
Journal of Animal &Plant Sciences, 2013. Vol.19, Issue 3: 2941-2947 
Publication date 31/10/2013, http://www.m.elewa.org/JAPS; ISSN 2071-7024 

2941 

 

Study of the effect of irrigation on the growth of 
carob plants in eastern Morocco: planting with 

seedlings a year 

Abdelaziz EL ASRI1, Fatima AIT AGUIL1, Ahmed DOUAIK2, Amina OUAZZANI 
TOUHAMI1 and Allal DOUIRA  
 
1: Laboratory of Botany and Plant Protection, Faculty of Sciences, Kenitra, Morocco 
2: National Institute of Agronomic Research, Rabat, Morocco. 
Correspondent email: douiraallal@hotmail.com  
Keywords: Carob, water stress, irrigation, growth, height, mortality. 
 

1  SUMMARY 
Carob, Ceratonia siliqua L., is a typical Mediterranean forest tree. In Morocco, it is used as 
protection against soil erosion and animals eat its fruit. The objective is to study the effect of 
irrigation on the survival and growth of seedlings of carob. Two water regimes (irrigation and 
water stress) were evaluated with 42 plants for over four periods: just after planting, then at the 
end of each year for three consecutive years. The study shows that the additional water supply 
resulted in survival rates (after a year of growth) higher than for the situation under water stress, 
but these differences are not statistically significant, at least until the end of the third year after 
planting. These survival rates were 88% in irrigated against 76% under water stress. In contrast, 
the study shows that irrigation has a significant effect, P-value between 1 % and 3 %, on the 
growth of seedlings of carob, namely their height. Initially, there was no significant difference 
between the two treatments, but this difference arose and becomes significant at the end of the 
first year and will continued over the next two years. The mean difference (irrigated-dry) 
increased by 7 cm at the end of the first year, 15 cm at the end of the second year to 19 cm at the 
end of the third year. It can be concluded that the addition of extra water has no significant 
effect on the survival rate, but it has a clearly significant effect on plant growth (height). 
Therefore, irrigation during the first two years twice a month would be highly recommended for 
better growth of the carob tree. 

 
2  INTRODUCTION 

The carob tree (fig.1) (Ceratonia siliqua L.) is a 
sclerophyllous leguminous tree species widely 
cultivated in the Mediterranean basin (Correia et 
al., 2005; Talhouk et al., 2005). It is an agro-
forestry-pastoral species cultivated for 
ornamental (in gardens and farms by agriculture) 
and industrial purposes, such as industry paper, 
inks, textiles, pharmaceuticals, cosmetics, (Ait 
Chitt et al., 2007) and as feed for livestock (locust 
beans, leaves) and food for human consumption 
(Ramon-Laca and Mabberley, 2004). The carob 
consumed by humans is the dried (and 

sometimes roasted) pod, and not the 'nuts' or 
seeds. Carob is mildly sweet and is used in 
powdered, chip, or syrup form as an ingredient in 
cakes and cookies, and as a substitute for 
chocolate. (Konté, 2007). The carob has-been 
grown as a dryland crop in Cyprus for centuries 
and has long-been a leading agricultural export 
(the carobs were collected, stored, and exported 
in vast quantities) (Davies, 1970). In Morocco, it 
is set for a protective purpose and its fruit is 
traditionally used as animal feed (Benabid, 2000). 
However, carob planting is much neglected and 
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has not had the attention it deserves in reforestation programs (Sbay et al., 2005).  
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Fig. 1: Carob trees (A); flowers (B) and fruits (C and D). 
 
The balance sheets of these plantations during 
the companion (2011-2012) have reflected almost 
total failure (HCEFLCD, 2012). In recent years, 
this species has been the subject of several 
actions for its development (Sbay et al., 2005). In 
order to contribute to the improvement of our 

knowledge face of the provision of irrigation, this 
study aims to test the effect of water supply on 
height growth in a young plantation of carob 
conducted in two ways of water regimes, stress, 
and irrigation. 

 
3  MATERIALS AND METHODS 

3.1.  Plant material and study 
environment: The used Carob plants were one 
year old and came from the Segangane forest 
nursery in the region of Nador, northeast of 
Morocco. They were raised in polythene bags 
with dimensions of 25 cm, 12 cm square, and 60 
microns thick. The substrate used was composed 
of a mixture of 55% loam, 15% of soil from 

forestry origin and 30% sand (HCEFLCD, 2008). 
The study was conducted in an experimental plot, 
located in the region of Nador on an average 
altitude of 115 m. The area is an extension of the 
Rif’s chain and where small mountains dominate 
large depressions more or less flat and open to 
the Mediterranean Sea (Daki, 2003). The climate 
is Mediterranean; the average annual precipitation 
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is about 345 mm (Ait Aguil, 2005). The average 
temperature is 18.6 ° C with a minimum of 6.3 ° 
C (January) and a maximum of 32.3 ° C (August) 
(MCEF, 2002). 
3.2  Experimental protocol and planting: 
The experimental plot was divided into two parts; 
each planted with 42 one-year-old plants 
(repetitions). Systematic sampling (every 1.5 m) 
along the length of the boards was adopted to 
represent all existing heights in the nursery. The 
plants were sorted and carefully selected to be 
healthy and vigorous. Planting took place in early 
March 2010 (Sbay et al., 2007; Ait Chitt et al., 
2007). It was conducted in holes measuring 50 x 
50x 50 cm and preceded by a rainy period, which 
allowed different plants to take advantage of 
moist soil conditions. Given the short growing 
period (3-4 years) and the slow growth of the 
carob tree, the density was set at 1.5 x 2 m. In 
Morocco, the densities used were 100 (10x8) or 
200 (8x8) plants per hectare (Ait Chitt et al., 
2007). 

3.3 Treatment applied and data 
collection: The two parts were conducted 
differently: one irrigated (providing additional 
water) and one dry (only when it rains). Providing 
additional water was made during the first two 
years twice per month. Maintenance work, 
hoeing and weeding around the plants were 
carried out after any outbreak of weeds. The 
mortality rate or its complementary, the survival 
rate, and plant height (taken with a tape measure) 
were measured just after planting and at the end 
of each year for the first three years. 
3.4 Statistical Analysis: Regarding the 
survival rate of carob plants, comparison of 
proportions between the two water regimes 
(irrigated or stress) for each of the four 
measurement periods was performed by using the 
chi-square test for equality of two proportions 
(Dagnelie, 2011). As for the effect of water 
regime on growth in carob plant height, it was 
tested for each of the four measurement periods, 
by using the Student t test for comparison of two 
means (Levine and Stephan, 2005). 

 
4 RESULTS AND DISCUSSION 

4.1 Survival rate of plants: Table 1 
summarizes the number and survival rate of 
carob plants among the 42 initial plants in the 
two water regimes (irrigated and stress) for the 
four measurement periods (just after planting and 
the following three years). These rates are plotted 
in Figure 1. The timing of planting is extremely 
useful for a good recovery of planted seedlings. 
Planting in wet soil conditions, respect of the 
period from planting and weeding performed 
resulted in survival rates of 100% after 
transplantation under the two water regimes. 
After a year of growth, the success rate of 
planting was 88% for both water regimes, which 
is a good result compared to all species planted, 
the most adapted to Moroccan conditions. In this 
country, the survival rate during the 2011-2012 
campaign, varied between 10 and 30% 
(HEFLCD, 2012). However, in Portugal, seedling 
survival and growth of carob were very high with 
over 95% in a revegetation experiment (Clemente 
et al., 2004). From the year 2011, the carob was 

separated in the final assessment of reforestation. 
Before, it was always placed in the category of 
other species. The widespread use of the carob 
tree in reforestation areas may therefore be 
sufficient if watering is provided and minimum 
good agricultural practices are observed. The 
difference between the two water regimes will be 
noticed only at the end of the second year. For 
the latter and for the third year, the survival rate 
under irrigation, is identical to that recorded 
during the first year (88%), while it drops to 76% 
under drought stress for the two years in 
question. On average, after three years of 
cultivation, the mortality rate was 12% under 
irrigation leading to a success rate of 88%. By 
contrast, under dry conditions, the mortality rate 
was two times higher than in irrigated (24%) 
leading to a survival rate of 76%. In what follows, 
the analysis concerns only living plants, plants 
dead during the course of the experimentation 
have not been replaced. 
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Table 1: Number and survival rate of carob plants. 
Water regime After plantation Year 1 Year 2 Year 3 

Irrigated: Number 
 Rate (%) 

42 
100 

37 
88.1 

37 
88.1 

37 
88.1 

Dry: Number 
 Rate (%) 

42 
100 

37 
88.1 

32 
76.2 

32 
76.2 

 
 

 
Figure 1: Survival rate of carob plants depending on the water regime. 
 
In order to formally test whether the survival 
rates differ significantly between the two water 
regimes, we realized the two chi-square test of 

equality of two proportions for each of the four 
measurement periods. The results are reported in 
Table 2. 

 
Table 2: Chi 2 test chi of the equality of two proportions. 
Water regime After plantation Year 1 Year 2 Year 3 

Chi 2 value  0 0 2.03 2.03 
Probability 1 1 0.15 0.15 
 

The results in Table 2 show that there is no 
statistical significant difference (all probability 
exceed the 5% level) between the survival rate of 
carob plants corresponding to the two water 
regimes, whatever is the measure period. It can 
be inferred that the water regime has no statistical 
significant effect on the survival rate of carob 
plants. 
4.2 Plant height: The application of the 
Student t test for comparison of two means 
requires checking two conditions: the normality 

of distributions and the equality of the two 
variances or homoscedasticity. However, the 
condition of normality is not essential and 
becomes secondary when samples have large size 
(about 30). Nevertheless, the normality test of 
Shapiro-Wilk (1965) was performed. Regarding 
the condition of equality of the two variances, it 
is not essential when sample sizes are equal. Since 
this is not our case (sample sizes ranging from 69 
to 84), this condition must be verified by using 
statistical tests such as Levene (1960). In addition, 
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it is always possible to make a t-test even in the 
case of significant differences between the two 
variances, using a different formula. The results 
of the normality test are summarized in Table 3, 

while those of equality of the two variances for 
the four measurement periods are shown in 
Table 4. 

 
Table 3: Normality test of Shapiro-Wilk for carob plant height. 

Time After plantation Year 1 Year 2 Year 3 

Water regime Irrigated Dry Irrigated Dry Irrigated Dry Irrigated Dry 
Sample size 42 42 37 37 37 32 37 32 
Value 0.95 0.96 0.96 0.94 0.96 0.93 0.94 0.96 
Probability 0.07 0.13 0.18 0.05 0.20 0.03 0.04 0.27 
 
The assumption of normality of the distributions 
of carob plant heights is accepted for 6 of the 8 
possible combinations of the four measurement 
periods and two water regimes and is not rejected 
at the 5% for the second year under stress and 
for the third year under irrigation. However, even 
with this rejection, the Student t test can still be 
used because of the sufficient sample size 

(ranging from 32 to 42). Table 4 shows that the 
hypothesis of equality of the two variances, 
corresponding to the two water regimes, is 
accepted for the four measurement periods. In 
this case, the t-test is based on the combination 
of the two variances. The results of this test are 
reported in Table 5 and the average heights in 
Figure 2. 

 
Table 4: Levene test of equality of two variances for carob plant height. 

Time After plantation Year 1 Year 2 Year 3 

Sample size 84 74 69 69 
F Value 0.09  0.34  0.00  0.65  
Probability 0.76 0.56 0.98 0.42 
  
Table 5 shows that the average heights 
corresponding to the two water regimes (irrigated 
and stress) are not statistically different before 
planting (probability 0.94 >> 5%) whereas they 
have become significantly different from the first 
year (probability 0.03 <5%) and continued to be 

for the next two years (probabilities of 0.01 and 
0.02 <5%). Height differences, negligible before 
planting (0.05 cm), increased over the years from 
7.30 cm in the first year and 14.88 cm in the 
second year to finally reach 19.02 cm in the third 
year (Figure 2). 

 
Table 5: Student t test of equality of mean heights of carob plants. 

Time After plantation Year 1 Year 2 Year 3 

Mean difference: Irrigated-
dry 

0.05 7.30 14.88 19.02 

Student t value 0.08  2.29  2.75  2.45  
Probability 0.94 0.03 0.01 0.02 
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Figure 2: Mean height of carob plants following the two water regimes during the 4 measure periods. 
 
For the first three years of cultivation, the annual 
height growth was respectively 23, 33 and 21 
cm/year, or 26 cm/year on average for the two 
combined water regimes. However, this growth 
differs from one regime to another; annual 
growth has averaged 28 cm/yr under irrigation 
against 22 cm/year only under dry conditions 

that is more than 27% due to the effect of 
irrigation. These results show that the addition of 
extra water could therefore improve the heights 
of the carob tree. However, during the third year, 
the removal of the water supply has caused a 
drop in levels of growth, without affecting 
mortality in the irrigated part. 

 
5 CONCLUSION 
The study showed that carob planting could be 
successful with higher rates of success of 
planting. The survival rate of 88% is very 
encouraging for the expansion of plantations in 
carob reforestation in Morocco. The additional 
water is needed for a good start of seedlings after 

transplanting. It reduces mortality and accelerates 
the annual growth of the carob tree. The choice 
of the period and the time of planting, in addition 
to running minimum of cultural practices (hoeing 
and weeding) must be observed. 
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