10.22092/spj.2023.360092.1280
20.1001.1.27834409.1401.38.2.2.2

“399 9 Jlg Ao
1Fed Jlo F oslod FA W

093 dho
oS 9 JUIT Sign Sl cudss” (Sadz 10 (Sl cwlio (38180500 S aSLh cpun
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Table 1. Sampling sites and seedling specifications in nurseries where seedling were sampled

Ql:“j\.@; e)u
Province okl City > Seedling/rootstock type sW/Jlg sy Cultivar name «5,e6  Nursery number
Alborz - Karaj =5 Non-certified/seedling Sk alfenzs o€ Takdaneh, Erdi Jubileum pads g (63 (1SS 1
37 Nazarabad s\T b Non-certified/seedling ok al/eazs € Takdaneh, Pishras, Erdi Jubileum ok o (63,50 ¢y e 41U 2
. o . ) .. e Sigani, Botermo, Erdi Jubileum, = sbse 53l csesis e K
Mashhad 4. Non-certified/seedling Sk al/edis p S Takdaneh, Stella, Sunburst e o) S 3
Khorasan Razavi s, 0l = Golmakan o€  Non-certified/seedling ok alyorzs S Sigani, Botermo,  Stella, - SUNBUISE o2l el 5475 1 S 4
. Sweet heart Sols Sy g
. o . i .. e Sigani, Botermo, Erdi Jubileum, sl )l csesis i SR
Chenaran ot= Non-certified/seedling Gk alfedzs a5 Bing, Sunburst S 5
. .. .- Khoy <5 Non-certified/seedling Sk alfenzs o€ Takdaneh, Bing Koy @SS 6
West Azarbaljan 2 dmbsT (aien » g3 Non-certified/seedling ol al/erzs o€ Takdaneh, Zard 5y cloSs 7
Mobarakeh <, Non-certified/seedling Gl alodts al S Ghaheri, Guisi, Asali, Lapins, Erdi o)l 2¥ (ool (ouf s 28 8
: Jubileum Pk
Esfahan Olgaa! ) . . . . = Takdaneh, Guisi, Ghaheri, Azadi, 33T ,ml5 ¢ S wilisS
Karvan us,5  Non-certified/seedling Sl aleti AS o di Jubileum ol o) 9
Shahreza L ¢+ Certified/vegetative SL64 SL64 25, 4l/eas 15 Bing, Lapins PR pE 10

V0

Table 2. Climatic and meteorological information for nurseries’ location b ledlg Jows sl ol gn 5 adsl OleDI =Y Jgu

VRV-A2R AP O 5 ey cncslie SG5 585 50 (sla el s

Nursery number* ol oot
Parameter bl 1 2 3 4 & 52 6 7 8 9 10
Semi-arid Semi-arid  Semi-arid Semi-arid
Climate ol cold Aridcold  Arid cold Arid cold temperate cold Arid cold cold Arid cold
Altitude above sea level (m) (o) bys mbaw 5lels,l 13120 1195.0 992.0 1176.0 1103.0 1470.0 1745.0 2932.0 1825.0
Mean annual temperature (°C) (o1 Kl e p3) ¥l glos ke 16.0 151 16.2 16.4 140 13.0 17.8 12.7 17.0
Mean annual relative humidity (%) (Ao y3) VL o S sy 5 SGke 48.6 53.5 49.1 48.6 53.5 54.8 31.2 415 32.2
Annual precipitation (mm) Crodeo) VL )L 317.6 157.4 215.0 190.2 215.6 543.4 101.3 262.2 143.8
Accumulated growth degree days (°Cd) (°Cd) ez 45, 59,4, 3908.0 3191.0 4005.0 3246.0 3327.0 2624.0 4464.0 2429.0 3809.0

1- For more information about nursery number, refer to Table 1.
2- The nursery in Chenaran was located near Golmakan meteorological station.
Semi-arid temperate = Jume Ko 4oy Artid cold = 5 . i Semi-arid cold = s . oS 4o

b anl e ) o 4 cOldle o)lad 5 2t Sledbl (gl -
il 3 O il gn oa| (55 53 Olyker o s Okl -
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Saour, 2005 <Mitrovi¢ et al., 2015)
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S90S 3550 085 035 Ksy e Sl bl
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KN PP PP PO R
Sleslial Ly oJlg oS gl jasLs
03Ul L ot gl 55IR 1580 05
(Path  analysis) ,—s a0 25 55,
ail g Ly (s ite Ol s 0 0 4S50
sl (Dependent or endogenous)
(Lavaan) olsY¥ aiws 3l esleul b Olas g
s 9 V.:E.:_.M)L:T 4 (Rosseel, 2012)

ks 4 s
Ol (Kins o 7258 e S
Soge w dlg s p 0k s 08 ole iz
e e b dies (6,8 03100 LB ot
T P o P S| T PRV
Jie s it 51 s Ol 4 sl
(Independent or exogenous) s, L
o g2 e HLS ) 5 ol S plx!
CoiS (Sl an 0T G b 5l 0l g 48 5
A= ol 2 e iy o 1, Jlgs
O S5 dde 5 el Lzl sl
e gLp e L g5l G— b )
(Adjusted R?) euls b (s o 0
(Coefficient of &l ks s i op 2SS
5531 5 okl glbes -y 2S5 Variations)
A ol (Standard error of estimate)

(Binotto et al., 2010)
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Fig. 1. Relationship between accumulated growth degree-days (°Cd) and Dickson

quality index for grafted sour cherry and sweet cherry seedlings. Each points is averages

of measurements in each nursery and vertical lines indicate the standard error of mean.

Numbers next to points show nursery numbers according to Tables 1 & 2
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etal., 2010)
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Table 3. Descriptive statistics for morphological characteristics of non-certified and certified grafted sour cherry and sweet cherry seedlings

in different nurseries

Y o oSl xSl
Seedling type Jg sy Seedling morphological characteristic J Kidshyse cuoses  Minimum  Maximum Mean  Standard deviation
DAGL (mm) Grosden) L g Joen VU g5 o 7.2 25.0 15.9 3.7
RCD (mm) Grodl) 485 a3 12.0 33.0 225 4.1
Height (cm) Geile) $Li5 | 97.0 284.0 192.5 39.6
H: D (cm/mm) Grosks 4 aile) Jhd 4 p a5 )l o 7.4 19.3 12.4 0.1
SDW (g) (08 o lustls it 035 28.0 410.0 163.8 79.3
Non- certified eazs o, RDW (g) (0,5 at, i 035 22.0 217.0 77.0 38.3
S:R a4 olasla Sis 05y S 0.6 6.0 2.3 0.9
Number of roots azy ) sl 2.0 18.0 8.1 35
Number of shoots FEALINNE 0.0 50.0 6.4 8.0
RL (cm) Crola) a2y Gas 14.0 90.0 40.8 16.8
DQI 05Ss oiS esle 3.2 35.9 15.6 8.1
DAGL (mm) (aden) U3y s YU Jlgi s 10.0 14.2 12.0 1.3
RCD (mm) Gracke) 65 5b ks 15.0 20.2 18.1 2.1
Height (cm) (el #i5) 83.0 112.0 102.3 10.9
H: D (cm/mm) Groskes 4y aile) b o o5l S 7.7 9.2 8.5 0.5
SDW (g) (0,5 oyl s i 04 47.0 79.0 64.3 12.3
Certified s o€ RDW (g) (p,5) atuy St 039 32.0 53.0 423 7.5
S:R Ay o lasls oSt 05 S 1.3 2.0 15 0.2
Number of roots Ay ) 3l 3.0 10.0 7.3 2.4
Number of shoots PRRT NN 1.0 1.0 1.0 0.0
RL (cm) (rola) a2y Gas 40.0 74.0 51.6 12.7
DQI 0503 CiS Latls 8.1 14.3 10.7 2.1

DAGL: Diameter above grafting line, RCD: Root-collar diameter, H: D: Height to diameter above grafting line ratio, SDW: Shoot dry weight, RDW:
Root dry weight, S: R: Shoot to root dry weight ratio, RL: Root length, DQI: Dickson quality index.

\oF
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Table 4. Mean = standard deviation of morphological characteristics of grafted sour cherry and sweet cherry seedlings in different nurseries

Seedling morphological characteristics  Jlg K555, 50 Sl g
Lsy Joe SV Il i Mgl o lsls oS 05y ak, oSS 05y K 055 Cand
Ol oyle Groddse) o) i)l Crocke 4 el (59 (59 Gy uelely S oS 03
Nursery number DAGL (mm) Height (cm)  H: D (cm/mm) SDW (g) RDW (g) S:R TDW
1 13.9+35 156.2+402 11.2+1.1 108.0 £ 69.6 71.7+46.1 15+0.1 179.7 £ 1155
2 174+£29 184.8+20.1 10111 189.5 £ 70.7 109.7+299 1.8+0.6 259.2 £90.0
3 18.7+2.9 229.2+371 12316 2472 +83.3 86.1+277 29%05 333.3+£1084
4 16.6 £2.8 1855+245 11.3+13 178.7 £59.5 59.3+116 3.0x08 238.0 £ 66.2
5 16.1+£2.6 183.7+218 11516 186.4 £ 61.6 728+201 26x09 259.2+75.8
6 13.7+1.2 2325+171 17.0+£1.2 69.2£8.2 35.2+£55 19+0.3 1045+£11.0
7 145+11 2325+170 16.0+£0.6 119.7+£1.7 60.2 £2.6 19+0.0 180.0+4.2
8 154+34 195.6+38.2 13.1%+3.1 142.7 + 49.6 108.0+53.2 1403 250.7 £99.7
9 10417 151.7+38.7 144+25 80.1+29.8 458+153 18+05 126.0 +£41.9
10 12.0+1.3 102.3+10.9 85+0.5 64.3+12.6 423+75 1.5+£0.0 106.7 £ 20.0

For more information about nursery number, refer to Table 1 & 2.

.:}fﬂ‘u:.-\f*}\ d).\:-‘ugquwa)k.&)‘ﬂ.:;g:;b)\bis‘f

DAGL.: Diameter above grafting line, H: D: Height to diameter above grafting line ratio, SDW: Shoot dry weight, RDW: Root
dry weight, TDW: Total dry weight, S: R: Shoot to root dry weight ratio\

V00



ALCANS| WA oyl YA .Xl?")u;\e 9 Jlé 41@0"

e
33 0Lt ol (g S o1l S5 5T 58 ) g0
VL g b cba et L (sl Ol 51 48T
LS.V g HSS | B W I S R W P W
Sl g S (6 b S Ly a5 A
@Yl e Soen S s
Jg b3 .0 Jyda) Cils (1 2+/50)
NIV S N Sy S P
055605853 e lb Lo e 5 4 )
k8 S S it 0 oyl la oSCis
(0 Jgam) csls Jlg plis I L g assh
e piassh foe s Jlg s
et L ls e 5 e Koo
SV 3 Jlg s el b 500K
055 5 dlg 5 0255 T 5 Ly A gy Joma
3 me 5 e Saat o)l s St
(0 Jyd) Sils
Jlg 8 (Soen 55 01 K tngy plo
O T B
«(Baninasab and Mobli, 2008) 4.,

S g

(Cirkovic-Mitrovic et al., ol—w 33,5
(Dardengo et al., 2013) o, ¢5 < 2015)
5T 5 (Posse et al., 2018) zeln &
Lles, S 5,351, (Binotto et al., 2010)
Lgs Lol 528 5 Jlgs 5,1kl s
S ol j3 0l S e el
oz Sl lsa a0 s e QL 5o Jgs
el Jg o as W S JU T

(Anonymous, 2017)

\of

S S o3l 09 Ss e s Sl
5 ST G L3551 I (gl s o
ST 53 ol slsal 55 WS
Sl2e 34 V0/F 590> ol LY
S o plaobdlg s el
B e - P S TEE S S ER A A1
=z (VIS8 5 VL Sl i
slaas 8 Ilg sy = osls (S5 50
350 0T 5l S s Ao Ol s Calies
«C\_&Sjlu,i.alja\_u_?avflj_?uiil)_é‘d
S5 LT (S 50355 S8
>4 L (Berbec and Matyka, 2020)
955 9y Sy 2 Led el LS 4
e Sl s e S WS Ol
Sl = ezl Al j s el
sl al Jgs iy (5 5N (Gl s
5 0 fae Jle plw apd o
5 ol T Olelw sl g,y b (Jlg
(Kamata et al., 2020) Lz 5 ¢ Sui
J LS

R T T Ty
ol (g sladlg (55T 550
el b aSg W€ 5 JUIT 2,5
o= gusy aS sl Olis Cadsdes lapludly
IS 3 gy e SV Ladlg
ks YO LSV ol aly S
oIS 3 5 Gteden V9 350> L)
) V¥ )+ s i o5

(F o) 5 e (—ada VY



VRV-199 OF ) Ohas 5 e coclin (55050550 sla ot li s

S 5 IUT cladly S5 58,5 50 Slao sl 5 05803 kS (ol o O gy (St o —0 il

Table 5. Correlation coefficient between Dickson quality index and other morphological characteristics of grafted sour

cherry and sweet cherry seedlings

Characteristic o g 2 3 4 5 6 7 8 9 10 11

1- DQI 0pSos ciS asls 1

2-H:D Jhs o plis,l s -0.42%F 1

3-S:R Wy atla 0y o 0.19 0.00 1

4- Shoot number el 0.05 0.01 -0.10 1

5- Root humber g, slw 012 -0.03  0.18 -0.04 1

6- RL a,db 018 0.18 -0.07 015 -0.13 1

7- TDW Jees 05, 091 -012 0.39 0.07 0.08 0.27 1

8- RDW an, e 05y 0.80**  -0.09  -0.26 0.16 0.19 0.32 0.74** 1

9- SDW el oS 0j 0.81%* 011 0.64** 0.02 0.01 0.19* 0.95** 0.49* 1

10- Height s, 040 0.38 0.46 -0.12  0.33 -0.09 0.63** 0.34 0.66** 1

11-RCD sb ki 0.78**  -025 0.34 0.05 0.16 0.16 0.77** 0.55*  0.74**  0.52* 1
12-DAGL Lo e VLl 3 0.78** 042 044 -0.13  0.33 0.06 0.74** 0.44 0.75**  0.66**  0.74** 1

*and **: Significant at the 5% and 1% probability levels, respectively.

DQI: Dickson quality index, H: D: Height to diameter above grafting line ratio, S: R: Shoot to root dry weight ratio, TDW: Total dry weight, RL: Root length, SDW:
Shoot dry weight, RDW: Root dry weight, RCD: Root-collar diameter, DAGL: Diameter above grafting line.
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Fig. 2. Relationship between diameter above the grafting line with: A) Crown diameter, B)
Height, C) Dickson quality index, and D) root, shoot and total dry weight of certified and
non-certified grafted sour cherry and sweet cherry seedlings

\OA



VFV-189 OF ) Ohas 5 e cclin (55050550 sla ot li s

Lo Ol 5o (godir oy 4 2l
Cde Stan ojlustls oSt 03y 5 s |
O Ser Sl 5 cbls s e
S5t il o 0585 el L
S A odalie 35 ok 633,553 (0 Jsu)
Sien 05805 e L L g ¢l
JLg 45 .(Jacobs et al., 2006) c—xl
03 4 gL )l S Ll 5 o 52 LS
Ol g Ol 5l S S 4l oSt
G -La 5 (Gomes et al., 2002) !
»>(Binotto et al., 2010) ,Ls 4 gl
Sy fye oS b5
a;L&L&MQj)L{CL.&JJH_L{\)
s3 o b oIS 5 T skisn sla Ui
Mﬂdwcw)\du;xlgl{.(\”ﬁ)
Ul e Sl ool 63 5 S5
58 S 8 S o sdias 0Lt Iy L)
Sen g i b o ol Il G5 e
Lyl i 534S Cowlodd Sl Ll syl oYL
3,05 bl Jlg (=),S8 b el adsl
L oo sl o 551, 5 (Thompson, 1985)
g o3t 4 ) 5 i s Ol S8l
atyy by OT i S s 4
g &S (a5 15 B 5 Oy 4l dre 57 050
(Grossnickle and South, 54, s e )
W5 oo okl g5, b g el s 2017)
dar g 5 Al FL s SAST Sl ey 65 g
O ady; iy b dlo I Ol g L

.iaﬂ‘&))ﬂ

V04

3pho Seote SRR ol @l bl
VL ks 2l g gl Juad ) &
Lol IS 5 JUT (50 3 g 3y Jos
OT i) Do s Rl 3l 53 il oo
5 ool Lo (ST 0355 S5 s (5 4y
Sa) a5 LD IS8 il
@lmlr b 53 Jlgi 0o 55 T
23 CslS ole 4o 0T Jol Jle diy Sy b
(Levy and s ls 5525 305 s Fu
D K& 4 4> 5 L ol ol (McKay, 2003)
L&l S8 g 58 o Ol5 o
58S 03y il L 5> Sl e
Wl dal g S50 U Sl s ged 5

A Il s b 4 gL o
0558 Laokdlg s OIS 5 JUT e
sladlg 53 5 OV/F o Kke 5 5b ) V¥ G V/F
305 WO L) VY BV ol a1, S
gl s L g gl 5 s (Y J )
Jodmr) dzsls insd bl ls gne  Stmas s
534S ol 58 A sladlg 3.0
Jlezl AL # 5l ity S ) T (S50
3153505 £ 53 Jg (S 03 5m S
(Mello et al., 2016; Zuffo et al. 2017)
J gl

5 AT eass 2,8 s Jlg gl
YEF LAY o Calidee sla0kdlg 55 S
o o (S s sladlg 3 5 el
) Jgda) 54 reslw VY LS AY

B g K05 0o i g



VP Jle Y o les A W7 5 § g dloxa”

® Non-certified seedling
® Certified seedling
400 |

300

200

(rf)wb@-b&wd}}
Shoot dry weight (g)

100 -

Y =7.657 + 0.297 * height + 0.003 * height"2 °
R2 =0.47

50 100 150

200 250 300

(esile) ¢l
Height (cm)

oIS 5 IUT o at s (i ladlgs o5l s SCast 055 b plis ) o alaal, - IS

Fig. 3. Relationship between height and shoot dry weight for bare-root grafted sour

cherry and sweet cherry seedlings
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Table 6. Direct (bold numbers) and indirect effects obtained from path analysis between

Dickson quality index and other morphological characteristics in grafted sour cherry

and sweet cherry seedlings

Characteristic o g 1 2 3 4 5 6
1- Height s, -0.14 1167 0.00 0.00 0.00 13.38
2- DAGL Wy Jme YL Jg s 008 173 000 0.00 0.00 -1.12
3- Root number a,sls 0.08  0.00 0.05 -0.03 0.00 -0.71
4- SDW olsls S0y, 000 076 000 0.05 129 0.00
5- RDW a, e 05, 000  0.00 000 0.28 0.10 0.00
6-H: D Jsasls e 007 -083 0.00 000 0.00 0.98
R2 s wa o 099

DAGL.: Diameter above grafting line, SDW: Shoot dry weight, RDW: Root dry weight,
H: D: Height to diameter above grafting line ratio.
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Fig. 4. Relationship between Dickson quality index and variations in diameter above
grafting line for three different categories (low, mid and high) of grafted sour cherry and

sweet cherry seedlings with different total dry weight. Mean + standard deviation, mean
and mean + standard deviation, respectively
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Table 7. Coefficient of variation (CV), coefficient of adjusted determination (R%aj) and
standard error of estimate (Seyx) of equations between observed lvariables in sour
cherry and sweet cherry seedlings

Score Ll
Sl o b e wl 2R e e sl
Aslee (o 3) okl Jidai en 3557 5 5,1kl (WY okl e pen 3551 5,1kl e
Equation CV% RZaj Seyx CV% R%j Seyx Sum of scores
El 0.27 0.67 4.70 4 5 5 14
E2 0.28 0.66 4.77 3 4 4 11
E3 0.30 0.60 5.22 2 2 2 6
E4 0.42 0.23 7.19 1 1 1 3
E5 0.28 0.65 4.83 3 3 3 9
El: DI =-26.94 - 0.13 x height + 3.25 x DAGL + 1.45 x H: D
E2: DI =-9.25 - 0.03 x height + 2.04 x DAGL

E3: DI =18.42 + 0.13 x height - 2.19 x H: D

E4: DI =-0.19 + 0.09 x height

E5: DI =-11.10 + 1.76 x DAGL

DAGL: Diameter above grafting line, H: D: Height to diameter above grafting line ratio
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Fig. 5. Three-dimensional plot of Dickson quality index for grafted sour cherry and

sweet cherry seedlings based on diameter above grafting line and total dry weight
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