
Evaluation of the impact of water stress and irrigation on carob
tree two year seedlings in Northeast of Morocco

Abdelaziz El Asri1, Fatima Ait Aguil1, Allal Douira1*, Ahmed Douaik2, Amina Ouazzani Touhami1

1Botanic and Plant Protection Laboratory, Faculty of Sciences, University Ibn Tofail, Kénitra, (MOROCCO)
2Research Unit on Environment and Conservation of Natural Resources, National Institute of

Agricultural Research, Rabat, (MOROCCO)
E-mail : douiraallal@hotmail.com

Carob tree;
Water stress;

Irrigation;
Growth;
Height;

Mortality.

KEYWORDSABSTRACT

The carob tree planting was done with two year seedlings. The effect of
irrigation on the annual growth of the carob tree was similar in parts
conducted in irrigated or kept dry. After three years of culture, seedlings
reached a height of 55.7 ± 15.5 cm in the irrigated part against 53.4 ± 22.4 cm

in the dry part. The survival rate was 93% under irrigation and 86% in the
dry part. These two results are more superior to those obtained in the
plantations of the Forestry Administration whose levels during the 2011-
2012 year, did not exceed 30%[15].
 2014 Trade Science Inc. - INDIA

INTRODUCTION

The carob tree (Ceratonia siliqua L.) is a
sclerophyllous legume belonging to the subfamily of
Caesalpiniaceae. It is present mainly in the Mediterra-
nean in marginalized and calcareous soils[18]. Pods and
seeds are mainly used in food, cosmetics and pharma-
ceuticals[5,27]. Morocco is the fourth producer country
of carob in the world contributing to 8% of world pro-
duction. Although presented as having a high resistance
to hot and cold bioclimates, to water stress compared
to other Mediterranean species[21,22], and to salt
stress[9,10], it is a difficult manageable species in refor-
estation areas. The balance sheets of foresters suggest
very significant failures. The success rate of carob tree
plantations does not exceed 30% in the best cases,
between 10 and 30% overall. Our work therefore plans
to test the effect of irrigation on the annual growth of

the carob tree whose seed used in planting had an age
of two years. Planting was followed for three years
(2010-2013).

MATERIELS AND METHODS

Plant materiel and study area

Carob tree two year seedlings were raised in the
Zegangane forest nursery in polythene bags of dimen-
sions 25 cm height, 12 cm section, and 60 microns thick.
The mixture of breeding substrate is composed of 55%
loam, 15% from the forest soil and 30% sand. The study
was conducted in an experimental plot of average alti-
tude of 115 m and located in the region of Nador
(Northeast Morocco). Precipitation and maximum and
minimum temperatures of the study area are reported
in TABLE 1.
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Experimental procedure and applied treatment

Two distinct parts were each planted with 42 plants
aged two (repeats). The treatment is to drive one of the
two parties under irrigation, the other under dry condi-
tions (only the natural supply of rainwater). In the first
part, the provision of additional water was conducted
during the first two years, at a rate of twice a month and
when water needs are felt (during the warmer months).
In addition, the presence of accompanying vegetation,
because it fundamentally alters the growth conditions can
influence the crisis transplantation[7]. The maintenance
performed is limited to hoeing around the plants and
weeding, all made   after extensive weed. No nutrient
has been brought to avoid possible reactions with the
terms of the water regime. The plants used are healthy
and vigorous and obtained using a systematic sampling
(every 1.5 m). Planting took place at the beginning of
March 2010, the recommended period for planting carob
tree spreads between February and March[2]. Planting
was carried out after a rainy period and on rich soil, been
idle for five years. Planting holes have dimensions of 50 x
50 x 50 cm and the density is set to 1.5 x 2 m.

Data collection and statistical analysis

The data collected yearly till the third year of plant-
ing carob tree, focused on mortality (alive plants) as
well as the height of the latter (taken with a tape mea-
sure). For each of the four measurement periods, an
analysis of the success rate of plants (proportions of
the two terms of the hydrological regime: irrigated or
stress) was performed by using the chi-squared test[11].
The effect of water regime on the height growth of carob
tree seedlings was evaluated by using the Student t test
for comparison of two means[17].

RESULTS AND DISCUSSION

Survival of seedlings

Planting is a trauma for the young plants crossing,
for one or more years, a transplantation crisis[7]. It can

result in mortality and growth losses. The number and
survival rate of seedlings for each of the four years and
both water regimes are shown in TABLE 2.

After a year of planting carob tree, the success rate
is about 93% in the irrigated part against 86% in the
dry one. These rates are still very high and of the same
level as those obtained for planting with seed carob
aged only one year[14]. However, they remain much
higher success rates in plantations made   by the for-
estry administration whose values   rarely exceed
30%[15]. Maintenance of hoeing and weeding work has
certainly contributed to the increased success rate in
our experimental plot. Indeed, weeding, made   in a
young plantation of oak, have reduced the mortality rate
by 15% on average[7].

TABLE 1 : Some climatic characteristics of the study area

Temperature Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

T°C min* 7,7 8,2 9,2 11 14 17,3 20 20,5 19,2 14,7 11 8,3 13,4 

T°C max 17,2 17,3 18,8 19,7 22 25,7 28 29 27,2 24 20,7 18,7 22,3 

Rainfall (mm) 22 72 20 49 4 0 0 0 33 16 60 45 320 

*Source: Ait Aguil[1]

TABLE 2 : Number and survival rate of carob tree seedlings

Water regime After 
plantation 

Year 1 Year 2 Year 3 

Irrigated: number 
Rate (%) 

42 
100 

39 
92.9 

35 
83.3 

30 
71.4 

Stress: Number 
Rate (%) 

42 
100 

36 
85.7 

33 
78.6 

30 
71.4 

During this first year, it can be inferred that the ob-
served mortality is twice higher in the dry part com-
pared to irrigated (TABLE 2). The rate of plants re-
mained alive continues to decrease with time. During
the second year, it is still higher than in irrigated. After
pressure from the provision of additional water in the
irrigated, the number of plants remained alive in the third
year is the same number in both parties. This allows
concluding that the maintenance of irrigation reduces
the mortality of the planted seedlings.

The chi-square test for equality of two proportions
for each of the four measurement periods is reported in
TABLE 3.

TABLE 3 : Chi-square test for equality of two survival propor-
tions (irrigated # dry)

Period After plantation Year 1 Year 2 Year 3 

Chi 2 value 0 1,12 0,31 0 

Probability 1 0,29 0,58 1 



Allal Douira et al. 139

Regular Paper
RRBS, 9(4) 2014

As a result, the success rate achieved for the four
measurement periods, did not differ significantly between
the two water regimes (all probabilities exceed the
5%threshold). These results are consistent with those
obtained by El Asri et al[14] in a plantation with carob
for one year old seedlings for planting. It can be in-
ferred that the water regime has no statistically signifi-
cant effect on the success rate of carob tree plants.

Seedling height

The comparison between the average heights of the
two water regimes (irrigated and dry) is based on the
application of the Student t test. This involves checking
certain application conditions: the independence of
samples, the random variable follows a normal distri-
bution and equal variances of the two samples. How-
ever, the condition of normality is not essential for ad-
equate samples of about 30 individuals. Despite this,
the results of the normality test of Shapiro-Wilk[25] are
reported in TABLE 4 for the four measurement peri-
ods.

The assumption of normality of the distributions of
carob tree heights is accepted for both water regimes
and all periods except for year 3 under stress. How-
ever, given the large sample size during the three years
of cultivation of carob tree, using the Student t test is
still possible. Regarding the condition of equality of vari-
ances, the results of equality of the two variances of
Levene[16], for the four measurement periods, are shown
in TABLE 5.

It follows that the hypothesis of equality of the vari-
ances of the two water regimes is accepted for the four
measurement periods. The Student t test is based on
the combination of the two variances. The results of
this test are reported in TABLE 6.

This table shows that the average heights correspond-
ing to the two treatments of the water regime were not
statistically different in the three years of cultivation of
carob (all probabilities obtained for the four measure-
ment periods are higher than 5%, level of significance).
These findings are different from those obtained by El
Asri et al[14] in a carob tree planting with the difference in
age of plant planting that was one year instead of two
years subject of this work. The height differences be-
tween the two terms of the water balance is between -
0.67 and 1.50 cm. TABLE 7 shows the average heights
in both parts and the four measurement periods.

TABLE 4 : Shapiro-Wilk normality test for carob tree heights

Period After plantation Year 1 Year 2 Year 3 

Water regime Irrigated Stress Irrigated Stress Irrigated Stress Irrigated Stress 

Sample size 42 42 39 36 35 33 30 30 

Value 0.97 0.97 0.97 0.98 0.96 0.95 0.96 0.92 

Probability 0.40 0.42 0.44 0.69 0.26 0.11 0.41 0.04 

TABLE 7 : Evolution of carob tree height (cm)

Year Hauteur Number of observations Minimum Maximum Mean Standard deviation 

Irrigated 42 18 42 28,5 6,3 
Year 0 

Stress 42 18 42 28,2 6,2 

Irrigated 39 17 59 39,6 9,5 
Year 1 

Stress 36 15 66 40,3 12,0 

Irrigated 35 26 72 48,7 12,8 
Year 2 

Stress 33 17 82 47,2 17,4 

Irrigated 30 25 85 54,9 15,7 
Year 3 

Stress 30 20 93 53,4 22,4 

TABLE 5 : Levene test of equality of variances for carob tree
heights

Period After plantation Year 1 Year 2 Year 3 

Sample size 84 75 68 60 

F value 0.02 1.92 3.06 3.46 

Probability 0.88 0.17 0.08 0.06 

TABLE 6 : Student t test of equality of mean carob tree heights

Period After 
plantation 

Year 1 Year 2 Year 3 

Mean difference: 
Irrigated - stress 

0.29 -0.67 1.44 1.50 

Student t value 0.21 -0.28 0.39 0.30 

Probability 0.84 0.78 0.70 0.77 
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Preliminary analysis shows that before planting the
two samples have approximately the same average
height: 28.5 ± 6.3 cm for irrigated and 28.2 ± 6.2 cm

for the dry part.

Yearly height growth

On average, annual growth was 9 cm/year for all
parties combined and for the three years of culture. It is
three times less than that obtained in the work of El Asri
et al[14]. It can be deduced that the smaller the age of
the plant at planting is, the higher the annual growth will
be. Similarly, we can see that the annual growth rate
decreases with time. For both parts, it is 12 for the first
year, 8 for the second year and 7 cm/year for the third
year. Annual growth is about the same and evolves in
the same way in both parties. This confirms the conclu-
sions reached in the work of Collet et al[7]: During the
first two years, the competition for water was not the
major factor in the reduction of growth in a young oak
grove.

CONCLUSION

The study shows that the effect of irrigation on height
growth is not significant on both the success rate after
planting on the survival of seedlings. Planting with seed-
lings of two years allows timbermen to save more wa-
ter, especially in areas where water is lacking. The work
of hoeing and weeding favored the survival of these
plants. In fact, the vegetation has a very adverse effect
on the recovery and initial growth of seedlings and many
studies have shown that the intensity of the transplanta-
tion crisis depends on the ability of plants to restore a
functional root system after transplanting. The enlarge-
ment of the carob tree in reforestation programs in
Morocco could be done without any problem manage-
ment works are conducted at appropriate times.

REFERENCES

[1] F.Ait Aguil; Contribution à l�étude de la biodiversité

de la flore fongique des forêts marocaines : cas des

Basidiomycètes du Rif Oriental et des

Gastromycètes de la Maamora. PhD thesis. Ibn

Tofail University. Kenitra, Morocco, 139 (2005).
[2] M.Ait Chitt, H.Belmir, A.Lazrak; Production de

plants sélectionnés et greffés de caroubier. Transfert

de technologie en agriculture. MAPM/DERD. Bul-

letin mensuel d�information et de liaison du PNTTA,

153, (2007).
[3] F.Attia; Effet du stress hydrique sur le

comportement ecophysiologique et la maturité
phénolique de la vigne (Vitis vinifera L.) : Etude de

cinq cépages autochtones de Midi-Pyrénées. PhD

thesis. Institut National Polytechnique de Toulouse.
France, 194 (2007).

[4] C.Baldy; Agrométeorologie et développement des

régions arides et semi-arides. INRA, Paris, 114

(1986).
[5] P.Barracosa, J.Osorio, A.Cravador; Evaluation of

fruit and seed diversity and characterization of carob
(Ceratonia siliqua L) cultivars in Algarve region.
Sci.Hortic., 114, 250-257 (2007).

[6] A.S.Clemente, S.Werner, C.Máguas, M.S.Cabral,

M.A.Martins-Loução, O.Correia; Restoration of a

limestone quarry: effect of soil amendments on the
establishment of native Mediterranean
sclerophyllous shrubs. Jour.Soc.Ecol.Restor., 12,
20�28 (2004).

[7] C.Collet, H.Frochot, F.Ningre; Développement de

jeunes chênes soumis à une compétition souterraine.

Rev.For.Fr., 51, 298-308 (1999).
[8] P.J.Correia, A.M.Martins-Loução; The use of ma-

cronutrients and water in marginal Mediterranean
areas: the case of carob-tree. Field Crops Research,
91, 1�6 (2005).

[9] P.J.Correia, F.Gama, M.Pestana, M.A.Martins-
Loucao; Tolerance of young (Ceratonia siliqua L.)
carob rootstock to NaCl. Agricultural Water Man-
agement, 97, 910�916 (2010).

[10] C.Cruz, M.A.Martins-Loucao, H.Lips; The devel-
opment of carob seedlings as affected by the com-
position of the root medium with special regard to
Na+, Ca2+ and K+ concentrations. In:
M.A.Martins-Loucao, (Ed), Book of Abstracts of
the Third International Carob Symposium. Tavira,
Portugal, 22 (1996).

[11] P.Dagnelie; Statistique théorique et appliquée. 2:

Inférence statistique à une et à deux dimensions.

3ème Édition. De Boeck : Louvain-la-Neuve,

Belgique (2011).
[12] M.Dakki; Diagnostic pour l�aménagement des zones

humides du nord-est du Maroc. Oued Zegzel (Béni

Snassene). Eaux et Forêts. Medwet Coast Maroc.

Eaux et Forets.Rabat., 20 (2003).
[13] W.L.N.Davies; The Carob tree and its importance

in the agricultural economy of Cyprus. Economic
Botany, 24, 460�470 (1970).

[14] A.El Asri, F.Ait Aguil, A.Douira, A.Douaik,



Allal Douira et al. 141

Regular Paper
RRBS, 9(4) 2014

A.Touhami Ouazzani; Etude de l�effet de l�irrigation

sur la croissance de plants de caroubier, mis en terre
à l�âge d�un an, dans le Maroc Oriental. Journal of

Animal and plant Sciences, 19(3), 2948-2960
(2013).

[15] HCEFLCD, Bilan définitif des reboisements 2011-

2013. Eaux et Forêts, Rabat, (2012).
[16] H.Levene; In Contributions to Probability and Sta-

tistics: Essays in Honor of Harold Hotelling, I.Olkin
et al., (Ed); Stanford University Press, 278-292
(1960).

[17] D.M.Levine, D.F.Stephan; Even you can learn sta-
tistics. Prentice Hall: Upper Saddle River, USA,
(2005).

[18] M.A.Martins-Loucao, C.Cruz; The role of N source
on carbon balance. In: H.S.Srivastava, R.P.Singh,
(Eds); Modes of Nitrogen Nutrition in Higher Plants.
Oxford & IBH Publishing Co.Pvt.Ltd. New Delhi,
231-282 (1999).

[19] Ministère Chargé des Eaux et Forêts; Etude de

l�impact d�une carrière sur la dune de Bougafer,

Province de Nador, (2002).
[20] L.Ramona-Laca, D.J.Mabberley; The ecological

status of the carob-tree (Ceratonia siliqua, L.) in
the Mediterranean. Botanical Journal of the Lin-
nean Society, 144, 431-436 (2004).

[21] M.N.Rejeb; Etude des mécanismes de résistance

à la sécheresse du caroubier. Rev.Res.Amélior.

Prod.Milieu Aride, 1, 47-55 (1992).

[22] M.S.Sakcali, M.Ozturk; Eco-physiological
behaviour of some Mediterranean plants as suit-
able candidates for reclamation of degraded areas.
J.Arid.Environ., 57, 1-13 (2004).

[23] A.Sbai, F.Moussaoui, N.Oualit; Les régimes des

vents du Maroc oriental. Méditerranée, 3(4), 45-25
(1992).

[24] H.Sbay, M.Abourouh; Apport des espèces à us-

ages multiples dans le développement durable : cas

du pin pignon et du caroubier. Communication #
3.18. Centre de la Recherche forestière. Rabat.

(www.planbleu.org), 8 (2005).
[25] S.S.Shapiro, M.B.Wilk; An analysis of variance test

for normality (complete samples). Biometrika, 52,
591�611 (1965).

[26] S.N.Talhouk, P.Van Breugel, R.Zurayk, A.Al-
Khatib, J.Estephan, A.Ghalayini, N.Debian,
D.Lychaa; Status and prospects for the conserva-
tion of remnant semi-natural carob Ceratonia siliqua
L. populations in Lebanon. Forest Ecology and Man-
agement, 206, 49�59 (2005).

[27] J.Vourdoubas, P.Makris, J.Kefalas, J.Kaliakatsos;
Studies on the production of bioethanol from carob.
In: The 12th National Conference and Technology
Exhibition on Biomass for Energy. Industry and Cli-
mate Protection, Proceedings, Amsterdam, 489-493
(2002).


