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Abstract – Date palm (Phoenix dactylifera L.) trees one of 

the important popular fruits were found in all Egypt 

cultivation areas, in vitro technique is a control condition as 

temperature, water, light and carbohydrates which can be 

affect plants photosynthesis processes and own production as, 

pigments, proteins, indoles and enzymes, ex vitro plantlets can 

be modify these effects, thus this work investigate effects of in 

vitro and ex vitro date palm on these components, the analysis 

of tissues in vitro shooting and rooting stages showed smallest 

contents of pigments, proteins and indoles, the antioxidant 

enzymes CAT and POD activities increased progressively 

from in vitro shooting and rooting stages to ex vitro plantlets 

in the greenhouse and open field in addition to offshoot 

correlated to the growth stages and changes in the 

environmental condition. In the C4 plants photosynthetic 

activities are take place between mesophyll and bundle sheath 

cells where the initial carboxylating enzyme is PEPC which 

greater in the offshoots and plantlets in the open field than in 

vitro tissues that have the lowest activity enzyme as well as 

Rubisco enzyme in the tested tissues assumed gradual 

increasing from in vitro to ex vitro in the greenhouse and open 

field. 
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I. INTRODUCTION 
 

Date palm (Phoenix dactylifera L.) is a 

monocotyledonous, angiosperm and dioecious trees have 

specific carbon – metabolism to produce different organic 

contents. Date palm tissue culture technique has provide 

large numbers of fruiting trees under specific condition as 

constant light, temperature, water also sufficient minerals 

and carbohydrates, this in vitro control condition 

continuous in all stages of tissue culture until the plantlets 

transferred to acclimatization stage in the greenhouse which 

facing different condition caused failure or decreasing 

success of ex vitro acclimatization, [1] Darwesh 2015, 

therefore, many scientists investigate the physiology 

characters in vitro and ex vitro as photosynthesis, enzymes, 

pigments and proteins. High air humidity, low gas 

exchange and thus a CO2-shortage in the whole 

photoperiod, and relatively low photosynthetic photon flux 

density (PFD), induce disturbances in plant development 

and photosynthetic performance [2] Pospisilova et al. 1997 

and [3] Kozai et al. 1997, Rubisco content was substantially 

decreased in vitro leaves under elevated CO2 (1000 

μmol.mol-1) was supplied [4] De La Vina et al. 1999, 

plantlets exhibit abnormal morphology, anatomy, and 

physiology as a response of in vitro condition as high air 

humidity, low irradiation, low CO2 and high concentration 

of sugars as carbon source [5] Desjardins 1995 and [6] 

Kozai and Smith 1995, In vitro avocado, oak, and 

strawberry showed a decrease of Rubisco and significant 

decrease in total soluble proteins of avocado plantlets [7] 

Rival et al. 1999 on coconut and oil palm and [8] 

Premkumar et al. 2001, Moreover, these bad effects of in 

vitro can be changes in ex vitro greenhouse, that causing 

increasing of photosynthesis components as enzymes 

activity, proteins and chlorophyll contents, Increasing CO2 

level produced increasing photosynthesis rates also 

chlorophyll, carbohydrates contents and Rubisco activity 

[9] Cournac et al. 1992 and [10] Kadlecek et al. 2001, 

Spathiphyllum floribundum plantlets grown under in vitro 

conditions have differences in net photosynthetic rate, chl, 

and Fv/Fm which disappeared during the 15 days of ex 

vitro acclimatization and increase in net photosynthetic rate 

[11] Van Huylenbroeck, and Debergh 1996, in vitro of 

avocado (Persea americana Mill.) with highest 

concentration of sucrose showed significant decreasing of 

maximum photosynthetic rate, carbohydrates and starch 

[12] Ticha et al. 1998, significant rise in chlorophylls in ex 

vitro grapevine leaves after transplantation [13] Amancio et 

al. 1999, C3 plants found in cool and wet climates, with 

low light intensity, while C4 plants occur in hot and dry 

climatic conditions with high light intensity, C4 and CAM 

plants usually in arid environments. C4 plants have higher 

photosynthetic efficiency than C3 plants in arid, hot, and 

under high-light conditions, they possess an additional 

carbon fixation pathway and limit photorespiration [14] 

Taiz and Zeiger 2010, in C4 plant phosphoenolpyruvate 

carboxylase (PEPC) is the enzyme responsible for 

catalyzing the primary fixation of atmospheric CO2, PEPC 

kinase (PEPCk), a protein kinase involved in this 

phosphorylation of PEPC [15] Agetsuma et al. 2005 which 

converted to oxaloacetate through phosphoenolpyruvate 

and carbon dioxide reaction [16]Méndez-Lucas et al. 2014, 

oxaloacetate converted to aspartate, which move to bundle 

sheath, in the bundle sheath cells, aspartate is converted 

back to oxaloacetate. PEPCK decarboxylates the bundle 

sheath oxaloacetate, releasing carbon dioxide, which fixed 

by the enzyme Rubisco [17] Christopher and Holtum 1996 

and [18] Kanai and Edwards 1999, photosynthesis rate and 

growth were decreased of in vitro plantlets (Samanea 

saman Merr) and their enhancing after transfer to the 

greenhouse [19] Kriengkrai et al. 2004, the main bundle 

fibrous sheath thick of date palm leaves was different 

between different soft and dry cultivars [20] Abd El-Baky 

2012, an incessant activity of Catalase, Ascorbate 

Peroxidase and Glutathione Reductase were also detected 

through one week of acclimatization of Cardiospermum 

halicacabum plantlets [21]Anushi and Anis 2014. The 
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present work was done in order to investigate the effect of 

in vitro conditions on the photosynthesis components 

(pigments, proteins, indoles and enzymes) and changes 

after the plantlets transferring to ex vitro under different 

conditions in the greenhouse.  

  

II. MATERIALS AND METHODS 
 

This work was done in 2015- 2016 in the Central 

Laboratory for Research and Development of date palm and 

Biochem. Dept., Fac of Agric., Ain Shams Univ. to 

measure photosynthesis components of date palm (Phoenix 

dactylifera L.) in vitro and ex vitro. In vitro leaves date 

palm samples were taken from shooting and rooting stages 

(cultured in MS media supplemented with 0.1 mg/l NAA + 

0.05 BA + 30 g/l sucrose) placed in a growth chamber (27± 

C0, 7000 lux), samples were taken as  

1. in vitro shooting stage  

2. in vitro rooting stage  

3.  ex vitro plantlets greenhouse (6 months from 

acclimatization stage) 

4.  ex vitro plantlets open field (one year from 

acclimatization stage)  

5.  offshoots 

Samples in vitro and ex vitro were prepared to measure the 

following estimations  

1.  Chlorophyll contents a, b, total chlorophyll and 

carotenoids mg/g f.wt.: as described by [22] 

Lichtenthaler and Wellburn 1994 

2.  Proteins mg/g f.wt.: as described by [23] Bradford 

1976 

3. Indoles mg/g f.wt.: as [24] Larsen et al.1962  

Antioxidant Enzyme Activity CAT and POD 

 Catalase CAT (EC 1.11.1.6) in leaves μmol 

/g.f.wt./min: as [25] Aebi, 1984  

 Peroxidase POD (PRX, E.C.1.11.1.7) in leaves μmol 

/g.f.wt./min:: as [26] Polle et al., 1994 

4.  Phosphoenolpyruvate carboxykinase namely PEPC 

(EC 4.1.1.31) Unit /mg protein: as [27] Gonzalez 1998  
5. Ribulose1, 5-bisphosphate carboxylase/oxygenase 

(Rubisco) (EC 4.1.1.39) Unit /mg protein: as [28] 

Lilley 1974  

Experimental design: Complete randomized block 

design with three replicates and three plantlets for each one, 

two growth seasons (8 months for each). Data were 

analyzed by analysis of variances (ANOVA) and the means 

were compared following t- test using L.SD. values at 5 % 

level [29] Snedecor and Chocran 1990). 
 

III. RESULTS 
 

3.1.  Leaves chlorophyll a, b and total chlorophyll mg/g 

f.w.: determined of chlorophyll a, b as well as total 

chlorophyll (Fig 1 and 7) on the different types tissues 

in vitro and ex vitro produce the evidence that the 

chlorophyll a, b and total chlorophyll were increased 

significantly from shooting tissues in the shooting 

stage as 0.13 mg/g f.wt. for chl. a, 0.15 mg/g f.wt. for 

rooting tissues, 0.2 mg/g f.wt. for ex vitro plantlets in 

the greenhouse and have the insignificant differs 0.4 

mg/g f.wt. between ex vitro plantlets in the open field 

and offshoots. Assayed chlorophyll b showed 

significant gradually raising from shooting tissues 0.02 

mg/g f.wt., 0.13 mg/g f.wt. for rooting tissues, 0.12 

mg/g f.w. for ex vitro plantlets greenhouse, 0.2 mg/g 

f.wt. for ex vitro plantlets in the open field and 

offshoots with insignificant variance in between. 

Consequent results found on the total chlorophyll 

produced from in vitro shooting tissues 0.15mg/g f.wt., 

0.25 mg/g f.wt. for in vitro rooting stage, 0.32 mg/g 

f.wt. for ex vitro greenhouse, insignificant distinction 

0.6 mg/g f.wt. obtained between ex vitro plantlets open 

field and offshoots  

3.2. Proteins contents mg/g f.wt: different types of tissues 

in vitro and ex vitro (Fig 2 and 7) presented 

significantly higher different values, smaller values of 

proteins associated to in vitro shooting tissues 1.1 mg/g 

f.wt. which ascending by rooting tissues 2.2 mg/g f.wt., 

moreover ex vitro tissues exhibited significant 

increasing of proteins 2.3 mg/g f.wt. for plantlets 

greenhouse, the plantlets in the open field and 

offshoots produced insignificant distinguish in between 

2.8 and 2.9 mg/g f.wt. respectively  

3.3. Indoles contents mg/g f.wt.: in vitro shooting tissues 

(Fig 3 and 7) recorded smallest indole contents 3.6 

mg/g f.wt. followed by in vitro tissue of rooting 10.2 

mg/g f.wt. meanwhile ex vitro plantlet in the open field 

and offshoots recorded highest indole contents 11.5 

and 12.1 mg/g f.wt. respectively without significant 

differs between them  

3.4. Antioxidant enzymes CAT and POD μmol/ g. 

f.wt./min: increasing activity of antioxidant enzymes 

CAT and POD (Fig 4 and 7) significantly pronounced 

enhancing at the ex vitro tissues in the greenhouse and 

open field meanwhile the assaying enzymes activity in 

the in vitro tissues shooting and rooting stages gave 

minimum activity. non- significant differences were 

found for enzymes activity between plantlets in the 

open field and offshoot for two enzymes.  

3.5. PEPC and Rubisco enzymes : spectrophotometer data 

on the determination of photosynthesis enzymes (Figs 

5, 6 and 7) Phosphoenolpyruvate carboxykinase 

namely PEPC (EC 4.1.1.31) and ribulose 1, 5-

biphosphate carboxylase-oxygenase (EC 4.1.1.39; 

Rubisco) showed significant variance from in vitro and 

ex vitro tissues, the significant differences were 

observed between the different types in vitro and ex 

vitro tissues related to PEPC and Rubisco activity 

which recorded highest activity for offshoots 

meanwhile in vitro tissues bringing out lowest activity 

followed by rooting stage, greenhouse and open field. 
 

IV. DISCUSSION 
 

Date palm (Phoenix dactylifera L.) is the important genus 

in Arecaceae distributed in the arid and semi arid area [30] 

Jain 2012 and the main source of food in these regions of 

North Africa, middle east and South-Asian countries [31] 
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FAO 2013, date palm is dioecious species and very 

heterozygous separate male and female palms, propagation 

by seedlings produced over 50% male (one male tree for 

pollen 25 female trees) in addition male and female 

seedlings can be distinction flowering stage, offshoots as a 

traditional propagation of date palm produced limited 

numbers of trees which insufficient for new reclamation 

areas, the survival rate of offshoots is low when separated 

from mother tree by incorrectly practice or infection by 

palm diseases and pets, thus in vitro micropropagation 

become the most suitable for providing great numbers of 

homogenous and healthy female date palm in this respect 

many researchers as [32] Eke et al. 2005, [33] Al-Mazroui 

et al., 2007, [34] Al- Khateeb 2008b, [35] Mustafa et al. 

2013 and [36] Mazri and Meziani 2015, on the other hand 

in vitro culture control conditions resulted in abnormal 

morphology, anatomy and physiology of plantlets and 

might be impaired many photosynthesis functions thus 

needed to acclimatization stage to correct these 

abnormalities, after transfer from the in vitro to the ex vitro 

greenhouse [37] Fila et al. 1998, [38] Bolar et al. 1998. In 

concerning to leaves contents of chlorophyll, proteins and 

indoles, chlorophyll can play a vital role for building 

growth components as proteins, auxins etc., results showed 

the progressively increasing of chlorophyll a and b also 

total chlorophyll as well as increasing of proteins and 

indoles contents, increase in chlorophyll a and b from in 

vitro to ex vitro of date palm plantlets demonstrated the 

induction of chlorophyll synthesis enzymes indispensable 

for chlorophyll biosynthesis, increase in Chlorophyll a and 

b synchronous with the new leaves during the 

acclimatization, Chlorophyll a fluorescence has been used 

as an indicator of photochemical efficiency [39] Krause and 

Weis, 1999, Leaves formed during the acclimatization 

period may still have a lower photosynthetic capacity than 

leaves of greenhouse-grown plants [40] Carvalho et al. 

2001, decreasing chlorophyll of Rhododendron ‘Alfred’ 

value and increasing vitality index value (Rfd) during first 4 

weeks of acclimatization plantlets proved changing from 

mixotrophic metabolism of plantlets in vitro to autotrophic 

in ex vitro [41] BoŜena Matysiak 2004, growing plants 

maintain the optimum nutrient levels that led to high 

chlorophyll activity which may be correlate with high 

amount of protein contents [42] Arigita et al. 2005, higher 

photosynthetic rates P(N) of sun leaves (ginkgo and beech) 

and stomatal conductance were also reflected by higher 

values for the Chl fluorescence decrease ratios. 

[43]Lichtenthaler et al. 2007 and [44]2013, chlorophyll a, b 

and total chlorophyll increased in hardening and 

acclimatization stages of Boswellia serrate Roxb. Plantlets 

[45] Suthar and Purohit 2011, ex vitro plants have greater 

chlorophyll a and b contents of Nepeta nuda ssp. nuda than 

in vitro plants [46] Dragolova et al. 2015, chlorophyll and 

total soluble proteins were increased in the glasshouse in 

the acclimatization stage of Tectona grandis L. [47] Akram 

and Aftab 2015, increasing protein and chlorophyll contents 

at the end of acclimatization period [48] Hofman et al. 

2002, protein content increased at the end of shoot 

formation stage [49] Sharifi 2012, indoles contents 

increased at the end of pre-acclimatization stage [50] 

Darwesh et al. 2011, and increasing of chlrorphyll a and b 

and indoles contents in acclimatization stage was found in 

date palm plantlets in the greenhouse [51] Ibrahim et al. 

2012.  

Activity of antioxidant enzymes: assaying CAT and POD 

activity showed increasing activity sequenced from in vitro 

shooting stage to ex vitro plantlets in the greenhouse and in 

the open field and offshoots which come out from the 

differs of environmental conditions from in vitro and ex 

vitro also different growth stages with different 

photosynthesis products, antioxidants helped in preventing 

the damage occurred in cells by free radicals that are 

released during normal metabolic process of oxidation [52] 

Young and Woodside 2001, antioxidant activity of 

polyphenols due to redox properties which are important in 

decomposing peroxides [53] Karou et al., 2005, superoxide 

dismutase and guaiacol peroxidase activities increased with 

increasing light intensity, Catalase and glutathione 

reductase increased during the first three weeks of 

acclimatization, while an increase in guaiacol peroxidase 

and ascorbate peroxidase observed later in the 

acclimatization, [54] Van Huylenbroeck et al. 2000, rise 

activity of SOD after one week of transplantation plantlets 

showed its role in preventing oxidative stress of Rauvolfia 

tetraphylla, increasing carotenoids content reflects the 

functional response of photosynthetic apparatus to the 

different light environment of Tylophora indica [55] Faisal 

and Anis 2009 and [56] 2015, catalase and glutathione 

peroxidase plays an important role in preventing cell 

injuries [57] Starlin and Gopalakrishnan, 2013, CAT 

decomposition of H2O2 into oxygen and water associated 

with guard systems for AOS in cells [58] Agnieszka and 

Edyta 2014, the activity of catalase and peroxidase changes 

with fluctuations of endogenous H2O2 content [59] 

Konieczny et al. 2014.  

PEPC and Rubisco enzymes: findings on PEPC and 

Rubisco activity showed graduated value activity from date 

palm in vitro tissues which scored lowest activity values to 

maximum activity values belonging to ex vitro tissues. C3 

and C4 plants use photosynthesis process to convert light to 

energy and CO2 into (carbohydrates). increase of both 

biomass and CO2 fixation with light intensity in C4 faster 

than C3, led to use of solar energy in C4 plants, C4 plants 

following angiosperms and monocotyledon with high 

daytime temperatures, intense sunlight, C4 plants can grow 

well at 35-40 ◦C, grow in 20-25 ◦C soil temperature [60] 

Oberhuber et al. 1993 and [61] Wang et al. 2012, Date palm 

can assimilate CO2 through two independent carboxylation 

pathways, one occurs in the chloroplasts through, another 

pathway occurs in the cytosol through the 

Phosphoenolpyruvate carboxylase pathway [62] Kwa et al., 

1997, C4 plants, CO2 is fixed by phosphoenolpyruvate 

carboxylase (PEPC) in the mesophyll cells into four-carbon 

acids and flow into an inner ring of bundle sheath cells, 

which decarboxylated and the CO2 is fixed again by 

Rubisco, [63] Doubnerová and Ryšlavá 2011, [64] Freschi 

and Mercier 2012 and [65] Jasper et al 2012, C4 plants 

produced carbon dioxide fixation is a 4-carbon compound, 
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C4 plants have a uniform mesophyll layer with developed 

bundle sheath around each vein, water use efficiency of the 

plants [66] Stephen 2014. In vitro plants are 

photomixotrophic, low rates of photosynthesis with low 

light intensities, low CO2 and high amount of sucrose in the 

medium which inhibits photosynthesis [67] Reuther 1991), 

Rubisco and PEPC were greater in the plantlets have 3-4 

leaves than in vitro date palm [68] Masmoudi et al. 1999, 

increasing of FBPase and Rubisco when transition from 

photoheterotropic to photo-autotrophic conditions of 

Banana plants [69] Regev et al. 1997, photosynthesis rates 

improve when cultures are grown under elevated CO2 

levels [70] Mitra et al. 1998, in vitro conditions led to limit 

leaves photosynthetic incorporation of CO2, after 

transplanting tobacco plants to natural conditions reached to 

normal values [71] Katya et al. 1996, lack of photosynthetic 

capacity is the main factors responsible for decreasing 

survival and slow growth of microcuttings [72] Carmen et 

al. 2007, [73] Debergh et al. 2000, in vitro condition the 

lowest intensities of light, little concentrations of CO2 and 

inhibition of photosynthesis led to lower net photosynthetic 

and dark respiration rate than ex vitro plants [74] 

Slavtcheva and Dimitrova 2001 and [75] Zhang et al. 2009, 

in vitro plantlets detect degradation of Rubisco. In ex vitro 

plantlets, these degradation were no longer detected, 

decrease in soluble sugars and starch gave an indication of 

a faster acquisition of autotrophic characteristics [76] 

Carvalho et al. 2005, at the beginning of acclimatization 

low vitality in vitro plants were noted and indicate poor 

functioning of dark phase of photosynthesis, vitality of new 

leaves reflected to higher photosynthetic potential [77] 

Fuentes et al., 2005, [78] LLisandra et al. 2006 on Malus 

domestica – cv M9 and [79] Pedroso et al. 2010. 

  

V. CONCLUSION 
 

Date palm in vitro tissues showed decreasing leaves 

contents of chlorophyll which as strong indicator of 

photosynthesis process and its components as proteins and 

indoles in addition to many enzymes as antioxidant 

enzymes and the main photosynthesis enzymes for date 

palm as PEPC and Rubisco that reflected on the growing 

plants, these effects can be modified after acclimatization in 

the greenhouse, as well as the plantlets derived tissue 

culture technique exhibited normal process in the open 

field. 

 

REFERENCES 
 
[1]  Darwesh, Rasmia, S.S.(2015): Morphology, physiology and 

anatomy in vitro affected acclimatization ex vitro date palm 
plantlets: A Review. International Journal of Chemical, 

Environmental & Biological Sciences (IJCEBS) 3, 2: 175-182 

[2]  Pospısilova´, J. C_ atsky´, Z. S_esta´k, (1997): Photosynthesis in 
plants cultivated in vitro, in: M. Pessarakli (Ed.), Handbook of 

Photosynthesis, Marcel Dekker, New York, , pp. 525–540.  

[3]  Kozai, T., Kubota, C., Jeong, B.R., (1997): Environmental control 
for large-scale production of plants through in vitro techniques. 

Plant Cell Tissue Org. Cult. 51, 49–56.  

[4]  DelaViña G, Pliego-Alfaro F, Driscoll SP, Mitchell V, Parry MA, 
Lawlor DW (1999): Effects of CO2 and sugars on photosynthesis 

and composition of avocado leaves grown in vitro. Plant Physiol 

Biochem 37: 1–9. 

[5]  Desjardins Y (1995): Photosynthesis in vitro – on the factors 
regulating CO2 assimilation in micropropagation systems. Acta 

Hort 393: 45– 61 

[6]  Kozai T, Smith MAL (1995): Environmental control in plant 
tissue culture general introduction and overview. In: Goto E, 

Kurata K, Hayashi M, Saa S (eds) Plant Production in Closed 

Ecosystems. Kluwer Academic Publishers, Dordrecht–Boston–
London, pp 153–169 

[7]  Rival AK, Triques K, Beule T, Nato A, Lavergne D, Santamaria J, 

Verdeil JL, Hocher V, Oropeza C, Hamon S (1999): A multi-
parameter approach for the study of in vitro photosynthesis. 

Current Plant Sci Biotech Agric 36: 437–440 

[8]  Premkumar, A., José A. Mercado, Miguel A. Quesada (2001): 
Effects of in vitro tissue culture conditions and acclimatization on 

the contents of Rubisco, leaf soluble proteins, photosynthetic 

pigments, and C/N ratio. Journal of Plant Physiol. 158. 835–840. 
[9]  Cournac L, Cirier I, Chagvardieff P (1992): Improvement of 

photoautotrophic Solanum tuberosum plantlet culture by light and 

CO2: differential development of photosynthetic characteristics 
and varietal constraints. Acta Hortic 319:53-58 

[10]  Kadlecek, P, Ingrid Ticha´ a, Daniel Haisel b, Veˇra C_ apkova´ b, 

Christian Scha¨fer (2001): Importance of in vitro pretreatment for 
ex vitro acclimatization and growth. Plant Science 161: 695–701 

[11]  Van Huylenbroeck JM, Debergh PC (1996): Physiological aspects 
in acclimatization of micropropagated plantlets. Plant Tissue 

Culture and Biotech 2: 137–141. 

[12]  Ticha, I; F. C_ a´p, D. Pacovska´, D. Haisel, V. C_ apkova´, C. 
Scha¨fer, (1998): Culture on sugar medium enhances 

photosynthetic capacity and high light resistance of plantlets 

grown in vitro, Physiol. Plant. 102 155–162. 
[13]  Amâncio S, Rebordâo JP, Chaves MM (1999): Improvement of 

acclimatization of micropropagated grapevine: Photosynthetic 

competence and carbon allocation. Plant Cell Tiss Org Cult 58: 
31–37  

[14]  Taiz, L., Zeiger, E. (2010): Plant Physiology. 5th Ed. Sinauer 

Associates, Sunderland . 
[15]  Agetsuma M1, Furumoto T, Yanagisawa S, Izui K. (2005): The 

ubiquitin-proteasome pathway is involved in rapid degradation of 

phosphoenolpyruvate carboxylase kinase for C4 photosynthesis. 
Plant Cell Physiol. 46 (3): 389-398 

[16]  Méndez-Lucas A., Hyroššová P., Novellasdemunt L., Viñals F. 

and Perales J.C. (2014): "Mitochondrial phosphoenolpyruvate 
carboxykinase (PEPCK-M) is a pro-survival, endoplasmic 

reticulum (ER) stress response gene involved in tumor cell 

adaptation to nutrient availability". J. Biol. Chem. 289 (32): 
22090–102  

[17]  Christopher J.T. and Holtum J.A.M. (1996): "Patterns of carbon 

partitioning in leaves of Crassulacean acid metabolism species 
during deacidification". Plant Physiol. 112 (1): 393–399. 

[18]  Kanai R. and Edwards G.E. (1999): "3. The Biochemistry of C4 

Photosynthesis". In Sage RF, Monson RK. C4 Plant Biology. 
pp. 43–87.  

[19]  Kriengkrai MB, Suriyan C and Chalermpol K (2004): Enhanced 

growth and photosynthesis of rain tree (Samanea saman Merr.) 
plantlets in vitro under a CO2-enriched condition with decreased 

sucrose concentrations in the medium. Scientia Horticulturae 103: 

51–63.  

[20]  Abd El-Baky M.A. (2012): Using Morphological and Anatomical 

Features as Taxonomical Evidences to Differentiate Between 

Some Soft and Semi-Dry Egyptian Cultivars of Date Palm. 
Journal of Horticultural Science & Ornamental Plants 4 (2): 195-

200. 

[21]  Anushi A. J. and Anis, M. (2014): Changes in Antioxidative 
Enzymatic Responses during Acclimatization of In Vitro Raised 

Plantlets of Cardiospermum halicacabum L. against Oxidative 

Stress. Plant Physiol Pathol, 2:4: 1-5 
[22]  Lichtenthaler H.K. and Welburn E.R. (1994): Determination of 

total carotenoids and chlorophylls a and b of leaf extracts in 

different solvents. J. Biochem Soc Tran. 603: 591-593. 
[23]  Bradford MM (1976): A rapid and sensitive method for the 

quantitation of microgram quantities of protein utilizing the 

principle of proteindye binding. Anal Biochem 72: 248–254. 



 

 

Copyright © 2016 IJAIR, All right reserved 

287 

International Journal of Agriculture Innovations and Research 

Volume 5, Issue 3, ISSN (Online) 2319-1473 

[24]  Larsen P, Harbo A, Klungroun, S, Ashein T (1962):On the 

biogenesis of some indole compounds in Acetobacter xylinum. 

Physiol Plant, 15 : 552 – 565 
[25]  Aebi, H. (1984): Catalase in vitro. Methods in Enzymology 105, 

121-126. 

[26]  Polle, A.;Otter, T. and Seifert, F. (1994): Apoplastic peroxidase 
and lignification in needles of Norway (Picea abies L.). Plant 

Physiol. 106, 53-50  

[27]  Gonzalez, M.C., Osuna, L., Echevarria, C., Vidal, J., and Cejudo, 
F.J.(1998): Expression and localization of phosphoenolpyruvate 

carboxylase in developing and germinating wheat grains. Plant 

Physiology 116, 1249 – 1258 
[28]  Lilley, R.Mc. and Walker, D. A.(1974): An improved 

spectrophotometric assay for ribulose bis-phosphate carboxylase . 

Biochim. Biophys. Acta. 358: 226-229.  
[29]  Snedecor, G.W. and Cochran W.G. (1990): Statistical Methods. 

11th Ed. Iowa State Univ., Press. Ames, Iowa, USA 

[30]  Jain SM (2012): Date palm biotechnology: Current status and 
prospective-an overview. Emir J Food Agric 24: 386-399 

[31]  FAO. Statistical Databases (2013): www.FAO.org Accessed 

20.01.  
[32]  Eke, C.R. Akomeah P and Asemota O (2005): Somatic 

embryogenesis in date palm (Phoenix dactylifera L.) from apical 

meristem tissues from ‘zebia’ and ‘loko’ landraces. African 
Journal of Biotechnology, 4 (3): 244-246  

[33]  Al-Mazroui H, Zaid A, Bouhouche N. (2007): Morphological 
abnormalities in tissue culture-derived date palm (Phoenix 

dactylifera L.). III International Conference on Date Palm. Acta 

Hort. 736: 329-335.  
[34]  Al-Khateeb AA (2008b): The problems facing the use of tissue 

culture technique in date palm (Phoenix dactylifera L.). Sci J King 

Faisal Univ 9: 85-104. 
[35]  Mustafa, N.S., Taha, R.A., Hassan, S.A.M., Ziad, N.S.M. and 

Mustafa, E.A. (2013): Overcoming phenolic accumulation of date 

palm in vitro culture using α-tochopherol and cold pre-treatment. 
Middle-East Journal of Scientific Research 15 (3): 344-350  

[36]  Mazri MA and Meziani R (2015): Micropropagation of Date 

Palm: A Review. Cell & Developmental Biology, 4 (3): 1-5 
[37]  Fila, G., Ghashghaie, J., Hoarau, J., Cornic, G. (1998): 

Photosynthesis, leaf conductance and water relations of in vitro 

cultured grapevine rootstock in relation to acclimatisation. - 
Physiol. Plant. 102: 411-418. 

[38]  Bolar, J.P., Norelli, J.L., Aldwinckle, H.S., Hanke, V.(1998): An 

efficient method for rooting and acclimation of micropropagated 
apple cultivars. - HortScience 37: 1251-1252.  

[39]  Krause GH and Weis E (1991): Chlorophyll fluorescence and 

photosynthesis: the basics. Annu. Rev. Plant Physiol. Plant Mol. 
Biol. 42: 313–349  

[40]  Carvalho L.C., Os´orio M.L., Chaves M.M. and Amâncio S. 

(2001): Chlorophyll fluorescence as an indicator of photosynthetic 
functioning of in vitro grapevine and chestnut plantlets under ex 

vitro acclimatization. Plant Cell, Tissue and Organ Culture 67: 

271–280 
[41]  BoŜena Matysiak (2004): Effect of light intensity on growth and 

chlorophyll fluorescence of Rhododendron microcuttings during 

acclimatization. Folia Horticulturae Ann. 16(1): 107-114  
[42]  Arigita L, Fernández B, González A, Tamés RS (2005): Effect of 

the application of benzyladenine pulse on organogenesis, 

acclimatization and endogenous phytohormone content in kiwi 

explants cultured under autotrophic conditions. Plant Physiol 

Biochem 43: 161-167. 

[43]  Lichtenthaler HK1, Ac A, Marek MV, Kalina J, Urban O. (2007): 
Differences in pigment composition, photosynthetic rates and 

chlorophyll fluorescence images of sun and shade leaves of four 

tree species. Plant Physiol Biochem. Aug;45(8):577-88  
[44]  Lichtenthaler HK1, Babani F, Navrátil M, Buschmann C. (2013): 

Chlorophyll fluorescence kinetics, photosynthetic activity, and 

pigment composition of blue-shade and half-shade leaves as 
compared to sun and shade leaves of different trees. Photosynth 

Res., 117(1-3):355-366 

[45]  Suthar, R.K. and Purohit S.D. (2011): Biopriming of 
micropropagated Boswellia serrate Roxb. Plantlets – Role od 

endohytic root fungus Piriformospora indica. Indian Journal of 

Biotechnology, 11 (7): 304-308  

[46]  Dragolova D., Stefanova M., Dimitrova M., Koleva D., 

Zhiponova M. and Kapchina – Toteva V. (2015): In vitro 

cultivation and ex vitro adaptation of Nepeta nuda ssp. nuda- 
correlation between regeneration potential, leaf anatomy and 

plastid pigments. Bulgarian Journal of Agricultural Science, 21 

(5): 1027 – 1032.  
[47]  Akram M and Aftab F (2015): Effect of Cytokinins on In vitro 

seed Germination and Changes in Chlorophyll and Soluble Protein 

Contents of Teak (Tectona grandis L.). Biochemistry & 
Physiology, 4(3): web page  

[48]  Hofman P, Haisel D, Komenda J, Vagner M, Ticha I, Scafer C 

and Capkova V. (2002): Impact of in vitro cultivation on stress 
responses and on changes in thylakoid membrane proteins and 

pigments of Tobacco during ex vitro acclimation. Biologia 

Plantarum, 45 (2): 189-195.  
[49]  Sharifi G(2012): Plant Antioxidative Enzymes –Case Study: In 

Vitro Organogenesis of Saffron (Crocus sativus L.). Department 

of Basic Sciences, Iranian Encyclopedia Compiling Foundation, 
Tehran, Iran, INTECH, 369-380  

[50]  Darwesh Rasmia S.S., Zeinab, E. Zaid and Rehab, A. Sidky 

(2011): Effect of Ammonium Nitrate and GA3 on Growth and 
Development of Date Palm Plantlets in Vitro and Acclimatization 

Stage. Research Journal of Agriculture and Biological Sciences, 

7(1): 17-22 
[51]  Ibrahim, A.E.;Mona, H.M. and Darwesh, R.S.S (2012): Pre- 

acclimatization stage of date palm (Phoenix dactylifera) plantlets 
cv. Barhee as affected by potassium nitrate and sucrose. Journal of 

Biological Chemistry& Environmental Science, 7 (3):1-20 

[52]  Young I. S. and Woodside J. V. (2001): Antioxidants in health 
and disease. J. Clin. Pathol. 54:176-186. 

[53]  Karou D., Dicko M. H., Simpore J. & Traore A. S. (2005): 

Antioxidant and antibacterial activities of polyphenols from 
ethnomedicinal plants of Burkina Faso. Afr. J. Biotechnol. 4:823-

828 

[54]  Van Huylenbroeck JM, Piqueras A, Debergh PC (2000): The 
evolution of photosynthetic capacity and the antioxidant 

enzymatic system during acclimatization of micropropagated 

Calathea plants. Plant Sci 155: 59-66.  
[55]  Faisal M, Anis M (2009): Changes in photosynthetic activity, 

pigment composition, electrolyte leakage, lipid peroxidation and 

antioxidant enzymes during ex vitro establishment of 
micropropagated Rauvolfia tetraphylla plantlets. Plant Cell Tiss 

Org Cult 99: 125-132 

[56]  Faisal M, Anis M (2015): Effect of light irradiations on 
photosynthetic machinery and antioxidant enzymes during ex 

vitro acclimatization of Tylophora indica plantlets. J Plant Interact 

5: 21-27. 
[57]  Starlin T. & Gopalakrishnan V. K. (2013): Enzymatic and non-

enzymatic antioxidant properties of Tylophora pauciflora Wight 

and Arn– An in vitro study. Asian J. Pharm. Clin. Res. 6:152-157. 
[58]  Agnieszka W and Edyta S (2014): Effect of cytokinins on 

antioxidant enzymes in in vitro grown shoots of Pelargonium 

hortorum L. H. Bayley. Acta Agrobotanica, 67 (4): 33–42 
[59]  Konieczny R, Banaś A.K., Surówka E, Michalec Z., Miszalski Z., 

and Konieczny M.L. (2014): Pattern of antioxidant enzyme 

activities and hydrogen peroxide content during developmental 
stages of rhizogenesis from hypocotyl explants of 

Mesembryanthemum crystallinum L. Plant Cell Rep. 2014; 33(1): 

165–177.  

[60]  Oberhuber W, Dai Z-Y, Edwards GE (1993): Light dependence of 

quantum yields of Photosystem II and CO2 fixation in C3 and C4 

plant. Photosythesis research. 35: 265-274 
[61]  Wang C, Longyun Guo, Yixue LiEmail author and Zhuo Wang 

(2012): Systematic Comparison of C3 and C4 Plants Based on 

Metabolic Network Analysis. Proceedings of the 23rd 
International Conference on G  

[62]  Kwa SH, Wee YC and Kumar PP (1997): RibuIose-l, S-

bisphosphate carboxylase and phosphoenolppvate carboxylase 
activities of photoautotrophic callus of Platycerimn coronariuin 

(Koenig ex OF Muell.) Desv. under COZ enrichment. Plant Cell 

Tiss. Org. Cult. 50: 75-82 enome Informatics (GIW 2012) 
[63]  Doubnerová, V., Ryšlavá, H.(2011) : What can enzymes of C4 

photosynthesis do for C3 plants under stress? – Plant Sci. 180: 

575-583. 



 

 

Copyright © 2016 IJAIR, All right reserved 

288 

International Journal of Agriculture Innovations and Research 

Volume 5, Issue 3, ISSN (Online) 2319-1473 

[64]  Freschi, L., Mercier, H.(2012): Connecting environmental stimuli 

and crassulacean acid metabolism expression: Phytohormones and 

other signaling molecules. – Prog. Bot. 73: 231-255.  
[65]  Jasper J.L. Pengelly, Jackie Tan, Robert T. Furbank and Susanne 

von Caemmerer (2012): Antisense Reduction of NADP-Malic 

Enzyme in Flaveria bidentis Reduces Flow of CO2 through the C4 
Cycle. Plant Physiology, 160 (2): 1070-1080 

[66]  Stephen G. S. (2014): Autotrophism: Carbon Reactions (Calvin 

Cycle, C4, CAM). Plant Physiology (Biology 327): web page  
[67]  Reuther G (1991): Stimulation of photoautotrophy of in vitro 

plants. Acta Hort. 300: 59-75.  

[68]  Masmoudi R., Rival A, Nato A, Lavergne D, Drira N and Mazri 
G, M.A. and Meziani R (2015): Micropropagation of Date Palm: 

A Review. Cell & Developmental Biology, 4(3): 1-5 

[69]  Regev, I.; Gepstein, S.; Duvdevani, A.; Magdar, D.; Khayat, E.; 
Meristem, R.; Hanikra, R. (1997): Carbon Assimilation, Activities 

of Carboxylating Enzymes and Changes in Transcript Level of 

Genes Encoding Enzymes of the Calvin Cycle and Carbon 
Partitioning of Banana Plantlets during Transition from 

Heterotrophic to Autotrophic Existence. Acta horticulturae, 447: 

561-568.  
[70]  Mitra A, Bhattacharya PS, Dey S, Sawarkar SK, Bhattacharyya 

BC (1998): Photoautotrophic in vitro culture of Chrysanthemum 

under CO2 enrichment. Biotechnol Techn 12:335-337 
[71]  Katya G., Ivan Y., and Antoaneta K. (1996): Photosynthetic 

characteristics of transformated Tobacco plants grown in vitro 
after their transplantation in natural conditions. Bulg. Journal 

Plant Phtsiol., 22 (3-4): 3-13 

[72]  Carmen V-A, Sandra B. W., Michael E. K., and Nancy L. P. 
(2007): Influence of in vitro growth conditions on in vitro and ex 

vitro photosynthetic rates of easy- and difficult-to-acclimatize sea 

oats (Uniola paniculata L.) genotypes. In Vitro Cellular and 

Developmental Biology - Plant 43(3):237-246. 
[73]  Debergh P.C., Topoonyanont N., Vanhuylenbroeck J.M., Moreir 

H., Oysert E., (2000): Preparation of microplants for ex vitro 

establishment. Acta Hort. 530: 269-273 
[74]  Slavtcheva, T. and Dimitrova, V. (2001): Gas exchange of in vitro 

and ex vitro grown grapevine plants. Photosynthetica, Prague, 39: 

29-33 
[75]  Zhang M., Zhao D., Ma Z. and Xiao X.Y. (2009): Growth and 

Photosynthetic Capability of Momordica grosvenori Plantlets 

Grown Photoautotrophically in Response to Light Intensity. 
HortScience, 44 (3): 757-763  

[76]  Carvalho L.C., Esquível M.G. and Amâncio S. (2005): Stability 

and Activity of Rubisco in Chestnut Plantlets Transferred to Ex 
vitro Conditions under Elevated CO2. In Vitro Cellular & 

Developmental Biology. Plant, 41 (4): 525-531  

[77]  Fuentes G, Talavera C, Desjardins Y, Santamaria JM (2005): High 
irradiance can minimize the negative effect of exogenous sucrose 

on the photosynthetic capacity of in vitro grown coconut plantlets. 

Biol. Plant. 49: 7-15. 
[78]  Ilisandra Z; Marcos A B; Douglas D S; Eugenia J B B; José A P 

(2006): Chlorophyll fluorescence in in vitro cultivation Apple. R. 

Bras. Agrociência, Pelotas, v. 12, n. 3, p. 305-308  
[79]  Pedroso A.N.V.; Lazarini R.A.M.; Tamaki V. and Nievola C.C. 

(2010): In vitro culture at low temperature and ex vitro 
acclimatization of Vriesea inflata an ornamental bromeliad. 

Brazilian Journal of Botany, 33 (3): web page 

 

 
Fig. 1. Different type’s tissues affected chlorophyll contents 

 

 
Fig. 2. Different type’s tissues affected proteins contents 
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Fig. 3. Different type’s tissues affected proteins contents 

 

 
Fig. 4. Different type’s tissues affected CAT and POD activity 

 

 
Fig. 5. Different type’s tissues affected PEPC activity 

 

 
Fig. 6. Different type’s tissues affected Rubisco activity 
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Fig. 7. In vitro and ex vitro date palm stages. In vitro stages as 1= shooting stage 2 = rooting stage).  

Ex vitro stages as 3 and 4 = plantlets in the greenhouse 5 = plantlets in the open field 6 = offshoot. 
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