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Abstract   
A common modern cultivation practice is bagging the fruit bunch if date palm (Phoenix 
dactylifera L.) which may influence fruit maturity and nutraceutical quality. Exposure of 
fruits to photooxidative stress induces changes in the endogenous concentrations of plant 
hormones and other metabolites, which may cause accelerated fruit maturity. This study 
was conducted to examine the effect of exposure to direct and indirect sunlight on date 
palm fruit development. The indirect sunlight treatment was simulated by fruit bunch 
bagging, a common practice in modern date production. The exposure of date palm fruits 
to direct sunlight-induced photooxidative stress causing an increased concentration of 
ascorbic acid and decreased content of chlorophyll, anthocyanins, carotenoids, and 
phenols compared to the fruit bagging treatment. Direct sunlight also reduced the 
concentration of phytohormones, including indoleacetic acid, gibberellin, and zeatin, but 
increased abscisic acid accumulation. The directly-exposed fruits reached a partially-
mature stage (Rutab) in August, whereas the bagged fruits remained at the immature 
stage (Khalal). This study is the first to describe the biochemical basis of the observed 
improvement of date palm fruit development in response to reduced light intensity. 
Besides, it provides insights into controlling date palm fruit maturity and subsequently 
prolonging the shelf life dates on the tree; thus,  extending the marketing period for the 
benefit of the farmers. 
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Introduction  
 
Sunlight contributes to the ripening of many fruits, including date palm. Date palm 
(Phoenix dactylifera L.) is the leading fruit crop in Iraq and surrounding countries 
(Khierallah et al. 2015). It is an evergreen tree bearing fruit during the summer and 
continuing into autumn in some varieties. The fruits have high nutritional value and are 
used in many food industries and have a high market value (El Hadrami and Al-Khayri 
2012). Among the palms, dates occupy third place in terms of economic importance in 
the world after oil palm and coconut. The desired qualities of the consumer are 
cleanliness, bright color and size of the fruit. Field practices that help increase fruit size 
involve covering the clusters to block the sunlight from reaching the fruits (Shareef and 
Alapresm  2012). 

 Sunlight reaching the fruit can cause damage at the cellular level, including the 
breakdown of photosynthesis and peroxidation of the lipid and photooxidative of 
phytohormones such as indoleacetic acid (IAA), which is considered most affected by 
high radiation . Light accelerates the process of fruit maturation 
through the process of photooxidation as the light-emitting plant hormones such as 
gibberellin (GA3) and zeatin (ZT) break down (Shareef 2010). Some plant hormones, 
such as abscisic acid (ABA), are known as stress hormones that play a critical role in 
plant growth, regulation of growth, stomata closure, and fruit abscission (Yang et al. 
2011). IAA is a multifunctional plant hormone that is necessary not only for plant growth 
and development but also contributes to plant growth under stress conditions (Takisawa 
et al. 2019). Besides, there is significant importance in the development of plant and 
phenotypic plasticity. These hormones include IAA, ABA, GA3, and ZT (Torres and 
Kahlaoui  2017). However, the cytokinin (CK) receptor system appears to contribute to 
the regulation of photosynthesis mechanisms (Márquez et al. 2019). Thus CK plays a 
vital role in response strategy of the Arabidopsis plant for adaptation to high light 
intensity (Alabadí and Blázquez 2009). Moreover, GA3 decreases when the plant is 
exposed to light, while shade increases the levels of GA3, leading to the elongation of 
cells (Rosenwasser et al. 2010).  

Photooxidation is a sequential process involving a large number of antioxidants 
following the first event-photon absorption, which stimulates the collapse of radical free 
products (Elgendy and Al-Ghamdy 2007). Light is the primary atmospheric stress that 
works on plants and inhibits growth primarily by disabling the pathway of photosynthesis 
(Singla et al. 2006). Sunlight is one of the main factors that regulate chlorophyll building 
pathways, while growth regulators enhance the growth of the plant  (Gomes et al. 2011). 
The plant performs a defensive mechanism for the reduction of damage, including the 
accumulation of secondary metabolites to minimize plant tissue breakdown (Sulusoglu 
2014). The content of plant hormones and antioxidants changes the effect of 
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environmental factors on plant tissue to protect the pigments of these substances in 
flavoxate, anthocyanins, and polyamine (Sun et al. 2017). Light influences the content of 
ascorbic acid (AsA) in the leaves and fruits of the plant,  leading to increased vitamin C 
in the leaves as compared to the fruits (Massot et al. 2012). Awad and Al-Qurashi (2012) 
found that the bagged fruit of cv. Barhee dates covered with perforated craft bags for 4 
weeks after pollination exhibited increased ascorbic acid and phenolic contents.    

Light stress is the least studied and most neglected type of abiotic stress. Previous 
studies have shown the extent to which date palm fruit varieties need different levels of 
thermal units to reach maturity (Klein and Zaid 2002); however, studies on the influence 
of light stress on fruit maturity are lacking. The present study elucidates the effect of 
photooxidative stress on the levels of hormones and antioxidants in the date palm fruit as 
it matures. 
 
 
Materials and Methods  
 
Plant Material and Growth Conditions 
 
This experiment was carried out in a date palm orchard at the district of Abi Al-Khaseeb, 
Basrah, Iraq, during the 2018 growing season. Twenty 17-year old trees of cv. Hillawi, 
subjected to regular field practices including fertilization, pruning, and irrigation, were 
used in this experiment. The inflorescence number was reduced to seven per palm by 
removing early- and late-merging inflorescences. Artificial pollination was used by
harvesting the male spathes (cv. Al-Ghannami Al-Akhdar) and manually placing a few 
strands inside the female spathes. The fruit bunch was bagged immediately after 
pollination with 50 x 70 cm brown paper bags. Unbagged bunches in the same tree 
represented the direct sunlight treatment. Two months after pollination, fruit samples 
(100 fruits) were collected every month for analysis. Light intensity was measured daily 
at 11 am using a photometer. Furthermore, at the same time, the temperatures of the field 
and under the bags were measured using a hygro-thermometer. The monthly average of 
light and temperature averages are presented in Table 1. No precipitation occurred during 
the duration of the experiment. 
 
 
Table 1 The change in daily light intensity and temperature during 2018 growth season 
Month Light intensity, cd) Air temperature, (ºC) Temperature under bag, (ºC) 
June 0.976 41 36 
July 1.092 42 38 
August 1.140 44 38 
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Estimation of Photosynthetic Pigments   
 
Pigment contents were extracted from the fruits according to the method described by 
Lichtenthaler and Wellburn (1983). Samples of 200 mg of fresh fruit were homogenized 
in 8 ml acetone (80%) and centrifuged at 3000 rpm for 3 min. The supernatant was used 
to measure absorbance at 645, 663, 534, and 470 nm, to determine the total chlorophyll, 
anthocyanins, and carotenoids, respectively. 
 
Total Phenolic Content  
 
The total concentration of phenols in the extract was determined according to the Folin-
Ciocalteu method (Waterman and  Mole 1994). In a 1.5 ml Eppendorf tube, 790 µl pure 
water, 10 µl sample, and 50 µl of Folin Ciocalteu reagent was included and vortexed for 
5 min 150 µl of Na2CO3 (20%) was included, and the blend was vortexed for 5 min and 
permitted to rest at room temperature in the dark for 2 h. The absorbance was measured 
at 750 nm. The phenol content was determined spectrophotometrically at 750 nm based 
on gallic acid as a standard curve and expressed in mg of gallic acid counterparts (mg 
GAE) per 100 g fresh tissue. 
 
Ascorbic Acid Content 
 
Ascorbic acid (AsA) content was determined using the Luwe and Takahama (1993) 
technique with slight modifications. Samples (0.5 g) were ground in liquid nitrogen using 
a mortar and pestle and then homogenized in 1% cold trichloroacetic acid. The 
homogenate was then centrifuged at 12,000 xg for 20 minutes at 4 °C, and the 

um phosphate buffer and the ascorbic 
acid estimated spectrophotometrically at 265 nm.  
 
Hormones Analysis 
 
Determination of indoleacetic acid (IAA), abscisic acid (ABA), gibberellic acid (GA3) 
and zeatin (ZT) was performed using the same tissue extracts to assure data reliability. 
Samples of gathered date fruits were washed, surface dried with a paper towel, promptly 
placed in liquid nitrogen, and stored at -20 . One g of fresh mass (FM) samples were 
ground in liquid nitrogen, extracted medium-term with 30 ml 80% cold methanol at 4 . 
The concentrate was centrifuged at 2000 xg and 4  for 15 min, and the supernatant 
gathered. At that point, new cold methanol was used to fill the remainder, extracted four 
times with the strategies above. The all-out methanolic separate was dried in a rotary 
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evaporator and separated into 10 ml methanol aliquots. IAA, ABA, GA3, and ZT 
estimated by the infusion of the concentrate into a turnaround stage HPLC on a switch 
stage C18 section (250 × 4.60 mm, 5 microns) in an isocratic elution mode utilizing a 
portable stage comprising of acetonitrile: water (26:74) with 30mM phosphoric acid 
according to  Tang et al. (2011). 
 
Statistical Analysis      
 
The experiment was conducted as a randomized block design consisting of two factors 
(light intensity) at two levels (direct and indirect sunlight, i.e., without and with a bag) 
and months after pollination at three levels (June, July, and August). Each of these six 
treatments consisted of five replications. The data were subjected to analysis of variance 
(ANOVA) using SPSS variant 21.0 (SPSS, Chicago, IL), and the means were separated 
using the Duncan test at the 5% significance level. 
 
Results  
 
Photosynthetic Pigments Content  
 
Total chlorophyll content decreased as fruits matured. The light increased the chlorophyll 
content fruit compared to bagged fruit, especially in the early stage of fruit formation. 
The highest level of chlorophyll under light was in June at 62.14% compared with 
bagged fruits (Fig. 1A). The content of anthocyanins increased as fruits matured. In 
August, anthocyanins increased in bagged fruits to be higher than in unbagged fruits. 
Bagging of fruits caused a maximum increase in the percentage of anthocyanins in 
August at 15.38% compared with the effect of light (Fig. 1B). The content of carotenoids 
increased as the fruit matured. Fruit bagging increased the content of carotenoids 
significantly, compared to unbagged fruits. The percentage increase of carotenoids in 
August under bags was 9.23%, compared with unbagged fruits (Fig. 1C). 
 
Phenols and Ascorbic Acid Antioxidants  
 
Phenols decreased as fruits matured. The effect of light significantly reduced the content 
of phenols in fruits. The decrease of phenol percentage under light stress was 21.65%, 
compared with the bagged fruit treatment in August (Fig. 2A). The content of AsA 
differed in fruits exposed to direct light and indirect sunlight. AsA decreased as the fruits 
matured. In light, the increased percentage of AsA was 12.9% in August, compared with 
bagged fruits (Fig. 2B). 
 
Phytohormone Levels 
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Figure 3 shows that the plant hormones IAA, GA3, and ZT increased in July, except for 
ABA, which increased in August. Direct light reduced the levels of phytohormones in 
fruits compared to bagged fruits, except for the rise in the content of the ABA of the 
fruits exposed to light in August, when fruits reached the Rutab stage, while the fruits 
were still bagged in the Khalal stage. The decrease in hormone content in light-exposed 
fruits compared with bagged fruit was 10.83% IAA, 49.49% GA3, and 32.91% ZT in 
August, whereas ABA increased by 3.57%. 
 
Discussion  
 
The fruits of date palm turn from green to a distinctive yellow or red color depending on 
the variety. In this study, the yellow variety of cv. Hillawi was used. Dates vary in their 
photosynthetic pigments during the different stages of growth under natural light, as in 
the first stage of growth that increases the chlorophyll, while in the stage of physiological 
maturity increases the pigment of carotene or anthocyanins depending on the variety (Al-
Farsi et al. 2005). However, blocking the sun's rays from reaching the fruits, using brown 
paper in these stages, led to a difference in the amount of these pigments. Anthocyanins 
and carotenoids increased in fruits under bags, while chlorophyll decreased (Fig. 1). 
Placing the plant at low light intensity stimulates the mechanism of shade avoidance 
leading to a reduction in chlorophyll production and the appearance of other pigments 
(Banerjee and Roychoudhury 2016). Whereas, the arrival of photons to photosynthesis in 
the fruit, as a result of exposure to light, leads to the high activity of photosynthesis and 
distinguishes chlorophyll from other pigments in the early stages of growth (Apichatmeta 
and Ritchie 2017). The difference in photosynthesis and, therefore, the type of dominant 
pigments depends on the growth and amount of light intensity experienced by the plant 
organ (Croft and Chen 2018). The direct light caused the breakdown of the anthocyanin 
and may have increased the activity of enzymes responsible for the decrease of this 
pigment. Similar results were obtained with carotenoids in response to direct light, which 
led to the breakdown, while the indirect light and low the temperature (Table 1) within 
bags led to the preservation of carotene and anthocyanin pigments in the unbagged fruit 
(Fig 1 A, B). These findings agree with those of Lee et al. (2007) in Indian ginseng 
(Withania somnifera) where light exposure led to the breakdown of photosynthetic 
pigments while the fruit bagging increased the concentration of secondary pigments and 
reduced the formation of primary pigments by preventing the photooxidative process.  

Photooxidation leads to the stimulation of biochemical responses in plants (Liu and 
Zhong 2017). The content of phenols in dates reaches the upper limit at the Khalal stage 
and then decreases in subsequent stages (Rutab and Tamar) (Al-Alawi et al. 2017). The 
fruits exposed to light reached the Rutab stage; whereas, the bagged fruit was still in the 
Khalal stage (Fig. 4). Thus, the high content of phenols in bagged fruits is present 
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because they did not reach the beginning of the Rutab stage. The increase in the phenolic 
content of the bagged fruits is attributable to the decrease in the breakdown of the 
polyphenol oxidase enzyme and the hydrolysis of the phenols (Al-Farsi et al. 2005).  Date 
palm fruits at the Rutab stage are sensitive to storage conditions because of their softness 
at this stage, which limits marketing due to increased damage (Shareef 2010). Polyphenol 
oxidase activity was noted to increase in Malabar spinach Basella alba) when exposed to 
oxidative stress induced by exposure to high temperature (Siddika et al. 2015). Increasing 
the concentration of phenols protects the fruits from insects,  allowing it to reach final 
maturity and thus improve its texture (Pérez-Llorca et al. 2019). Thus, the firmness of the 
date flesh leads to the possibility of storing it longer, which is what happened to the 
bagged fruits.  

Ascorbic acid is one of the main components of chloroplasts in a plant. Therefore, the 
intensity of light is strongly associated with the formation of chlorophyll and 
photosynthetic activity, which increases the content of AsA in fruits under high light 
(Izumi et al. 1992). In August, AsA accumulation under light was more than bagged fruit 
(Fig. 2 B). Exposure of fruits to direct sunlight leads to the raising of the temperature of 
fruits to 10 ºC higher than the temperature of the fruits in shade and thus leads to a rise in 
the accumulation of antioxidants (Helyes et al. 2007). Ascorbic acid is an essential 
antioxidant and is increasingly concentrated when exposed to oxidative stress (El-
Bassiouny and Sadak 2015). The low concentration of ascorbic acid under the bags is a 
result of lower light exposure; therefore, these fruits have a better texture.   

The interaction between light and plant hormones plays a vital role in modifying the 
development and plant behavior in response to different environmental conditions 
(Alabadí and Blázquez 2009). The decrease of indoleacetic acid content in light-exposed 
fruits (Fig 3, A) may be explained by the breakdown of the molecules of the hormone or 
the occurrence of crosstalk with the ethylene, which leads to the rapid development of 
fruits to the final maturity stage due to photooxidative stress. Light rays reduce the 
concentration and activity of IAA through photo-degradation (Sawicki et al. 2015).  
Blocking light from access to bagged fruits increased IAA content (Fig. 3a). Preventing 
photons from reaching the fruits has a direct effect on cell physiology; cells are no longer 
able to metabolize and use IAA (Banerjee and Roychoudhury 2015). Fruits exposed to 
light showed a decreased concentration of gibberellin (Fig. 3b). The high light conditions 
lead to a reduction in GA3 and an increase in the content of ABA (Rosenwasser et al. 
2010).  Stavang et al. (2007) found that high temperature caused by exposure of pea 
plants to light leads to the expression of the PsGA2ox2 gene responsible for the 
deactivation of GA3.  

Zeatin decreased in fruit effect by light while it increased under bags (Fig. 3c). Plants 
suffer from senescence-like symptoms under stress due to an increase in reactive oxygen 
species (ROS) production (Duarte et al. 2013). ZT is often portrayed as an antioxidant 
due to its anti-senescence properties (Buchanan-Wollaston et al. 2002). There was a 
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decrease in ZT content in response to the oxidase/dehydrogenase inhibition caused by 
photooxidative stress (Vaseva et al. 2006). 

The acceleration of fruit ripening and the accumulation of light-induced secondary 
metabolites are linked to the enhancement of the ABA signal transduction essential for 
the stress endurance mechanisms (Berli et al. 2011). The increase of ABA in fruits 
accompanied the rapid maturity at the Rutab stage (Fig. 3D). The light irradiation 
improves the ABA signal transduction by stimulating the plant protection mechanism. 
The high concentration of ABA as a result of light stress is involved in mitigating plant 
damage (Banerjee and Roychoudhury 2015). 
 
Conclusions  
 
Both plant hormone and antioxidant responses contribute to the ripening of date palm 
fruits by stimulating the intensity of the high light that leads to a modification in the 
metabolism of fruits. On the contrary, shading the fruit and preventing direct light leads 
to the non-oxidation of many of the substances involved in metabolism, which renews the 
state of the fruit tissue and thus prolongs the stages of growth. This study has identified a 
cultural practice to prolong the shelf life of dates on the trees and explained the relevant 
biochemical rationale. Bagging fruits lengthens the stage of Khalal by about two months 
and increases the storability of fruits during the Rutab stage. This method could 
contribute to extending the marketing season of date and increase farmers' income. 
 
 
Acknowledgment Authors are grateful for Prof. Dennis V. Johnson of Cincinnati, 
Ohio, USA for critical review and editorial enhancement of this manuscript.   
 
Author Contributions HJS and JMA contributed equally to the manuscript 
preparation. 
 
Conflict of Interest The authors declare no conflict of interest. 
 
References  

Al-Alawi RA, Al-Mashiqri JH, Al-Nadabi JM (2017) Date palm tree (Phoenix dactylifera 
L.): natural products and therapeutic options. Front Plant Sci 8:1 12. doi: 
10.3389/fpls.2017.00845 

Al-Farsi M, ALasalvar  C, Morris A,  Baron M, Shahid F (2005) Comparison of 
antioxidant activity, anthocyanins, carotenoids, and phenolics of three native fresh 
and sun-dried date (Phoenix dactylifera L.) varieties grown in Oman. J Agric Food 
Chem 53:7592 7599. doi: 10.1021/jf050579q 

Alabadí D, Blázquez MA (2009) Molecular interactions between light and hormone 
signaling to control plant growth. Plant Mol Biol 69:409 417. doi: 10.1007/s11103-

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



008-9400-y 
Apichatmeta K, Sudsiri CJ, Ritchie RJ (2017) Photosynthesis of oil palm (Elaeis 

guineensis). Sci Hortic 214:34 40. doi: 10.1016/j.scienta.2016.11.013 
Awad MA, Al-Qurashi AD (2012) Gibberellic acid spray and bunch bagging increase 

conditions. Sci Hortic  138:96 100. doi: 10.1016/j.scienta.2012.02.015 
Banerjee A, Roychoudhury A (2016) Plant responses to light stress: oxidative damages, 

photoprotection, and role of phytohormones. In: Ahammed GJ, Yu J-Q (eds) Plant 
hormones under challenging environmental factors. Springer, Dordrecht, pp 181
214. doi: 10.1007/978-94-017-7758-2_8 

Banerjee A, Roychoudhury A (2015) WRKY proteins: signaling and regulation of 
expression during abiotic stress responses. Sci World J 1:1-17. doi: 
10.1155/2015/807560 

Berli FJ, Fanzone M, Piccoli P, Bottini R (2011) Solar UV-B and ABA are involved in 
phenol metabolism of Vitis vinifera L. increasing biosynthesis of berry skin 
polyphenols. J Agric Food Chem 59:4874 4884. doi: 10.1021/jf200040z 

Buchanan-Wollaston V, Earl S, Harrison E (2002) The molecular analysis of leaf 
senescence - a genomics approach. Plant Biotechnol J 1:3 22. doi: 10.1046/j.1467-
7652.2003.00004.x 

Croft H, Chen JM (2018) Leaf pigment content. In: Liang S (ed) Comprehensive remote 
sensing, vol 3. Elsevier, Atlanta, GA, pp 117 142. doi: 10.1016/B978-0-12-409548-
9.10547-0 

Duarte B, Santos D, Marques JC, Caçador I (2013) Ecophysiological adaptations of two 
halophytes to salt stress: photosynthesis, PS II photochemistry and antioxidant 
feedback-Implications for resilience in climate change. Plant Physiol Biochem
67:178 188. doi: 10.1016/j.plaphy.2013.03.004 

El-Bassiouny HMS, Sadak MS (2015) Impact of foliar app -
tocopherol on antioxidant activity and some biochemical aspects of flax cultivars 
under salinity stress. Acta Biol Colomb 20:209 222. doi: 
10.15446/abc.v20n2.43868 

El Hadrami A, Al-Khayri JM (2012) Socioeconomic and traditional importance of date 
palm. Emir J Food Agric 24:371 385. 

        https://www.ejmanager.com/mnstemps/137/13495-37681-1-PB.pdf?t=1575878025 
Elgendy EM, Al-Ghamdy H (2007) Thermal and photooxidation reactions of the steroids: 

-sitosterol, stigmasterol and diosgenin. Taiwan Pharm J 59:113-132. doi: 
10.7019/TPJ.200709.0113 

Gomes MC, Suzuki MS, Cunha M Da, Tullii CF (2011) Effect of salt stress on nutrient 
concentration, photosynthetic pigments, proline and foliar morphology of salvinia 
auriculata aubl. Acta Limnol Bras 23:164 176. doi: 10.1590/S2179-
975X2011000200007 

Helyes L, Lugasi A, Pék Z (2007) Effect of natural light on surface temperature and 
lycopene content of vine ripened tomato fruit. Can J Plant Sci 87:927 929. doi: 
10.4141/cjps07022 

Izumi H, Takuji I, Yasuji Y (1992) Effect of light content intensity during the growing 
period on ascorbic acid and its histochemical distribution of satsuma in the leaves 
mandarin and peel , and fruit quality. J Japan Soc Hort Sci 61:7 15 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



Khierallah HSM, Bader SM, Ibrahim KM, Al-Jboory IJ (2015) Date palm status and 
perspective in Iraq. In: Al-Khayri JM, Jain SM, Johnson DV (eds) Date palm genetic 
resources and utilization, vol 2 Asia and Europe. Springer, Dordrecht, pp 97-152 

Klein PF, Zaid A (2002). Origin, geographical distribution and nutritional values of date 
palm. In Zaid EJ, Arias-Jiménez A (eds), Date Palm Cultivation. Food and 
Agricultural Organization of the United Nations, FAO Plant production and 
protection papers, 156 Rev.1. Rome. 

Lee SH, Tewari RK, Hahn EJ, Paek KY (2007) Photon flux density and light quality 
induce changes in growth, stomatal development, photosynthesis and transpiration 
of Withania somnifera (L.) Dunal. plantlets. Plant Cell Tissue Organ Cult 90:141
151. doi: 10.1007/s11240-006-9191-2 

Lichtenthaler HK, Wellburn AR (1983) Determinations of total carotenoids and 
chlorophylls a and b of leaf extracts in different solvents. Biochem Soc Trans 
11:591 592 

Liu X, Li Y, Zhong S (2017) Interplay between light and plant hormones in the control of 
Arabidopsis seedling chlorophyll biosynthesis. Front Plant Sci 8:1 6. doi: 
10.3389/fpls.2017.01433 

Luwe WF, Takahama UH (1993) Role of ascorbate in detoxifying ozone in the apoplast 
of spinach (Spinacia oleracea L.) leaves. Plant Physiol 101:969 976 

Márquez G, Alarcón MV, Salguero J (2019) Cytokinin inhibits lateral root development 
at the earliest stages of lateral root primordium initiation in maize primary root. J 
Plant Growth Regul 38:83 92. doi: 10.1007/s00344-018-9811-1 

Massot C, Stevens R, Génard M (2012) Light affects ascorbate content and ascorbate-
related gene expression in tomato leaves more than in fruits. Planta 235:153 163. 
doi: 10.1007/s00425-011-1493-x 

Rosenwasser S, Belausov E, Riov J (2010) Gibberellic acid (GA3) inhibits ROS increase 
in chloroplasts during dark-induced senescence of pelargonium cuttings. J Plant 
Growth Regul 29:375 384. doi: 10.1007/s00344-010-9149-9 

Pérez-Llorca M, Muñoz P, Müller M, Munné-Bosch S (2019) Biosynthesis, metabolism 
and function of auxin, salicylic acid and melatonin in climacteric and non-
climacteric fruits. Front Plant Sci 10:1 10. doi: 10.3389/fpls.2019.00136 

Sawicki M, Aït Barka E, Clément C (2015) Cross-talk between environmental stresses 
and plant metabolism during reproductive organ abscission. J Exp Bot 66:1707
1719. doi: 10.1093/jxb/eru533 

á J, ,  (2017) Effect of ambient 
sunlight intensity on the temporal phenolic profiles of Vitis vinifera L. cv. 
Chardonnay during the ripening season  a field study. S Afr J Enol Vitic 38:94
102. doi: 10.21548/38-1-1038 

Shareef HJ, Alapresm,WF (2012) Effect of several types of bags in the concentration of 
minerals of the date palm Phoenix dactylifera L. cv. Hillawi. Basrah J Res Sci 
38:82 87 

Shareef HJ (2010) The effect of different bagging treatments in the characteristics of 
seedless and seeded fruit of date palm Phoenix dactylifera L. cv. Hillawi. Basrah J 
Date Palm Res 9:1 15 

Siddika MR, Rakib MA, Abu Zubair M, Islam MM, Haque MS,  Al-Khayri JM (2015) 
Regulatory mechanism of enhancing polyphenol oxidase activity in leaf of Basella 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



alba induced by high temperature stress. Emir J Food Agric 27:82-92. doi: 
10.9755/ejfa.v27i1.17884 

Singla B, Chugh A, Khurana JP, Khurana P (2006) An early auxin-responsive Aux/IAA 
gene from wheat (Triticum aestivum) is induced by epibrassinolide and differentially 
regulated by light and calcium. J Exp Bot 57:4059 4070. doi: 10.1093/jxb/erl182 

Stavang JA, Junttila O, Moe R, Olsen JE (2007) Differential temperature regulation of 
GA metabolism in light and darkness in pea. J Exp Bot 58:3061 3069. doi: 
10.1093/jxb/erm163 

Sulusoglu M (2014) Phenolic compounds and uses in fruit growing. Turkish J Agric Nat 
Sci 1:947 956. https://dergipark.org.tr/en/download/article-file/142206 

Sun R, Cheng G, Li Q (2017) Light-induced variation in phenolic compounds in cabernet 
sauvignon grapes (Vitis vinifera L.) involves extensive transcriptome 
reprogramming of biosynthetic enzymes, transcription factors, and phytohormonal 
regulators. Front Plant Sci 8:1 18. doi: 10.3389/fpls.2017.00547 

Takisawa R, Kusaka H, Nishino Y (2019) Involvement of indole-3-acetic acid 
metabolism in the early fruit development of the parthenocarpic tomato cultivar, 
MPK-1. J Plant Growth Regul 38:189 198. doi: 10.1007/s00344-018-9826-7 

Tang Y, Wang L, Ma C (2011) The use of HPLC in determination of endogenous 
hormones in anthers of bitter melon. J Life Sci 5:139 142.  

        https://wenku.baidu.com/view/b9810955312b3169a451a464.html 
Torres CA, Sepúlveda G, Kahlaoui B (2017) Phytohormone interaction modulating fruit 

responses to photooxidative and heat stress on apple (Malus domestica Borkh.). 
Front Plant Sci 8:1 11. doi: 10.3389/fpls.2017.02129 

Vaseva I, Todorova D, Malbeck J, Trávníèková A, Machackova I,  Karanov E (2006) 
Two pea varieties differ in cytokinin oxidase/ dehydrogenase response to UV-B 
irradiation. Gen Appl Plant Physiol 1:131 138.  
https://pdfs.semanticscholar.org/a1ae/dc20657634d5d8e68a86f46fa82e5527c636.pdf 

Waterman PG, Mole S (1994) Analysis of phenolic plant metabolites. Methods in 
ecology. Blackwell Scientific Publications, Oxford. 

Yang X, Yang YN, Xue LJ, Zou MJ, Liu JY, Chen F (2011) Rice ABI5-Like1 regulates 
abscisic acid and auxin responses by affecting the expression of ABRE-containing 
genes. Plant Physiol 156:1397 1409. doi: 10.1104/pp.111.173427 

 
  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



Figures Legends 

 
Fig. 1 Changes in chlorophyll (A), anthocyanin (B), and carotene (C) content of cv. Hillawi fruit during 3 
months of growth unbagged under direct solar radiation or covered with bags. The means of 5 replicates 

 after a Duncan correction. 

 
Fig. 2 Changes in phenols (A) and ascorbic acid (B) content of cv. Hillawi fruit during 3 months of growth 
unbagged under direct solar radiation or covered with bags. The means of 5 replicates ±SE. Bars with 

 after a Duncan correction. 
 
Fig. 3 Changes in indoleacetic acid, IAA (A), gibberellin, GA3 (B), zeatin, ZT (C), and abscisic acid, ABA 
(D) content of cv. Hillawi fruit during 3 months of growth unbagged under direct solar radiation or covered 
with bags. The means of 5  
after a Duncan correction. 
 
Fig. 4 Effect of growth direct sunlight (unbagged) and indirect sunlight (bagged) on photosynthetic 
pigments of date palm fruit   
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