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ABSTRACT

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 aheight of 55.7 + 15.5 cm in the irrigated part against 53.4 +22.4 cm
inthe 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
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plantations of the Forestry Administration whose levels during the 2011-

2012 year, did not exceed 30%1%,
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INTRODUCTION

The carob tree (Ceratonia siliqua L.) is a
sclerophyllouslegume bel onging to the subfamily of
Caesalpiniaceee. Itispresent mainly inthe Mediterra:
neanin marginalized and ca careous soil$*¥. Podsand
seedsaremainly used in food, cosmeticsand pharma:
ceutical§5%1. Morocco isthe fourth producer country
of carobintheworld contributing to 8% of world pro-
duction. Although presented ashaving ahigh resistance
to hot and cold bioclimates, to water stresscompared
to other Mediterranean species???, and to salt
stress®19, itisadifficult manageable speciesin refor-
estation areas. The balance sheetsof foresters suggest
very significant failures. The successrate 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 theannual growth of

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

MATERIELSAND METHODS

Plant materiel and study area

Carob treetwo year seedlingswereraised in the
Zeganganeforest nursery in polythene bagsof dimen-
sions25cmheight, 12 cm section, and 60 micronsthick.
Themixtureof breeding substrateiscomposed of 55%
loam, 15% fromtheforest soil and 30% sand. Thestudy
was conducted in an experimental plot of averagealti-
tude of 115 m and located in the region of Nador
(Northeast Morocco). Preci pitation and maximum and
minimum temperatures of the study areaarereported
iINTABLE 1.
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TABLE 1: Someclimatic characteristicsof thestudy area

Temperature Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
T°C min* 77 82 9,2 11 14 173 20 205 192 147 11 83 134
T°C max 172 173 188 197 22 257 28 29 272 24 20,7 187 223
Rainfall (mm) 22 72 20 49 4 0 0 0 33 16 60 45 320

*Source: Ait Aguill®
Experimental procedureand applied treatment

Twodistinct partswere each planted with 42 plants
aged two (repesats). Thetreatment isto driveoneof the
two partiesunder irrigation, the other under dry condi-
tions (only the natural supply of rainwater). Inthefirst
part, the provision of additional water was conducted
duringthefirst two years, a arate of twiceamonth and
whenwater needsarefdt (during thewarmer months).
In addition, the presence of accompanying vegetation,
becauseit fundamentdly dtersthegrowth conditionscan
influencethe crisistransplantation!”. Themaintenance
performed islimited to hoeing around the plants and
weeding, all made after extensiveweed. No nutrient
has been brought to avoid possiblereactionswith the
terms of thewater regime. The plantsused are healthy
andvigorousand obtai ned using asystematic sampling
(every 1.5m). Planting took place at the beginning of
March 2010, therecommended period for planting carob
tree spreads between February and Marchi@, Planting
wascarried out after arainy period and onrich soil, been
idlefor fiveyears. Planting holeshavedimensonsof 50 x
50x 50cmandthedensityissetto 1.5x2m.

Data collection and statistical analysis

Thedatacollected yearly till thethird year of plant-
ing carob tree, focused on mortality (aive plants) as
well asthe height of thelatter (taken with atape mea-
sure). For each of the four measurement periods, an
analysisof the successrate of plants (proportions of
thetwo termsof the hydrological regime: irrigated or
stress) was performed by using the chi-squared test{*t,
Theeffect of water regimeontheheight growth of carob
tree seedlingswas eva uated by using the Student t test
for comparison of two meang*”.

RESULTSAND DISCUSSION

Survival of seedlings

Plantingisatraumafor theyoung plantscrossing,
for oneor moreyears, atransplantation crisis”. It can

result inmortality and growth losses. The number and
survival rate of seedlingsfor each of thefour yearsand
both water regimesareshownin TABLE 2.

After ayear of planting carob tree, the successrate
isabout 93% intheirrigated part against 86% inthe
dry one. Theseratesarestill very high and of the same
level asthose obtained for planting with seed carob
aged only one year*¥. However, they remain much
higher successratesin plantationsmade by thefor-
estry administration whose values rarely exceed
30965, Maintenance of hoeing and weedingwork has
certainly contributed to theincreased successratein
our experimental plot. Indeed, weeding, made ina
young plantation of oak, havereducedthemortdity rate
by 15% on average”.

TABLE 2: Number and survival rateof carob tree seedlings

Water regime After_ Year 1 Year2 Year3
plantation
Irrigated: number 42 39 35 30
Rate (%) 100 92.9 83.3 71.4
Stress: Number 42 36 33 30
Rate (%) 100 85.7 78.6 71.4

During thisfirst year, it can beinferred that the ob-
served mortality istwice higher in thedry part com-
pared toirrigated (TABLE 2). Therate of plantsre-
mained alive continuesto decrease withtime. During
thesecond year, itistill higher thaninirrigated. After
pressurefrom the provision of additional water inthe
irrigeted, thenumber of plantsremained diveinthethird
year isthe same number in both parties. Thisallows
concluding that the maintenance of irrigation reduces
themortdity of the planted seedlings.

The chi-squaretest for equality of two proportions
for each of thefour measurement periodsisreportedin
TABLES.

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

Period After plantation Year 1 Year 2 Year 3
Chi 2 value 0 112 031 0
Probability 1 0,29 0,58 1
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TABLE 4: Shapiro-Wilk normality test for carob treeheights

Period After plantation Year 1 Year 2 Year 3
Water regime Irrigated Stress Irrigated Stress Irrigated Stress Irrigated Stress
Samplesize 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

Asaresult, the successrate achieved for thefour
measurement periods, did not differ sgnificantly between
the two water regimes (all probabilities exceed the
5%threshold). Theseresultsare cond stent with those
obtained by El Asri et all*4 in aplantation with carob
for oneyear old seedlingsfor planting. It can bein-
ferred that thewater regime hasno statistically signifi-
cant effect on the successrate of carob tree plants.

Seedling height

The comparison between theaverageheightsof the
two water regimes (irrigated and dry) isbased on the
gpplication of the Student t test. Thisinvolveschecking
certain application conditions: the independence of
samples, therandom variablefollowsanormal distri-
bution and equal variances of thetwo samples. How-
ever, thecondition of normality isnot essentia for ad-
equate samples of about 30individuals. Despitethis,
theresults of thenormality test of Shapiro-Wilk®! are
reportedin TABLE 4 for thefour measurement peri-
ods.

Theassumption of normality of thedistributionsof
carob tree heightsis accepted for both water regimes
and all periods except for year 3 under stress. How-
ever, giventhelargesamplesizeduringthethreeyears

TABLE5: Levenetest of equality of variancesfor 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

It followsthat the hypothesisof equdity of thevari-
ancesof thetwo water regimesisaccepted for thefour
measurement periods. The Student t test isbased on
the combination of thetwo variances. Theresults of
thistest arereportedin TABLE6.

Thistableshowsthat theaveragehe ghtscorrespond-
ing to thetwo treatments of the water regimewere not
satisticdly different in thethreeyearsof cultivation of
carob (all probabilitiesobtained for thefour measure-
ment periodsare higher than 5%, level of sgnificance).
Thesefindingsaredifferent from those obtained by El
Agi et d™inacarobtreeplantingwiththedifferencein
ageof plant planting that was one year instead of two
years subject of thiswork. The height differences be-
tween the two terms of thewater balanceis between -
0.67 and 1.50cm. TABLE 7 showstheaverageheights
in both partsand the four measurement periods.

TABLE 6: Sudent t test of equality of mean carob treeheights

of cultivation of carob tree, using the Student t test is Period " Al Yerl Yer2 Year3
dill possble. Regarding theconditionof equality of vari-  —\jean difference. 0.9 067 1 L50
ances, theresults of equality of thetwo variancesof ~ Irrigated - stress ' ' ' '
Levenélﬁl, for thefour measurement peri OdS, areshown Student t value 0.21 -0.28 0.39 0.30
inTABLES. Probability 0.84 0.78 0.70 0.77
TABLE 7 : Evolution of carob tree height (cm)
Y ear Hauteur Number of observations Minimum Maximum  Mean Standard deviation
Year 0 Irrigated 42 18 42 28,5 6,3
Stress 42 18 42 28,2 6,2
Vear 1 Irrigated 39 17 59 39,6 9,5
Stress 36 15 66 40,3 12,0
Year 2 Irrigated 35 26 72 48,7 12,8
Stress 33 17 82 47,2 17,4
YVear 3 Irrigated 30 25 85 54,9 15,7
Stress 30 20 93 53,4 224
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Preliminary anays sshowsthat before plantingthe
two samples have approximately the same average
height: 28.5+ 6.3 cm for irrigated and 28.2 6.2 cm
for thedry part.

Yearly height growth

On average, annual growth was 9 cm/year for all
partiescombined and for thethreeyearsof culture. Itis
threetimeslessthanthat obtained inthework of El Asi
et al™. It can be deduced that the smaller the age of
theplant at plantingis, the higher theannua growthwill
be. Similarly, we can seethat the annual growth rate
decreaseswith time. For both parts, itis12 for thefirst
year, 8 for the second year and 7 cm/year for thethird
year. Annual growth isabout the sameand evolvesin
thesameway in both parties. Thisconfirmstheconclu-
sionsreached inthework of Collet et d!™: Duringthe
first two years, the competition for water was not the
major factor inthereduction of growthinayoung oak
grove.

CONCLUSION

Thedudy showsthat theeffect of irrigation onheight
growthisnot significant on both the successrate after
plantingonthesurviva of seedlings. Planting with seed-
lingsof two yearsalowstimbermen to save morewa
ter, especidly inareaswherewater islacking. Thework
of hoeing and weeding favored the survival of these
plants. Infact, the vegetation hasavery adverse effect
ontherecovery andinitid growth of seedlingsand many
studieshave shown that theintensity of thetransplanta-
tion crisisdependson the ability of plantstorestorea
functiond root system after transplanting. Theenlarge-
ment of the carob tree in reforestation programsin
Morocco could be donewithout any problem manage-
ment works are conducted at appropriatetimes.
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