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Evaluation of Morphological Characteristics, Growth Vigor and Yield
of Some Almond Cultivars under Environmental Conditions of Neyriz of

Fars Province in Iran
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Table 1. Minimum, maximum and mean temperatures of December, January, February, March and April in 2018 to 2021 (Meteorological
station of Neyriz of Fars province)

November 57 December ¢» January ¢ February ai. March .., 3
Year Min. Max. Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean
2018-2019 3.4 222 125 02 21.0 91 -14 210 9.1 -1.7 196 8.0 0.2 206 11.2
2019-2020 1.2 258 117 0.1 19.0 8.9 -28 172 6.2 -13 244 112 16 249 127
2020-2021 43 270 138 16 155 8.7 -28 209 7.5 01 229 118 3.8 304 174
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Table 2. Chill accumulation units in December, January, February and March in Neyriz region based on the Utah and Positive Utah models
in 2018 to 2021

Ju 5T ©> e Ll
Chill accumulation model b o ez Jobo Year November December January  February
Utah b, 2018-2019 119 381 345 374
2019-2020 222 436 473 167
2020-2021 41 393 327 176
Mean Sl 127 403 382 239
C.V. (%) H UV W 71 7 21 49
Positive Utah e sby  2018-2019 252 432 397 392
2019-2020 330 456 478 285
2020-2021 217 430 379 300
Mean Sl 266 439 418 326
C.V. (%) Sk 22 3 12 18
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Table 4. Chilling and heat requirements for breaking of dormancy and blooming of some almond cultivars in 2019 and 2021

PLIPEI I NIy
Chilling requirement Heat requirement Blooming time
& Okl el U dde glowdsly ot s Je (olo Sty Ay el am o o K el oLy
Cultivar o5 Year Beginning End Days CU PCU GDH Beginning Full bloom End
Aria L7 2019-2020 17 Nov. 8 Dec. 22 278 302 9908 4 Mar. 8 Mar. 14 Mar.
2020-2021 6 Dec. 23 Dec. 18 289 294 8212 26 Feb. 2 Mar. 11 Mar.
Mean 20 283 298 9060
Bardia Ls, 2019-2020 17 Nov. 10 Dec. 24 309 333 9560 6 Mar. 9 Mar. 15 Mar.
2020-2021 6 Dec. 25Dec. 20 308 313 8424 28 Feb. 4 Mar. 11 Mar.
Mean 22 309 323 8992
Zeighami s 2019-2020 17 Nov. 14 Dec. 28 371 397 10419 11 Mar. 14 Mar. 19 Mar.
2020-2021 NR NR NC NC NC NC 7 Mar. 10 Mar. 15 Mar.
Ferraduel 515 2019-2020 17 Nowv. 23 Dec. 37 514 542 11614 17 Mar. 19 Mar. 24 Mar.
2020-2021 6 Dec 6 Jan. 31 484 489 10609 12 Mar. 15 Mar. 20 Mar.
Mean 34 499 515 11111
Ferragnés .. 2019-2020 17 Nov. 14 Dec. 28 371 397 11224 19 Mar. 21 Mar. 25 Mar.
2020-2021 6 Dec. 27 Dec. 22 341 346 11299 13 Mar. 15 Mar. 20 Mar.
Mean 25 356 371 11261
CU: Utah Chill Unit; PCU: Positive Utah Chill Unit. GDH: Growing Degree Hours, Nov.: November, Dec.: December, Jan.: January, Feb.: February, Mar.: March.
NC: Not calculated Az 4wls :NC
NR: Not recorded Az e NR
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Table 4. Growth vigor and yield related characteristics of some almond cultivars under Neyriz of Fars province conditions

Ly 8 230 050 > Slas L Ay b s Shas 235k
(prrgil) (3 5 85k8)  (Ca)s e S S) (g n Sl S 0 3n 5518 ) 005 ) s Sl (mo passle s p S)
Growth vigor  Fresh fruit yield  Fruit in shell yield Production efficiency Kernel weight  Kernel yield Kernel yield efficiency

Cultivar 5 (cm?) (kg tree ™) (kg tree ™) (g fruit in shell cm?) (9) (%) (g kernel cm)
Avria LT 379 108 38 100.26 1.68 25.29 25.36
Bardia Ls, 314 60 30 95.54 1.83 23.89 22.82
Zeighami s 283 51 25 88.34 1.98 28.22 24.93
Ferraduel — pssi3 254 41 15 59.05 1.36 24.44 14.43
Ferragnés .3 250 28 10 40.00 1.44 29.45 11.78
LSD (5%) 76.2 14.8 4.3 7.46 0.59 1.43 1.82
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Fig. 1. Morphological variation in growth vigor and growth habit, leaves, bloom and fruits of
some almond cultivars
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Table 5. State of expression and descriptive statistics for distinguishing phenotypic traits of some almond cultivars

+ o Sils s o3
Dlrs ol il Oty

Trait —io State of expression s casy  Mean £ SD C.V. (%)
Tree growth vigor* *ospsai, ok Weak (3); Medium (5); Strong (7) (V) 5.5 40) Lo o ¢(¥) Cams 4.60 £ 1.67 33
Tree growth habit s aayosle Up-right (1); Up-right to spreading (2); Spreading (3); Drooping (4) (F) b @ 5, 47 03 28 V) 03 28 bl 3¢V it 3 1.80 £0.84 46
Tree bark texture Cs s cwy i Smooth (1); Moderately cracked (2) and Very cracked (3) 03,5 &S 5 (1) Jhw V) a3y S 5 SVl 2,40 £0.54 22
One-year-old shoot: thickness IS sl cubes  Thin (3); Medium (5); Thick (7) V) s 40) Lo e sM 36 4.00 £0.74 18
One-year-old shoot anthocyanin coloration A sl 565,00 Very weak (1); Weak (3); Medium (5); Strong (7) (V) 55 40) Jams 520 40F) (it $(1) Can 5lew 3.80 £ 1.09 29
Current shoot feathering Gl Jlasls sy stz Very weak (1); Weak (2); Medium (3); Strong (4); Very strong (5) () 3L s €0F) 2L 5 ) b e V) Cans 6V Cins 2,20 £ 0.44 20
Density of foliage &, 57,4515 Sparse (3); Medium (5); Dense (7) (V) (ST 7060) oo ¥) s 6.20 £ 1.09 17
Distribution of flower buds* TR iy On spurs (1); Equally on spurs and one-year old shoots (2); On one-year old  cls 4L 55, €Y) ol dS 5l 5 gl (55 ¢V 5ol (535 180 + 045 25

shoots (3) ") L

Leaf blade length* &, b Short (3); Medium (5); Long (7) M) Josb ) buse ¥ oS 5.00 1,41 28
Leaf blade width* &, e 5, Narrow (3); Medium (5); Broad (7) V) o 40) bz t¥) &S00 5.00 £ 2.00 40
Leaf length/width ratio™ *8, boeldb s Slightly (3), Moderately (5) and Very (7) Elongated V) Jsb s 6O Lo () St 5.40 £ 1.67 30
Leaf green color intensity * *8 S, mas Light (3); Medium (5); Dark (7) W) o5 40) g t™) 2,  4.20£1.79 42
Petiole length *s§ asd b Short (3); Medium (5); Long (7) (V) Al 40) dae 20 4(¥) o5 S~ 4.60+0.9 19
Flower bud shape* * 4l S Triangular(1); Ovate(2); Circular(3) (1) 3 5 LY (g 30 €(1) 2o 1.80+0.8 46
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Table 5. Continued. =0 J gl aals!
LA P e sd
Dl ol il Sl i
Trait —ao  State of expression 2l cas; MeanxSD C.V. (%)
Pubescence of sepals IS 5 035 s’ s Very weak (1); Weak (2); Medium (3); Strong (4); Very strong (5) (0) 5L 3 bt €(F) 5L 5 60F) Lo 20 €(Y) Cans ¢(V) Cameds st 1.60 +0.55 34
Flower diameter* =€ 1 Small (3); Medium (5); Large (7) (V) &5 55 40) Lo g0 40 K 57 5.00+2.00 40
Petal shape* *s& & K& Narrow elliptic (1); Medium elliptic (2); Circular (3); Rhombic (4) (F) 658 400 5 8 4Y) Lm0 5 (1) SS5b (6 poan 1.60+0.55 34
Petal inner side color* *£ K =%, White (1); Light (2); Medium pink (3); Dark pink (4) (F) 0,5 G50 4¥) a3 4V s, (G50 4(1) i 2,00+0.71 35
Petal undulation of margin* *8 K asle 034 215 Absentor very weak (1); Weak (2); Medium (3); Strong (4); Very strong (5) () 35 s 40F) 3L ) Lo 0 €Y) Cans €0)) Cinas 2.60£0.55 21
Number of stamens* *x ol Few (1); Medium (2); Many (3) (%) 345 4Y) Lo 520 4(1) oS 220+0.44 20
Fruit size* *og ol Very small (1); Small (3); Medium (5);Large (7); Very large (9) ()55 s 4D 655 40) Lo g0 4(¥) S 87 4V) 3, 7.00+1.41 14
Fruit lateral shape* *opm s o Ovate (1); Elliptic (2); Circular (3); Obovate (4) (F) 4is)ls § o o5 JK8 44600 5 LY & o 035 ) (S50 1.40+0.55 39
Fruit apex shape oS5 K& Acute (1); Obtuse (2); Rounded (3) 354N e () 5 2.00+0.71 35
Fruit pubescence *osn 08 S Sparse (3); Medium (5); Dense (7) (F) oS 50 4(Y) Lo 20 4(V) &S5 2.20+0.83 37
Stone length* *s.aJdb  Short (3); Medium (5); Long (7) (V) s obo 4(8) Jaus g20 () o5 S~ 540 +1.67 31
Stone width* *w.a o, Narrow (3); Medium (5); Broad (7) (V) oy 40) Lo 0 6(F) oS~ 5.00 £2.00 40
Stone length/width* wa o e/db  Compressed (1); Medium (2); Elongated (3) (1) 36 47D Jams 20 41) 0,28 2.40+0.89 37
Stone shape* «a K& Ovate (1); Elliptic (2); Circular (3); Obovate (4) (F) ai)ls 5 0 o35 JSE 4 31 409) 5 5 UY) (69020 €1) o o o35 1.60+0.89 55
Stone apex shape* sS4 K5* Acute (1); Obtuse (2); Rounded (3) (354N e V) 35 1.40+0.55 39
Thickness of endocarp™ oS sl cas*  Thin (1); Medium (2); Thick (3) (1) s (Y) Jaw 20 4(1) 5736 2.00+1.00 50
Stone keel development* wn Sl ans  Weak (3); Medium (5); Strong (7) (V) 345 40) Lo 520 (Y Cnns 540 +1.67 31
Stone: resistance to cracking®™  w.s s, 65 s casla®  Very weak (1); Weak (2); Medium (3); Strong (4); Very strong (5) () 3L s 40F) 35 60F) Lo o (¥) Cands €()) Camds sl 4.60 + 0.55 12
Kernel size* seoslu™  Very small (1); Small (3); Medium (5); Large (7); Very large (9) Q)5 5 o 4 555 40) Lo g0 4(¥) S5 57 4V) 3, 420+1.78 42
Kernel color intensity* e K, oas®  Light (1); Medium (2); Dark (3) () ks (7) Lo 20 ¢(1) oS 2.60+£0.54 21
Kernel surface rugosity* e 210 Weak (3); Medium (5); Strong (7) (V) 5L 5 4(0) Jaw 520 40F) Cins 420+1.09 26
Beginning of flowering* a5 2% Very early to very late (1 to 9) Q6 5o A by s 5.80+3.03 52
Time of harvest* cals,oles®  Very early to very late (110 9) (A6 5 A5 by L 4.20 +2.68 63

(Anonymous, 2019) wsl « UPOV el sz olul plaly Celisea 06,1 5oL S Gl gl ST Slhs Slse i Slas™
*Traits with asterisk are key traits for distinctness, uniformity and stability for almond cultivars based on the UPOV guidance (Anonymous, 2019).
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Table 6. Average of quantitative traits of different parts of almond tree of some almond cultivars

Cultivar ,s,
Fsolp oA LT b (RS
Trait —4. Ferraduel Ferragnes  Aria Bardia  Zeighami  LSD (5%)
One-year-old shoot thickness (mm) Grodeo) LSS e Ls Calies 3.6 3.3 4.9 5.2 4.6 0.58
Blade length (mm) Gronkes) ¢S J b 3.4 4.8 4.7 3.8 3.4 0.51
Blade width (mm) o) gy o6 68.3 76.1 73.9 76.3 76.9 10.34
Leaf length: width ratio Sy o udsbcas 231 26.2 31.6 29.6 33.7 8.28
Petiole length (mm) Gacks) <5 05 J b 2.97 2.9 2.4 2.6 2.3 0.34
Stone: Length (mm) Grod) oSt 05 Jsb - 149 17.5 17.6 18.8 17.5 1.15
Stone width (mm) Grodko) ¢St 050 5,6 37.9 374 40.0 35.0 41.1 3.36
Stone length: width ratio Sistoge peadsbons 251 24.6 26.2 28.4 28.6 1.69
Stone thickness (mm) (o (heo) St 0 500 Calins 15 15 15 1.2 1.4 0.19
Kernel size (mm?) (e 2o o) 5o 03100 7.4 7.2 7.8 8.2 9.8 0.67
Double kernel (%) She OLs 595 Lo ys 2.0 0.5 7.0 7.0 60.0 27.74
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Fig. 2. The variance of five principal components. The dotted line represents

the variance equals to one
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Fig. 3. Two-dimensional diagram of two main components PC1 and PC2 for some

studied almond cultivars based on morphological and pomological traits

TV: Tree growth vigor; TH: Tree growth habit; TTB: Tree bark texture; DF: Density of foliage; FD:
Distribution of flower buds; LW: Leaf width; LIGC: Leaf green color intensity; SP: Pubescence of sepals;
PS: Petal shape; PISC: Petal inner side color; FS: Fruit size; FSh: Fruit shape; SFA: Shape of fruit apex;
FrPub: Fruit pubescence; SAS: Stone apex shape; MOS: Marking of outer shell; STE: Stone thickness of
endocarp; SS: Softness of shell; KS: Kernel size; KSh: Kernel shape; KT: kernel thickness; KRS: Kernel
rugosity of surface; BF: Beginning of flowering; HT: Harvest time; KY: Kernel yield; PE: Production
efficiency
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Fig. 4. Variance contributions (%) of some morphological and pomological traits of

almond cultivars to two main components. The red dotted line shows the average

contributions of different traits and equals to 2.12%

STE: Endocarp thickness; KT: Kernel thickness; BF: Beginning of flowering; TTB: Tree bark texture;
SP: Pubescence of sepals; SAS: Stone apex shape; SKD: Stone keel development; DF: Distribution of
flower buds; PMU: Petal undulation of margin; SS: Shell softness; TV: Tree growth vigor; FrPub: Fruit
pubescence; TH: Tree growth habit; KSh: Kernel shape; LIGC: Leaf green color intensity; FSY: Shelled
fruit yield; YE: Yield efficiency; KS: Kernel size; StW: Stone width; PE: Production efficiency; PISC:
Petal inner side color; LW: Leaf width; DF: Foliage density; LLW: Leaf length: width ratio; FrT: Fruit
thickness; SOS: Suture opening of shell; KRS: Kernel rugosity; FrWe: Fruit weight.
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ABSTRACT
Rahmati, M., Kavand, A. and Golkar, Gh. 2023. Evaluation of morphological characteristics, growth
vigor and yield of some almond cultivars under environmental conditions of Neyriz of Fars province in
Iran. Seed and Plant, 39, pp.225-251 (In Persian).

Considering the adverse effect of changing climate, it is necssary to introduce new
commercial high-yielding and marketable almond cultivars with different chilling and
heat requirements, flowering time, which can adapt to various regions. Therefore,
almond trees of three recently registered cultivars named; Aria, Bardia and Zeighami
and two control cultivars grafted on bitter almond seedlings were compared using
randomized complete block design with five replications from 2018-21 in an almond
orchard in Neyriz of Fars province in Iran. Chilling and heat requirements, tree growth
vigor, yield related traits, and relationships between different pomological and
morphological characteristics were measured and evaluated. The results showed that cv.
Aria was superior to the other cultivars due to its higher trunk cross-sectional area
(TCSA) (325 cm?) and production and yield efficiency (100.26 g nut and 25.36 g kernel
per cm? TCSA). The proportion of double kernels and kernels in the Zeighami and
Bardia cultivars, respectively, was below the standard classification for almonds. Cv.
Aria and cv. Bardia had the lowest chilling requirements (296 CU) and cv. Ferraduel the
highest (515 CU). The heat requirement of the newly registered almond cultivars was
also lower than control cultivars. Aria and Bardia cultivars flowered two weeks earlier
than control cultivars. In conclusion, cv. Aria is a suitable commercial almond cultivar
for being grown in regions with no of spring frost risk.

Keywords: Almond, Distinctness, Dry fruit yield, Kernel yield, Production efficiency.

Introduction
There is a need to introduce adapted temperate fruit trees to mitigate the adverse effects
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of climate change, especially in Iran. In addition, the improvement of genetic diversity in
orchards through the identification and registration of new commercial cultivars of
horticultural products is the most important platform for the protection of the germplasm of
these valuable plants. Nowadays, almond breeding programs focus on the identification and
introduction of high-yielding and marketable cultivars with low chilling requirements that
can be adapted to regions with mild winters (Alonso Segura et al., 2005).

Understanding the relationship between quantitative pomological and morphological
traits with kernel yield and production efficiency is also important in almond breeding
programs. This research aimed to evaluate morphological and pomological
characteristics, tree growth vigor and yield of three recently registered and two
commercial almond cultivars under environmental conditions of Neyriz of Fars
province in Iran.

Materials and Methods

Three recently registered cultivars named; Aria, Bardia and Zeighami and two
control cultivars; Ferraduel and Ferragnese, were studied in using randomized complete
block design with five replications from 2018-21 in an almond orchard in Neyriz of Fars
province in Iran. The chilling requirement was calculated using the Utah model as
chilling unit (CU) as well as the Positive Utah model as positive chilling unit (PCU).
Heat requirement was calculated as growing degree hours (GDH).

Tree growth vigor at the end of the growing season was evaluated by measuring the
circumference of the trunk at a height of 20 cm above the graft. The trunk cross-
sectional area (TCSA) was calculated as an estimate of the tree growth vigor.
Production efficiency (PE) was estimated as in-shell almond production normalized to
TCSA. Yield efficiency (YE) was calculated as kernel production per tree normalized to
TCSA. Kernel yield is the proportion of kernels by weight of the total nut.

The cultivars were evaluated based on 46 morphological and pomological
characteristics included in the UPOV Guidelines for the Distinctness, Uniformity and
Stability (DUS) tests for Almond (Anonymous, 2019). The expression of quantitative
characteristics were evaluated based on determined ranges (Giordani et al., 2016). The
most important traits for grouping of the cultivars were identified using principal
component analysis.

Results and Discussion

The results of this research showed the superiority of the recently registered almond
cv. Aria as compared to check cultivars; Ferragnese and Ferraduel and two other newly
registered cultivars; Bardia and Zeighami considering tree growth vigor (TV),
production efficiency (PE), yield efficiency (YE) and kernel yield (KY) in the Neyriz
region. Although the kernel weight (KW), yield and production efficiency of cv.
Zeighami were high, double kernel (%) of over 60% was undesirable traits of this
cultivar. The recently registered cv. Bardia also had kernel yield of less than 25%. The

Yo



YYO-YO) mw‘g\)&@,@pﬂ...cupg}xggﬁw}ujg,ﬁ‘wu@)opﬂ,'&w

flowering time of the recently registered cultivars was about two weeks earlier than that
of the check cultivars, although none of the studied almond cultivars suffered frost
damage during flowering in 2018-21.

Among almond cultivars with the highest (cv. Ferraduel) and the lowest cold
requirement (cv. Aria), there was 15 days difference in the estimation of chill
accumulation. The highest heat requirement was found for cv. Ferragnese and the
lowest for cv. Aria and cv. Bardia. Based on the all studied traits, cv. Aria can be
considered as suitable commercial almond cultivar for being grown in areas where there
is no risk of spring frost (Alonso Segura et al., 2005). Principal component analysis of
pomological, morphological traits and yield related traits resulted in four principal
components, with only two principal components PC1 and PC2 accounting for 70% of
the total observed variance.

The most important traits of almond cultivars were; harvest time, resistance to nut
cracking, foliage density, the degree of undulation of petal margins, the intensity of the
brown color of the kernel, the time of beginning of flowering, the tree growth vigor, the
length and width of the leaf blade, flower diameter, stone endocarp thickness, the tree
growth habit, the degree of fruit pubescence, yield efficiency and production efficiency.
Almond cultivars were classified in four groups using all traits on the two-dimensional
diagram of two main components. In conclusion, cv. Aria is a suitable commercial
almond cultivar for being grown in regions with no spring frost risk. The results of this
research can be used for establishment of almond orchards in regions with similar
environmental conditions as Neyriz of Fars province in Iran as we as in national almond
breeding programs.
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