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ABSTRACT

Both biometric behavior study and fruit biochemiaaklysis of five varieties of Syrian Pistacia véraoduced in
Algeria in 1998 and raised in semi-arid bioclimasitage (common Maoussa, Mascara, Algeria) led qoiaitative

comparison. Based on the pistachio descriptor datestablished by the International Plant Gend®esources
Institute in 1997, characterization and descriptafr female varieties of pistachio were performede TDibtained
results allow the better choice of species breedlingemi-arid zone of sandy clay soil structure eman average
annual rainfall of 385 mm. The best fruit biometaied biochemical characteristics increase as foowchouri,

Neb-djemel, Bayadhi, Batouri and Adjmi.
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INTRODUCTION

Pistachio Pistacia veral.) the only edible crop among the 11 specieshefgenudistacia[l] is a dioecious tree
belonging to the familyAnacardiaceagcashew family), order Sapindales [2, 3].

It's difficult to determine the original center Bistachio. The majority dPistaciastands and crops are found in a
region between 30 ° and 40 ° parallel north, thelitderanean and the Himalayan foothills [4, 5, 68]7 According
to Fasihi Harandi and Ghaffari, [9], tRéstacia verapecies is native to Central Asia.

Pistachio trees grow naturally in arid regions afigA(Middle East) and Africa (Maghreb) which chaeaized by
hot, dry summers and moderately cold winters. Taey present in Australia, few countries in Amerfthited
States and Mexico) and the Mediterranean Europg Tls tree is more tolerant of poor soils and sibest on
those that are sandy, clay, relatively deep, wedindd and calcareous [11]. Iran and the USA aeel¢hading
countries in pistachio production in the world (eppmately 65% of the world production) followed Bwrkey,
Syria and China [12].

The pistachio Ristacia veralL.) is an interesting species by its ecologicaarelsteristics. It was introduced to
Algeria in 1970 in the semi-arid bioclimatic stafpe nut production and to engaging in agroforestriie few
successful plantations cover only 400 hectares.

The limited interest to this species in spite ® etological and economic properties is justifigdtie lack of
agronomists’ interest in the selection of varietstapted to the environmental Algerian conditiohBe main
constraints to the expansionRiktacia veraarea are technical, mostly bad choice of varietias a lack mastery of
grafting.

The purpose of this work is to characterize eacketyain order to facilitate its identification and orient the choice
of the graft during the grafting operation.
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EXPERIMENTAL SECTION

The description was conducted on plants of the rx@atal farm of TIFTV in the pistachio orchard wedive
Syrian varieties (Achouri, Neb-djemel, Bayadhi, miland Batouri) were planted in 1998 with a plagtitensity of
400 plants per hectare on alluvial soil typeandcivhivere tested based to the descriptor of thisiespdmom the
International Institute of Genetic Plant Resour@eRome [13]. This orchard characterized climat®lediterranean
typebelonging to the semi-arid bioclimatic stageaading to fresh winter Emberger, he was desigradtlie
production of seed for the development of plantsstocks. The measures relating to dimensions effrilit and
almond are carried out on a sample of 7 times @iisftaken at random from trees. For leaves, a Eaofpb x 20
sheets was taken from five trees of each varietye. fumber of the five varieties analyzed for tmearphological
and biometric parameters are 20; and about thdbmiral analysis of fruit aspect, 8 parameters leen retained
and all recapitulated in Appendix 1 with the obserand analyzed sample sizes.

Concerning the biochemical analyzes, the total sugare determined by the Dubois method, ash agdnar
matter by burning at 750 °C, the moisture by dryand.05 °C, the protein by the Kjeldahl method #rellipids by
the method of Soxlet.

The results have been analyzed focused on the sfulye variance with comparison of means with tleavman-
Keuls test (Fisher test) at a probability level58b using XLSTAT version 2015 program and the anglg$ the
average by principal components analysis of theuarcharacters studied by the Statitica software.

RESULTS AND DISCUSSION
3.1. The tree habit
The habit provides information on the natural disttion of branches and main ramifications, secondad

tertiary, it can be: erected (1), semi erectedg@)ead (3) or falling (4) (Figure 1) [14]. Baseautbe figure below of
pistachio descriptor.
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Figure 1. Habit of the tree (IPGRI, 1997)

From the result, Achouri and Bayadhi varieties hawect habit; Neb-Djemel and Batouri port are sgraehile

Adjimi is semi-erect. Habits of these varietiegandiuced in Algeria are quite similar to other vaes like Mateur,
Kerman, Uzum, Kirmizi and Meknassy [15] and difier¢o Lybie rouge and Ohadi, uncultivated varieties
Algeria which have falling habit [14]. Erected aseimi erected habits seems the most interestingibedaey are
suitable to the agroforestry practice.

3.2. The vigor

The best results in terms of diameter were recofded\chouri and Neb-Djemel varieties 12.19 and5%0cm
respectively. The diameters of the other threeetias remain substantially the same with only 10asnshown in
Figure 2. The analysis of variance revealed noifsigmt difference between varieties.
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Figure 2.The trunks diameter variation in of five varietiesof pistachio

3.3. The leaf

The leaf Neb-Djemel variety has the largest valulerngth (19.95 cm), while the Bayadhi variety retothe lowest
(16.02 cm). For the width of the leaf, the Batowaiiety obtains the largest value, 18.46 cm; wBisadhi variety
had the lowest, 16.98 cm (Figure 3).
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Figure 3. Length and width of the leaves of five wieties of pistachio

The analysis of variance revealed that there wiatisgcally an important significant differencestiveen the leaf
length of different varieties of Fcal = 33.27. Tharieties differ significantly in the length of ihdeaves while
ANOVA showed significant differences between thef vidth of different varieties of 2.30 = Fcal.

3.4.The terminal leaflet

The terminal leaflet is an interesting parametedifterentiate between the five varieties, whick aonfirmed by
the results obtained and summarized in Figure 4.
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Figure 4. Length and width of the terminal leafletvariation of five varieties of pistachio

The Batouri variety has the highest length valuk34 cm), while Bayadhi variety recorded the low@s®7 cm).
Regarding to the width, the Achouri variety has ldrgest value (6.23 cm); while Neb-Djemel varistyealed the

lowest (5.63 cm). The obtained Data show a sigmificdifference between the length and width of tdreninal
leaflet of different varieties.

3.5. The fruit

This is a decisive parameter in the selection afetias in terms of economic importance as showifrigure 5
below.
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Figure 5. Fruit length, width and thickness of fiveof five varieties of pistachio

The smaller dimensions were showed in the fruicifiouri variety, when Batouri variety gets the gesa values

17.31 mm in length and 6.63 mm in thick. Theseltesre similar to those of Mendes et al. [16]. dhowed that
this variety which in grown a Portuguese orchard havery important length and thickness comparedther

studied varieties. The Bayadhi variety gives wiftaits (7.7mm). The analysis of variance of theethdimensions
revealed a highly significant difference betweerietées.
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3.5.1. Thickness / length ratio of the fruit (T/L)

The ratio thickness / length of the fruit is arenststing indicator for economic selection. The Adpariety presents
the highest ratio E / L (0.41) while Neb-Djemeliety showed the lowest (0.32) (Figure 6). Mendeal €tL6] have
obtained similar results with a ratio of 0.60 fadj#i variety and 0.58 for Batouri variety.
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Figure 6. Thickness / fruit length ratio of five offive varieties of pistachio

3.6. Kernel

The obtained results (Figure 7) revealed that Batmriety gets the highest dimensions, 12.61 mmldagth and
4.04mm for width. The kernel of Adjmi variety hdetgreatest thickness, 4.01mm, that Achouri varietprds the
lowest length values 15.32 mm and thickness 3 winile the kernel of Neb-Djemel variety reaches aaly7mm.
The results obtained by Mendes et al. [16] on émgth of the kernel for Batouri, Adjmi and Achouadrieties are
respectively 16.82, 16.24 and 15.59 mm, superioutaresults.

Regarding the thickness, it was 8.4 mm for Adjmiiety, 8.38 mm for Batouri variety and 7.7 mm foch®uri
variety, higher to our results. These dimensiofed#nces can be explained either by the age df¢les or the soil
and climatic conditions of the planting zone. Timalgsis of variance of the three dimensions ofkbmel of the
five varieties (length, width and thickness) shaavbighly significant difference and canretain th@rameter as
criteria for selection of varieties.
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Figure 7. Kernel length, width and thickness of fie varieties of pistachio
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3.6.1. Thickness/length ratio of kernels

The exploitation of measurements carried out atgrnable in Figure 8 puts Adjmi variety in thesfiposition with
a higher T/L ratio, 0.31. In contrary, the Achoudriety presents the lowest ratio, 0.26. Our resatinfirm the
results of Mendes [16], which found that the Adjrariety had the highest T/L ratio (0.52) and Achdhbe lowest
(0.49).
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Figure 8. Thickness / kernel length ratio of the fie varieties of pistachio

3.7. Dry weight of 100 fruits and 100 kernels

The dry weight of 100almonds is another interesfiagameter for comparison between varieties whiato @i
variety gives the greater, 131.2 g, followed by #wh variety (105.83 g), Adjmi variety (68.36 g)dachouri
variety only 50.97 g (Figure 9).
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Figure 9. Dry weight of 100 fruits and 100 kernelsf five varieties of pistachio

The analysis of variance of the two parametersaiedea highly significant difference between themgkes which
can use as criteria for comparing the five vargetie

3.8. Number of fruits in 100g

In terms of yield, the number of fruit per 100¢pis interesting parameter and the results recatgtliia Figure 10
permit a comparison between the five varieties. Abbouri variety presents 95 fruits in 100g as kigthvalue;
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while Batouri variety gives the lowest number, TBese values are closely related to the dimengoesgiously

described namely length, width and diameter offthie.Bayadhi and Adjmi Varieties have respectiv8ly and 82
seeds since they recorded the same dry weight®frLiis. The analysis of variance of three-dimensievealed a
highly significant difference between varieties.

140

ol Bl .
[ 1

60

Mumber of fruits

20

Achouri MNeb-diemel Bayadhi Adimi Batauri
Varieties

Figure 10. Fruit number in 100 g of five varietieof pistachio

3.9.Fruitsdehiscencerate
The percentage of dehiscent fruits is a very ingrdrtharacteristic in the pistachio. It can varpeteding on the
varieties and among samples from the same vaiigty€nce of genetic and environment factors) (Fégil).
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Figure 11. Rate of fruit dehiscence of five variedis of pistachio

Adjmi variety records the highest rate of fruit detence 85.75%, followed by Achouri variety 76.75%he
Bayadhi and Batouri varieties register nearly thes rate 52.88 and 54.77% respectively. The Neb8ljgariety
comes in last place with a dehiscence rate of 9.6 results obtained by Oukabli [17] for threengecutive
years show that the rate of dehiscence of Achd@atpuri and Bayadhi varieties are respectively 68%86 and
57%. However in Portugal, Mendes et al. [16] regig3% in the rate of dehiscence for Batouri vgriSignificant
differences but confirm the same classificatiornthafse varieties. The results obtained by Oukali] far three
consecutive years show that the rate of dehisceadeties Achouri, Batouri and Bayadhi are respetyi 68%,
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60% and 57%.This factor plays an important roléhin marketing of pistachios; in fact many consunaggreciate
the benefits of open pistachio nutsto those witlsetl shells.

The analysis of variance of this parameter shohiglaly significant difference between varieties.
3.9. Productivity

Productivity gives information on yield per treedas a useful parameter for the choice of the planiety (Figure
12).
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Figure 12. Fruit productivity by tree of five varieties of pistachio

The results show clearly that Adjmi variety is tlnest productive variety with 13 kg / tree. The tgaductive
varieties are Achouri and Batouri with average &f6 tree. Neb-Djemel and Bayadhi varieties prad@dg / tree.
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Figure 13. Ratio of Dry weight of kernels / Dry weght of fruits x100 of five varieties of pistachio

3.10. Kernels dry weight / dry weight x100 fruits

Almonds dry weight and dry weight fruit ratio givetea on the economic profitability of the five iaies. The
obtained and recapitulated measurements in Fig8reshbw that Neb-Djemel variety has the lightestcayg
compared to other varieties. Indeed about 44%efrikit weight is lost when it is commercializedtdut epicarp,
in contrast to the Adjmi variety which has the heaw epicarp (56% of the fruit weight). Mendes &t[&6]
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emphasize 47.82% of epicarp rate of Batouri varitetiyly similarto our result (51%). The analysivariance of
this parameter shows a highly significant diffebetween the varieties, which can take it as ifieesson criteria.

4. Biochemical Analysis
To refine comparison parameters, biochemical aisabfsfive varieties is essential. Table 2 summesithe results
of the biochemical analysis of fruits of the fiveidied varieties.

Table 2.Biochemical analysis results of the fruitffive varieties of pistachio

Varieties Humidity %| O.M %| Ash 9 Acidity ¢ Mineml% | Proteins 9% Lipids % Total sugars|%
Achouri 3.65 97.82 2.18 1.48 0.39 5.61 32.51 10.91
Neb-djemel 5.10 96.57 3.43 0.68 0.46 8.50 22.50 6 8.6
Bayadhi 3.94 98.41 1.59 1.56 0.44 4.93 26.18 9.12
Adjmi 5.43 97.52 248 1.04 0.45 6.12 31.78 6.65
Batouri 4.19 97.60 2.40 1.40 0.53 12.41 33.11 8.13

The pistachio seeds of five varieties shows higidlicontent with over 30% for Achouri Adjmi and Bati
varieties while Neb-Djemel and Bayadhi varietiesehaates of 22.5 and 26% respectively. Our resukdower to
those found by Ghalem and Behassaini [18] and thaleate by USDA National Nutrient Database [1®Mhich
are respectively 40% and 45%. While Agar et al [@0bwed that the fat content of the Turkish vagmtianged
from 48.55% to 58.50% and from 47.65 to 63.31%fanian varieties.

Regarding protein, Batouri variety had the highede of 12.41%, Achouri and Bayadhi varieties rdedr the

lowest rate with 5.61 and 4.93% respectively. TashikiUzun variety contains 27.7% of protein [21] &8d5% for

Idaho and Kerman, Iranian varieties [22]. AccordindJSDA National Nutrient Database [19], the piotete is

20%. For organic matter, minerals and total sug#is, results are rather close and are not parasneter
differentiation. The humidity rates of Syrian amdriian varieties were respectively 4.5% and 3.5%ilenthe ash
content are 2.41% and 2.81%. For minerals, the atafypotassium of the Iranian varieties is fivmés more than
the Syrian varieties. In contrast the sodium cantérnthe Syrian varieties is seven times more ttign Iranian

varieties. But about the calcium, the varietietheftwo different origins present nearly the samugpprtion [22].

5. Synthesis of the obtained results

The exploitation of the obtained results permitsei@in some important information which facilitatihe selection
of varieties:

» The Achouri variety is the strongest with a trutitmeter of 12 cm;

* The fruit of Batouri variety has the longest dadjest diameter;

* The fruit of Bayadhi variety is the widest;

» The almond of Batouri variety is the longest avidest;

* The fruit of Adjmi variety is the largest;

* The variety Batouri has recorded the highest ttedd 100 fruits;

* The Adjmi variety showed the highest rate dehisee

» The Adjmi variety was the most productive, whilatouri variety was the least;

» The Adjmi variety scored the highest yield, whileb-Djemel variety gives the lowest.

The matrix (Appendix 2) recapitulates all the bidneedata and permit a ranking of the five varistaccording to
their qualities. Concerning the biochemical compasiof the fruit, all studied varieties showed abhthe same
rate except fats, proteins and minerals contents.

The classification is done on the basis of the remalf times that the variety has been ranked tiseifi the criteria
comparison. The obtained results are summariz&dlie 3.

Table 3. Comparison Matrix

VarietiesCharacters Achouri | Adjmi | Batouri| Bayadhi| Neb-djemgl
1 place 4 7 6 3 2

2" place 4 3 2 6

39place 0 6 9 4 4

4" place 7 3 2 4 4

5" place 6 2 2 4 5
Ranking 5 1 2 3 4
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CONCLUSION

The obtained results permit to show significanfeddénces between the five studied varieties in niega their
agronomic and commercial characteristics such asvipor, the tree habit, productivity and fruit aatinond
characters.

The choice of the most adapted and effective gisaearieties in terms of vigor and production lre tstudy area
are as follows: the first is the Adjimi variety limved by Batouri, Achouri, Bayadhi and the lagiib-Djemel.
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Annex 1
Parameters Sample number

1. | Tree habit 25 Trees

2. | Vigor 25 Trees

3. | Leaf length 100 Leaves

4. | Leafwidth 100 Leaves

5. | Length of the terminal leaflet 100 Leaves

6. | Width of the terminal leaflet 100 Leaves

7. | Width of fruit 140 fruits

8. | Length of fruit 140 fruits

9. | Fruit diameter 140 fruits

10.| Thickness / length ratio of the fruit 140 fruits

11.| The kernel width 140 fruits

12.| The kernellength 140 fruits

13.| The kerneldiameter 140 fruits

14.| Thickness / length ratio of the kernel 140 fruits

15.| Dry weight of 100 fruits 7 x 100 fruits

16.| Weight of 100 kernels 7 x 100 amandes

17.| Fruit number in100 g 7 x 100g

18.| % of dehiscence 7 x 100 fruits

19.| Productivity 25 trees

20.| Dry weight of kernels / Dry weight of fruits x10D

Biochemical Analysis

21 | Humidity

22 | Organic Matter (0.M)

23 | Ash

24 | Minerals (Na, Ca, K)

25 | Acidity

26 | Proteins

27 | Total Sugars

28 | Lipids

Annex 2

VarietiesCharacters Achoufi  Adjmi  Batouri BayadhNeb-djemel
Habit 1 2 3 1 3
Leaves 4 3 2 5 1
Vigor 1 3 4 5 2
Fruit 5 4 1 3 2
Diameter/ fruit length 4 1 3 2 5
Kernel 5 2 1 3 4
Diameter/ almond length 4 1 3 2 3
Dry weight of fruits 5 3 1 4 2
Dry weight of kernels 5 1 2 3 4
Production 4 1 5 2 3
Fruit number in 1009 1 3 5 2 4
Rate of fruit dehiscence 2 1 3 4 5
Dry weight of kernels / Dry weight of fruits x10D 4 1 3 2 5
Humidity % 5 1 3 4 2
Organic Matter % 2 4 3 1 5
Ash % 4 2 3 5 1
Acidity % 2 4 3 1 5
Minerals % 5 3 1 4 2
Proteins % 4 3 1 5 2
Lipids % 2 5 1 3 4
Total Sugar % 1 5 4 2 3
Total 70 53 55 63 67
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