkage, which resulted from water loss 
during last maturity stages. These results agree to the findings of Godara et  
al. (16) who reported that at Kimiri stage, fruit attained its maximum size.

The results further showed that fruit diameter of various date cultivars was 
found significant at various maturity stages. Among the cultivars, mean fruit  
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diameter of four stages was found maximum in cv. Dhakki (3.07 cm) against 
minimum in Shakri (2.25 cm). In case of stages, Rutab stage excelled in this 
character (2.57 cm) with minimum (2.42 cm) at Kimri stage. However, fruit 
diameter  was higher  in cv.  Dhakki  at  Rutab stage (3.16 cm) while  it  was 
minimum in Shakri at Kimri stage (2.07 cm). 

Table 3. Fruit diameter (cm) of six date cultivars at different maturity stages. 

Date cultivars Maturity stages MeanKimri Khalal Rutab Tamr
Azadi 2.272 2.667 2.707 2.707 2.588 b 
Dhakki 3.065 2.983 3.163 3.047 3.072 a 
Gulistan 2.333 2.300 2.337 2.327 2.324 cd 
Khudrawi 2.282 2.357 2.440 2.453 2.383 c 
Shakri 2.073 2.273 2.323 2.340 2.252 d 
Zahidi 2.480 2.363 2.437 2.447 2.432 c 
Mean 2.423 b 2.491 ab 2.568 a 2.553 a 

  LSD for varieties at 0.05 = 0.1273, LSD for stages at 0.05 = 0.1039, C.V (%) = 6.19

The data on fruit weight (Table 4) also revealed significant differences among 
cultivars with maximum fruit weight in Dhakki (21.46 g). Rehman and Wazir 
(23)  also recorded maximum fruit  weight  in  Dhakki.  Higher  fruit  weight  in 
Dhakki is  due  to  its  maximum  size  and  genetic  behavior which remained 

Table 4. Fruit weight (g) of six date cultivars at different maturity stages. 

Date cultivars Maturity stages MeanKimri Khalal Rutab Tamr
Azadi 13.390 de 12.010 fg 12.570 ef 8.937 jk 11.727 c 
Dhakki 23.364 b 23.313 b 26.449 a 12.704 ef 21.458 a 
Gulistan 12.476 efg 14.529 cd 15.163 c 8.553 k 12.630 b 
Khudrawi 12.033 fg 14.777 c 9.533 ij 9.502 ijk 11.462 c 
Shakri 9.198 jk 12.073 fg 9.407 jk 9.575 ij 10.064 d 
Zahidi 10.605 hi 11.343 gh 12.021 fg 12.106 fg 11.519 c 
Mean 13.511 c 14.674 a 14.191 b 10.197 d 

LSD for varieties at 0.05 = 0.5874, LSD for stages at 0.05 = 0.4796, LSD for C x S at 0.05 =  
1.175, C.V (%) = 5.44

dominant  in every environment.  Maximum fruit  weight  at Khalal stage was 
due to high moisture content present. Gradually the moisture decreased till 
Tamr stage. The fruit weight increased till Khalal stage and decreased after 
Rutab stage.  For  cumulative effect  of  varieties and stages maximum fruit 
weight was produced by cv Dhakki (24.45 g) at Rutab stage against minimum 
by Gulistan at Tamr stage (8.35 g). Abrupt decrease was noted in fruit weight 
at Tamr stage which was probably due to loss of fruit moisture at this stage. 
Cultivar Dhakki proved to be superior as far as the fruit weight is concerned 
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and can be exploited  for  getting  higher  yield in Dera Ismail  Khan.  These 
results are in close association with findings of Ghaffar (15) and Iqbal (17).
Maximum mean fruit pulp weight was also produced by cv. Dhakki (19.97g) 
while minimum in Shakri (8.78 g) (Table 5). Similar trend was reported by 
Iqbal (17). Among stages maximum pulp weight (13.15 g) was observed at 
Khalal  stage and minimum (8.82 g)  at  Tamr stage.  Abrupt  decrease was 
observed in pulp weight at Tamr stage, which was probably due to the fact 
that  fruit  lost  its  maximum moisture  at  this  stage.  Myhara  et  al. (22)  and 
Muhammad et al. (21) reported similar findings. 

Table 5. Fruit pulp weight(g) of six date cultivars at different maturity stages. 

Date cultivars Maturity stages MeanKimri Khalal Rutab Tamr
Azadi 11.646 de 10.760 efg 11.137 ef 7.799 j 10.336 e 
Dhakki 21.584 b 21.925 b 25.089 a 11.284 def 19.971 a 
Gulistan 11.485 de 12.920 c 12.348 cd 7.171 j 10.981 b 
Khudrawi 10.839 efg 12.843 c 8.326 ij 8.317 ij 10.081 c 
Shakri 8.243 ij 10.573 efg 8.160 ij 8.157 ij 8.783 d 
Zahdi 9.053 hi 9.877 gh 10.144 fgh 10.204 fgh 9.819 c 
Mean 12.142 b 13.150 a 12.534 b 8.822 c 

LSD for varieties at 0.05 = 0.5920, LSD for stages at 0.05 = 0.4834,
LSD for C x S at 0.05 = 1.184, C.V (%) = 6.18

For fruit pulp percentage (Table 6), cultivar Khudrawi statistically surpassed 
(88.43%) followed by Gulistan, Shakri, Azadi and Zahidi (87.28, 87.03, 86.13 
and 85.64 %). Minimum fruit pulp percentage was found in Dhakki (85.3%). 
For cumulative effect of varieties and maturity stages, cv. Dhakki at Khalal 
stage performed better (93.97%) against minimum in Azadi at Rutab stage 
(83.57%). These results agree to the findings of Asif and Tahir (9). Higher 
fruit  pulp  percentage  at  Khalal  stage  can  be  attributed  to  more  moisture 
content in fruit at this stage. Similarly minimum fruit pulp percentage at Tamr 
stage can be attributed to minimum moisture contents in fruit at this stage. 
Similar results were reported by Sawaya et al. (24).

Table 6. Fruit pulp percentage of six date cultivars at different maturity stages. 

Date cultivars Maturity stages MeanKimri Khalal Rutab Tamr
Azadi 84.257 89.413 83.571 87.260 86.125
Dhakki 92.367 93.973 64.883 89.982 85.301
Gulistan 86.709 88.922 87.266 86.237 87.283
Khudrawi 90.097 89.126 87.319 87.167 88.427
Shakri 89.620 87.397 85.576 85.543 87.034
Zahidi 85.356 87.075 85.166 84.953 85.638
Mean 88.068 89.318 82.297 86.857
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Among cultivars, maximum mean seed weight was found in Zahidi (1.41 g) 
against  minimum  in  cv  Khudrawi  (1.14  g)  (Table  7).  All  date  cultivars 
significantly varied at various growth stages. Maximum seed weight (1.36 g) 
of six date cultivars was found at Rutab stage and minimum (1.22 g) was at 
Kimiri  stage.  Cumulative effect  was also found significant.  Maximum seed 
weight  (1.53 g)  was recorded in cv. Shakri  at  Tamr stage while  minimum 
(0.91 g) in Shakri at Kimri stage (Table 7). A little increase was noted in seed 
weight at almost three maturity stages, which was probably due to the fact 
that  seed  complete  its  development  at  last  maturity  stage.  Ahmed  and 
Farooqi  (5)  reported  8.68-1.43  g  seed  weight  in  15  date  palm  cultivars. 
Similarly Khatchadourian  et al.  (20) noted 0.71-1.39 g seed weight  in five 
major date palm cultivars (Khudrawi, Barani, Sullaj, Ruzeize and Sifri).

Table 7. Seed weight (g) of six date cultivars at different maturity stages. 

Date cultivars Maturity stages Mean
Kimri Khalal Rutab Tamr

Azadi 1.114 ijkl 1.047 kl 1.320 def 1.170 ghij 1.162 d 
Dhakki 1.350 cde 1.234 fgh 1.193 ghij 1.143 hijk 1.230 c 
Gulistan 1.441 abc 1.471 ab 1.510 ab 1.023 lm 1.361 ab 
Khudrawi 1.070 jkl 1.197 ghi 1.139 hijk 1.130 hijkl 1.136 d 
Shakri 0.908 m 1.417 bcd 1.530 ab 1.534 a 1.347 b 
Zahdi 1.430 abcd 1.285 efg 1.488 ab 1.440 abc 1.411 a 
Means (Stages) 1.220 c 1.275 b 1.363 a 1.240 bc 

LSD for varieties at 0.05=0.05811, LSD for stages at 0.05=0.04744, LSD for C x S at 0.05 = 
0.1162, C.V (%) = 5.60

The data  finally  indicated  (Table  8)  that  cv.  Dhakki  gave  maximum  yield 
(96.00  kg/plant)  followed  by  Gulistan  (88.00kg),  Khudrawi  (63.07kg)  and 

Table 8.  Fruit yield of different dates cultivars at full maturity.

Date cultivars Fruit yield (kg/palm)
Azadi 60.80c
Dhakki 96.00a
Gulistan 88.00b
Khudrawi 63.07c
Shakri 45.00d
Zahidi 32.00e

Azadi (60.80 kg) while Zahidi produced minimum (32.00 kg). Maximum fruit 
yield in cv. Dhakki is due to increased fruit set on the inflorescence, although 
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there  was  maximum  fruit  drop  but  consequently  higher  fruit  weight  of 
remaining fruit at harvesting contributed a lot. 
Chemical characteristics

Higher fruit moisture content (57.03%) was found in cultivar Azadi and the 
lowest in  Khudrawi (50.045%) (Table 9). Among  stages, maximum moisture 

Table 9. Fruit moisture percentage of six date cultivars at different maturity stages. 

Date cultivars Maturity stages MeanKimri Khalal Rutab Tamr
Azadi 83.567 ab 66.560 d 54.740 g 23.147 kl 57.003 a 
Dhakki 81.567 b 69.083 d 52.020 hi 20.677 l 55.837 ab 
Gulistan 76.020 c 61.850 ef 51.173 hi 22.427 kl 52.867 d 
Khudrawi 75.967 c 63.023 e 52.320 gh 24.870 jk 50.045 ed 
Shakri 85.050 a 60.303 f 49.603 I 24.190 jk 54.787 be 
Zahidi 75.077 c 67.387 d 49.923 hi 25.780 j 54.542 c 
Means 79.541 a 64.701 b 51.630 c 23.515 d 

LSD for varieties at 0.05 = 1.271, LSD for stages at 0.05 = 1.038,
LSD for C x S at 0.05 = 2.543, C.V (%) = 2.82

was found at Kimri stage (79.54%) and minimum at Tamr stage (23.52%) as 
reported by Al-Hooti et al. (8). In cumulative effect, higher moisture (85.05%) 
was determined in Shakri at Kimri stage and the lowest (20.67%) in  Dhakki 
at  Tamr  stage.  Sawaya  et  al. (24)  also  reported  a  variation  in  moisture 
content of different date cultivars at various maturity stages. Moisture is one 
of the essential components of fruit which affects basically its quality and acts 
on conservation, although date fruit can be used at Khalal, Rutab and Tamr 
stages.  Maximum moisture (69.08%) at  Khalal  stage was found in Dhakki 
followed by Zahidi  (67.38%),  Azadi (66.56%)  and Khudrawi  (63.02%)  and 
fruit could not be stored at this stage for longer period and is considered as 
soft date. The other dates are considered as semi soft date. At Tamr stage, 
moisture  ranged  from  20.67-25.78  percent.  These  results  support  the 
findings  of  Abdessalam  et al. (1)  who reported that  soft  dates possessed 
more than 30 percent moisture at Tamr stage and less than 10.00 percent in 
dry dates.

The results (Table 10) further showed that majority of date varieties are rich 
in  reducing  sugars  (glucose  and  fructose).  Maximum  reducing  sugar 
(56.65%)  was  determined  in  Dhakki  against  minimum (53.96%)  in  variety 
Zahidi at Tamr stage. The abrupt increase in reducing sugar of fruit across 
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the  stages  is  due  to  the  inversion  of  starches  into  sucrose  and  fructose 
completed at this last maturity stage. Myhara et al. (22) and Ba-angood and 
Ahmed (10) also reported that fruit is sweeter at this stage.
Table 10. Fruit  reducing  sugar  percentage  of  six  date  cultivars  at  different  maturity 

stages. 

Date cultivars Maturity stages MeanKimri Khalal Rutab Tamr
Azadi 5.001 i 16.323 g 29.080 de 54.837 ab 26.310 bcd 
Dhakki 5.620 i 11.967 h 31.797 c 56.647 a 26.508 bc 
Gulistan 4.011 ij 20.297 f 31.777 c 55.683 ab 27.942 a 
Khudrawi 6.250 i 18.317 fg 30.650 cd 55.257 ab 27.618 ab 
Shakri 2.132 j 16.670 g 27.423 e 56.003 ab 25.557 cd 
Zahdi 5.260 i 12.940 h 27.403 e 53.957 b 25.140 d 
Mean 4.879 d 16.086 c 29.688 b 55.397 a 

LSD for varieties at 0.05 = 1.318, LSD for stages at 0.05 = 1.076,
LSD for C x S at 0.05 = 2.637

Among  the  cultivars  maximum  mean  non-reducing  sugar  (9.41%)  was 
recorded in Gulistan (Table 11). On mean basis of different stages, maximum 
fruit non-reducing sugar (12.89%) was noted at Tamr stage, while minimum 
(2.71%) at Kimri stage. In case of interaction of varieties and maturity stages, 

Table 11. Fruit  non-reducing  sugar  percentage  of  six  date  cultivars  at  different
maturity stages. 

Date cultivars Maturity stages Mean
Kimri Khalal Rutab Tamr

Azadi 1.119 l 6.141 fg 11.103 c 13.963 a 8.082 b 
Dhakki 1.661 kl 4.992 gh 9.146 d 13.877 a 7.419 bc 
Gulistan 3.372 ij 8.122 de 12.213 be 13.933 a 9.410 a 
Khudrawi 1.715 kl 7.171 ef 8.208 de 13.613 a 7.677 be 
Shakri 5.822 gh 7.324 ef 9.109 d 9.109 d 7.841 b 
Zahidi 2.593 jk 4.571 hi 8.309 de 12.827 ab 7.075 c 
Mean 2.714 d 6.387 c 9.681 b 12.887 a 

LSD for varieties at 0.05 = 0.6741, LSD for stages at 0.05 = 0.5504,
LSD for C x S at 0.05 = 1.348, C.V (%) = 10.37

maximum non-reducing sugar  (13.96%)  was determined in Azadi at  Tamr 
stage, while minimum (1.12%) in Azadi at Kimri stage. These results support 
the findings of Myhara et al. (22).

The  data  (Table  12)  further  indicated  that  cultivar  Dhakki  possessed 
significantly maximum total  sugars (71.01%) at full  maturation.  The lowest 
total sugars at full maturation was found in cv. Zahidi (66.62%).
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 The total sugars percentage of different date cultivars also varied statistically 
at various growth stages.  The highest total sugars (69.26%) was found at 
Tamr stage  against  minimum  (7.72%)  at  Kimri  stage.  In   case   of  
interaction 

Table 12. Fruit  total sugar percentage of six date cultivars at different maturity stages. 

Date cultivars Maturity stages MeanKimri Khalal Rutab Tamr
Azadi 6.161 p 22.912 l 38.158 h 69.447 b 34.169 c 
Dhakki 7.369 op 17.222 m 41.428 e 71.013 a 34.258 c 
Gulistan 7.560 o 28.849 I 44.312 d 69.960 ab 37.670 a 
Khudrawi 7.979 no 25.863 j 38.996 gh 69.570 b 35.602 b 
Shakri 8.260 no 24.380 k 40.678 ef 68.933 b 35.563 b 
Zahidi 8.990 n 17.752 m 39.484 fg 66.615 c 33.210 d 
Mean 7.720 d 22.830 c 40.509 b 69.256 a 

LSD for varieties at 0.05 = 0.6210, LSD for stages at 0.05 = .5070,
LSD for C x S at 0.05 = 1.242, C.V (%) = 2.15

minimum total sugars (6.16%) was found in cv. Azadi at Kimri stage.  The 
abrupt  increase in total sugars of  fruit  is due to inversion of  starches into 
sucrose and fructose completed at last maturity stage. The fruit is sweeter at 
this stage and is perishable.  The results are supported by the findings  of 
Myhara  et al. (22) who reported that  at  early Kimri  stage dates contained 
small amount of sugars. At the intermediate yellow Khalal stage and Rutab 
stage a large amount of sucrose (500-565 g/kg dry weight) was calculated 
but  no  additional  glucose  and  fructose  was  detected.  At  Tamr  stage,  all 
sucrose  was  converted  to  glucose  and  fructose.  Similarly  El-  Kosary and 
Soliman (14) and Cleveland and Feller (11) reported 73.5 percent total sugar 
contents in Hillawi.

At full  maturation, Zahidi fruit possessed significantly maximum fruit acidity 
(0.27%) (Table 13). The fruit of cultivars Azadi, Dhakki, Gulistan and Shakri 
also  had statistically  the  same fruit  acidity  contents.  Minimum fruit  acidity 
(0.16%) at full maturation was noted in cv. Khudrawi. Acidity percentage of 
different  date  cultivars  also  varied  statistically  at  various  growth  stages. 
Maximum fruit  acidity (1.22%) was found at Rutab stage against minimum 
(0.23%) at Tamr stage. In  case  of  interaction maximum fruit acidity (1.46%) 

Table 13. Fruit acidity percentage of six date cultivars at different maturity stages. 

Date cultivars Maturity stages MeanKimri Khalal Rutab Tamr
Azadi 0.117 g 0.341 ef 1.284 b 0.238 fg 0.495 c 
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Dhakki 0.704 d 0.160 g 1.152 bc 0.224 fg 0.560 bc 
Gulistan 0.736 d 0.459 e 1.024 c 0.226 fg 0.611 b 
Khudrawi 0.149 g 0.267 fg 1.461 a 0.160 g 0.509 c 
Shakri 0.128 g 0.437 e 1.239 b 0.259 fg 0.516 c 
Zahidi 0.853 d 0.747 d 1.152 bc 0.267 fg 0.755 a 
Means 0.448 b 0.402 b 1.219 a 0.229 c 

LSD for varieties at 0.05 = 0.08218, LSD for stages at 0.05 = 0.06710,
LSD for C x S at 0.05 = 0.1644, C.V (%) = 17.02 

was  determined  in  cv. Khudrawi at Rutab stage, while minimum (0.12%) in 
cv. Azadi at Kimri stage. The acid contents of fruits of six cultivars fluctuated 
through three maturity stages, but became constant at Tamr stage. These 
results  support  the  findings  of  Cupertini  (12)  and Godara  et  al.  (16)  who 
reported that cultivars Shamran and Medjool were astringent  at the Khalal 
stage while Hillawi produced better quality fruit with the lowest acidity (0.12%) 
at Tamr stage. 
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