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Abstract 

Plant tissue responds to nutrient media due to the plant cultivars genetic diversity. The objective of this research 

is to determine the effects of micronutrients on date palm growth and which of these micronutrients are critical 

for improving growth combined with Paclobutrazol or without on in vitro of elongation stage. In vitro growth of 

two cultivars were determined by varying five treatments that included minor salts (EDTA-chelated iron, CuSo4,) 

alone or combined with Paclobutrazol. The effects of these five treatments on plantlet length, trunk thickness, 

rooting number and Chlorophyll A, B was investigated. The results obtained after three months showed that, 

increasing copper sulphate on MS elongation media combined with Paclobutrazol was more effective for 

increasing the trunk thickness as well as rooting number compared with normal MS level. While poor response 

was found when Fe was increased in the chelated form of Fe-EDTA on MS elongation media.  For cultivars, Shishi 

gave the highest plantlets length as well as root number. The maximum content of chlorophylls A and B were 

observed when copper sulphate was increased on MS elongation media with cultivar Lulu. The survival rate after 

3 months was related to the medium used during the elongation phase, the survival of plantlets reached to 

98.66% with cultivar lulu at the acclimatization stage.  
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Introduction 

The date palm (Phoenix dactylifera) is the dominant component upon which the sustainable and socio-economic 

structures of the oasis ecosystem are based; a fruit tree with unique nutritional, biochemical and biophysical 

characteristics, a rich source of aesthetic and cultural values. Date palm is the only indigenous wild desert plant 

definitely domestic in its native harsh environment Jaradat, 2011[1]. As the world’s food demand is increasing 

day by day due to the population growth and climate changes, we must develop new technology to promote 

this palm tree for future requirements. In January (2011), the UK report Global Food and Farming Futures 

stressed that investment in new technologies would be vital for the world to be able to feed themselves by 2050. 

 The life cycle of palm dates is long, so it is difficult to improve, furthermore, to identify sex in the early stages 

of growth Moursy and Saker, 1996 [2] AlKhateeb and Alturki 2014 [3] mentioned that the propagation of 

date palms through tissue culture is useful than traditional method. Since Date palm is heterozygous, the 

propagation of seeds produces off-type plants, also propagation by offshoots is limited, and mortality is usually 

high.  Mazri and Meziani 2015 [4] reported that there are two pathways for large-scale propagation of date 

palm, somatic embryogenesis and organogenesis. 

Mineral salts have a role in all stages of the plant Leifert et al. 1995[5]; Ramage and Williams 2002, [6]. For 

growth, the plant needs 17 metal elements in specific concentrations Marschner 1995[7]. Furthermore, the 

absorption of ions from the medium to the plant tissues is limiting effects imposed by absorption of the ions in 

the field by root Williams 1993 [8]. Although the shoots response to absorption of mineral nutrients is complex 

but still Murashige and Skoog 1962 [9].  medium is the optimal medium.  Metals like cobalt, iron, manganese, 
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copper and zinc are essential for plant life but are required in a very small or trace amounts and become toxic 

at higher concentrations Hussein et al, 2010[ [10]. Copper is a microelement that is essential for normal growth 

and development of plants. Furthermore, iron is one of the basic microelements used in micro-propagation, 

since it is essential in many processes like chlorophyll and DNA synthesis Dunlap and Robacker 1988[11].  

Plant hormones and plant growth regulators play important roles in improving transplanting rate Mohamed 

and Alsadon 2011[12]. Paclobutrazol (PBZ) is a member of the triazole family. Triazoles are considered as plant 

multi-protectants against various stresses Gilley and Fletcher, 1997[13]. PBZ affects the content of plant growth 

regulators by inhibiting gibberellin synthesis, reducing ethylene evolution, and increasing cytokinin level 

Kamountsis and Chronopoulou-Sereli, 1999[14].  also, Paclobutrazol was shown to improve transplanting 

efficiency of plants Fernandes et al. 2004[15].  

This study were designed to determine the appropriate concentrations of the two micro salts (EDTA-chelated 

iron and copper sulphate) supplementation separate or with Paclobutrazol to the modified media for the 

elongation stage of date palm.  

 Material and Methods 

This work was carried out in the Tissue Culture Lab. of Agriculture Research Department Doha, Qatar 2015-

2016.The research have been implemented as follows: 

Plant Source and Culture Conditions 

Shoot tips of date palm (Phoenix dactylifera L.) were cultured as described by Aqeel and Elmeer, 2011[16]. 

One-year-old in vitro cultured plantlets “which derived from direct somatic embryogenesis” with two expanded 

leaves and an adequate root system (2 roots), (5cm) long shoots of the date palm cultivar “Shishi” and “Lulu” 

were used for this experiment. Plantlets were cultured in Murashige and Skoog, 1962[9] supplemented with 

composition in (Table 1.) with five treatments for elongation medium. Plant length, trunk thickness, rooting 

number and Chlorophyll A and B of different explants were recorded after three sub-culture 4weeks intervals.  

The cultures were incubated under a 16-hour light intensity of 4000 lux with a temperature of 25 ± 2 °C. Each 

treatment consisted of nine replicates of one plant in a test tube for evaluation the parameters after three 

subcultures (12 weeks). The experiment was repeated twice.   

Table 1. Nutrient Media Composition Used for Elongation Stage 

Medium 

composition 

(mg l−1) 

M1 M2 M3 M4 

 

M5 

MS salts 3,300 3,300 3.300 3,300 3,300 

MS vitamins 1.00 1.00 1.00 1.00 1.00 

Fe-EDTA 65 130 130 65 65 

Copper Sulphate 0.025 0.025 0.025 0.5 0.5 

Sucrose 50,000 50,000 30,000 50,000 50.000 

Myo-inositol 100 100 100 100 100 
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ca-penthathanete 3 3 3 3 3 

KH2PO4 170 170 170 170 170 

kinetin 0.3 0.3 0.3 0.3 0.3 

NAA 1.00 1.00 1.00 1.00 1.00 

PBZ - - 0.5 − 0.5 

Difco agar 6,000 6,000 6.000 6,000 6.000 

 

Estimate the Amount of Chlorophyll in the Leaves of Date Palm Shishi and Lulu cvs.   

The chlorophyll (A and B) was determined as described by Costache et al., 2012 [17]. 

 One gram of leaflets date palm tissue was put into test tube having 95% alcohol. The tissues were kept in the 

refrigerator all night, and then was centrifuged at 2500 rpm for 10 min. The supernatant was separated in 

another test tube. The maximum absorbance at 662 (chlorophyll A) and at 646 (chlorophyll B) was calculated 

using spectrophotometer. 

Plant Acclimatization 

 Healthy Date palm plantlets about 10-14 cm in length, having 2-3 leaves and roots not less than 3-4 in number 

were selected for ex vitro transplantation in the green house. The plantlets were taken out from the test tubes 

and wash under running tap water to remove adhering agar, and then soaked for15 min in a solution of 2 g/L 

systemic fungicide (Ridomil). Plantlets were shifted to 18 cm plastic pots filled with peat-moss, vermiculite (2:1 

v/v). The plantlets were watered after a month with fertilization 1 g/l N-P-K (17-17-17), remove plastic tunnel 

after the first leaf appeared.  The plantlets survival rate was calculated after 3 months of acclimatization Sidky 

et al., 2017 [18].  

Treatments were replicated three times, separation of means among treatments was determined using LSD test 

at 5% according to Steel et al., (1997) [19]. 

Results  

In this study, we tested the effect of increase micronutrients with growth retardants on the media of elongation 

stage. The results obtained after three sub-culture showed that plantlets gave the greatest response in different 

culture of media.  

Effect of Different Media Composition on The Plantlet Length 

During the elongation phase, the responses of various media was shown in Table 2 and Fig. 1.  Plantlets did not 

only grow healthy in M4 medium but also gave the highest plantlets with greener leaves when increase of 

copper sulphate in elongation media compared with normal MS level. The optimal elongation medium for plant 

length was noticed on   M4 followed by M5 (19.67and 17.92 cm respectively). While, increasing of Fe in the 

chelated form of Fe-EDTA did not show significant effect as control treatment in the plant length.  There is no 

significant difference between two the cultivars in terms of plantlet length, cultivar shishi gave the highest plant 

length (17.07 cm) compared to lulu (16.80 cm).   
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According to the result on the interaction effect of cultivars and treatments, there is a significant interaction 

effect between two cultivars and treatments. The optimal medium for plantlet length was observed M4 medium 

with lulu cultivar. 

Table 2: Mean Comparison of Two Date Palm Cultivars In Response To Different Media Composition on 

The Plantlet Length (Cm). 

 

Fig. 1 Effect of different media composition on the plantlet’s length of date palm cultivars. 

Effect of different media composition on the trunk thickness 

According to the results obtained in Table 3 and Fig. 2, increase copper sulphate combined with PBZ on 

elongation medium positively influenced trunk thickness, trunk thickness significantly increases and strongly 

(7.76 mm). Concurrently combination Fe with PBZ show better response in trunk thickness than Fe-EDTA alone 

or control with significant difference.  

Average 

           Treatments cultivars  

Main (B) LuLu ShiShi 

16.00   16.00   16.00   M1 

16.08   14.67   17.50   M2 

15.00   14.17   15.83   M3 

19.67   20.00   19.33   M4 

17.92   19.17   16.67   M5 

 16.80   17.07   Main (A) 

A*B =3.55 B =1.59 A =2.51 L.S.D 
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Moreover, it seemed that in Fig. 2 cultivar lulu gave the significant increase in trunk thickness (6.98 mm) than 

shishi cultivar (5.39 mm).  

Data in Table 3 shows the interaction between cultivar and treatments was significant effect on trunk thickens, 

cultivar lulu gave the strongly trunk thickness with M5 medium (8.67mm) followed by M4 medium (7.02 mm) 

compared with other culture media.   

Table 3: Mean Comparison of Two Date Palm Cultivars In Response To Different Media Composition on 

The Trunk Thickness (Mm). 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding to the results obtained in Table 4, there was significant difference between cultivar and treatments 

in root number, the highest number of root was obtained in cultivar shishi with M5 medium an average of 13.50 

root/ plantlets.    

Table  4: Mean Comparison of Two Date Palm Cultivars in Response to Different Media Composition on 

Rooting Number. 

Average 

Treatments Cultivars  

Main (B) LuLu ShiShi 

6.08 5.83 6.33 M 1 

5.50 6.17 4.83 M 2 

5.67 6.33 5.00 M 3 

Average 

             Treatments Cultivars  

Main (B) LuLu ShiShi 

5.28 6.33 4.24 M1 

5.81 6.32 5.31 M2 

5.87 6.57 5.18 M3 

6.20 7.02 5.38 M4 

7.76 8.67 6.85 M5 

 6.98 5.39 Main (A) 

A*B =1.693 B =0.757 A =1.197 L.S.D 
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5.75 6.17 5.33 M 4 

11.00 8.50 13.50 M 5 

 6.60 7.00 Main (A) 

A*B =1.39 B =0.99 A =0.62 L.S.D 

 

 

Fig. 3 Effect of different media composition on the rooting number of date palm   cultivars. 

Effect of different media composition on the leaves chlorophyll A content  

Average  Treatments 

cultivars 

Main (B) LuLu ShiShi 

17.81   22.23   13.39   M 1 

39.54   32.54   46.54   M 2 

30.81   34.92   26.71   M 3 

67.01   96.52   37.51   M 4 

45.86   56.08   35.65   M 5 
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 48.46   31.96   Main (A) 

A*B =2.11 B =1.49 A =0.95 L.S.D 

 

Differences between cultivars were observed, cultivar lulu gave the maximum content of Chlorophyll A (48.46 

mg/100 g) than cultivar shishi (31.96 mg/100 g).  Data in Fig. 4 show that the interaction between cultivar and 

treatments were significant, cultivar lulu gave the maximum content of Chlorophyll A when plantlets cultured 

on M4 medium (96.52 mg/100 g), and followed by M5 medium (56.08 mg/100 g) compared with control or any 

other media. 

Table 5 . Mean Comparison of Two Date Palm Cultivars in Response To Different Media Composition on 

Chlorophyll A Content. 

 

 

 

 

 

 

 

 

 

 

 

 

 Average   

Treatments 

 

Cultivars 

Main (B) LuLu ShiShi 

17.81   22.23   13.39   M 1 

39.54   32.54   46.54   M 2 

30.81   34.92   26.71   M 3 

67.01   96.52   37.51   M 4 

45.86   56.08   35.65   M 5 

 48.46   31.96   Main (A) 

A*B =2.11 B =1.49 A =0.95 L.S.D 
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Fig. 4 Effect of Different Media Composition on The Chlorophyll A Content of Date Palm Cultivars. 

Effect of different media composition on the leaves chlorophyll B content 

It seemed that a similar effect of Chlorophyll  B content observed in Table 6 and Fig. 5, the highest content of 

Chlorophyll  B  was observed when increase copper sulphate  on elongation media. M4 medium increased 

Chlorophyll B content (14.01 mg/100 g) followed by M5 and M2 medium (10.66, 10.90   mg/100 g, respectively). 

Whereas the poor content in control medium (4.39 mg/100 g).   

Table 6: Effect of Different Media Composition on The Chlorophyll B Content After Three Sub- Culture 

of Date Palm Cultivars. 

 

 

 

 

 

 

 

 

 

 

 

 

Average 

Treatments 

 

Cultivars 

Main B Lulu ShiShi 

4.39   5.23   4.39  M 1 

10.90   9.21   12.59   M 2 

7.35   8.09   6.61   M 3 

14.01   24.20   3.82   M 4 

10.66   14.76   6.55   M 5 

 12.30   6.79   Main A 

A*B =0.799 B =0.57 A =0.36 L.S.D 
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Data showed a significant difference between cultivars, cultivar lulu gave the highest content of Chlorophyll B 

(12.30  mg/100 g).As well as, the maximum content of Chlorophyll B was obtained  when  plantlets cultured on 

M4 medium with cultivar lulu (24.20 mg/100 g) . 

 

Fig. 5 Effect 0f Different Media Composition on The Chlorophyll B Content of Date Palm Cultivars 

In all Tables, Data indicate mean A: Cultivars 

Data indicate mean B: Treatments  Data indicate mean A*B: interaction 

Thus, increased copper sulphate on MS elongation media (M4) increased the biosynthesis of chlorophyll A, B. 

and plantlets have good photosynthetic capacity. While addition iron in the form of Fe-EDTA (M2) was obtained 

less content of chlorophyll A biosynthesis.  

 Acclimatization  

Our findings showed after three months of transplantation in greenhouse (Fig. 6), plantlets were cultured on 

(M5) medium increased survival rate at acclimatization stage. The highest survival rate was 98.66 % with cultivar 

lulu. 
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Fig. 6 Effect of different media composition on survival rate of plantlets after 3 months from 

acclimatization of date palm cultivars. 

DISCUSSION 

Murashige and Skoog, 1962 [9] salts had a role in identifying minerals reactions in the nutrient medium and 

absorption it (Reed et al., 2013) [20].  In this study, experiment was designed in order to modify elongation 

media by increase some minor salts for two Qatari date palm cultivars.  

The growth in term of plantlets length, trunk thickness, rooting number and Chlorophyll A, B of date palm 

cultures are strongly influenced by increasing copper sulphate.  

For optimum success, our data found that on elongation media (M5) increasing copper sulphate combined with 

Paclobutrazol gave the best plantlets in terms of trunk thickness and root formation compared with normal MS 

level. Furthermore, it was found that the highest plantlets with greener leaves occurred when increasing of 

copper sulphate on elongation media. Many authors point to a positive influence of increase copper ions 

concentrations. Nas (2004) [21]  suggested that higher levels of Cu (up to 5.1 mg CuSO4 × 5H2O dm-3) in 

hazelnut (Corylus spp.) explants lead to undifferentiated cell from (callus production) derived to cell 

differentiation (shoot and bud formation), this combination enhance the morphogenetic potential of explants. 

Joshi and Kothari (2007) [22]  reported that the induction of shoot buds was happened by increasing 

concentration of copper in medium as well as cotyledon explants of Capsicum annuum L were more developing. 

The highest number of shoots and longer shoots were obtained from one explant on medium with 4.8 mg 

CuSO4 dm-3. Prażak and Molas (2015) [23]  found that Concentration of Cu (mostly 0.625 mg CuSO4 × 5H2O 

dm-3) encourage the elongation shoots and roots of orchid.  Rafail et al., (2012) [24]  reported that the highest 

number of branches and leaves per explant for apple and pear was obtained in a treatment with 0.05 mg dm-3 

of copper in culture medium. Dahleen (1995) [25]  investigate the effect of different level of Cuso4 on callus 

culture of two barley cultivars, medium containing 50μ M copper gave 17 plants per embryo while, normal MS 

level gave only 5 plants per embryo.  

The results of the current study are on the same parallel with those published by Sidky (2007) [26] who indicated 

that, PBZ improved the trunk thickness of plantlets date palm cv. Samani. Paclobutrazol caused the production 

of thicker roots in respect to controls (IBA). Moreover, it increased the production of lateral roots, especially in 

cherry, most plantlets rooted on paclobutrazol-enriched media overcame the acclimatization phase Marino, 

1988; Browning et al. (1992) [27,28]  investigated the effect of PBZ on the translocation of endogenous IAA in 

Doyenne du Comice pear cultivar. PBZ induced changes in growth and productivity of agronomical and 

horticultural crops had been described in some studies (Ghosh et al., 2010) [29]. 

Our findings suggest that, when Fe was increase on media (M2, M3) in the form of Fe-EDTA poor response was 

recorded, although Fe-EDTA was found to be a suitable form of iron in the medium, perhaps this is due to 

existence cu in the media. This result is agreed with Ouzounidou et al. (1992) [30] who reported that, reduce 

absorption of elements such as Ca, Mg, K and Fe by increasing Cu concentration in nutrient medium. Molassiotis 

et al., (2003) [31]  reported that when treated peach rootstock GF-677 explants with Fe EDTA (normal level of 

MS medium) no roots were generated.  

 It has become evident that micronutrients play important roles on the leaves chlorophylls content, the highest 

content of Chlorophylls were observed when increasing copper sulphate on elongation media. Same result was 

earlier reported by AL-Mayahi (2014) [32], in the presence of copper sulphate and Cobalt chloride” in MS media 

Chlorophyll A, B and total Chlorophyll were increasing. Vinod et al., 2012 [33], mentioned that, high 

concentration of Cu and Zn increase Chlorophyll contents.  

Acclimatized is a very important step to complete propagation process of date palm plantlets, increasing 

concentrations of copper sulphate combined with Paclobutrazol increasing survival rate in acclimatization stage 

as has been manifested in data. Maximum survive ability was noticed for plants cultured in media that containing 
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both copper sulphate and cobalt chloride at 0.5 μM [31], Purnhauser and Gulai (1993) [34] mentioned that, 

increasing the content of copper in regeneration medium had an effect in increasing the survival rate at 

acclimatization. 
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Conclusions 

The concentration of Cuso4 in the standard MS medium is not optimal for elongation stage of date palm. 

Modified MS elongation medium by increase concentrations of copper sulphate than normal MS levels 

combined with Paclobutrazol had a positive effect of date palm cultivars. These increases of copper sulphate 

“Cuso4” enhance trunk thickness, roots regeneration and Chlorophylls content. 
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