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Defensive mechanisms of the selected drought tolerant apple commercial cultivars
crossed by morphologies, growth and biochemical traits
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ABSTRACT

Post-drought stress phenotyping and cropping assessments of 93 apple cultivars and genotypes led to individuation of 14
commercials and two drought tolerant genotypes, capable to keep the crop til ripening. Further studies were achieved at
post-stress stage. Scion tree vigor components as tree height, shading area, trunk diameter, internode length and thickness,
leaf length and width, stock length and diameter, leaf page hair fitness, leaf area index, leaf axis angle, cortex color, stomata
number of annual shoots, hair fitness on annual shoot apex to distinct the defense mechanisms of the evolved stable traits
were invetigated. The proline and total carbohydrates contents of the leaf samples were measured as well as fruit
biochemical traits of pH, TSS and TA of the tolerant and susceptible 'Golden Delicious' and 'Assali'. Positive correlation was
found between reduced total photosynthetic area and drought tolerance so that tree vigor was ranked as weak in 12 Cvs,
middle in 2 Cvs and only high in 2 Cvs. The tolerant CVs tree height, shading area, trunk diameter, leaf area index, leaf
length and width, internode length demonstrated lower values but the annual shoots presented higher rates of leaf stalck
length and diameter shoot diameter, and higher hair density of leaf and shoot apex. The mean if internode length, 9/91 mm,
was lower in tolerant Cvs than controls as 19.31 mm. The leaf samples of tolerant Cvs had higher proline 1.55 mg/l, total
chlorophyll contents of 27.48 than 1.35 and 22.56 related to the controls. The control Cvs showed increased leaf
carbohydrates 162.57 mg/I than tolerant Cvs 125.7 mg/1.
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Table 1. The soil physico-chemical properties of the apple cultivars collection in Kamalshahrs Station.

Soil depth Silt Loam Clay Texture Saturation Electrical Conductivity
(cm) () (%) (%) (%) (Ecx10)
0-35 18.2 522 29.6 Clay Loam 42.77 1.19
35-80 20.0 48.0 32.0 Clay Loam 38.00 0.69
Soil depth pH Organic Matter Total N Absorbable P Absorbable K TN.V
(cm) (%) (%) (ppm) (ppm) (%)
0-35 7.8 0.84 0.10 12.1 575 12.0
35-80 8.1 0.30 0.05 2.4 220 11.5
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Table 2. Phenology of bloom end, riprning time and class and yield per tree of the selected drought tolerant apple cultivars.

Days after Ripenin,; Ripenin; Bloom Yield .

bloim end glass ¢ "I[’)ime ¢ End per tree % Cultivar Row
136 Mid-Late Sep. 9 Apr.26 75 Red Spur Cooper 1
147 Mid Aug. 27 Apr.24 75 IRI5 2
147 Late-Very late Oct. 27 Apr.21 75 Scarlet Wilson 3
141 Mid-Late Aug. 20 Apr.12 70 Golshahi 4
123 Late Aug. 31 Apr.28 70 Azayesh 5
117 Mid Aug. 20 Apr.25 70 Golden Spur 6
136 Mid-Late Sep. 7 Apr.24 65 Empire All Red 7
135 Mid-Late Sep. 6 Apr.24 60 Red Delicious 8
140 Mid-Late Sep. 11 Apr.23 60 Khorsijan 9
157 Late-Very late Oct. 29 Apr.25 55 Shisheai Tabriz 10
154 Late Sep. 21 Apr.20 50 Oregon Spur 11
185 Late-Very late Oct. 29 Apr.23 50 Cooper Spur 12
131 Mid-Late Sep. 1 Apr.23 40 Orlean 13
160 Very late Nov. 17 Apr.25 40 Starking 14
152 Late Sep. 21 Apr.23 40 Ganny Beauty 15
102 Early-Mid Aug. 18 Mar.4 35 Jeanne Hardy 16
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Figure 1. Mean comparison of canopy size in 16 tolerant and two susceptible apple cultivars.
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Figure 2. Mean comparisons of tree height in 16 tolerant and two susceptible apple cultivars.
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Figure 3. Mean comparisons of tree trunk diameter in 16 tolerant and two susceptible apple cultivars.
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Figure 5. Mean comparisons of annual shoot thickness in 16 tolerant and two susceptible apple cultivars.
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Figure 6. Mean comparisons of total chlorophyll in 16 tolerant and two susceptible apple cultivars.



sYa VE) 5l F 8 Les OF 5,00 ol SLEL psle

Sy p @l S Gl ghe S5 o515
Cod Gl s S by Soyy () b
Ayl o g BB gy snimo i axlllas
23S o515k 5l (Sas A 4 oo 5 ol
S oSy cho Gl ghe (V) Jgaz) Cwl Sy
O Joie pB)] 0 g s les slasallyo
o515 Gl 05 Cd bwgie mhaw o YL wwlew b
Jozie 00l (23 el 10 Sy () ambo S5
S Y o515 0g aals 5y sladised ) i
RS aiS e sl Cgb e )b Y S S
b G059 Vb lod padits (e 0 b &g, (235
WS oo Cblas (28l 950 gy BT g 598 i

S e Job
32y Joxie pl)] (i )0 Cho S 5 Ay >
L' Gialyl s oslo YIPY 158 genl o) el
SPas nyeS g b w5 4 Segile VYA
(A-a JS) ansl e 1o |y 5 oo Jsb cdo oo
4 e ia e TIPA S b ol sals 5
Jsb s el YAY (il b Jaie 013
Culd Egezmo ;0 (A-b SD) a5 505 S e
@ ol Gt Sed Job bl Jexie 3,
Sy Job lilo o8, VF o ads uls sals
o B g s Bald 4 Cud g
A 5 S s s sl Jamie ol
Ol iy (o0 |y i g 535 (pled (Jlug o
Sl il Y gles 4 6,55k gl Sy 05
3l 4 5l e, sk 5o Cugh, (tals 5 L3
Sy sl b plnil gl 4l mass (2 A5
@ S e Shelediee 9 (Pupld ISl )l 3g5
5 3l gl ol 4t o BL) U olsie
o7 Dt Sl S (S, ] 4SS
ovbe dall (o a5 LSl WS jlsen 1) Cush,
ol ol slai Joorio a8l b aslis jo ' s
Betls g 0 S ed Job iolisl Jleasl 4 ol
Cagh, Jl g 8 S wlgy Culs a5 L
o5y b ' e anls sl o5 |z wms il |,

Sy Sglaie pids alS olue

MY il b ol glaoals ol aseios
MY 58ile b Jooie B 4 Cond 0 il
2% W (§ e S Say Jsb sl e Bl
Sr S Job b Jemte 03, 1Y ggeme
hls 03, 7 g jado (alS wals 4 cas 5505
39y shs 2oLl 4y S (5505 S p Sty Job
Ol (n i Vb ad) S8 b Ty sladnd
L GalsT s e ile SIVS L 1, 5y Sigy ooe
Sty P Sl S s Al 008
b ol o8] il o Lo o il YIF L 1, Sy
b Jerin 05 & i a il FITY S
Sy Sity i 6l assle TN oSl
@bl Jooio 03, VY ggomme ;0 aitun (g tien
O ald 4 Ced RS Sp S P
SHpS Sp S e Sl 8 @ s pads
P s Jeb malS wsg s el 4 Cos
ol Bl ay Cos Jazite o8] 0 Sy Sy
oealS axai 0 g Sy omhae els caiss olis
Flore et al., 1985; ) cuwl 0aisS 3iiwgd IS mlaw
&4 Sy phe gelS L 8,b 5l (shihara, 1981
b Geil g )0 oy (oitS haw a5 alanly
Sl soge Y SRl 5 ajs; ol als
VSR TFANt SYINT S O RER
Sgbier 2l o8 bl 4 olS (6,5

ol s as alosil (gla sy 15 s pebans sl
(S g Oty s 4 Gl g gl GAlS 0B
oposiacis FEAVA L1, 5y s sl 1 Silee
clanls (V-a JS5) aizls apeyie oo YYVS/
531 & S o in e TYPVA 5in b il
5 Sl e sia e TIF efilis b Jaie
VE fgemme o (V-b JS0) sics (6 i S o
NSIRIPER J¢ NECIELT IR N RERpC)
S S s S 3,V 5 pids a8 sl
Sety oo S sy et sals & o
Gl eaams s peles 4y S Joxte GlaLS
S oghe el 4 e Sy ghe w2l
Flore et al., 1985; ) 55,5 oo oL5 ocaiS jiiwgid
.(Ishihara, 1981



e S & Jood ploeadan 5 698 «Suelsdiee (£l sla g5l s lm gl 9 55T 7E.

3280 -
32619
3260
3240 |
3220 |
3200 |
3180 1 3165
3160 |

leaf area index(mm2)
leaf area index(mm?2)

3140 A

3120 A

3100

susceptible cultivars tolerant cultivars

Figure 7. Mean comparisons of leaf area index in 16 tolerant and two susceptible apple cultivars.
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Table 3. Evaluation of the selected drought tolerant cultivars related to the susceptible apples for leaf hair density and
expression frequency (dominant code).
Expression level and the given codes: none or low (code 1) - medium (code 2) - high (code 3)

. Code range .
Dominant code  Codes . &6 Variables Row
(leaf hair density e)
1 1 1-2-3 Susceptible cultivars 1
1,2,3 1-2-3 Tolerant cultivars 2
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Figure 8. Mean comparisons of petiole length in 16 tolerant and two susceptible apple cultivars.
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Figure 9. Mean comparisons of petiole diameter in 16 tolerant and two susceptible apple cultivars.
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Table 4. Evaluation of the annual shoot tip hair density in the selected tolerant cultivars and susceptible to drought
apples in and the trait expression frequency (dominant code). Expression grade and relative code: none or very low
(code 1)- low (code 3)- medium (code 5)- high (code 7)- very high (code 9).

Dominant code Codes

Code range (annual shoot tip hair density) Variables Row

1,3 1,3 1-3-5-7-9
7 3,5,7.9 1-3-5-7-9

Susceptible cultivars 1
Tolerant cultivars 2
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Table 5. Simple correlation coefficient of vegetative, growth and yield traits of apple.
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Tree height

Canopy T7(5%) 1

Trunk diam 86(*%) 83(+%) 1

Clorophyl cont 0.18 0.31 0.30 1

Leaf widthem 045 0.44 56(%) 0.32 1

Leaf lengthcm 0.24 0.04 0.25 0.09 L62(*%) 1

Petiole lengthcm -0.13 0.12 -0.06 -0.01 0.29 T1(+%) 1

Petiole diammm 033 0.36 52(%) 043 81(+%) 52(%) .50(%) 1

Internode lengthmm 48(%) 0.17 0.40 0.02 0.34 0.25 -0.42 -0.05 1

Shoot diammm -.508(*) 038 032 0.24 0.09 0.40 61(+%) 033 -0.44 1

Leaf area 0.22 0.09 0.27 0.16 67(+%) JTA(FF) 52(%) 54(%) 0.16 0.28 1

Yield -0.03 0.25 0.11 0.31 0.18 0.08 -0.02 0.29 -0.03 0.21 0.03 1

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Figure 11. Mean comparisons of total carbohydrate in 16 tolerant and two susceptible apple cultivars.
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