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Introduction 

Date palm is an important fruit crop for its high 
nutritional fruit and useful by-products (Khushk 

et al., 2009). It is the major food source for human and 
livestock in arid regions of the world. Its propagation 
through tissue culture technique has enabled date palm 
growers to cultivate both native and exotic cultivars at 

large scale (Abul-Soad and Mahdi, 2010). However, 
date palm plants produced through this method 
may exhibit various phenotypic variations in open 
field depending on type and concentration of plant 
growth regulator, in vitro subculture cycle number, 
type of explant and also genotype used. The variations 
may persist for short time (temporary, epigenetic 
variations) or remain adhered to the plants forever 
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(permanent, genetic variations) (Faissal et al., 2013).
 
In vitro multiplication of date palm (Phoenix 
dactylifera L.) plants using inflorescence or flower 
explants (Abul-Soad et al., 2016) is the most 
preferred explant source for commercial purpose over 
leaf (Sharma et al., 1980), root (Smith, 1975), zygotic 
embryo (Zaid and Tisserat, 1984) and shoot tip from 
an offshoot (Abul-Soad et al., 2002). It is time saving 
and with minimal efforts to produce thousands of 
plants via somatic embryogenesis process. It takes 
1-2 years for entire production as compared to 
2-3 years with shoot tip explant from an offshoot 
(Abul-Soad, 2011). A high concentration of auxin, 
specially 2,4-dichlorophenoxyacetic acid (2,4-D), is 
required to induce callus formation from date palm 
inflorescence via this method (Alkhateeb, 2008). An 
increase in auxin concentrations has been reported to 
cause increased cytological and genetical variations 
not only in the micropropagation of date palm (Saker 
et al., 2006), but also in a number of other species 
such as banana, barley and cotton (Bairu et al., 
2006; Jin et al., 2008; Ziauddin and Kasha, 1990). 
These spontaneous variations arise in somatic cells 
during the in vitro tissue culture process are known 
as somaclonal variations (Larkin and Scowcroft, 
1981), which are generally considered as a drawback 
in commercial production of the clonal plants.

The likelihood and degree of phenotypic variations 
in tissue cultured plants increase with the age of 
initial cultures, or the number of subculture cycle, 
that maintained on nutrient medium (Bairu et al., 
2006). The variation might be generated either from 
the actively mutating part of cultures that eventually 
lead to phenotypic variation (Orton, 1984) or from 
the increase in mutation rate accumulated over each 
generation and then consecutive accumulation of these 
mutations in the final cultures (Benzion and Phillips, 
1988). Somaclonal variations may be expressed as 
permanent or temporary phenotypic abnormalities of 
vegetative and/or reproductive characters in date palm 
(Supplementary Table 1). The temporary phenotypic 
abnormalities such as delayed flowering, low level 
of fruit setting and parthenocarpy that caused by 
epigenetic changes have been reported to disappears, 
or reverse to explant phenotype, with increasing age 
of the plants in the fields (Gurevich et al., 2005).

The phenotypic variations and their recovery behavior 
from the variations during open field trial have not 

been reported previously in the date palm plants 
derived from immature inflorescence explant. The 
current study focused on the evaluation of 4-5-year-
old open field grown tissue cultured plants of two 
Pakistani date palm cultivars that derived from in 
vitro cultures with different number of subcultures 
in multiplication stage. The percentage of various 
abnormalities during multiplication process and their 
phenotypic reversion behavior in the open field trial 
from season 2016 to season 2018 were documented 
and analyzed to investigate the effect of initial culture 
age on the occurrence of the somaclonal variations 
and also recovery behavior of the variations during 
open trials. 

Materials and Methods

Plant material
The date palm tissue cultured plants that produced 
at Date Palm Research Institute (DPRI) were grown 
at two fields (i.e. two blocks): 1) Date Palm Tissue 
Culture experimental field of Shah Abdul Latif Uni-
versity, Khairpur (4-year-old) and 2) Tissue Cultured 
Date Palm Field at Taluka Salih Pat, District Sukkur, 
Sindh (3-year-old). The plants that derived from im-
mature inflorescence through direct somatic embryo-
genesis pathway according to Abul-Soad and Mahdi 
(2010) are belong to two different Pakistani date palm 
cultivars (cv.) viz. P. dactylifera cv. Kashuwari (25 years 
old) and cv. Gulistan (30 years old). Based on the in 
vitro culture age (subculture number during the in 
vitro multiplication stage), plants in the block I were 
regenerated from the in vitro cultures of subculture 
cycle 1 to 10 and plants in the block II were from the 
cultures of subculture cycle 11 to 25. The plants were 
kept in a greenhouse for 2-3 years for adaptation be-
fore use for the open field trials. The plants from each 
cultivar were disease-free and no other physiological 
disorder symptoms were transferred for the open field 
trials in 2013 and 2014.

Detection of phenotypic abnormalities
A survey was conducted from season 2016 to season 
2018 on 412 date palm tissue cultured plants in 
both blocks to detect any reported or unreported 
phenotypic abnormalities (Supplementary Table 1). 
Dwarf phenotypes in cultivar type were characterized 
on their smaller size compared to normal tissue 
cultured plants. The plant with less than 50% the 
height of the normal plants with the same age in 
each population was recorded as a dwarf phenotype. 
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Low level of fruit setting was calculated based on the 
presence of less than four fruit bunches per plant and 
more than 50% parthenocarpic fruit per plant.

Comparison of phenotypic characters between tissue 
cultured and mother plants of P. dactylifera cultivars
The economically important bunch and fruit physical 
characters of 10 randomly selected (5 from each 
block) tissue cultured (TC) plants were evaluated 
and compared to their respective mother plants (MP) 
during 2017 season. The fruit physical characters 
were documented at four different stages of fruit 
development i.e. Kimri, Khalal, Rutab and Tamar 
stage.

Bunch stalk and spikelet length were recorded as an 
average length of the three bunches per plant and 
of three spikelets for the three bunches per plant, 
respectively. Number of spikelets per bunch was 
calculated as an average total number of spikelets for 
the three bunch per plant. Retained fruit per spikelet 
was recorded as an average fruit number per five 
spikelets for the three bunches per plant. Dropped fruit 
per spikelet was recorded as an average fruit number 
per five spikelets for the three bunches per plant.

Average bunch length at khalal stage for three 
randomly selected bunches per plant was calculated 
as per following formula:

Retained fruit per bunch was calculated as per the 
following formula: 

Total number of fruits per spikelet was calculated 
according to the following formula:

The fruit physical traits, fruit length and diameter 
were measured with Vernier caliper and recorded as 
average length and diameter of 10 randomly picked 
fruits per tree. Fruit and pulp weight (g) were recorded 
as average weight of 10 randomly picked fruits and 
pulp per tree, respectively. Pulp/fruit ratio (%) was 
calculated as per the following formula:

Data analysis
The obtained data was analyzed using three-way 
(for phenotypic variations) and one-way (for bunch 
and fruit physical characters) ANOVA in SPSS 20.0 
software and the differences among the means were 
calculated through LSD at <0.05 level of significance 
(Steel and Torrie, 1980). The percentage of the 
phenotypic variations were based on the total number 
of observed plants in each block (block I, n = 27 and 
block II, n = 385) using Microsoft Excel 2016. The 
average variation percentage per cultivar and per block 
was calculated based on the total number of abnormal 
plants (n = 578) observed in three years trial seasons.

Results and Discussion

Phenotypic abnormalities
The effects of block (B), cultivar (C), year (C) and 
their interactions i.e. B × C, B × Y, C × Y and B × 
C × Y on phenotypic variations in field grown tissue 
cultured date palm plants are presented in Table 1. 
It can be seen from the ANOVA that except the 
significant effect of B (P ≤ 0.012) rest of the effects of 
C (P ≤ 0.494), Y (P ≤ 0.189) and interaction effects 
of B × C (P ≤ 0.529), B × Y (P ≤ 0.23), C × Y (P ≤ 
0.766) as well as the overall interaction effect of B × 
C × Y (P ≤ 0.744) over phenotypic variations were 
non-significant.

Table 1: ANOVA of phenotypic variations in P. 
dactylifera cv. Gulistan and cv. Kashuwari at block I and 
block II observed during the season 2016, 2017 and 2018.
Source of variability Phenotypic variation1

Block (B) 0.012*

Cultivar (C) 0.494ns

Year (Y) 0.189ns

B × C 0.529ns

B × Y 0.23ns

C × Y 0.766ns

B × C × Y 0.744ns

Block (Mean ± SE2)
Block I 0.67 ± 4.34 
Block II 15.39 ± 4.34 
Cultivar (Mean ± SE)
Gulistan 10.14 ± 4.34 
Kashuwari 5.92 ± 4.34 
Year (Mean ± SE)
2016 16.04 ± 5.32
2017 4.58 ± 5.32
2018 3.46 ± 5.32

1ns, * nonsignificant or significant at P≤ 0.05; 2Standard errors.
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Number of phenotypic abnormalities were docu-
mented throughout the study period and are accord-
ance with numerous studies (Supplementary Table 
1). The percentage of each variant varied between the 
two blocks and the two cultivars. In general, the per-
centage of the overall phenotypic variation in block II 
was higher (64.19%) than the block I (2.42%) at the 
end of first season of the open field trial in year 2016 
(Figure 1). Figure 1 shows a significant reduction in 
the overall phenotypic variation for plants derived 
from block II cultures from 64.19% to 13.76% where-
as for the plants from block I cultures, the variation 
percentage reduced from 2.42% to 0.69% at the end 
of third season in year 2018.

Figure 1: Average phenotypic variation percentages found in the 
regenerants of P. dactylifera cv. Kashuwari and cv. Gulistan. The 
percentages are based on the sum of all the abnormal plants (578) 
appeared during the study period (2016 to 2018).

The total percentage of variant plants belonging to P. 
dactylifera cv. Gulistan was higher (44.29%) than cv. 
Kashuwari (22.32%) in both the block at the end of 
first season in year 2016. A significant reduction in the 
overall variation percentage were observed for both cv. 
Gulistan with reduction from 44.29% to 8.13% and 
cv. Kashuwari with reduction from 22.32% to 6.23% 
at the end of third season in year 2018 (Figure 1). 

The most frequent variant phenotype among all the 
variant plants was “inflorescence absent phenotype”, 
however, the percentage of which decreased 
significantly in both the blocks and both cultivars 
(Figure 2). The observed percentage of variation for 
this phenotype was higher in cv. Kashuwari (25.93%) 
than cv. Gulistan (7.41%) at block I at the end of the 
first season in year 2016 (Figure 2). The observed 
percentage of variation decreased to 3.70% and 0.00% 

for cv. Kashuwari and cv. Gulistan, respectively. In 
contrast to plants from block I, the total percentage of 
inflorescence absent phenotype at block II was higher 
in cv. Gulistan (52.73%) than cv. Kashuwari (25.45%). 
The variation percentage decreased up to 3.64% in cv. 
Gulistan and 4.68% in cv. Kashuwari at the end of 
third season in year 2018 (Figure 2). It was observed 
that most of the plants of cv. Kashuwari that having a 
high number of offshoots per plant (10-13) produced 
no inflorescence in both the blocks (Figure 3I). 

Figure 2: Percentage of variant phenotypes of P. dactylifera cv. 
Kashuwari and cv. Gulistan observed in the block I and block II. The 
percentages are based on the sum of all the observed plants in each 
block: block I, n = 27 and block II, n = 385.

Figure 3: Date palm variants observed during the survey of P. 
dactylifera cv. Gulistan: A) normal plant, B-C) excessive vegetative 
growth, D) abnormal frond/leaf growth, E) dwarf/inflorescence 
absent, F) fertilization failure, G) deformed offshoot, H) twisted 
inflorescence and I) high number of offshoots without inflorescence 
(cv. Kashuwari).

The phenotype “excessive vegetative growth” was 
only found in cv. Gulistan of block II (Figure 2). An 
overall percentage of this phenotype in the block 
was only 0.52% throughout the study period. This 
phenotype existed through broader leaves and leaflets 
(Figure 3B, C) as compared to the rest of the tissue 
cultured plants in the same population (Figure 3A). 
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The average leaflet length and width of the variant 
phenotypes ranged from 50.5 to 60 cm and 4.1 to 
4.2 cm respectively, as compared to 42 to 50 cm and 
2.4 to 3.5 cm leaf length and width, respectively, of 
normal plants. In addition, both the plants also do 
not have any offshoot and inflorescence (Figure 3B).

The “dwarf phenotype” or plants with slow growth 
and development rate was found in both the date 
palm cultivars from block II (Figure 2). The incidence 
of this phenotype was 2.34% in cv. Kashuwari and 
4.68% in cv. Gulistan, which remained the same 
throughout the study period. This phenotype of both 
the cultivars showed a retardation in growth and 
produced no inflorescence at all (Figure 3E).

Low level of fruit setting also reported as a “failure 
of fertilization” was found in both the blocks (Figure 
2, Figure 3F). However, in block I only the plants 
belonging to cv. Gulistan revealed low level of 
fruit setting (11.11%), which was the highest and 
persistent variation percentage as compared to other 
variant types of cv. Gulistan in this block. In block 
II, the maximum low level of fruit setting of 5.71% 
was observed in cv. Gulistan at the end of first season 
in year 2016 as compared to 3.90% in cv. Kashuwari 
(Figure 2). The incidence of these variants decreased 
to 2.60% in cv. Gulistan and 2.08% in cv. Kashuwari 
at the end of third season in year 2018.

The production of deformed offshoots was observed 
only in cv. Gulistan of both the blocks (Figure 2). 
Generally, a single deformed offshoot that also 
produced a twisted inflorescence, in addition to other 
normal offshoots, was found per plant (Figure 3G, H). 
A twisted inflorescence is defined as the conversion 
of a deformed vegetative bud into a floral bud (Al-
Mazroui et al., 2006). An overall percentage of this 
variation in block I was higher (7.41%) than the block 
II (0.52%) at the end of first season in year 2016. This 
variation was completely recovered at the end of third 
season in year 2018. The twisted inflorescence found on 
each deformed offshoot in cv. Gulistan produced 1-5 
spikelets having few unfertilized fruits (Figure 3H).

The variant plants with abnormal frond growth were 
only found in cv. Gulistan of block II (Figure 2). An 
overall percentage of this variant type was 0.52% at 
the end of first season in year 2016 and the abnormal 
phenotype was complete recovered at the end of the 
third season in year 2018. This variant type revealed 

all the normal vegetative and reproductive characters 
except one-sided abnormal growth of the fronds 
(Figure 3D). 

Comparison of phenotypic characters between tissue 
cultured and mother plants of P. dactylifera cultivars
Figure 4 show the mean variations between mother 
plants (MP) and tissue cultured (TC) plants of P. 
dactylifera cv. Kashuwari and cv. Gulistan for four 
bunch reproductive characters. In P. dactylifera cv. 
Kashuwari, the mean significant differences between 
MP and all TC plants were observed in all the 
characters examined except for the bunch length 
character (P ≤ 0.172) (Figure 4). Most of the TC 
plants in the block I and II showed non-significant 
mean variations among themselves (Figure 4). In 
contrast, TC plants of P. dactylifera cv. Gulistan 
revealed significant mean variations between MP and 
all TC plants except in the “retained fruit per bunch” 
character (P ≤ 0.204) (Figure 4). 

Figure 4: Mean variations for bunch physical characters in mother 
plant (MP) and tissue cultured (TC) date palm plants (Block I and 
II) of P. dactylifera cv. Kashuwari and cv. Gulistan: BL-bunch 
length, NS-number of spikelets, RFB-retained fruit per bunch, 
TNFB-total number of fruits per bunch.

Figure 5: Mean variations for fruit physical characters in mother 
plant (MP) and tissue cultured (TC) date palm plants (Block I and 
II) of P. dactylifera cv. Kashuwari and cv. Gulistan: FL-fruit length, 
FD-fruit diameter, FW-fruit weight, PW-pulp weight, PFR-pulp 
fruit ratio.
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For the fruit physical characters, Figure 5 shows the 
significant mean variations between MP and all TC 
plants of P. dactylifera cv. Kashuwari for all the fruit 
physical variables except the fruit length (P ≤ 0.286). 
Similar observation was found in P. dactylifera cv. 
Gulistan where the mean variations for all the fruit 
physical characters were significantly different at P ≤ 
0.05 except the pulp-fruit ratio (P ≤ 0.888) (Figure 5). 

The information of type and nature of somaclonal 
variations occur in P. dactylifera micropropagation 
using immature inflorescence is scarce. In the current 
study, six types of phenotypic variations were detected 
during the screening of the field grown tissue cultured 
date palm plants derived from immature inflorescence 
explants of P. dactylifera cv. Kashuwari and cv. Gulistan. 
Among the abnormal phenotypes detected, plants 
with inflorescence absent phenotype represented 
the highest proportion of the phenotypic variations. 
Others variant types such as low fruit setting, 
dwarfism, excessive vegetative growth phenotype, 
deformed offshoots/ twisted inflorescence and 
abnormal frond growth were in lower percentage. The 
dwarfism has been previously reported as permanent 
somaclonal variations in date palm (Alkhateeb, 2008) 
and in banana cv. Williams (Ramage et al., 2004). 

A culture-age dependent variation was observed in 
the current study where the observed variations were 
higher in the plants from the block II compared to 
the plants from the block I. Some of the observed 
variations such as excessive vegetative growth, 
abnormal frond or leaf growth and dwarfism were 
absent in the plants, regardless genotype, from the 
block I. The results of current study are in agreement 
with the results reported by Saker et al. (2000) where 
the authors reported an increase in the percentage 
of overall variation with an increase in the number 
of in vitro subcultures. Similar observation was 
reported in banana where the likelihood and degree 
of variation in tissue cultured plants increased with 
the age of cultures (Bairu et al., 2006). In another 
study in banana, Rodrigues et al. (1997) reported 
that phenotypic variations increased the age of 
cultures increased from subculture 5 to more than 
10 subcultures. The reason for this age-dependent 
increment in phenotypic variation could be due to 
the long period exposure of in vitro cultures to abiotic 
stresses or caused by proliferation and accumulation 
of mutant cells during tissue culture process (Orton, 
1984).

A genotype-dependent variation was also observed 
in the current study where the percentage of variants 
in cv. Gulistan was significantly higher than in cv. 
Kashuwari. The low level of fruit setting phenotype was 
only observed in cv. Gulistan. This might be due to the 
highly sensitive nature of cv. Gulistan to in vitro stress 
conditions as it was similarly explained by Alkhateeb 
(2008). The degree of somaclonal variations in tissue 
cultured plants is generally vary depend on genotypes 
of a species used. Each genotype has its own capacity 
to respond to a specific stress condition, including in 
vitro abiotic stresses. In date palm, certain cultivars 
are relatively stable whilst others show a high level 
of inclination to variations (El Hadrami et al., 2011). 
The current findings are also in agreement with the 
results reported in tomato by Kurtz and Lineberger 
(1983) where the authors showed that the frequency 
of somaclonal variations varied depend on the cultivar 
used. Similar observation was reported in banana by 
Hwang and Ko (1987). 

Interestingly, a reversion of abnormal phenotypes 
back to mother plants’ phenotypes was observed 
during the field trial period from year 2016 to 2018 
except for “excessive vegetative growth”, “dwarfism” 
and “low level of fruit setting” phenotypes. The degree 
of phenotype reversion varied depend on the type of 
phenotype, age of in vitro culture and the genotype 
used. Most of the abnormal phenotypes appeared in 
both blocks were either disappeared totally or reduced 
to a significant extent. The reversion of the abnormal 
phenotypes might be due to the epigenetic changes 
in the genome of date palm (epigenetic variations). 
Epigenetic variations are caused by physiological 
imbalances found in cultured tissue, which alter DNA 
methylation pattern or activate transposable elements 
in the genome. In date palm, the rejuvenation, 
flower abnormalities and delay in flowering time 
phenotype variation in tissue cultured plants were 
reported to be triggered by an epigenetic mechanism 
(Smulders and De Klerk, 2011), which is relatively 
unstable and may disappear with the age of plant 
(Skirvin et al., 1994). The occurrence of deformed 
offshoot and twisted inflorescence in P. dactylifera 
cv. Barhee has also been reported as epigenetic 
variations (Al-Mazroui et al., 2006), which was 
associated with an imbalance of in vitro accumulated 
plant growth regulators (Varughese, 2000).

The evaluation of economically important phenotypic 
characters is also an important procedure for screening 
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tissue cultured plants to ensure their production 
quantity and the quality of fruit. However, these 
characters are normally influenced by several ecological 
and physiological factors in the field or may vary with 
age and development of the plant (Haider et al., 2015). 
In current study, the similarities between the mother 
plants (MP) and tissue cultured plants (TC) from the 
block I and block II were found to be statistically non-
significant in terms of the documented characters. 
However, TC plants of block I (5 years old) were 
more similar to their mother plants than TC plants of 
block II (4 years old), this phenomenon may be due to 
the juvenility of the plants in block II. In conclusion, 
the variation in fruit quality may be due to the 
differences in age of the MP plant (25-30 years) and 
TC plants (4-5 years) (Haider et al. 2015) or due to 
any other ecological factors (Hammadi et al. 2009).

Conclusions and Recommendations

This study showed that the percentage of the 
somaclonal variations of date palm increase with the 
increase in the age of initial cultures. The percentage 
of variations varied depend on the genotype of date 
palm used. The current study reported the permanent 
(genetic) and temporary (epigenetic) phenotypic 
variations. This study provides a good indication that 
cultures with subculture cycle less than 11 cycles are 
good source for generating “true-to-type” date palm. 
The current study also showed the importance of 
cultivar selection for date palm tissue culture industry. 

Novelty Statement 

This research manuscript is reporting on the 
occurrence and reversion of deformed phenotypes 
in micropropagated date palm that are planted in 
the open fields. The study is of a great importance 
to date palm industry especially in the production of 
true-to-type seedling materials from inflorescence 
explant source with subculture number <11 cycles in 
the multiplication stage. To our knowledge, this is the 
first report on tissue cultured date palms derived from 
immature inflores-cences.
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