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ABSTRACT

The visual characterization of argan trees (Argania spinosa L. Skeels) in their domain has always
distinguished the presence of two forms. However, there are five morphological types on the basis of
twenty-one characteristics of branching and growth observed in three natural populations in south west
Morocco e.i. Ait Melloul, Argana and Ait Baha. The morphological type spinely, less branched with long
branches is most abundant (31.1%). However, both morphological types, very little spiny, little branched
with very long shoots, and spiny, branched with short branches are less frequent. The other two forms,
very thorny and highly branched, with very short branches, and very spiny, very branched, with shoots
moderately long, have intermediate percentages. The length of the main branch, number of green shoots,
spiny green shoots, tertiary shoots, and green shoot angle were the discriminating character s between the
five morphological types. Variability of shapes and frequencies in the three populations reflects potential
diversity in physiognomy of trees, indicating differential behavior of main branches of trees within the
same population. Type V is not represented in the mountainous site characterized by cold autumn and
winter was probably due to low temperatures, which can induce a slowdown in physiological budding
process and growth of branches.

Keywords. multivariate analysis, Argania spinosa; model of branching; growth, branching; tree shape.

INTRODUCTION
Wearing a tree is a specific characteristic, whigftects plant adaptation to changes in their emwirent
bioclimatic-2 This physiognomic notion is certainly very usefiil the recognition of trees, but does in
no way, understand how it work#\dult form is actually based on the structurealeped over the years,
and reflects specific internal organization of plarhus, with the aim to understand better architres
growth habit and vigour, which are important chéeex in botany and in various agronomic contests f
orchard management and production, several studige been conducted in fruit and forest species.
These studies have involved young plants or trédbeaadult stage and are based on morphological
characters such as the primary branch, number ainsary shoots, the angle of insertion of newly
formed branches, length of shoots, the length tEriodes, foliage and the growth directief ¢f the
bud$>®"#? Different tree shapes can coexist in the sameiepéfastigiate, in a ball, weeper, Funnel,
pyramidal}®***213! Shape description of plant taken as a whole Eedaon the mode of growth,
branching pattern, and morphological differentiataf axis®. The study of morphological characteristics
in fruit trees and in forest trees (apple, peaciinut, poplar, spruce, cedar, cypress, pine) hastified
several architectural mod&f§'*1"181920|n argan, the tree habit was described visuallwéeping type
having flexible and drooping branches, and almpstedes$***and erected highly spiny tyffe More
recently Dupui® observed in Ait Melloul the erected fornamd weeping trees which was visually
characterized as such. For this author, the erdoteatlis recognizable by branches of order N, it
growth and generally stabilized by a spine. Thepireghabit is characterized by apical dominanctnef

Copyright © December, 2014; JPAB 27



Zahidi A et al Int. J. Pure App. Biosci. 2 (6): 27-37 (2014) ISSN: 2320051

terminal bud on the main branch; branches areyatabilized by spines. During late observationsian
trees in Ait Melloul, Argana and Ait Baha where thethor followed five branches per tree, Duplis
noted that three trees selected as type spiny 84%e of their shoots stabilized by a spine, andrthei
branching is important and branches of the fiftheorare frequent on the main branches. The thees tr
identified by their weeping habit, showed 22% oingpshoots, the remaining 78%, have a multi-year
growth. The branching is low and shoots are esslgntf the second order, the apical dominance is
marked in this case. These findings obtained frastef surveys among small samples without detailed
study of the branching of argan tree.

In a preliminary study, we identified five morphgloal types of argan based on eight branching
characters of the main branch, in three populatinorsouth west Morocéa Both extreme types, very
spiny, very branched; and little branched and dessewere less abundant than the three intermediate
forms, branched spiny; spiny little branched atitelibranched, less spiny. Recently, the morphackigi
diversity was studied in twenty six populationgpdissed within the five major argan ecosystems based
fruit characters, kernels, branching and foliatforShoots at 60° angle were the most abundant
phenotypic classes. Shoot angle at 30° was misgingome sites. But shoots at 90° angle had
intermediate frequencies in other sites. We coutteilby this work to characterize the five morphatal
types and distribution of their frequencies, inehhmatural populations, based on visual classificat
combined with the principal component analysisvedrity one characters of branching and growth in
length.

MATERIALS AND METHODS
We observed thirty trees selected at random frooh ed three stations in south west Morocco: Ait
Melloul (AM), Argana (AR) and Ait Baha (AB) descel by (Ferradoust al.”’. Each tree was
individually photographed, then classified visuailiyo one of five morphological types described by
Zahidi et al.?’. This visual classification reflects appearancd ganeral shape of branches. Different
forms of trees were numbered from | to V accordmtheir belonging class. On two branches exposed t
south, located at 1.5 m above ground, we obsetveddilowing characters in late May during three
consecutive seasons. We opted for the mean ohtbe seasons for each character, while the effeabeo
climatic year was discussed in (Zahatlal.,* (Figure 1)
Figure 1: Characters of branching, growth in lengthand foliation observed in Ait Melloul, Ait Baha and
Argana
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RV: number of green shoots; RVE: number of spingegrshoots; when shoot extension in successive
growing periods was carried out by the same shpicehmeristem, growth was designated as indefinite
Thus, RI: number of shoots to indefinite growth. &hithe apical meristem of shoot was transformex int
spine, its growth was considered definite. RIEmbar of shoots to indefinite growth acquiring spine
FRE: number of green and to indefinite growth shapiny /total (green shoots + shoots to indefinite
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growth); RIl: number of secondary sh¢; RIll: number of tertiary shoots; RIV: number of gemary
shoots; NFG: number of grouped leaves on the maindh; FSV: number of simple leaves on the
green shoot; FSI: number of simple leaves on tis¢ $hoot to indefinite growth. All these orvations
except FSV and FShave been reported at 100 centimeters by dividipgniin branch length ar
multiplying by 100 to homogenize the rest
We measured in centimeters, LB: main branch lerigth;length of the greatest green shoot; LI: ler
of the longest shoot to indefinite growth; LPL: lengththe longest shoot on main branch; LD: lengt|
the last shoot; DV: distance to the first greenastfoom the insertion point of the main branch;
distance to the first shoot to indefinite growrom the insertion point of the main branch; DPLe
distance to the longest shoot from the apex ofnthén branch; DD: distance to the last shoot from
apex of the main brancAngle: angle formed by the green shoots with thanrheanch
A principal component analys{PCA)was performed using the averagféwenty-one characters of each
tree onthe data reduced cente matrixX®***? Computer processingere performe using Statistix
software, Statitcf and Ntsys-persion 1.4 ¥,
RESULTS

Frequencies of the morphological types
Frequencies of the fivenorphological type vary inlarge proportions (Figure ). Spinely, less branched
with long shoots (IV)was most abunde (31.1%) (Figure 2b). ¥ty little spiny, little branched with vel
long branches (V) and spingranche with short branches (ll)ra less frequent (14.4%. Very spiny and
highly branched atery short branch: (1), and very spiny, much branchedgth shoots moderately long
(I have an intermediate frequen. Type | was abundant in Argana (4&Bthan inAit Melloul (13.3%)
and Ait Baha (6.7%)Shape V, is more frequent in Ait Melloul (33.3%gathin Ait Baha (10%), but n
represented at Argana. Form Il represents only4B.in Ait Melloul, but about 23.3% in Argana. T
morphological type Il is more frequent in Ait Bahad Argana than in Ait Mellot
Characterization of morphological types

Figure 2 a: Five morphological type of argan tre

Typel Type

Type Il o
Type IV Type V
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Figure 2b: Frequenciesof the five morphological types of argan tree observeth Ait Melloul (AM), Argana
(AR) and Ait Baha (AB)
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+ Very spiny and highly branched at very short branches (1)

Characterized byghort main branch, shorter shoots with high frequency sfiny shoots, with high
number of green branchésjt low number cshoots to indefinite growth (Tabig.

Table 1 : Average (Avg) ancbefficient of variatio (CV) of branching growthin length and foliation
traits observeth the three population

Character Morphological | 1 i v v
types
oI Ave 321 55 69 102 113
ov 142.7 1156 104.3 86.4 70.5
bV Ave 103 93 121 96 145
ov 56.3 60.1 58.2 86.6 55.4
DD Ave 59 55 2.10 83 16.1
ov 79.2 78.2 73.5 934 61.9
DPL Avg 16.1 15.1 136 165 268
ov 76.7 50.7 80.6 76.8 53.2
FRE Ave 177 142 174 0.85 063
ov 761 100.7 139.9 1346 176.8
D Ave 57 67 73 7.02 108
ov 466 53.5 57.8 76.9 84.6
B Avg 336 35.8 36.3 40.7 487
ov 30.3 26.7 411 43.03 34.9
[PL Ave 112 6.1 16.72 172 264
ov 465 61.8 55.7 595 315
I Ave 107 261 501 839 129
ov 246.04 163.2 127.3 106.9 50.1
XV Ave 6.47 6.01 110 6.83 8.92
ov 70.7 72.1 59.4 928 68.49
RI Ave 086 37 31 437 7.66
ov 1704 160.9 11112 107.73 83.47
RIE Ave 086 19 111 112 217
ov 1704 2755 245.91 176.98 25234
RV Ave 141 10.59 21.60 8.54 973
ov 92.5 100.46 70.53 923 80.3
RVE Ave 11 76 9.15 442 312
ov 115.1 1426 108.77 147.2 187.67
ANG Ave 60.2 62.37 67.1 88.9 90.0
ov 14.9 13.35 196 637 00
RII Ave 116 116 4585 284 28.68
ov 516 56.5 22.1 481 62.8
RN Ave 51 634 1128 818 236
ov 1374 105.14 107.9 1238 105.66
RIV Ave 02 0.05 084 021 0.08
ov 4359 360.6 35048 398.26 360.5
NFG Ave 874 737 645 63.9 59.7
ov 451 53.5 59.45 58.56 39.57
sl Ave 12 285 267 391 115
ov 2231 155.24 23248 152.23 61.58
Fsv Ave 72 6.81 8.58 453 173
ov 100.6 81.76 75.24 12851 124.73
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Most of these shoots acquired spines in the yedhaif formation. The branching is important where
shoots of & order are present. High variability was obsenardhiost characters.

+ Spiny, branched with short shoots (11)

This type was distinguished by main branches radbtishort, shorter shoots, with high frequency of
spiny shoots. Majority of green shoots acquirethepiin the same year of their formation. The bramgch
is less important than type (1).

+ Very spiny, much branched with branches moderately long (111):

It is characterized by main branches moderatelg,lavith high frequency of spiny shoots. Only a prt
the newly formed shoots acquired spines in the sgae of their formation. The branching is impottan
where shoots of 4th order are present. In typg (Hbre variability than previous two types wasrfddor
the several characters.

+ Spinely, less branched with long branches (1V):

It differs from the three other types by the mararthes relatively long, with low frequency of gpin
shoots. Only a part of the newly formed green shaatjuired spines. The branching is essentially of
second and third order.

+ Very little spiny, little branched with very long branches (V):

It is characterized by long main branches, with lawnber of spiny shoots. Only part of green shaots
shoots to indefinite growth had spines and is faanged to the spiny shoots. Others have retained th
capacity to elongation during the next year, follugvtheir formation. Great variability for all claters,
coefficients of variation ranged from 0% to 360.6%.

Principal component analysis (PCA)

Correlation between characters

Relation between characters is illustrated by okeskdifferences in magnitudes and signs of coioglat
coefficients (Table 2). Some characters were higtiyrelated than others. The shoots angle is not
significantly correlated with any characters. Measients on the main branch do not determine thie ang
of branching.

Projection on principal axes

The first three axes of principal component analyBiICA), absorbing 53.2% of total variability obsst
between morphological types. Approximately 42.5% waplained by the first two axes (Table 3). The
first axis explained 25% of the total variation.ig'hxis was highly correlated in negative senderigth

of longest shoot, length of greatest shoot to iimitef growth, main branch length, distance to thst |
shoot from the apex of the main branch, to theadist to the first shoot to indefinite growth frohet
base of main branch, distance of longest branah fite apex, number of simple leaves on first skwmot
indefinite growth and to green shoot angle. Theesawis was correlated in positive direction to nemb
of spiny green branches and number of grouped sedwpes IV and V are projected on the negative sid
of first axis. Shape | and Il are projected on fresiside of first axis. The second axis explait@db% of
total variation; is correlated in the negative difen to RV, RVE, RIl, RIIl, FRE, and LXV. Tree ghes
more spiny, more branched with longer green sha@sprojected on the negative side of this axi® Th
third axis explained only 10.7% of total varialyilits correlated in negative direction to numbeslobots

to indefinite growth and those acquiring spine.sTaxis is also correlated in positive directiomtain
branch length and distance to longest shoot.

Projection of individuals in plane defined by thestf two principal axes shows dispersion of type V
limited mainly to the negative side of first axighile type | was distributed on positive side ogfiaxis
(Figure 3). These two types are distinguished atbedirst axis. V and | are two distinct formsuwally.
From negative to positive side, we distinguish tigelll and Il. Type Il overlaps significantly wlit type

I, intersection between polygons corresponds 303% of Il and 70.6% of Ill. Intersection of the
polygon that contains type IV and those of typeanidl 11l corresponded respectively to about 35.74b a
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Table 2: Correlation matrix for branching, growth i n length and foliation characters observed in thehree localities.
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Characters DI DV DD DPL FRE FSI FSV LD LB LPL LXI LXV NFG RIl RIlI RIV RI RIE RV RVE Angle

DI 1.00

DV 0.28 1.00

DD 0.33 0.15 1.00

DPL 0.32 0.28 0.64 1.00

FRE -0.21  -0.06 -0.31 -0.2 1.00

FSI 0.14 0.27 0.28 0.3 -0.09 1.00

FSV -0.09 -0.19 0.14 0.06 0.18 -0.06 1.00

LD 0.2 0.24 0.08 -0.16 0.09 0.11 -0.01 1.00

LB 0.44 0.4 0.61 0.79 -0.38 0.23 0.01 -0.02 1.00

LPL 0.5 0.36 041 0.41 -0.13 0.67 0.11 0.42 0.42 1.00

LXI 0.5 0.31 0.27 0.2 -0.09 0.72 -0.01 0.3 0.25 0.86 1.00

LXV 0.12 0.22 0.11 0.21 0.19 0.14 0.6 0.15 0.23 0.38 0.26 1.00
NFG -029 -0.17 -0.23 -0.34 0.05 -0.35 -0.05 -0.06 -0.35 -0.51 -0.45 -0.31 1.00

RIl -0.24 0.06 -0.44 -0.12 0.42 -0.03 0.19 -0.13 -0.15 -0.1 -0.13 0.27 -0.01 1.00

RIlI -0.13 -0.09 -0.37 -0.21 0.37 -0.08 0.06 0.15 -0.13 0.03 -0.02 0.25 -0.16 0.51 1.00

RIV 0.02 0.21 -0.08 -0.06 0.04 -0.09 -0.12 0.04 0.07 -0.03 -0.02 0.02 0.08 0.05 0.31 1.00

RI 0.35 0.1 0.11 0.11 0.02 0.5 -0.09 0.17 0.1 0.48 0.53 0.04 -0.34 0.02 0.04 -0.03 1.00

RIE 0.14 -0.05 -0.12 -0.02 0.46 0.24 -0.09 0.15 -0.14 0.17 0.2 -0.03 -0.07 0.12 0.19 0.01 0.58 1.00

RV -0.2 0.04 -0.32 -0.11 0.5 -0.13 0.35 0.02 -0.15 -0.05 -0.1 0.56 0.01 0.68 0.53 0.03 -0.07 0.06 1.00
RVE -0.3 0.00 -0.31 -0.06 0.64 -0.18 0.26 -0.02 -0.13 -0.14 -0.18 0.26 0.1 0.65 0.52 0.03 -0.14 0.14 0.78 1.00

Angle 0.31 0.11 0.34 0.19 -0.29 0.23 -0.22 0.1 0.3 0.3 0.41 0.04 -0.25 -0.38 -0.02 0.1 0.27 0.00 -0.26 -0.3 1.00
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Table 3: Correlations between principal componentand characters of branching, growth in length and
foliation observed in the three localities

Variables CP1 CP2 CP3

DI -0.64 -0.1 -0.06
DV -0.4 -0.23 0.12
DD -0.68 0.13 0.4

DPL -0.6 -0.1 0.53
FRE 0.47 -0.56 -0.2

FSI -0.61 -0.31 -0.25
FSV 0.12 -0.38 0.48
LD -0.22 -0.26 -0.3

LB -0.66 -0.07 0.53
LPL -0.77 -0.48 -0.08
LXI -0.73 -04 -0.3

LXV -0.13 -0.67 0.44
NFG 0.51 0.37 -0.05
RII 0.47 -0.63 0.1

RIII 0.33 -0.6 -0.12
RIV 0.05 -0.08 -0.06
RI -0.47 -0.35 -0.54
RIE -0.05 -0.39 -0.61
RV 0.47 -0.73 0.25
RVE 0.54 -0.64 0.19
Angle -0.56 0.08 -0.13
Eigenvalues 5.25 3.68 2.24
Explained percentages (%) 25 17.5 10.7
Cumulative percentages (%) 25 425 53.2

PC1: First principal component, PC2: Second principal component, PC3: Third principal component.

Figure 3: Projection of the five morphological typs on plane defined by the first and second principa

component (1:1, 2:11, 3:1ll, 4:1V, 5:V)

Copyright © December, 2014; lJPAB

33




Zahidi A et al Int. J. Pure App. Biosci. 2 (6): 27-37 (2014) ISSN: 2320051

42.8%. The overlap observed is only apparent siveeonsidered only the first two axes. Projectibn o
the five morphological types on space defined leyttiree main components, allows clear distinctibn o
the three intermediate types. Type Il was distammfthe positive side of the first principal compah
(Figure 4).

Figure 4: Projection of the five morphological type in space defined by the three principal componest

Shape lll is located in negative side to the ceotdirst principal component, while type IV occepian
intermediate position. Canonical discriminated wsial allowed better classification of the five
morphological types. The percentage of correctiggified trees was 63.3% (Table 4).
DV, DD, LPL, RI, RV, RIl, FSI and green shoot anglere discriminating characters between the five
morphological types (table 5).
Table 4: Classification of five morphological typedy discriminant analysis based on branching, growt in
length and foliation traits observed in the three dcalities
Group | Il 1l v \" Total % Of the
membership

class

I 11 6 1 1 0 19 57.9

I 5 7 0 1 0 13 53.8
n 4 2 10 1 0 17 58.8
v 1 1 2 20 5 29 68.9
v 0 0 1 2 9 12 75
Total 21 16 14 25 14 90 63.3

Online: group membership, In column: group assignment

Table 5 : Characters discriminating between the fie morphological types observed in Ait Melloul, AitBaha
and Argana obtained by discriminant factorial analysis

. Residual variances F(4/87 Probabilit
Variables (4/87) y

DV 536 3.7 0.01 **
DI 53.1 0.7 57.0ns
DD 417 7.8 0 **
DPL 149.9 1.5 21.0ns
FRE 2.4 1.9 11.0 ns
] 374 438 0 **
FSV 39.1 15 21.0ns
LD 27.7 2.1 9.0 ns
LB 2203 1.9 12.0 ns
LPL 80.8 5.1 0 **
LXI 489 6.4 0 **
LXV 337 1.9 12.0 ns
NFG 1349.9 16 18.0 ns
RIl 300.4 41 0 **
RIlI 79.9 1.7 15.0 ns
RIV 2.1 0.9 49.0ns
RI 205 46 0 **
RIE 111 05 75.0 ns
RV 124.1 41 0 **
RVE 88.2 2.3 7.0ns

Angle 713 49.6 0 **

**: Significant at 1%, ns: not significant.
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DISCUSSION AND CONCLUSION
Visual classification of the five morphological 8% combined with principal component analysis of
twenty-one traits observed on main branches cdimgigsh physiognomical differences that charazteri
five shapes in argan tree. Generally, types V ahnare characterized by visually drooping branches.
Both types approach the weeping form for appearaficooping branches as reported by Dufifs
All times, shape V is distinguished by its cleapagrance, and its relatively long drooping branches
almost spineless. Branching was low, and shootessentially second order and rarely stabilized by
spines. All green shoots newly emerged, have ateai0 ° with the main branch. Forms I, Il and Il
compared to the two previous are characterizethéy tippearance erectedith shorter shoots and the
majority of which were stabilized by terminal spn&hese forms remind the erect type described by
Dupuis™?® Type | is distinguished from shape Il by the &ddranches, low growth since generally, all
shoots are stabilized by spines. The tree is venge with important branching where shoots of taird
fourth order are frequent on the main branchesgAden shoots newly emerged, have an angle of 60 °
with the main branch. Shape Il is characterizgdrixture of drooping and erected shoots that were
predominant, the branching is more important; shemindefinite growth are relatively long compated
| and Il.Most newly appeared branches form an an§lé0 ° with the main branch. Shoot angle was
among characters to describe morphological vaiighif argan in large-scale and may be adopted for
practical instant surve$’s Maximum bending of branch is limited to 90° frdhe vertical straight line
was found inPinus sylvestris (L.) °. Lengths of greatest shoot, main branch, greape=tn branch,
greatest shoot growing indefinitely, numbers ofegregreen spiny and tertiary shoots, number of lsimp
leaves on shoot to indefinite growth and shootemgdre the discriminating characters of the canopy
argan. Shape variability estimated by the extenpalfygons, reflects differences observed in their
biometric characteristics. Among the twenty-onerabters observed, distances, lengths and brancofiing
the year contribute differently in principal compoits. Different contribution in principal compongiof
12 variables observed in field in order to chandmtetree morphology was found Rinus monophylla
that dominates montane plant communities over largas of the arid and semi-arid Intermountain West
USA*. These variations reflect differential behavior tbe main branches of trees within the same
population. These differences in branching andtleiggowth are dependent on interannual variations i
climate and tree genotypeThe age of branches may be also the cause of tlifésences in arid zones
as was the case Bfosopis flexuosa in which multi-stemmed individuals rapidly decredgheir growth
rates after 60 years, one-stemmed trees maintateady growth rates during the first 100 y&arStem
diameter, height, diameter of lowest branch, cranmer, and index of bark texture varied also wigke tr
age inPinus monophylla®. Tree stature is an important ecological and ailviral characteristic. In
finding the balance between production and pratadibrest which seems difficult in arid areas beeau
of their low potential for wood production as refeor by (Alvarezet al., *. The intense use of argan
products would lead to degraded state of the forasaddition growth and branching are weak and
dependent on climatic conditions, appropriate silltural practices in sites being defended canritmrie
to the sustainable management of the forest oharga
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