Available online at www.ijpab.com

ISSN: 2320 — 7051
Int. J. Pure App. BioscR (1): 86-105 (2014)

International Journal
of Pure & Applied
’ Bioscience International Journal of Pure & Applied Bioscience

Variability in the productivity of fruits and oil i n three natural populations of
Argania spinosa L. Skeels: combined effects of environment and getype

Zahidi A*, Bani-Aameur F, El Mousadik A
Laboratory of Biotechnologies and Valorization adthrals Resources
Faculty of Sciences, Ibn Zohr University, BP 810gadir 80000 Morocco
*Corresponding Author E-mail: dr.abdelaziz.zahidi@agl.com

ABSTRACT
With the aim to determine the effects of genotymkemvironment on the productivity of fruits and] ai
field study was carried out during five consecutsgasons in three natural populations of Argania
spinosa from three geographical origin; Ait Mellp#irgana and Ait Baha in south west Morocco. The
yield corresponding to total production in fruitipeee is highly correlated to the estimated yibidthe
sampling method. The regression coefficient (R8.78. Fruits productivity was varied between 04 K
(65.9 fruits) in the ¥ season in Ait Baha to 94.4 kg (29298.2 fruits)imiythe 3' season in Argana. For
the other components of fruit, values varied fraB1Ky to 6.2 kg in Ait Melloul, from 0.9 kg to k@ in
Argana for almonds and kernels; and between 0.130k8.7 kg for almonds and hulls in Ait Baha.
Frequency of fruiting trees in thé' $eason was higher in Argana (93.3%) and Ait Me|(86.7%) than
in Ait Baha (50%). It was very low during th& §eason (16.6%) in Argana, in thE @0%) season in Ait
Baha. Oil content in almonds varied from 39.2% 40146, but estimated annual yield of argan oil vdrie
from 0.1 kg to 2.6 kg / tree. Seasonal variatiayepgraphical origin and genotype influence the inde
qualitative of argan oil by modifying only the raftive index but not the percentage of free fatigsa
Some genotypes were able to produce more fruitsadmdnds during four seasomghich shows the
potential of genetic diversity present in the argeae. To cope with water scarcity in flowering dnait
ripening seasons in argan ecosystems, it is nepessaevelop an irrigation system in orchards clegp
with a choice of “plus” genotypes to ensure higalgs of fruit and oil.

Keywords. Variability, genotype, total production, regressjmil, fruit, environment, estimated yield.

INTRODUCTION
Fruit trees have the potential to contribute towdmbd security, nutritional health and income gatien

and mitigate environmental degradation in develgmiountrie5?3. Plant growth and productivity are
constrained by environmental conditions, such agmscarcity, recurrent aridity and others. Undhexse
conditions, few species were capable to standverad situation maintaining some productivity. Sisch
the case ofArgania spinosain arid and semi-arid areas of Morocco, able tovjgle a diversity of
resources that are the basis of economy for thal joapulatio. This wild tree native to south west
Morocco subjected to a constant regression duedo-exploitation, plays essential local ecologiaat
economical roles Nineteen percent of the local population incontepend of this tré€. The
woodlands, though open, protect the soil agairestien and desertification, they shade differenesypf
crops, and they help maintain soil fertility in arid climate. Wood is used for carpentry and f&sleds
are used for oil production, with nutritional, meidel and cosmetic purposes. Leaves, as elevated
grasslands, are browsed by livestock, mainly gdmiisalso came¥sAt the present time, several physical
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and anthropogenic factors reduced the density ard af Argan ecosystems, so it decreases the
biodiversity in the arganeraie ecosystem. Due ® ¢bntinuous intensify of genetic erosion, it is
necessary to save situation of this spédieRecent interest for its conservation and develgm
increased following UNESCO declaration of arganaaoé distribution a MAB (Man & Biosphere)
Reserve of Biosphel® The fruit is the main product, from its kernelbe prised oil is extracted.
However, few studies have focused on productivitfrait, oil and the annual yield of trees in difmt
localities. The flowering-fruiting cycle in argas spread from 9 to 16 months depending on the.trees
Precocious trees which produce fruit in March, tezlatrees bearing the fruits in June and the
intermediate trees which bear the precocious anatdse fruits’. The fruiting of trees depends on
seasonal variations prevailing during the floweramd fruit growth periodWater availability affects
fruiting but 100 mm of rainfall in autumn of fruibaturation is sufficient to achieve optimal prodoictof
fruits. Productivity of the argan tree estimatedthy frequency of fruitful trees, the fruit weighernel

and pulp varies according to seasonal variations teeg>. Prolonged drought during the flowering
season is manifested by a significant reductiotheffruiting branches and number of fruits on twigs
during the fruit ripening seasbth

Fruit yield is estimated from 450 to 500 kg / reeasoH"™. In an orchard trees, grown for seven seasons
and irrigated in two sites in the Negev desertsofél, fruit yield varied between 1.4 kg and 20g2irk
Keturah and between 0.5 kg and 24.1 kg in RamaeX&dSimilar results were obtained with ten trees in
the field observed individually in Ait Melloul inosith west Morocco. The fruit yield was ranged frbrs

to 22.4 kg / season per tté¥ Fruit yield is often estimated on a small numbértrees without
addressing the other components of fruit. Argansailow the most expensive edible oil in the woflde

oil, which has been a mainstay for Berbers in seagtern Morocco for centuries, was propelled out of
obscurity by favorable findings about its culinacpsmetic and even medicinal virttiesArgan oil is
extracted by traditional meth8d: by press or by chemical extractfanThe drying temperature of
almonds and duration in chemical extraction arelyareported, it is 60 ° C for three hotirer 40 ° C
without indicatiod*? The organic solvent used is Hex&é?*? or more rarely Petroleum Et/3&t° The
mixture of fruit samples harvested from differeebgraphical origins and sometimes from many trees i
a single region in several seasons can have aalbgstimate of oil yield and therefore the comsgani of
different studies was not possible. The purposthisf study was to determine to what extent thet frui
yield, oil yield and various components of fruit argan were affected by tree genotype, seasonal
variations in temperature and rainfalls during fa@nsecutive seasons in three natural populatidits;
Melloul Argana and Ait Baha in south west Morocco.

MATERIALS AND METHODS
Plant material and measurements
Yield estimates
The spiny nature of Argan makes fruit picking dikecfrom trees hard, thus fruits are collected
accumulated under the trees’ canopy after senesaenithie drop. The harvest of senescent fruitaahe
tree remains the only method for estimating frigdd: In this sense, two square frames of 0.25 amhge
one to the north and the other facing south, wiged tinder eight randomly selected trees in Ait lisldl
site for one season. The fallen fruit in the twanfes were harvested and dried in the open airt Frui
weight (g/0.25m?2) was measured and the estimatdd yias calculated by the formula:

R (kg)=(X/025)xS

Whereas, X = mean of the total weight of fallenitfim the two frames. S = the estimated surfaceafor
ellipse by the projection on the ground of the atofm?). S = D x d xt (D: large diameter, d: small
diameter;i= 3.14). 0.25 = surface (m?) of each frame.
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The yield variability

On the basis of the previowbservations, with the aims to sti the yield variability of fruit and hi
componentsthis research was conducted durfive consecutive seasoirtsthree natural populations i
Ait Melloul (latitude: 30°20" N, longitude: 9° 29" W, altitude: 32 m), Arga(latitude: 30° 78' N
longitude: 9° 11' W, altitude: 620) and Ait Baha (latitude:*24' N, longitude: 5° 33' E, altitude: 5t
located in south west MoroccBainfalls during the five seasons of stiwere often scarcand variable,
taking placamainly during the cold period while summer was (figure 1)

Figure 1: Monthly rainfall (mm) recorded during the five seasons compared tthe average of 1 years
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Thirty randomly selected tre@s each of the three geographical origins that Heeen subject to previous
studies for the characteo$ phenology, branchir, leaf, fruit, flower and polle3*®'%?"?were observed.
The two square frames of 0.88 each, one to the north and the other fasimgth were filed under each
genotype (tree / locality)r'he fallen fruit in the two frames were harvesded driel in the open air. Six
characters were investigated: total fruit weighT)(Pg/m?), fruits number (NF), kernels weight (P
pulps weight (PU), hulls weight (PC) and almonds weight (F

+ The frequency of fruitingrees in each site is calculated as fo:

| % = Number of fruiting trees x 100/ 30 |

+ Annual yields of fruits, pulpgkernels, hulls and almondse calculated for ea tree by the formula:

| Yield (kg) = (X/0.25) x S /1000 |

Whereas, X = the total weiglf fruit, kernel, pulp, hull and almonds. Sthe estimated surface for
ellipse by the projection on the ground of the arofm?) S = D x d xmt (D: large diameter, d: small
diametermt= 3.14).

+ The estimated total number of fruits is calculatgdhe formul:

| N=(n/0.25)x ¢

Whereas n = total number foliits collected in the two fram.

Oil yield and percentage of various fruit componerg

The fruiting in argan differs depending on seasamd trees. Some trees can produce fruit during
two, three, four and/or five seasons. Others th@@s borne fruits in only one season. For anabyfsisl
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yield and other fruit components over two seasatisand %' season), three trees per group were
selected: four groups (I, II, Il and 1V) from Allelloul, one group from Argana (V) and the otheeon
originated of Ait Baha (VI). Ten grams of almonds free were dried in an oven at 60 °C for 3 hodirs.
millbase of almonds thus torrefied was placed lierfiof Soxhlet (Figure 2). Oil extraction was dadr
out by chemical method with hexane (soxhlet) whiadktes about six hours, six extraction cycles (Fgur
2). A volume of 150 ml of Hexane (69 ° evaporatimint) as an organic solvent was used. At the énd o
the last cycle of extraction, argan oil solublehia solvent was recovered after evaporation of iekaa
rotavapor. The oil extracted was weighed in grantsthen stored in the dark under vacuum at -20 ° C.

Figure 2: Oil extraction by chemical method using bxane (soxhlet) and fruit components

o n®$

!

+ The percentage of kernels, pulps, hulls, aimamdsl content is calculated by the formula:

|% = (Weight of X/ total dry weight of fruit) x 100 |

Whereas, X is the weight of kernels, pulps, h@lsjonds or oil content.

To study the quality of argan oil, two parameteeravobserved i.e. the refractive index and frety fat
acids. The refractive index was measured by an A#feactometer 1T, 4%. For free fatty acids, 1g of
argan oil was weighed in a beaker to which is adéiédml of Ethanol 95%, 0.28 ml of Phenolphthalein
1% and a few drops of NaOH 0.1N for neutralizatibhe solution was placed in the dark for 1 min,
stirred continuously and was titrated with NaOHSN2until obtaining a permanent pink coloration that
persists for at least one mintite

+ Percentage of free fatty acids was calculated as:

| % free fatty acids =V x 7.05 |

Whereas, V = volume of NaOH 0.25N added.
| Acid index = % free fatty acids x 1.99 |
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Statistical analysis
A regression of the weight of fruit harvested ir ttwo frames as a function of total production, in
addition, a correlation of the total production ghd estimated yield of each tree have been adapted
order to estimate fruit yield in argan tree.
An analysis of variance (ANOVA) with three factofseasonal variations, locality and genotype
(treeflocality) in hierarchical model was adopt8dasonal variations and locality were crossed. Wae
hierarchical to locality since trees are not repeatithin the same locality and between $itd3ata were
transformed taarc sin [(x + 5)/100]1/2before being submitted to the ANOVA. The Leastn8igant
Difference Test (LSDa = 5 %) of equality of means was used to compafterdnces between
meand>**2 The analysis is performed using Statistix, SthtiNTCYS-pc package of computer
program&>.

RESULTS
Yield estimates
For eight randomly selected trees, total weighfruits harvested in one season, in the two framas w
about 117.85 g / 0.25 m2 in average ranging frolm.1x9/ 0.25 m2 and 42.2g / 0.25 m2 (Table 1). The
regression equation revealed that total weightwfd harvested in the two frames was highly cetesl
with the total production of trees bearing fruitsce regression coefficient (R 2) was about 0.GjifFe
3). The total production per tree was about 4.9k@verage ranging from 11.1 kg and 1.6 kg (Tahle 1
The fruit yield which represents the total prodowtiof fruit by trees was highly correlated to yield
estimated by the sampling method, since regressiefficient (R 2) was 0.73 (Figure 4). Estimateeldi
was about 12.7 kg in average and was ranged frérkgdand 21.9 kg (Table 1).

Table 1 : Total fruit weight (g / 0.25m 2) harvestd in the two frames, tree surface (m?), estimatedeld (kg)
and total production (kg) of eight trees in the fiéd in one season

Fruit weight Tree Estimated vyielc Total productior
Tree
(9/0.25m?2) surface (m2) (k) (kg)
1 295,1 18,53 21.9 11.1
2 119,85 36,48 14.9 3.4
3 137,43 20,34 19.7 5.9
4 62,07 17,56 8.6 53
5 91,48 36,1 9.3 2.1
6 141,87 23,3 15.4 2.9
7 42,2 24,44 4.7 2
8 52,8 12,99 7.4 1.6
Average 117.85 23.7 12.7 4.9
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Figure 3: Regression line between the fruit weightf both samples and the total production observedieigth
trees in the field
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Figure 4: Regression line between the estimated Yde(kg) and the total production (kg) observed in gght
trees in the field
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The yield variability

Frequency of fruiting trees

The frequency of fruiting trees in th& 8eason was negligible, and was not presented Iheras a result
of very low rainfall recorded during the seasorflofver production (1 season). Frequency of fruiting
trees in the 3 season was higher in Argana (93.3%) and Ait M¢él(86.7%) than in Ait Baha (50%). It
was very low during the"4season (23.3%) and th Season (16.6%) in Argana, in tH& (30%) and the
4™ (36%) seasons in Ait Baha site (Figure 5).
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Figure 5: Frequency of the fruiting trees for fiveseasons in Ait Melloul, Argana and Ait Baha. (Seaso2: not

presented)
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Fruit yield and fruit components

Influence of locality and seasonal variations

Locality and seasonal variations were not signifidar all characters, but environment effect espesl

by locality x seasonal variations interaction waghly significant for all traits (Table 2). In gerad, in
Argana and Ait Melloul, during the4season, low values of all traits were recorded.iB@it Baha site,
low productivity of fruits and their components wasorded in the®1season (Table 3). For thirty trees
per site, annual averages of yields of fruits, krnpulps, hulls, almonds and fruits number wégbdr

in Ait Melloul during the ¥ 3¢ 5" seasons; but very low in th& 4eason (Table 3). Yields of different
components of fruit in fruiting trees were more orant during the land the 2 season in Argana and
during the 8 and the % season in Ait Baha site. For all trees, fruitsdoiiivity was varied between 0.1
Kg (65.9 fruits) in the &t season in Ait Baha to 94.4 kg (29298.2 fruits)imyithe ¥ season in Argana.

In Ait Melloul site, yield was ranged from 55.8 kB3594.5 fruits) in the '8 season and 1.8 kg (904.2
fruits) in the f' season. For the other components of fruit, valseged from 0.8 kg to 6.2 kg in Ait
Melloul, from 0.9 kg to 7.9 kg at Argana for almendnd kernels; and between 0.13 kg to 3.7 kg for
almonds and hulls in Ait Baha.

Influence of genotype

Genotype (tree / locality) was not significant lgyenotype x environment interaction (tree x seasonal
variation / locality) was highly significant forlataits which emphasizes the individual resporfseach
genotype to seasonal variations of rainfall in esitd(Table 2).

Table 2: Analysis of variance of six characters olesved during four consecutive seasons in Ait Melldu
Argana and Ait Baha

Source of variatiol DF Mean squar

NF PT PC

PN PPU PA

Locality 2 68471 ns 286490 ns 116990 ns 70572 ns 1580 ns 8694
Seasonal variatic 3 8717.5ns 54018 ns 20797 ns 16370 ns 313.75ns 24816
Locality x seasonz 6 7456.1 * 73545 ** 26944 * 25386 ** 312.43* 19 *
variation
Tree / localit 87 1619.6 ns 13947 ns 6177.1 ns 8232.7 ns 81.39 ns5071.9 ns
Tree / |Oca|ity X season 261 1193.6 ** 10052 ** 4254 ** 6041.2 ** 58.81 ** 4.8 **
variation
Error 360 314.71 1858.1 638.6 363.87 19.28 502.8

DL: degree of freedom, ns: not significant, **: sificant at 1%.
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Table 3: Maximum, minimum and average in kg / treeof fruits number (NF), total fruit weight (PT), ker nels weight (PN), pulps weight (PPU),
hulls weight (PC) and almonds weight (PA) in Ait Mdoul (AM) , Argana (AR) and Ait Baha (AB) for four seasons

Ait Melloul Argana Ait Baha
Characters 1 3 4 5 Average 1 3 4 5 Average| 1 3 4 5  Average

Average 4022.9 3950.5 2313.9 3449.1 3434.10| 54241 8545.6 590.5 1230.63947.70| 469.5 3093.6 1554.6 2894.4 2003.03
NF Maximum 19742.3 23594.5 13001 12073.6 42700 29298.2 64124 16071.8 2160.4 21881.6 7806.5 12970.8

Minimum 904.2 1898.6 667.3 1034.3 734.6 1360.5 244.1 24685 659 917.8 339.1 5584

Average 12.1 9.8 7.4 10.7 10.00 19 275 2.3 4.4 1330 1.1 7.2 5.3 9.2 5.70
PT Maximum 434 55.8 29.2 43.2 70.8 94.4 25.8 50.1 6.3 34.3 354 53.2

Minimum 18 34 2 34 0.2 4 0.9 11.3 0.1 2.6 1.2 19

Average 6.4 6.5 4.7 7.1 6.18 11.4 16.5 1.5 23 793 0.6 4.7 3.4 5.9 3.65
PN Maximum 25.2 36.1 18.1 27.8 45 60.4 17.7 26 3.6 21.3 21.8 29.3

Minimum 1 1.7 1 2.3 0.1 25 0.6 6.6 0.1 1.3 0.7 1.2

Average 2.53 34 2.7 3.7 3.08 7.1 11 0.7 2 5.20| 04 0.6 0.8 0.98 0.70
PPU Maximum 15.4 19.7 111 15.3 17.9 48.1 8.1 24.1 2.7 7.3645 5.0487 3.9787

Minimum 0.8 2.9 0.8 0.9 2.8 15 0.3 4.7 0.03 0.5 0.9 0.1

Average 0.9 0.8 0.6 0.8 0.78 1.14 1.9 0.2 0.3 0.89 0.1 0.1 0.1 0.2 0.13
PA Maximum 3.6 4.3 2.5 4.1 3.4 6.2 1.4 3 0.4 1.9 0.6 0.8

Minimum 0.1 0.4 0.1 0.1 1.2 0.3 0.1 0.7 0.01 0.1 0.2 0.1

Average 6.2 6 4.2 6.3 5.68 9.6 14.7 13 21 6.93 0.6 0.5 1.4 19 1.10
PC Maximum 24 31.8 15.6 23.7 311 54.2 16.7 23 32 5.9 10.7 8.5

Minimum 1 2.9 0.9 1.2 95 22 2.2 6 0.03 0.3 0.9 0.1
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Some genotypes from Ait Melloul, Argana and Ait Batan produce fruit during two, three or four
seasons (Table 4). While a relatively small nundfdrees especially in Ait Baha, the driest sitigl, riot
produce fruit or had borne fruits in only one seasblthough the trees were fruitful, number of frui
produced is variable depending on the station. Gpes (12, 17 and 24) from Ait Melloul were able to
produce more fruits and almonds since the numbéwudé was between 10362.6 and 23594.5, the fruit
weight varied between 21.6 kg and 55.8 kg and athwezight between 2 kg and 4.3 kg during tfledd
3" seasons of high productivity (Table 5a). Yieldtlé other components of fruit was ranged between
7.5 for pulps weight and 23.3 kg hulls weight. bidiion, these genotypes can produce fruits even in
season of low productivity {3, since yield can reach 29.2 kg (13001 fruits) filmits and 2.5 kg for
almonds.
Genotypes (2, 13, 26 and 29) from Argana were altde to produce more fruits and almonds since the
number of fruits was between 15626.2 and 29298, 2Hayyield varied between 40.6 kg and 94.4 kg for
fruits and from 3.7 kg and 6.2 kg for almonds dgrihe 3' season of high productivity in this site (Table
5b). Yield of the other components of fruit wasged between 5.1 for pulps weight and 27.1 kg for
kernels weight. For these genotypes, in thesdason of low productivity, the number of fruitaisw
between 2587.2 and 13001, the fruit weight varietiveen 9.1 kg and 29.2 kg and almond weight
between 0.74 kg and 2.5 kg. Genotypes (12, 23 &hdriginated from the driest station Ait Baha, wer
able to produce fruits and almonds but of minoran@nce compared to the other two sites (Table 5c).
Yields were between 23.03 kg and 33.72 kg for $raitd between 1.12 kg and 2.6 kg for almonds even i
years of high productivity in this site'{4and %' seasons).

Table 4 : Trees that produced fruits during 1, 2; 3and 4 seasons in Ait Melloul, Argana and Ait Baha

Ait Melloul Argana Ait Baha
Four seasong 1;2; 3; 4;12; 17; 20; 23 and3D44) 8 (3.3%) 1; 8 and 3010%)
Three seasoni; 6; 9; 11; 13; 14; 18; 19; 25;26 an( 7; 12; 13 and 2013.3%) 4;9;10; 17; 22; 24, 25; 27 and
28 (36.7%) (30%)
Two seasony 7; 10; 21; 22; 29 and 30%) 1;2;3;5;6;9; 11; 14, 15; 16; 17; 19;2; 3; 11, 13; 14; 16; 18; 19 ; 21;
21; 22; 24; 25; 26; 27; 28; 29 and 30 23 and 29
(70%) (36.7%)
One season 16 and 4.71%) 4;10; 18 and 23138.3%) 5; 6; 7;12; 15; 20 and 2@3.3%)
No season 8 and 16.7%) - -

Some genotypes from Ait Melloul, Argana and Ait Batan produce fruit during two, three or four
seasons (Table 4). While a relatively small nundfarees especially in Ait Baha, the driest sitigl, riot
produce fruit or had borne fruits in only one seasdlthough the trees were fruitful, number of frui
produced is variable depending on the station. Gpes (12, 17 and 24) from Ait Melloul were able to
produce more fruits and almonds since the numbéwudé was between 10362.6 and 23594.5, the fruit
weight varied between 21.6 kg and 55.8 kg and athwegight between 2 kg and 4.3 kg during tfledd

3" seasons of high productivity (Table 5a). Yieldtlé other components of fruit was ranged between
7.5 for pulps weight and 23.3 kg hulls weight. bidiion, these genotypes can produce fruits even in
season of low productivity (3, since vield can reach 29.2 kg (13001 fruits) floits and 2.5 kg for
almonds.

Genotypes (2, 13, 26 and 29) from Argana were altde to produce more fruits and almonds since the
number of fruits was between 15626.2 and 29298, 2Hayyield varied between 40.6 kg and 94.4 kg for
fruits and from 3.7 kg and 6.2 kg for almonds dgrine 3' season of high productivity in this site (Table
5b). Yield of the other components of fruit wasgad between 5.1 for pulps weight and 27.1 kg for
kernels weight. For these genotypes, in thesdason of low productivity, the number of fruitasw
between 2587.2 and 13001, the fruit weight varietivben 9.1 kg and 29.2 kg and almond weight
between 0.74 kg and 2.5 kg. Genotypes (12, 23 &hdriginated from the driest station Ait Baha, wer
able to produce fruits and almonds but of minordantgnce compared to the other two sites (Table 5c).
Yields were between 23.03 kg and 33.72 kg for $raitd between 1.12 kg and 2.6 kg for almonds even i
years of high productivity in this site'{4and %' seasons).
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Table 5a: Annual yield of fruit number (NF), fruits weight (PT) in kernels (PN), pulps (PPU), almond&A), hulls weight (PC) of the thirty trees
from Ait Melloul during the four seasons

Trees Ait  Melloul
NF PT PN PPU PA PC
1 3 4 5 1 3 4 5 1 3 4 5 1 3 4 5 1 3 4 5 1 3 4 5
1 2669.1 5268 2107.2 14048 11.249 9 43| 71 16.8 6.03 3.4 46 82 29 (09 09 1 o0bB2A| 6.2 158 552 3
2 948.5 16926.7 2553.6 10287|4 22.31.1 5.32 24.1 127 205 5.32 16.2 6 106 532 y.9 22 532 1.3 104 182 532 149
3 9553 9786 699 1584.4 43.175.1 58 7.7| 252 565 4.1 4.9 18 186 1.7 28 22 3.24013|229 532 383 37
4 1878.2 78019 46956 7801p 8716 213 32| 52 113 131 17.6 36 48 82 144 06 2AZ5 38 46 9.1 114 1338
5 1766.6  8313.6 7015 0 3.7 13 2 0 18 7.1 1 0 18 59 101 Q 02 11 011 |0 16 .9 0
6 723.4 0 23509 1989.2 19 0 81 66| 1.1 0 5.1 4.1 0.8 0 3 26 01 0 06 |04 0 46 3.7
7 1251.8 0 0 37751 23 0 0 7.7 1 0 0 5.2 11 0 0 25 01 O 0 0 1 0 0 5.2
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0
9 1545.3 0 667.3 5162.4 6.4 0 35 271 31 0 2.3 24.4 3.3 0 1.3 27 03 0 02 |0D7 0 21 235
10 2994.6 0 1140.8 0 78 0 441 O 55 0 2.6 0 2.2 0 1.8 g 06 0 032 |0 49 0320
11 904.2 0 1567.3 5545.8 3 0 445 172| 1.2 0 25 9.5 1.8 0 2 78 02 0 04 |12 0 21 83
12 19742.3 235945 13001 44541 39.%58 29.2 09.1| 194 36.1 18.1 5.6 20 197 111 B84 38 425 0.7/ 159 318 156 4.9
13 7385.1 0 6653.9 5849.6 16 0 176 14.7| 10.1 0 12.1 11 5.8 0 55 37 15 O 1.8 8.6 0 103 11
14 2644.2 0 2440.8 1586.5 12.80 86 4.7 | 55 0 8.2 2.8 7.2 0 8.2 2 08 0 082 p87 0 5.2 2
15 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0O o 0 0 0 0 0
16 2312.2 0 0 0 4 0 0 0 3.4 0 0 0 2.4 0 0 0f 03 O 0 0 31 0 0 0
17 10362.6 2101.8 37149 8651.8 21.63.4 103 241 142 1.7 65 184 7.5 1.7 3.8 5.7 2 078 00.1|121 1 58 183
18 3644.8 0 2448 7180.8 11.10 122 256 5.7 0 9.1 12.3 5.4 0 31 183 09 O 1 |248 0 8.1 101
19 0 5343.8 2643.2 1034.3 0 16 89 34 0 9 4.8 2.3 0 71 41 12 0 1 052 |[0.® 8 43 17
20 5714 11313.7 3657 1199.9 12.€39 94 36 7.3 15 5.7 2.3 53 89 3.7 1.2 1 26 081|164 124 49 1.2
21 3460.6 0 1410.9 0 84 0 5 0 3.7 0 3.3 0 4.7 0 172 0 06 0 031 |0 3 0 298
22 3087.8 0 0 3271.6 8 0 0 105| 35 0 0 5.3 4.1 0 0 51 06 O 0 D29 0 0 49
23 1148.9 2853.6 3743.1 5966.f 1.812.1 159 26.7| 124 8.6 10.6 19.7 74 35 53 7102 09 11 1 16 7.7 9.6 186
24  11838.4 6664 2587.2 120736 43419 9.1 432| 198 13 6.7 27.8 171 6 24 153 3 194041|233 111 6 237
25 3218 1898.6 0 2767.% 12862 O 78| 22 33 0 45 46 29 0 33 08 04 0 |[0B4 29 0 4.1
26 2079.4 12692.8 0 80575 55269 0 136 26 199 O 9.8 25 7 0 38 03 22 0 |07 177 O 9
27 2676.4 0 0 0 72 0 0 0 |129 O 0 0 35 0 0 0o 05 O 0 0 3.2 0 0 0
28 14916 3955 8136 0 41.198 25.1 0 56 6.3 16.2 0 144 35 8.8 D 27 08 15 @4 55 147 0
29 2220.5 0 2498 0 6.5 0 8.9 0 0 0 5.3 0 1.6 0 3.6 0 05 0O 09 (0 44 0 45 0
30 0 3800.7 0 3826.6 0 145 0 7.5 0 101 O 45 0 443 O 3 0 13 0 D92 8.6 0 3.6
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Table 5b: Annual yield of fruit number (NF), fruits weight (PT) in kernels (PN), pulps (PPU), almond&PA), hulls weight (PC) of the thirty trees
from Argana during the four seasons

ISSN: 2320 — 7051

Trees Argana
NF PT PN PPU PA PC
1 3 4 5 1 3 4 5 1 3 4 5 1 3 4 G 1 3 4 |5 1 3

1 2261.01 7416.1 0 0 7.44248 O 0 | 494 16.41 0.00 0 250 8.4 0 0O |048 1.8 0 0| 446 146 O 0
2 4893.72 16939.8 O 0 2099 51.8 O 0 |11.95 27.35 0.00 0 9.04 244 0O O |166 37 0 01029 237 O 0
3 1881.90 0 64124 0 537 0 258 0 |268 0.00 1775 O 268 0 81 0 |030 0 1 o0 238 0 167 O
4 0.00 1360.5 0 0 0.004.01 O 0 | 0.00 249 0.00 0 0.00 1.52 0 0 |0.00 03 0O 0| 000 22 0 0
5 6725.97 9685.4 0 0 24988.7 0 0 |12.89 23.35 0.00 0 12.06 15.4 0 0 |16523 0 01124 21 0 0
6 6961.50 0 0 8774 18.06 0 0 37.7/11.52 0.00 0.00 21 654 0 0 16.7{159 0 0 26| 9.92 0 0 184
7 3614.60 0 2027.7 24685 | 6.41 O 84 113 420 0.00 5.99 6.6 221 0 24 471057 0 0.6 0.7] 3.63 0 54 6
8 379759 74053 1519 56964 1.7B1.4 7.6 19.3] 0.33 21.61 5.30 9.5 0.14 982 23 98008 1 04 13 007 206 49 82
9 2204.01 42317 0 0 1.7616.8 0 0 | 0.76 10.72 O 0 041 6.1 0 0 |03 11 0 0| 003 97 0 0
10 1932.00 0 0 0 430 0 0 0 | 231 0.00 0 0 199 O 0 0 |018 0 0O 0] 213 0 0 0
11  2611.00 9325 0 0 8.3726.2 0 0 | 436 1477 O 0 401 1143 O 0 |034 17 0 0] 402 131 O 0
12 5899.74 5696.3 0 16071188.95 134 0 50.1| 474 6.63 0 26 421 6.74 0 241|065 09 0 3| 409 57 0 23
13 9155.98 15626.2 0 390666 26.980.6 0 12.2/17.14 27.05 O 7.1 9.79 135 0 51|150 3 0 11564241 O 6.1
14 452159 21025.4 0 0 11.0859 O 0 | 599 5498 0 0 5.06 30.8 0 0 |045 47 0 0| 554 503 O 0
15 1627.67 5561.2 0 0 5.82 16 0 0| 388 1030 O 0 194 57 0 0O |046 14 0 0| 342 89 0 0
16 2708.60 6164.4 0 0 5.0817.2 O 0 | 265 1196 O 0 243 52 0 0 |046 13 0 0| 219 107 O 0
17 8976.84 8568.8 0 0 258%29 0 0 |15.95 2183 O 0 991 1114 O 0 |20219 0 01393199 O 0
18 952.00 0 0 0 090 O 0 0 | 047 0.00 0 0 043 0 0 0O |008 0 O 0] 0.39 0 0 0
19 0.00 22078.2 47005 O 0.00 70.1 154 0 | 0.00 46.95 9.77 0 000 231 56 0 |0.00 47 14 0| 0.00 42284 O
20 4270.00 10418.8 1708 0 46299 55 0 | 245 18.28 3.16 0 225 115 23 0 |043 26 05 0| 202 15726 O
21 991.80 0 1102 0 138 0 41 0| 0.80 0.00 262 0 058 0 14 0 |006 0 07 0] 074 O 2.2 0
22 786.54 0 244.1 0 0.88 0 0.9 0 | 046 0.00 0.60 0 042 0 03 0 (004 0O 01 o0 042 0 0 0
23 1704.00 0 0 0 469 0 0 0 | 252 0.00 0 0 217 0 0 0 |019 0 0O 0] 233 0 0 0
24 791.19 29274 0 0 0.7711.7 O 0 | 041 6.63 0 0 0.36 5.1 0 0 |00309 0O 0] 038 57 0 0
25 1780.00 2207.2 0 0 35794 0 0| 193 450 0 0 1.63 4.9 0 0 |01504 0 0] 179 4 0 0
26 6646.09 20096.5 0 0 15.986.2 0 0 | 833 3814 O 0 7.65 48.1 0 0 |14555 0 0| 688 326 0 0
27 1008.28 14620.1 0 0 0.7734.8 0 0 | 047 1828 O 0 0.30 16.5 0 0 |00329 0O 0| 044 153 O 0
28 4804.20 21760.2 0 0 9.94519 O 0 | 6.28 2869 O 0 3.67 232 0 0 |070 49 0 0| 558 238 0 0
29  8748.77 29298.2 0 0 292644 0 0 |15.26 60.39 O 0 14.01 34.1 0 0 |122 62 0 01404542 O 0
30 4936.89 13956.2 0 0 19.3375 0 0 |15.31 2505 O 0 401 124 0 0O |056 26 0 01475224 O 0
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Table 5c¢: Annual yield of fruit number (NF), fruits weight (PT) in kernels (PN), pulps (PPU), aimond@&A), hulls weight (PC) of the thirty trees
from Ait Baha during the four seasons

Trees Ait Baha
NF PT PN PPU PA PC
1 3 4 5 1 3 4 5 1 3 4 5 1 3 4 5 1 3 4 b 1 3 4 5

1 96.5 836.3 1318.8 33134 0.14€.51 825 11.7%0.08 2.85 5.19 6.50 0.053.06 4.2 5.25| 0.006 0.355 0.654 0.6280.076 2.495 4.538 5.871
2 949.2 0 791.0 0.0 0.85 0 0.62 0 | 050 O 2.06 0 035 0 2.06 0 | 0060 O 0.007 0| 0437 O 0.2 0

3 0.0 791.3 0.0 863.2l 0.002.14 0.00 1.64 0.001.19 0.0 121 0.00 0 0 0.43| 0.000 0.159 0.0 0.136¢ 0.000 1.027 0 1.071
4 2289.0 1297.1 0.0 1983.8| 4.96 3.97 0.00 5.77| 3.192.67 0.0 3.36 1.78 0.9 0 2.25| 0.311 0.332 0.0 0.4092.876 2.333 0 2.956
5 0.0 3908.2 0.0 0.0 0.0 1355 0.0 00| 0.0 866 0.0 0.0 0 251 O 0.00 0 1.238 0.0 0 0 7.422 0 0
6 0.0 37914 0.0 0.0 0.0 13.01 0.0 00| 0.0 762 0.0 0.0 0 22 0 0.00 0 0.620 0.0 0 0 6.998 0 0
7 0.0 0.0 4505.0 0.0 0.0 0.00 10.73 0.0 | 0.0 0.00 6.26 0.0 0 0 4.4  0.00 0 0.000 0.713 q 0 0.000 5.550 0
8 495.6 4419.0 7103.4 2188.9| 0.557.79 17.45 574 | 043 4.10 10.13 3.40 0.12 7.32 10.13 2.34 | 0.084 0.630 1.138 0.36Y0.347 3.468 8.988 3.031
9 708.9 0.0 6262.0 12642.20.87 0.00 17.04 33.72|0.52 0.00 8.55 20.79 1 0.35 8.49 855 12.93|0.092 0.000 1.703 2.559|0.430 0.000 6.849 18.230
10 0.0 6069.6 674.4 337.2| 0.0023.66 253 1.20| 0.0 16.481.22 0.96 0.001.31 1.22 0.24| 0.000 1.583 0.185 0.08Y0.000 14.894 1.035 0.877
11 0.0 0.0 2089.4 1641y 0.0 0.0 742 335 0.0 0.8.95 2.10 0.003.46 395 1.26 0 0 0.624 0.1860.000 O 3.331  1.967
12 0.0 0.0 5510.2 0.0 00 00 7.8 0p0 00 00 95.0 0.00 0.00 2.77 5.09 0.00 0 0 0.751 0.0Q®m.000 O 4.344 0.000
13 0.0 0.0 31195 1273 00 00 896 O0R7 00 0.0835 0.16 0.00 3.13 5.83 0.12 0 0 0.824 0.0280.000 O 5.006 0.130
14 0.0 0.0 1581.6 2824 00 00 555 076 00 0.0693 047 0.00 1.86 3.69 0.29 0 0 0.415 0.01©.000 O 3.273  0.457
15 0.0 0.0 1226.8 0.0 00 00 571 O0p0 00 0.0 84.00.00 0.00 1.63 4.08 0.00 0 0 0.294 0.00®.000 O 3.787 0.000
16 0.0 0.0 2546.5 52208 0.0 0.0 11.89.67{ 0.0 0.0 851 7.69 0.003.38 8.51 3.97 0 0 0.628 0.70%.000 0 7.883  6.987
17 1449.0 0.0 2790.7 47227 5.120.0 9.92 1743332 00 7.27 13.63 | 1.802.65 7.27 3.81| 0210 O 0.554 12233110 O 6.715 12.402
18 1127.0 0.0 0.0 2361.4 1.50 0.0 0.0 3.64| 1.03 0.0 0.0 2.02 0.470.00 0.00 1.62| 0.104 O 0 0.228 0927 0 0 1.789
19 0.0 15249 0.0 2601.3| 0.00 5.75 0.0 8.98/ 0.003.63 0.0 6.27 0.001.05 O 2.72| 0.000 0.427 0 0554 0 3.204 0 5.712
20 684.0 0.0 0.0 0.0 1.600.0 0.0 0.00{ 1.06 0.0 0.0 0.00 054 0 0 0.00( 0.065 O 0 0.000[0.994 0 0 0.000
21 24079 0.0 0.0 2593.1f 7.65 0.0 0.0 991 441 0.0 0.0 6.41 324 0 0 3.50( 0541 O 0 0.497/3.870 0 0 5.909
22 2948.0 0.0 2412.0 469.0/ 3.340.0 546 0.71] 1.76 0.0 3.69 0.47 158 0 3.69 0.24| 0.108 O 0.369 0.038§1655 O 3.323 0431
23 0.0 0.0 12039.0 5688.8|0.00 0.0 28.80 11.01| O 0 19.65 8.39 0 0 185 2.62| 0.000 O 1.904 0.704 0.000 0 17.748 7.682
24 308.7 0.0 1852.0 18520 1.480.0 6.73 7.80] 0.85 0.0 5.19 4.70 0.641.54 519 3.09| 0.017 O 0.549 0.3360.830 O 4641 4.368
25 4520.0 0.0 3955.0 6554.0{8.78 0.0 14.39 23.03|5.87 00 11.05 17.74 291 3.35 11.05 5.29 | 0.158 0 1.118 0.844 5.708 0 9.930 16.894
26 0.0 0.0 0.0 46719 0.000.0 0.00 8.02| 0.00 0.0 0.00 5.45 0.000.00 0.00 2.56| 0.000 O 0.000 1.0470.000 O 0.000 4.405
27 23052 0.0 2169.6 1695.0 4.28 0.0 10.71 3.33| 243 0.0 6.85 2.36 1.853.86 6.85 0.97| 0.127 O 0.393 0.1472302 O 6.458 2.208
28 23753 0.0 3934.1 890.7| 75200 20.76 823| 3.87 0.0 1390 6.37 3.64 6.86 13.90 1.85| 0227 O 0.664 0.4333645 O 13.236 5.939
29 0.0 17940 0.0 1242.0| 0.00 8.10 0.00 5.07f 0.0 5.60 0.00 3.01 0.0n00 0.00 2.06| 0.000 0.490 0.000 0.1050.000 5.112 0.000 2.904
30 1725.0 1275.0 3825.0 975.0| 3.268.32 1592 3.85| 2.08 516 10.06 2.83 1.18 5.86 10.06 1.02 | 0.198 0.704 0.891 0.9861.880 4.452 9.173 1.844
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Locality and seasonal variations were not signifidar % kernel, % pulp, % hull, % almonds, oil temt / almonds weight and oil content /
fruit dry weight (Table 6). Locality x seasonal iions interaction (environment effect) was sigm@int for only oil content / fruit dry weight.
The annual average of oil content / fruit dry weiglas about 3.1% in thé"4eason and 2.7% in th8 Season (Table 7).

Table 6. Analysis of variance for percentage of kernels (%), pulps (% P), hulls (% H), almonds (% A), oil cantent / almonds weight (OCA)
and oil content / fruit dry weight (OCF), refractive index and percentage of fatty free acid

Source of variation DF Mean square

% K/ fruitdry %P /fruit % H/fruitdry % A/ fruit OCA OCF Refractiv Percentage of

weight dry weight weight dry weight e index free fatty acids
Provenance (group) 5 172.03 ns 161.65 ns 190.53 ns 0.7 ns 157.65 ns 99 n8. 6.7-05 ** 2.03-01 ns
Seasonal variations 1 54.08 ns 76.67 ns 48.02 ns 0.2ns 349.36 ns s2.2n 5.7-05* 5-03 ns
Provenance x seasonal variations 5 29.89 ns 5222 n 32.83ns 0.2ns 181.4 ns 0.91* 5.9-06 ns 7-02 ns
Tree / provenance 12 201.84 ** 174.85 ** 224,95 ** 5.9 ** 129.41 ns 1.2ns 1.9-05 1.4-01ns
*%

Seasonal variations x tree / provenance 12 19.54ns 19.81ns 19.91 ns 1.01* 82.78 ** 0.66 ** 1.2-05n 8.1-02 ns
Error 36 10.6 12.81 10.68 0.35 15.77 0.16 6.6-06 1.6-34

DL: degree of freedom, ns: not significansignificant at 5%; **: significant at 1%.
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Table 7: Percentage of kernels (% K), of hull (% H), of pulp(% P), almond (A%) / fruit dry weight; the oil content / almonds weight (OCA)
and oil content / fruit dry weight (OCF) observedduring the 4" and the §" seasons

ISSN: 2320 — 7051

th th
4" season Bseason  Wseason  Bseason %season Bseason  %season Bseason Aseason season s ei son 5" season
AM | 1 749 a 66.3 cd 68.8 ab 60 bc 25.2 gh 344de 6f 6.2 defg 2.7 cde 1.9fgh 44.8bc 29.8 de
2 51.9j 59 efg 44.6e 50.4f 48.2a 41 bec 7.3 bedef 8.7b 2.9 cde 2.4 cdef 39.6cd8.3@
3 75.3 ab 72.8a 68.2 ab 64 ab 24.7 gh 27.29 7.1 bedef 5.4 gh 3.2bcd 1.1h 55.2bc  21.3e
Il 4 82.5a 66.1 cd 75.7a 59.2 bed 17.6h 33.9de 6.8 cdef 6.7 de 2.6 cde 2.3 efg 38de .7@B
5 51.9] 51h 455e 44.8 gh a%?:fef 49 a 6.4 ef 6.2 defg 2.4 de 3 bcde 37 de 48.2 ab
6 67.3 bcde 62.9 def 59.1 cd 54.4 def 32.7 efghi .18d 8.2 abc 85b 4 ab 36b 49.3 ab 42.2 bc
1 7 64.9 defgh 63.4 cde 57.7 cd 56.4 cde b?:gélfg 36.6 cde 7.2 bedef 7cd 23e 3.4b 32.5e 48.7 ab
8 56.5 hij 56.19 50.5 de 49.8 fg 43.5 abc 439b 6f 6.3 defg 22e 3.2bcd 37.2de 51.8 ab
9 64 defghi 59.6 efg 56.2 cd 51.5 ef 36 bcdefg H0.4 7.9 abcde 8.1b 42 a 3.4b 53.7a 41.7 be
\% 10 65.3 defg 67.8 bc 58.8 cd 61.1abc  34.8 cdefg 32.3 ef 6.5 ef 6.7 def 2.4 de 2.8 bcd87.5 de 42.5 bc
11 71.3 bed 70.8 ab 64.7 bc 63.9 ab 28.8 gh 29.2fg 6.6 def 6.9 de 3.3bc 2.9 bcdés0.5 ab 41.9 be
12 66.4 cdef 65.4 cd 58.1 cd 59.4bcd 33.6defgh .684 8.4 ab 6 efgh 4 ab 1.6 gh 476Db 25.8 de
AR | 13 68.2 bcde 714 ab 62.2 bc 65.3a 31.9 fgh 28.6 fg 6f 6.2 defgh 3 cde 33bc 4B6 534a
14 60.5 efghi 62.8 def 52.5cd 54.8 def a%?:‘(fe 37.2cd 8 abcd 8 bc 43a 3.5b 54.3a 43.4 abc
15 58 fghij 58.9 efg 51.7 de 53.1 ef 42 abcde $t.1 6.4 f 5.8 fgh 24¢e 1.9fgh 36.7 de 33.5¢cd
AB | 16 628defghi  58.6fg 56.6 cd 53 ef big'ezfg 38.3 cd 6.3f 5.1h 3cde  24defg 466b  46.5ab
17 57.7 ghij 59.7 efg 50.9 de 53.4 ef 42.4abcd 3 480. 6.8 cdef 6.7 def 2.7 cde 1.9 fgh 39d 28 de
18 55.7 ij 50.9h 46.4 e 40.7h 44.4 ab 49.2a 9.3a 10.1a 42a 45a 45.4 be 44.2 ab
Average 64.2 62.4 57.1 55.3 354 37.5 7.1 6.9 3.1 2.7 441 39.2
Minimun 51.9 50.9 446 407 17.6 27.2 6 5.1 2.2 1.1 325 321
Maximum 82.5 72.8 75.7 65.3 48.2 49.2 9.3 10.1 4.3 4.5 54.3 534

Values followed by different letters are signifitigrdifferent (LSD = 5%).
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I nfluence of genotype

Genotype (tree / provenance) was highly signifidanto kernel, % pulp, % hull and % almond, which
shows differences between trees in each proven@noap) (Table 6). Tree x environment interaction
(seasonal variation x tree / provenance) was higidpificant for % almonds, oil content / almonds
weight and oil content / fruit dry weight, which phasizes the individual response of each tree ¢h ea
site and each season. Average percentage of hslimae than 50% of fruit dry weight (Table 7).
Average percentage of pulp, kernel varied respelgtirom 35.4% and 37.5%, 62.4% and 64.2%.
Percentage of hull, almond varied from 55.3% tdl% and 7.1% to 6.9%. Almonds oil content varied
from 39.2% to 44.1%, but oil content represent&@da2to 3.1% related to fruit dry weight (Table 8).

Table 8 : Argan oil yield estimated for each treerbm six provenance

Provenance Tree Yield of almonds Qil yield
(kg) (kg)
4 5 Average 4 5 Average
AM I 1 1.0 0.5 0.8 0.4 0.2 0.3
2.3 0.6 1.4 0.9 0.2 0.5
15 0.1 0.8 0.7 0.0 0.4
Average 1.6 0.4 1 0.7 0.1 0.4
I 4 2.2 1.8 2.0 0.8 0.6 0.7
1.1 0.1 0.6 0.4 0.1 0.2
4.3 25 3.4 2.1 1.0 1.6
Average 2.5 15 2 1.1 0.6 0.8
1] 7 0.7 0.8 0.7 0.2 0.4 0.3
1.0 0.8 0.9 0.4 0.4 0.4
2.6 0.7 1.6 14 0.3 0.8
Average 1.4 0.8 1.1 0.7 0.4 0.5
v 10 0.9 0.4 0.6 0.3 0.1 0.2
11 1.9 0.7 1.3 1.0 0.3 0.6
12 0.8 1.5 1.1 0.4 0.4 0.4
Average 1.2 0.9 1 0.6 0.3 0.4
AR I 13 1.0 0.4 0.7 0.5 0.2 0.4
14 4.7 14 3.0 2.6 0.6 1.6
15 2.6 0.5 1.6 1.0 0.2 0.6
Average 2.8 0.8 1.8 14 0.3 0.9
AB I 16 0.2 0.4 0.3 0.1 0.2 0.1
17 0.3 0.5 0.4 0.1 0.1 0.1
18 0.2 0.5 0.4 0.1 0.2 0.2
Average 0.2 0.5 0.3 0.1 0.2 0.1
Average 1.6 0.8 1.2 0.7 0.3 0.5

I ndex qualitative of argan ail

Refractive index

Seasonal variations, provenance and genotype (trpevenance) were highly significant for the
refractive index. Seasonal variations x provengecwironment effect) and seasonal variations x tree
provenance interactions were not significant (T@bleMeans were ranged between 1.454 to 1.465glurin
the 4" season and from 1.455 to 1.466 in tHesBason (Table 9).
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Seasonal variations, provenance and tree / proeereamd their interactions have no significant eftat
the percentage of free fatty acids (Table 6). Teegntage of free fatty acids varies between 1dl an
0.4% with an average about 0.7% (Table 9).

Table 9 : The free fatty acids (FFA) and the refrative index (RI) for the 4™ and 5" seasons

Provenance Tree FFA RI
4th season  5th season 4th season 5th season
AM | 1 0.7 0.7 1.465 abc 1.465a
2 11 1.1 1.466 ab 1.465 a
3 0.4 0.4 1.464 abcd 1.464 ab
I 4 0.7 0.7 1.466 a 1.462 abcd
5 0.7 1.1 1.464 abcd 1.463 ab
6 11 0.4 1.46 def 1.456 de
1] 7 0.7 0.7 1.462 abcde 1.459 abcde
8 0.4 0.7 1.459 g 1.455e
9 0.7 0.4 1.457 cdef 1.458 bcde
v 10 11 0.7 1.463 abcd 1.463 cde
11 0.7 0.7 1.455 abcde 1.456 de
12 0.7 0.4 1.46 bedef 1.463 ab
AR I 13 0.7 11 1.463 abcdef 1.462 abc
14 0.4 0.7 1.463 cdef 1.46 abcd
15 0.7 0.7 1.461 abcd 1.463 ab
AB | 16 0.4 0.4 1.461 abcd 1.462 ab
17 0.4 0.4 1.461 abcd 1.459 bcde
18 0.4 0.4 1.464 abcdef 1454 e
Average 0.7 0.7 1.5 1.5
Minimum 0.4 0.4 1.455 1.454
Maximum 11 11 1.467 1.465

Values followed by different letters aignificantly different (LSD=5%).
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DISCUSSION
The regression equation revealed that average wefdhuits harvested in the two frames, placedarnd
each tree was highly correlated to total fruit prctibn of trees. The average total production peg ts
about 4.9 kg, it was ranged between a maximum of kfj and a minimum of 1.6 kg. The yield
corresponding to the total fruit production of sesas highly correlated to the estimated yield Hogy t
sampling method. The maximum yield estimated wasiap1.9 kg, the minimum was about 4.7 kg.
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Estimated vyield by this sampling method was simitathe results reported by Nerd et al. (1993)rin a
orchard irrigated trees (0.5 kg and 24.1 kg); apdhni-Aameur et al. (1998) for ten trees in treddi
observed in Ait Melloul site (1.5 to 22.4 kg / seag tree). Since the designation of the arganstame a
Biosphere Reserve by UNESCO in 1998, recent attemopsustainably develop region of argan by the
implantation of several argan oil-producing womanoperatives where high quality argan oil is now
prepared. Thus, to cope with the variability of argan fryields observed in the field, the use of this
statisticalmethod will allow to woman cooperatives to defimeitfyield and therefore predict yield of
argan oil. Also this sampling method would be ukébu other purposes of scientific research ontfrui
yield and its components.

In a given season, our results showed a signifiehicing of trees bearing fruit and yield compdnen
number of fruits (469.5 on average), fruit totaligiet (PT = 1.1 kg), and almonds weight (PA = 0.) kg
and other components in Ait Baha, the driest sltejng the first and the third season. Variability
frequencies of trees bearing fruit in the thrediata between 93.3% in season of high productiah an
23.3 % in season of low productivity shows the iigant effect of environmental factors on fruit
productivity in argan in the wild state. In argaee, fruit production extends over a long periadfr to

16 months depending on the trees and fruits cafolned in different ripening phases from April to
Septembér**** Variable frequencies and yield component canxpéagned by the very marked effect of
seasonal variations in temperature and rain falvgiling especially during the flowering period feess
been reported in previous studfgd*® In case of drought during the flowering periodysitrees in the
next season do not produce fruits. But, if the #awg season was humid, fruiting in the followirgason
will be higher. Thus, rainfalls during the firstas®n especially between November and Februaryhwhic
corresponds to the period of growth, branching fandhation of leaves and flowers in argan tfegere
only 29 mm in Ait Melloul, 26 mm in Argana and 25min Ait Baha. In addition, low rainfall between
February and March in thé*3eason (2 mm in Ait Melloul, 8 mm in Argana andr@g in Ait Baha)
were expressed by a small fruiting in tHesgason especially in Argana and Ait Baha sitees@hesults
complement the finding reported Benlahbil and B&aimeur (1998) that late rains followed by a warm
spring was unfavorable to fruit set. Rainfalls reed in spring at the time of blooming and in autum
during fruit growth promote good fruiting. So wadi the presence of three categories of fruitingsre
Trees that produced fruit in one season only, tteascan produce fruits in two, three or four seas
Other genotypes were unable to produce fruits duifire five seasons. The presence of about 10 % of
fruiting trees in four seasons and 30%, 36% ofstiearing fruit respectively in three and two seaso

Ait Baha, shows the potential of genetic diversitythis endemic tree to south west Morocco as is
reported for others morphological character¥?” Therefore, Ait Baha, which creates the contrasyld
consider as an environment for selection of resigganotypes to seasonal variations in temperaamds
rain falls for fruit productivity. These findingseain conformity with the findings of Sultan (200&h)d
Mickschel and Otte (2003) that argan tree showigla &daptive plasticity with respect to his living
environment as has been noticed in other planiespec

In other plants, many factors may simultaneouslydse pressure on plants. Thus, optimal seed sied, s
number or fruit production can also vary within mil@apecies or populations as a result of many facto
which modify fruit growth at any stage of developrhemainly environmental conditiofis®. Drought,
low temperatures, or soils poor in nutrients shdédassociated with reduced fruit crop volume edse
siz€’® Responses of trees to seasonal variations wehéyHieterogeneous, since the effect of genotype
X environment interaction (tree x season x locplitgre remarkable for fruit yieldsome genotypes (12,
17 and 24) from Ait Melloul, (2, 13, 26 and 29)fiArgana were able to produce more fruits (10362.6
and 29298.2) and almonds (2 kg and 6.2 kg) duriveg ' and 3' seasons of high productivity. In
addition, these genotypes can produce fruits aveeason of low productivity {3 since yield can reach
29.2 kg (13001 fruits) for fruits and 2.5 kg fomands. Adaptation to climate change is imperatore f
arid environments; it should be the central elemwhtle developing planning strategies in argan
ecosystems. Hence, domestication of argan canfelmpgiving emphasis on the selection and
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adaptation of genotypes that can withstand adweesgher conditions, as was the case of orchardscrop
in the Negev desert in Isra&l Those genotypes will be used as germoplasm foredtication of this
species asa fruit tree for oil production. Thereforey cope with water scarcity in flowering and fruit
ripening seasons in argan ecosystems distributaddrand semi-arid areas, it is necessary to dpvah
irrigation system in orchards coupled with a chadeplus” genotypes, as was the case of othet frui
species to ensure high fruit yields by enhancing fromponents and thus influence on the marketable
yield for women cooperatives where the prisedsoéhitracted.

Locality and seasonal variations were not signifidar % kernel, % pulp, % hull, % almonds, oil temt

/ almonds weight and oil content / fruit dry weightit environment effect was significant for oihtent /
fruit dry weight.This result is not consistent with the findingszynzunegui et al. (2010). These authors
reportedsignificant differences found among sites indicttat all the variables (fruit production, fruit
mass, kernel mass, endocarp mass, and number rél&grer seed) were affected by the prevalent
environmental and managemeonditions. This indicates that when conditionswarfavorable, either by
drought or by herbivory, argan significantly redsit®th fruit production and fruit mass. Genotypedt/
provenance) and tree x environment interactioruarfte significantly % kernel, % pulp, % hull and %
almond, oil content / almonds weight and oil contefruit dry weight. The interval of almonds oil
content in our results (20.8 % - 55.2 %) includakies reported by other authors, despite differeite
the chemical extraction method and origin of fruitsvas 50 % of kernel weigli?>*® It varied from 49

% to 66 % of fresh weight of almonds from Arganad detween 55% and 72% of fresh weight of
almonds from Goulemini& Estimated annual yield of argan oil varies frorh Kg / tree to 2.6 kg / tree
in the two seasons. Similar result was reporteblény et al® in Keturah Israel (0.6 kg / tree) and it is 50
% less in Ramat Negev.

Seasonal variations, provenance and genotype ifiuéhe index qualitative of argan oil by modifying
only the refractive index but not the percentagéred fatty acids. Annual average of the refracthaex
was about 1.461, it is within the range of theaefive index of Moroccan oil (1.46-1.4%and less than
value (1.47) for oil from Isra#l The percentage of free fatty acids varied betwkdnand 0.4%, the
same value was reported by Chimi et3lfor fruit from Ouled Taima. In addition, Zunzung &.*
showed differences in kernel oil content among petjans and between years, while fatty acid
composition was similar in the four populations avithout a significant response to climatic corutiti

or human pressureSimilar results for acid index (0.7 to 2.1) asased by Flour et al. (1984) for
Moroccan oil but without mentioning the fruit onigas well as the Israeli oil (2 and 2:8)

CONCLUSION
The main aim of the present study is to evaluateetifiects genotype and environment on fruit and oil
productivity. Responses of trees to seasonal Vamgtwere highly heterogeneous, since the effect of
genotype x environment interaction (tree x seasdocality) were remarkable for fruit yield and frui
components. Drought effect induced a net reduétidrequencies of trees bearing fruits, fruit yelahd
fruit components in the three geographical orighkrgian is a threatened species whose populatidfer su
regression area and density which will induce tbeegic erosion. An important genetic variation txis
between individuals within each site. Ait Baha, evhicreates the contrast, would be considered as an
environment for selection of resistant genotypesdasonal variations in temperatures and rain. falls
Moreover, this result has practical implicationsr fgenetic management of resource for future
domestication programs of argan as oil-producieg twhich is still in the wild state. Argan treealso
contributing to the local economy, making it a i@ candidate for domestication and a useful s®ur
of drought resistance and last defense againsttiiesdion.
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