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ABSTRACT 

 
The problem of water scarcity is currently one 

of the inhibitory factors affecting crop production 
and adaptation. In Lebanon, the adoption of a suita-
ble irrigation system for annona cultivation is still 
unpracticed. Therefore, this study aims to compare 
drip and mini sprinkler irrigation systems in order to 
recommend the optimal one. The experiment was 
done during two consecutive years 2017-2018 on 
sugar apple (Annona squamosa L.) scion cleft 
grafted on cherimoya (Annona cherimola Mill.) 
rootstock. Water requirement of annona was calcu-
lated and applied through mini-sprinkler and drip ir-
rigation. The vegetative and reproductive growth of 
irrigated trees were compared to those of non-irri-
gated trees (control). As a result, in the second ex-
perimental year, plant height, leaf number, leaf area 
and internodal length were significantly higher in the 
trees irrigated by drip compared to the control re-
spectively by 40cm, 20leaves, 8cm2 and 1.7cm. In 
addition, a significant improvement in flower num-
ber and diameter of primary roots and number of sec-
ondary roots was observed following mini-sprinkler 
irrigation compared to control. Fruit weight and 
number were most significantly improved by drip ir-
rigation system by 10 fruits and 77g compared to 
control. However, in both experimental years sugar 
apple trees irrigated by drip system yielded the most 
(31kg in the second year) compared to the remaining 
treatments (29kg for trees irrigated by mini-sprinkler 
and 22kg for the control in the second year). The 
choice of both systems improved all growth traits of 
sugar apple and ameliorated the adaptation of this 
culture to Lebanese conditions. 
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INTRODUCTION 
 
The cultivation of tropical and subtropical 

crops in the Mediterranean region is witnessing high 
interest by farmers. Annona species is one of these 
crops belonging to the family Annonaceae. This 
family which includes more than 2000 species is 
originated from tropical lowland of Central and 
South America [1]. The most commercial species are 
A. squamosa (sugar apple), A. cherimola (cheri-
moya), A. atemoya (atemoya: a hybrid between A. 
cherimola and A. squamosa), A. muricata (sursop) 
and A. reticulata (custard apple) [2]. In Lebanon, in 
the last decades, areas cultivated with annona trees 
are constantly increasing. These commodities are 
gaining high prices in the local market facing high 
demand from consumers. The adaptation of such 
commodity to local climatic and soil conditions is 
lately a subject of interest for researchers and farm-
ers. Previous works were done aiming to improve the 
adaptation and the performance of annona tree. Cleft 
grafting on A.cherimola rootstock was reported [3, 
4] to improve vegetative and reproductive growth of 
A. squamosa. In addition, iron fertilization has been 
also effective on enhancing the adaptation of annona 
cultivars obtained by self and cross grafting of both 
A. squamosa and A. cherimoya [5] which was re-
flected by a better height, trunk diameter, leaf bio-
mass, and root growth compared to non-fertilized 
plants.  

In fact, many environmental factors affect also 
annona adaptation and performance to orchard con-
ditions such as temperature [6] and soil humidity 
which includes drought, flooding and salinity [7]. 
Global warming and climate change will occur more 
frequently causing a shortage in water resources and 
leading to an increase in the incidence of drought 
stress [8]. Normally, stomatal conductance and CO2 
assimilation decreases under drought stress in an-
nona trees [9]. However, the endogenous accumula-
tion of abscisic acid (ABA) and ascorbic acid under 
water deficient conditions was previously demon-
strated to confer tolerance. ABA reduces water loss 
by triggering stomatal closure [10] and ascorbic acid 
reduces the reactive oxygen species caused by stress 
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[11]. In Lebanon, nowadays, the problem of water 
scarcity is causing a drastic reduction in crop produc-
tivity mainly in the coastal and internal regions. An-
nona orchards that are concentrated in the coastal 
zone are subjected to such conditions. The majority 
of farmers either do not adopt a scheduled irrigation 
regime or do not use irrigation at all. Therefore, the 
aim of the current study is to evaluate the effect of 
different irrigation methods (mini-sprinkler and 
drip) on the vegetative and reproductive growth of 
A. squamosa and to compare it to water deficit con-
ditions (no irrigation). 

 
 

MATERIALS AND METHODS 
 
Treatments. Sugar apple (A. squamosa) plants 

were selected from an orchard (calcareous clay soil) 
located in Beblyeh-South of Lebanon. This region is 
situated at 150 m above sea level, characterized by a 
temperate climate characterized by: a temperature of 
25 ±5°C in summer and 10 ±5°C in winter, rainfall 
of 900 mm (between October and April) and relative 
humidity of 70%. Sugar apple plants were obtained 
through cleft grafting on cherimoya rootstock in 
2013 (spacing 5x5m). The experiment was con-
ducted during 2 consecutive years 2017 and 2018. 
Prior to the experiment, the orchard was irrigated 
regularly. Three treatments were applied in the or-
chard: drip irrigation, irrigation with mini-sprinklers, 
and no irrigation (control). Calculations were done 
using CROPWAT computer program, which models 
crop-specific water requirement based on the Pen-
man–Monteith equation [12]. Crop coefficients (Kc) 
were adjusted based on Rodríguez Pleguezuelo et al. 
[13] findings on A. cherimola and were respectively 
of 0.63, 0.65 and 0.5 at flowering (February till 
April), fruit set (May) and fruit growth (July till Oc-
tober). Irrigation started from February till October. 
During calculation, an irrigation efficiency of 95% 
was assumed for the drip irrigation system and of 
85% for mini-sprinkler system. Three treatments 
were applied in the orchard: drip irrigation, irrigation 
with mini-sprinklers, and no irrigation (control). For 
the drip system, irrigation was done with four emit-
ters per plant (2 emitters per line, and 2 lines on each 
plant) with a flux of 4l per hour per each emitter. For 
the mini-sprinklers, irrigation was done using two 
emitters (1 emitter per line, and 2 lines on each plant) 
with a flux of 40l per hour per each emitter. Irriga-
tion in both systems started from February till Octo-
ber. For control (non-irrigated) plants, water was 
only applied during iron fertigation. This latter prac-
tice was done on all plants, once per month, starting 
from May to September, using 25g/plant (including 
control plants).  

 
Vegetative and reproductive parameters. 

Plant height was measured on field during the flow-
ering period. At this stage, all vegetative indicators 

were measured: Trunk diameter (using a measuring 
tape), number of lateral shoots, and internodal length 
(on each lateral shoot). During the growth, a contin-
uous monitoring was done for determining flower 
number and yielding capacity (fruit number, individ-
ual fruit weight and yield/plant). Leaf number 
(through visual counting) and area (length x width) 
were measured after the removal of the plants at the 
end of the harvest season (each experimental year, 9 
plants were removed from each treatment using a 
bulldozer). At this period, the fresh and dry weights 
of plant parts (shoots, leaves and roots) were meas-
ured after oven-drying at 100°C until obtaining of a 
constant weight. Finally, parameters regarding pri-
mary (number, length and diameter) and secondary 
(number) roots were measured.  

 
Statistical analysis. Trees were organized in a 

randomized block design consisting of three treat-
ments and three repetitions per treatment. Each rep-
etition consisted of 30 trees (10 plants/line x 3lines). 
Data analysis was done using STATISTICA10 Pro-
gram and consisted on means ± SE compared by 
Fisher's least-significant differences test (LSD) with 
a P <0.05. 

 
 

RESULTS AND DISCUSSION 
 
Vegetative growth. The effect of irrigation on 

plant height was only significant in Year 5 experi-
ment; this indicator was improved by 20 cm and 40 
cm by the use of mini-sprinkler and drip irrigation 
respectively compared to control. Both irrigation 
systems improved intermodal length significantly 
starting from Year 4 to Year 5 with the best effect 
obtained always with drip irrigation (Fig. 1). How-
ever, the effect of irrigation despite the system was 
not significant on the average of lateral shoots 
(P=0.099) while it was significantly ameliorative 
only in Year 4 on trunk diameter (P=0.000021) (Re-
sults not shown). 

Leaf number and leaf area were mainly en-
hanced by drip irrigation system (Fig. 2). Mini-sprin-
kler system only significantly improved the leaf area 
rather than leaf number compared to     control. 

Sugar apple trees irrigated by drip system had 
significantly higher leaf number and area compared 
to the control in Year 4 (respectively 360 leaves and 
129.5 cm2 compared to 315 leaves and 120 cm2) and 
Year 5 (respectively 390 leaves and 130 cm2 com-
pared to 370 leaves and 122 cm2). 

 
Reproductive growth. The response of flow-

ers and fruit number to the irrigation systems differs 
between Year 4 and Year 5 (Fig. 3); in specific, un-
der irrigation (mini-sprinkler or drip) flower number 
was inhibited in Year 4 while it was improved in 
Year 5 compared to the control. However, the fruit 
number of irrigated trees which was equal between 
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the two systems was higher compared to non-irri-
gated trees (control) in both years (respectively in 

Year 4 and 5, 70 fruits and 73 fruits in irrigated trees 
compared to 62 fruits and 63 fruits in control). 

  
 

 
FIGURE 1 

Effect of irrigation systems on plant height (left) and internodal length (right) 
 

 
FIGURE 2 

Effect of irrigation system on leaf number (left) and leaf area (right) 
 

 
FIGURE 3 

Effect of irrigation system on flower and fruit number 
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FIGURE 4 

Effect of irrigation system on weight of individual fruit (left) and fruit yield (right) 
 

 
FIGURE 5 

Effect of irrigation system on the fresh and dry weight of shoots 
 

 
In general, the irrigation of sugar apple using 

mini-sprinkler or drip has  led to the production of 
heavier fruits (Fig. 4) and consequently better yield 
compared to the control. In fact, this ameliorative ef-
fect was higher in Year 5 than Year 4. Under drip 
irrigation system, the weight of the individual fruit 
and the yield of sugar apple trees were improved re-
spectively by 77 g and 9 kg compared to control, and 
by 20 g and 2 kg compared to trees irrigated by mini-
sprinkler. 

 
Weight of plant parts. Fresh and dry weights 

of shoots (Fig. 5) were also affected by irrigation 
with an optimal result obtained with drip irrigation. 
Between year 4 and 5, the fresh and dry weights of 
shoots increased respectively by 263 g and 190 g un-
der mini-sprinkler system while between the same 
years, both indicators increased respectively by 295 
g and 250 g under drip irrigation. This reflects the 
better annual growth of sugar apple under drip irri-
gation. In fact, a similar trend was observed for fresh 

and dry weights of leaves and roots (Results not 
shown). 

 
Rooting indicators. The number and length of 

primary roots were boosted under irrigation systems 
(mini-sprinkler or drip) starting from year 4 (Fig. 6). 
The optimal ameliorative effect was observed in 
Year 5 for plants irrigated by drip system where the 
number and length of primary roots (respectively 
124 roots and 143 cm) were significantly higher than 
the ones of trees irrigated by mini-sprinkler (respec-
tively 98 roots and 121 cm) and the ones of the con-
trol (respectively 82 roots and 88 cm). 

In Year 4, the adoption of mini-sprinkler did 
not enhance significantly the diameter of the primary 
roots or the number of secondary roots (Fig. 7). The 
significant effect was observed in Year 5 only. On 
the contrary, the drip irrigation system significantly 
improved both indicators in both years. Particularly, 
in Year 5, the diameter of primary roots  
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FIGURE 6 

Effect of irrigation system on number and length of primary roots 
 

 
FIGURE 7 

Effect of irrigation system on diameter of primary roots and number of secondary roots 
 
and the number of secondary roots were significantly 
higher in trees irrigated by drip (respectively 5 cm 
and 557) compared to control trees (4.2 cm and 501). 
However, when comparing between both systems, 
the number of secondary roots was only significantly 
higher in drip treatment compared to the mini-sprin-
kler one, while the diameter of primary roots was 
not. 

Non-irrigated plants of sugar apple had the 
lowest growth and yielding capacity among all treat-
ments. However, A. squamosa is considered as a 
drought tolerant plant [14]. This tolerance was rep-
resented by the production of approximately 22 kg 
of fruits per tree under water deficit conditions. It 
seemed that control plants took benefits from the 
very low amount of water that was added during iron 
fertigation in drought season. According to Ro-
drigues et al. [9], drought stress caused a reduction 
in stomatal conductance and CO2 assimilation. In ad-
dition, the stress condition induced an increase in en-
dogenous ABA which can stimulate H2O2 

production (stress signaling). This latter promotes 
the maintenance or secretion of ascorbic acid which 
confer the antioxidant system in the plant [15, 16]. 

Compared to irrigated plants (mini-sprinkler or 
drip), non-irrigated plants had the lowest number of 
leaves, flowers, fruits and consequently yield. In ad-
dition, stressed-plants produced less vigorous 
shoots. In fact, previous studies reported a correla-
tion between the vigor of annona plants and the ca-
pacity of fruit bearing. According to Gonzàlez and 
Cuevas [17] the vigor of bearing shoots and the po-
sition of flowers on the shoots affects fruit size, as 
vigorous shoots and basal flowers potentially pro-
duce heavier fruits.  

This fact was also validated by George and Nis-
sen [18] and George and Campbell [19] on custard 
apple. Furthermore, weak shoots set two fruits while 
high vigor shoots could set four to five fruits [20]. 
This growth pattern is similar in stone fruits and 
pomes [21, 22]. Under water deficit conditions, the 
low relative humidity inside the canopy will affects 
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the floral cycle and anthesis [23] leading to a reduc-
tion in fruit set which is dependent on the receptivity 
of the stigmas [19]. 

On the contrary, despite the system, irrigation 
induced an improvement in all indicators; this ame-
liorative effect started by the root zone of the plants 
which was reflected by a high number of primary 
and secondary roots in the two irrigated treatments 
[17]. Consequently, there was a better absorption of 
vital elements mainly in that of the chelated iron that 
was applied. Irrigation systems also enhanced shoot 
elongation and leaf formation in sugar apple which 
improved the capability to bear fruits. Actually, irri-
gation enhances fertilization and fruit set in annona 
trees. It leads to a higher relative humidity favoring 
anthesis and petal abscission [2]. This latter phenom-
enon is related to an increase in ethylene concentra-
tions in the anthers accelerating pollen discharge and 
advancing male stage [24]. Irrigation increased both 
fruit number and weight contradicting previous find-
ings claiming that an increase in production causes a 
diminution in fruit size [25]. This ameliorative effect 
was attributed to cell enlargement and division dur-
ing fruit growth [26]. Reproductive organs such as 
flowers and fruits are more sensitive to drought 
stress than vegetative organs (shoots and leaves). In 
a comparison between both irrigation systems, it was 
obvious that the efficiency was higher in drip system 
compared to mini-sprinkler [27, 28]. Sugar apple 
plants irrigated by the drip system had the optimal 
vegetative growth, yielding a better capacity and root 
distribution. As a matter of fact, many factors affect 
root distribution; these include primarily irrigation 
systems and the availability of water [29, 30].  

Several authors reported earlier the ameliora-
tive effect of water and irrigation of annona under 
drought conditions [31, 32]. However, the difference 
between irrigation systems was less investigated on 
sugar apple or other annona species. But, differences 
in efficiency level were studied on other crops. Irri-
gation with a drip system uses less water than sprin-
kler irrigation [33, 34]. Fallahi [35] showed that with 
less water amount per season (less by 40%), apple 
trees irrigated by drip gave similar yield and fruit 
weight compared to trees irrigated by sprinkler. This 
reflects a better efficiency of the drip system. More-
over, on grapevines, the adoption of drip irrigation 
has led to an increase in root length and root area 
compared to sprinkler system. This was attributed to 
the smaller wetted soil volume in the closer soil pro-
portions (vertical and horizontal directions to trunk) 
[36]. Similar findings were observed in the current 
study concerning rooting indicators.  

The adoption of drip irrigation reduces the 
amount of required water, and also increases and ex-
pands the wetted area resulting in higher income per 
water unit [37, 38]. In fact, with drip irrigation, low 
soil moisture can be kept in the root zone due to the 
precisely controlled system. This system seems to be 
advantageous, especially in case of fertigation with 

dissolved salts which is unsuitable with other meth-
ods. Thus, it seemed to be the best method used, first 
to reduce water volume applied during drought sea-
son (facing the limited water resources) and second 
to enhance the most yielding capacity of sugar apple. 

 
 

CONCLUSION 
 
In the current work, it was justified that the use 

of localized drip irrigation system is a good method 
to reduce water loss and increase the efficiency of a 
certain amount of water compared to mini-sprin-
klers. The adoption of such methods could be im-
proved further by determining the optimal rate and 
frequency of irrigation in order to combat the prob-
lem of scarcity of water resources worldwide. 

 
 

ACKNOWLEDGEMENTS 
 
The authors extend their appreciation to the 

Deanship of Scientific Research at King Faisal Uni-
versity, Saudi Arabia, for the financial support under 
Nasher track (Grant No. 186290). 
 
 
REFERENCES 
 
[1] Bonaventure, L. (1999) Cherimoya Culture and 

Its Hybrid to Athena. Nobel publisher, Sao 
Paulo, Brazil (In Portuguese). 

[2] Nakasone, H.Y., Paull, R.E. (1998) Tropical 
Fruits. CAB International. Wallingford, Oxon, 
UK. 

[3] Sebaaly, Z., Kattar, S., Sassine, Y.N., Kfoury, 
L. (2015) Responses of Anonna Trees to Self or 
Cross Grafting: I. Vegetative growth. Middle 
East Journal of Agriculture Research. 4(2), 301-
307. 

[4] Tauk, C., Sebaaly, Z., Kattar, S., Kfoury, L., and 
Sassine, Y.N. (2015) Responses of Annona 
Trees to Self or Cross Grafting: II. Yield and 
quality. Middle East Journal of Agriculture Re-
search. 4(2), 317-321. 

[5] Naim, L., El Sebaaly Z., Sajyan, T.K., Sassine, 
Y.N. (2018) Enhancing the adaptation of sugar 
apple and cherimoya to soil conditions of South 
Lebanon by grafting and iron fertilization. Paper 
presented at the IX International Agricultural 
Symposium “Agrosym”, Jahorina, Bosnia and 
Herzegovina, 4-7 October 2018.  

[6] Ojeda, M., Schaffer, B., Davies, F.S. (2004) Soil 
temperature, physiology, and growth of contain-
erized Annona species. Scientia Horticulturae. 
102, 243–255. 

 
 
 



© by PSP  Volume 28 – No. 12A/2019 pages 10206-10213                     Fresenius Environmental Bulletin 

 

 

10212 

[7] Núňez-Elisea, R., Schaffer, B., Fisher, J.B., 
Colls, A.M., Crane, J.H. (1999) Influence of 
flooding on net CO2 assimilation, growth and 
stem anatomy of Annona species. Ann. Bot. 84, 
771–780. 

[8] Whitmore, J.S. (2000) Drought Management on 
Farmland. Kluwer Academic Publishers, Dor-
drecht, the Netherlands. 

[9] Rodrigues, B.M., Souza, B.D., Nogueira, R.M., 
Santos, M.G. (2010) Tolerance to water deficit 
in young trees of jackfruit and sugar apple. Rev. 
Cienc. Agron. 41, 245-252. 

[10] Wilkinson, S., Davies, W.J. (2010) Drought, 
ozone, ABA and ethylene: New insights from 
cell to plant to community. Plant Cell Environ. 
33, 510-525. 

[11] Ahmed, F., Baloch, D.M., Sadiq, S.A., Ahmed, 
S.S., Hanan, A., Taran, S.A., Ahmed, N., Has-
san, M. (2014) Plant growth regulators induced 
drought tolerance in sunflower (Helianthus an-
nuus L.) hybrids. J. Anim. Plant Sci. 24, 886-
890. 

[12] Allen, R.G., Pereira, L.S., Raes, D., Smith, M. 
(1998) Crop Evapotranspiration: Guidelines for 
Computing Crop Water Requirements. FAO Ir-
rigation and Drainage Paper 56, FAO, Rome, It-
aly. 

[13] Rodríguez Pleguezuelo, C.R., Durán Zuazo, 
V.H., Francia Martínez, J.R., Muriel Fernández, 
J.L., Tarifa, D.F. (2011) Monitoring the pollu-
tion risk and water use in orchard terraces with 
mango and cherimoya trees by drainage lysime-
ters. Irrigation and Drainage Systems. 25(2), 
61–79. 

[14] Egydio-Brandao, A.P.M., Santos, D.Y.A.C. 
(2016) Nutritional value of the pulp of different 
sugar apple cultivars (Annona squamosa L.). In: 
Simmonds, M.S.J., Preedy, V.R. (Eds.) Nutri-
tional Composition of Fruit Cultivars. Aca-
demic Press, USA, 195-214. 

[15] Bayoumi, Y.A. (2008) Improvement of posthar-
vest keeping quality of white pepper fruits (Cap-
sicum annuum L.) by hydrogen peroxide treat-
ment under storage conditions. Acta Biol. Szeg. 
52, 7-15. 

[16] Kowitcharoen, L., Wongs-Aree, C., Setha, S., 
Komkhuntod, R., Srilaong, V., Kondo, S. 
(2015) Changes in abscisic acid and antioxidant 
activity in sugar apples under drought condi-
tions. Scientia Horticulturae. 193, 1-6. 

[17] Gonzàlez, M. and Cuevas, J. (2008) Optimal 
crop load and positioning of fruit in cherimoya 
(Annona cherimola Mill.) trees. Scientia Horti-
culturae. 115, 129-134. 

[18] George, A.P., Nissen, R.J. (1988) The effects of 
temperature, vapour pressure deficit and soil 
moisture stress on growth, flowering and fruit 
set of custard apple (Annona cherimola x An-
nona squamosa) African Pride. Scientia Horti-
culturae. 34, 183–191. 

[19] George, A.P., Campbell, J. (1991) Hand polli-
nation in subtropical Australia. Calif. Growth. 
15(2), 36–38. 

[20] Gardiazábal, F., Rosenberg, G. (1994) The cul-
tivation of custard apple. Valparaiso, Chile. (In 
Spanish). 

[21] Marini, R.P., Sowers, D.L. (1994) Peach fruit 
weight is influenced by crops density and fruit-
ing shoot length but not position on the shoot. J. 
Am. Soc. Hortic. Sci. 100(2), 180–184. 

[22] Farina, V., Lo Bianco, R., Inglese, P. (2006) 
Shoot growth, crop load, and fruit quality within 
vase-shaped canopies of ‘Fairtime’ peach trees. 
Eur. J. Hortic. Sci. 71(5), 227–230. 

[23] Saavedra, E. (1977) Influence of pollen grain 
stage at the time of hand pollination as a factor 
on fruit set of Cherimoya. HortScience. 12(2), 
117–118. 

[24] Blumenfeld, A. (1975) Ethylene and the An-
nona Flower. Plant Physiology. 55(2), 265–269.  

[25] Razeto, B., Ríos, M. (2002) Effect of fruit load 
on yield efficiency and fruit size in cherimoya 
tree (Annona cherimola Mill.). Paper presented 
at the Third International Congress on Anno-
naeae. Quillota, Chile.  

[26] Liu, Z.T., Luo, G.X., Wang, J., Chen, Y.Q. 
(2007) Effects of water on the growth and fruit 
quality of mango. J. China Tropical Agriculture. 
1, 32-33. (In Chinese). 

[27] Boyer, J.S. (1988) Cell enlargement and growth 
induced water potentials. Physiologia Planta-
rum. 73, 311-316. 

[28] El-Beltagi, H.S., Mohamed, H.I., Mohammed, 
A.H.M.A., Zaki, L.M., Mogazy, A.M. (2013) 
Physiological and biochemical effects of γ-irra-
diation on cowpea plants (Vigna sinensis) under 
salt stress. Not. Bot. Hort. Agrobot. Cluj. 41, 
104-114. 

[29] Phene, C.J., Davis, K.R., Hutmatcher, R., Bar-
Yosef, B., Meek, D.W. and Misaki, J. (1991) Ef-
fect of high frequency surface and subsurface 
drip irrigation on root distribution of sweet corn. 
Irrig. Sci. 12, 135–140. 

[30] Zhang, M., Alva, A.K., Li, Y.C., Calvert, D.V. 
(1996) Root distribution of grapefruit trees un-
der dry granular broadcast vs. fertigation 
method. Plant Soil. 183, 79–84. 

[31] Endres, L. (2007) Daily and seasonal variation 
of water relationship in sugar apple (Annona 
squamosa L.) under different irrigation regimes 
at semi-arid Brazil. Scientia Horticulturae. 113, 
149-154. 

[32] Kowitcharoen, L., Wongs-Aree, C., Setha, S., 
Komkhuntod, R., Kondo, S., Srilaong, V. 
(2018) Pre-harvest drought stress treatment im-
proves antioxidant activity and sugar accumula-
tion of sugar apple at harvest and during storage. 
Agriculture and Natural Resources. 52, 146-
154. 

 



© by PSP  Volume 28 – No. 12A/2019 pages 10206-10213                     Fresenius Environmental Bulletin 

 

 

10213 

[33] Fallahi, E., Ratnaprabha, R., Tripepi, R., Shafii, 
B., Fallahi, B. (2007) Tree growth, yield, fruit 
quality, and mineral partitioning as affected by 
rootstock and irrigation methods. Inter. J. Fruit 
Science. 7, 3–24. 

[34] Proebsting, E. (1994) Strategy development for 
managing drought. In: Williams, K.M. and Ley, 
T.W. (eds.) Tree fruit irrigation. Good Fruit 
Grower, Yakima, Washington, 39–50. 

[35] Fallahi, E. (2017) Long-Term Influence of Irri-
gation Systems on Postharvest Fruit Quality At-
tributes in Mature “Autumn Rose Fuji” Apple 
Trees. International Journal of Fruit Science. 
18(2), 177–187. 

[36] Bassoie, L.H., Hopmans, J.W., de Castro Jorge, 
L.A., de Alencar, C.M., Silva, J.A.M. (2003) 
Grapevine root distribution in drip and mi-
crosprinkler irrigation. Scientia Agricola. 60(2), 
377-387. 

[37] FAO (2007) Handbook on pressurized irrigation 
techniques. Viale delle Terme di Caracalla, 
Rome, Italy.  

[38] El-Beltagi, H.S., Mohamed, H.I., Elmelegy, 
A.A., Eldesoky S.E., Safwat, G. (2019) Phyto-
chemical screening, antimicrobial, antiaxidant, 
anticancer activities and nutritional values of 
cactus (Opuntia Ficus Indicia) pulp and peel. 
Fresen. Environ. Bull. 28, 1534-1551. 

 
 
 
 
 
Received: 08.09.2019 
Accepted: 25.09.2019 
 
 
CORRESPONDING AUTHOR 
 
Youssef Najib Sassine 
Agricultural Biotechnology Department,  
College of Agriculture and Food Sciences,  
King Faisal University 
Al-Ahsa 31982 –Saudi Arabia 
 
e-mail: ysassine@kfu.edu.sa 
 
 


