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Effect of Leaf Nutrient Uptake on Fruit Quality and Shelf Life of Quince
(Cydonia oblonga Mill.) Cultivars Grafted on Hawthorn (Crataegus spp.)
Rootstock
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Table 1. The interaction effect of rootstocks and some selected quince (Cydonia oblonga Mill.) cultivars /or promising genotypes on the mineral concentrations of
flowers and leaves in three studied years (2018, 2019 and 2020)

s b5
Leaves Flowers
sl sl OB el a5 mee m S ool O el e s me S ool
Rootstocks ilejl N K P C Mg B Zn Fe N K P C Mg B Zn Fe
Vidoja
) 49 06 03 23 14 776 405 13 01 07 03 168
Quince 2018 4 5 8 5 8 9.5 6 7 191 6 7 7 4 2.08 6 9.49
. . 12 03 03 15 07 384 141 03 03 08 00 20.7
(Cydonia oblonga Mill) 2019 - 6 8 5 6 1.9 5 6 1.46 1 8 4 9 2.57 17 1
2020 1é3 140 oés 144 0; 694 412 209 14 Oi7 0.4 0é3 032 912 121 534
Mean 25 07 04 18 09 61 524 252 159 08 03 07 02 46 153 272
33 04 03 17 07 119 451 239 11 04 04 178 100
Hawthorn 2018 AT S U > i 200 N %% 09 0% 32 ML )
(Crataegus spp.) 2019 by Oég 08 % a3 3%7 171 153 %% o Oé“ 03 se0 187 3%8
15 1.0 09 07 31.0 625 07 04 04 01 245 784
2020 S 0a %0 8T 9s . tag 00 % 04 0 em % >
Mean 21 07 04 12 oés 87 377 345 167 08 05 06 03 53 203 425
“NBZ”
) 44 06 03 20 07 583 315 13 02 06 03 20.9
Quince 2018 AU U ¥ B . 205 2 02 08 05 365 209 913
. . 1.2 03 21 02 490 154 05 04 05 196 286
(Cydonia oblonga Mill) 2019 9 0.3 8 7 8 2.19 5 4 1.62 6 1 0.3 9 4.18 5 9
08 03 09 13 392 389 06 03 09 02 108 107
200 13 %0 % %% 1S gas % ; 150 00 %7 %% % 19 "1
Mean 24 06 04 17 08 65 489 286 18 09 03 06 04 62 171 183
32 05 03 12 04 202 185 10 05 11 07 14.9
Hawthorn 2018 4 3 8 9 9 9.17 5 7 2.22 8 7 5 1 2.06 4 7.36
(Crataegus spp.) 2019 1é2 °é3 °é3 16 Oél 9.5 317'0 13;'7 1.84 056 0;‘ °é3 0.6 884 211'9 522'8
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1.2 09 09 16 31.0 387 0.7 0.3 0.2 114 157
2020 4 7 0.4 9 7 1.71 7 6 1.77 4 8 0.3 8 9.6 5 7
Mean 22 07 04 15 03 94 357 162 2.0 09 05 08 07 55 184 301
Behta
. 04 03 14 05 46.1 19.1 1.0 07 13 0.2 15.3
Quince 2018 2.8 8 8 4 1 8.74 1 4 2.78 3 5 5 7 5.2 5 5.8
. . 03 04 13 06 325 151 04 06 05 31.0
(Cydonia oblonga Mill) 2019 1.2 4 8 3 5 2.33 4 5 1.93 0.8 1 8 5 4.37 7 40
1.1 10 03 18 0.3 444 253 08 0.3 0.2 206 16.4
2020 6 3 8 5 1 8.55 7 7 2.04 5 8 0.3 8 2 8.83 4
Mean 17 06 04 15 05 654 410 199 2.3 09 05 08 04 101 184 208
30 05 03 16 32 46.9 205 15 04 07 07 286 112
Hawthorn 2018 8 1 8 3 1 9.17 2 2 2.8 9 1 7 A 4.14 1 8
15 03 03 11 03 284 140 04 05 05 06 114 344
(Crataegus spp.) 2019 1 4 - 8 - 8.5 5 6 2.06 4 8 - 5 4.4 5 6
15 11 03 09 41.6 06 03 05 03 114 193
2020 8 4 9 9 0.7 874 278 1 1.99 5 8 3 7 7.6 5 8
Mean 21 07 04 13 14 88 344 255 2.3 09 05 06 09 54 172 217
“KVDZ”
. 30 04 03 18 04 46.2 322 1.0 02 06 0.2 36.8
Quince 2018 5 5 8 5 6 11 7 1 2.77 9 7 3 6 1.19 7 7.57
. . 14 03 03 0.4 449 19.2 0.4 03 03 13.0 343
(Cydonia oblonga Mill) 2019 9 3 8 16 5 3.99 6 9 0.97 3 0.4 8 7 4.56 8 9
03 10 08 31.3 188 06 03 01 03 22.3
2020 2 1 3 6 9 6.56 9 1 1.09 9 9 5 7 152 8.18 3
Mean 22 06 04 15 06 72 409 235 1.6 08 04 Oés 03 70 194 214
27 05 03 11 12 51.8 26.7 12 01 03 02 22.2
Hawthorn 2018 1 4 8 8 5 9.5 3 4 2.58 5 2 7 4 4.73 5 4.78
13 02 03 18 01 340 1438 05 14 0.2 147 81.3
(Crataegus spp.) 2019 5 4 - 5 8 1.38 1 2 1.26 6 1 1.2 8 3.85 5 1
14 11 03 06 07 34.3 07 03 02 03 153 185
2020 4 4 9 8 5 14.4 4 62.7 1.34 5 8 3 5 7.13 7 3
Mean 18 06 04 12 07 84 401 3438 1.7 09 07 06 03 53 175 349
Isfahan
. 34 04 03 16 07 441 259 13 03 0.2 15.1
Quince 2018 5 5 8 2 4 9.55 5 3 3.21 4 6 4 03 371 4 8.09
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. . 32 03 03 06 06 419 199 06 04 0.4 31.6
(Cydonia oblonga Mill) 2019 5 8 9 9 5 9.03 3 8 2.53 3 5 0.3 5 1.71 206 4
04 06 11 336 444 0.6 02 02 127 371
2020 3 1 1 8 6 6.65 8 6 2.22 5 0.4 3 8 6.56 5 5
Mean 32 06 04 10 09 84 399 302 2.7 09 04 03 03 40 162 252'6
24 08 03 18 17 53.9 339 1.1 04 10 03 286 11.0
Hawthorn 2018 4 3 3 6 3 11.2 6 6 2.14 3 4 5 9 3.04 1 8
1.2 03 16 01 14.6 05 04 04 114
(Crataegus spp.) 2019 6 0.3 8 7 A 58 327 3 1.41 0.6 5 2 1 6 5 35.1
13 11 03 10 18 304 173 07 04 03 04 19.6 557
2020 8 4 8 6 6 7.32 1 9 1.22 5 5 8 6 111 5 7
Mean 17 08 04 15 13 81 390 220 1.6 08 05 06 04 67 199 34
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Table 2. Critical thresholds as references, (4 and 41) in interpreting flower, leaf, and fruit nutrient concentrations of
pome fruit trees.

@‘)"‘. KT GLQ aliwt

Srany @lé yols Critical level

Macronutrients (%) flower leaf fruit
N 2.95 2.50 0.40

P 0.40 0.24 Min.0.09
K 1.64 1.30 1.06
Mg 0.59 0.26 >0.030
Ca 0.22 1.75 <0.035

Sras oS I3 polic
Micronutrients (mg/kg)

B - 36 15
Fe 292.8 >50 About 14% dry
Zn 55.6 33 matter of fruit
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Table 3. The interaction effect of rootstocks and some selected quince (Cydonia oblonga Mill.) cultivars /or promising genotypes on fruit mineral content in two
studied years (2019 and 2020).

cusls y oleg Sleylloyo,0
addly adlllas (gl Lo At harvest Cold storage
Rootstocks Studied Oierms el Eed S e L Sm o el b edS ey N 3
N K 2} Ca Mg B Fe o 7 N K P Ca Mg B Fe Zn
years % ppm % ppm
Vidoja

. 03 00 01 56 02 03 03 01 03 24 6.5
Quince 2019 050 043 7 8 8 532 751 6 8 7 7 5 5 7 0.95 4
(Cydonia oblonga 03 01 00 32 04 00 03 09 00 27 55
Mill) 2020 0.60 0.00 7 5 9 048 3.61 7 1 0 7 1 9 3 0.48 6

03 01 01 44 03 01 03 05 02 26 6.0

Mean 055 0.22 7 5 4 290 556 2 5 9 7 3 1 0 0.72 5

03 03 01 100 52 03 05 03 01 04 538 7.8

Hawthorn 2019 0.46 0.67 9 0 8 5.80 7 3 0 1 7 5 6 0 1.81 5
03 00 00 42 03 00 03 01 01 32 6.5

(Crataegus spp.) 2020 0.62 0.00 7 8 5 409 3.99 5 8 0 7 5 8 3 3.52 4
03 01 01 47 03 02 03 01 03 45 7.2

Mean 054 0.34 8 9 0 495 7.08 4 4 6 7 5 5 5 2.67 0

“NBZ”

. 03 09 03 49 02 04 03 09 02 40 55
Quince 2019 0.02 043 7 1 2 7.13 561 1 5 6 7 1 3 9 1.90 6
(Cydonia oblonga 03 00 03 19 10 00 03 00 02 27 1.9
Mill) 2020 0.36 0.00 7 8 2 2.65 6.27 6 2 0 7 8 3 7 0.85 6

03 05 03 34 06 02 03 05 02 34 3.7

Mean 0.19 0.22 7 0 2 489 594 4 4 3 7 0 3 3 1.38 6
03 01 01 42 02 07 03 00 01 03 5.8

Hawthorn 2019 0.09 081 7 5 8 029 257 5 9 5 7 8 4 8 4.66 9
03 01 01 42 03 00 03 01 03 15 6.5

(Crataegus spp.) 2020 3.89 0.00 7 5 4 3.14 0.20 5 9 0 9 5 7 5 3.33 4
03 01 01 42 03 03 03 01 02 09 6.2

Mean 199 041 7 5 6 1.72 1.39 5 4 6 8 5 6 5 4.00 5
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Behta
Quince 2019 006 062 3 Oé 03 a2 241 32 O3 O'S o3 O'é Oi 3'3 6271 >
I(\;:i)ﬁi)onia oblonga 2020 017  0.00 0.3 O.g 0.8 067 266 3.2 O.g 0.8 0.2 O.é O.g 1.; 276 3.5
Mean 012 031 3 %7 0% a5 as7 3'8 0'3 O'é o.g O'é O'é 25 as2 %2
Hawthorn 2019 o000 o071 O3 Ol 03 555 a7 47 04 0D 03 01 02 68 555 85
(Crataegus spp.) 2020 094 000 o Of 02 as7 a4z YL 02 00 03 02 02 18 gg0 62
Mean 047 036 O3 Of 0% ss6 3sy f) 0% 03 03 02 02 53 g 13
“ KVD2"
Quince 2019 271 071 0'3 O'é 0"21 257 285 4'2 0'2 O'S 0'2 O'é 0'2 6'2 2.00 5'2
(I\%i)ﬁi)onia oblonga 2020 041 0.00 0.173 O.g O.é 13.? 547 3.2 O.g 0.8 O.;; O.g O.é 2.3 12.2 3.2
Mean 156 0.36 0'3 O'; 0'8 8.27 2.66 4'5 0'3 O'i 0'2 0'; o.g 4'8 746 1
Hawthorn 2019 034 081 o.g O'é o.g 941 276 5'5 o.g o.g o.g O'é 0'5 8'2 1.24 6'2
(Crataegus spp.) 2020 049 000 O3 09 02 10 pe 32 03 08 03 08 0% 1% gz 3
Mean 042 041 O3 0% 02 979 o7 42 05 03 03 02 0L 42 gy 52
Isfahan
Quince 2019 041 057 0'3 O'é O'i 874 295 4'2 O'i O'Lll O';’ O'é 0';’ 5'3 0.10 7'2
I(\(ﬂi?ﬁi)onia oblonga 2020 048  0.00 0.3 O.é O.g 314 295 5.32) O.S 0.8 0.173 0.2 O.g 2.? 0.85 S.g
Mean 045 020 3 O'é o.g 594 295 o.g 09 03 07 o.g 4'8 048 3
Hawthorn 2019 020 o057 %3 00 0% e75 gss °F 02 05 03 08 0L S5 509 42
(Crataegus spp.) 2020 o1 000 O3 07 Ol 4z gza 42 12 0D 03 08 02 85 g5 42
Mean 020 o057 %3 00 0% e75 gss °F 02 05 03 08 0L 35 509 42
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(Wilks’ lambda) 35U g glamo¥ (49031 g (Discriminant analysis)  sauwseid g9l5Tg
ogme 9 J5 50 @l ol clad (S iz i 50 (5% 5 S b 0g,F eSlee (cE50 1 (e b)) skaiea
caw ;0 e S poede a4 wiol plas b e S esliul Sy sl Jlade g padeis 6T 51 addllae 5,90 6
cdale P<0.056 mlaw ;o J5 0 (55, clale « P<0.044 mlaw ,o 5 o j0ud clale  P<0.027 mlaw,s 55, 5 P<0.057
s gylel Ll 5l ailso o Sloylil 6,50 ,0 P<0.027 mhaws 10 g cailsy yloy j0 P<0.057 mhaws 13 050 ;o yaud

Bl oge 9 J5 55 8¢ yolie st (5 S lp () 5 S by 09,5 (xSKle 55 3y sl 5,515 -F Jgor
GLQ oals 9 'vaa 9 YWAA AYAY dles u.j)L..‘o )‘ Jf)é @‘J.C )..cl...c cdale 9 g_;f uJ:> O Jog.vj.n 6L¢ oé‘b) axJlas Sy90
(o dmsloea) YA 5 VWAA (ala s (uSiloo 5l ogmnys olié polic Cilé 4y Ly o

Table 4. Wilks’ Lambda test of equality of group means (studied rootstocks) for flower and leaf and fruit mineral
nutrition. Data for flower and leaf are the mean of 2018, 2019 and 2020. Data for fruit are the mean of 2019 and
2020.

Concepts Wilks' Lambda F dfl df2 Sig.
N Leaf 702 3.404 1 8 102
K 747 2.709 1 8 138
P .860 1.307 1 8 .286
Ca .798 2.021 1 8 193
Mg 775 2.326 1 8 .166
B .619 4.922 1 8 .057*
Zn 522 7.314 1 8 .027*
Fe 927 627 1 8 451
N Flower 967 275 1 8 .614
K .952 403 1 8 543
P .583 5.715 1 8 .044*
Ca 927 .628 1 8 451
Mg .788 2.147 1 8 181
B 977 .186 1 8 678
Zn .924 .662 1 8 439
Fe 616 4.980 1 8 .056*
At 1 8
N harvest 0.935 0.554 0.478
Cold 1 8
storage 1 0.002 0.962
At 1 8
p harvest 0.619 4.916 0.057"
Cold 1 8
storage 0.524 7.269 0.027"
At 1 8
harvest . 0.78 2.25 0.172
K Cold Fruit 1 8
storage 0.952 0.4 0.545
At 1 8
Ca harvest 0.993 0.056 0.819
Cold 1 8
storage 0.748 2.701 0.139
At 1 8
Mg harvest 0.942 0.495 0.502
Cold 1 8
storage 0.996 0.03 0.866
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At 1 8
Lo harvest 0.984 0.13 0.728
Cold 1 8
storage 0.95 0.421 0.535
At 1 8
B harvest 0.973 0.225 0.648
Cold 1 8
storage 0.962 0.319 0.588
At 1 8
7n harvest 0.751 2.656 0.142
Cold 1 8
storage 0.934 0.566 0.474
Source: Discriminant analysis
9 gf)) le) alises ‘SQL._? le.(buﬁla o 6»‘&.: ].al...c ).inb la ‘) ooﬁ‘ab‘ @‘J.C )..oL..C M éaﬁi? I\ o)Lo...':.: JBLD
5 Rasheed 5 (YV) ;o2 5 Moradi asle o1, SKingh ol b gued cadage lis dslllas 5)50 sXgn slaasl ;o (ogme
(S Mgy Vg sleal ;o woys ) Jlisl mha (s gl 5 Cude (Nieen GEagh Gl 5 (TA) ()

opl s )8 saalin ol paie S 0l b 5,0 jiud jaie clale gl KVD2 [ 0,50 5 “NB2” /5,4 «SJg/la
L ("NB2" 5ol5 b Sgm 10 4 5,0 asb ,0) IS 0 ool cdale b cslo p log 40 g ogus 50 yawd cdalé S ol S e

D9 6l e g Cutte (Ko 10 (B 08, L L Sigy 10 4 5,0 ab ,0) 0 (S p ol

D3> 4 bayye slo ool) (6)d 5 Sy sigm slaaly j0 ogee 5 J§ 9 Sp i polie chile G (Staen -0 Joox
Sogee o olié polic cdale 4y bgyje slo ools 9 VYA g VYA YAV alo a (Sl 31 IS )0 olie jolic clale 5 Sy
(il sV YR 5 VYAA elo L puSilis

Table 5. Correlation among nutrients content in hawthorn (Crataegus spp.) and quince seedling (Cydonia oblonga)
rootstocks for flowers, leaves (data are the mean of 2018, 2019 and 2020) and fruits (data are the mean of 2019 and
2020)

09 S n i 89 S 2wz IS hed paie clile 550 ool pais clile
B-leaf Zn-leaf P-flower Fe-flower
B-leaf 1
Zn-leaf .799**1 920**8 1
.930**2 .934**10
.996**3
.999**5
P-flower -.677*1 -.858**9 -.940**1 .921**7 1
.971**2
Fe-flower -.938**2 -.938**8 -.980**3 -.980**6 .709*1 .831**8 1
-.960**3 -.854**9 -.787*5 -.748*8 .783*2 .999**9
-.765*5 -.728*10 -.924**10
P (at harvest) 0.998**2
P (cold storage) ~ 0.997**3

N e (0 <0.001)0ey0 S 9 (P <0.05) g Jlis! mhans 4o o sme oo a0 * 9 *
wlloleiol 4 b0 (5, 4L/ KVD2 s b o Fus)ds alfia 4 by e Yo )d ab'NB2” 4 bg oY (6,0 al/lrgang 4 by o)
@ ke Vo Sy GLTKVD2 4 by je - oSy alfbay & bgryerh Sy @ INB2? @ gy oV oSy /gy 40 by o Pes,dy
Sy al/ kil
5, ™ p <0.05, p <0.001, respectively (F-probabilities)
1-Relative to ‘Vidoja’ /quince; 2- Relative to “NB2’/ quince; 3- Relative to ‘Behta’/ quince; 4- Relative to ‘KVD2’/
quince;5- Relative to ‘Isfahan’/ quince; 6- Relative to “Vidoja’ /hawthorn; 7- Relative to ‘NB2’/hawthorn; 8-
Relative to ‘Behta’/hawthorn; 9- Relative to ‘KVD2’/hawthorn; 10- Relative to ‘Isfahan’/hawthorn
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9 2 PIZ g O Sl (S0 () 5 Sg) sl 09,5 5l eolanul as ol lis SS9 canis G,k 5l )T

45...»‘ L C\_‘>9.v la (7 o)l.o..i': de? 9 \ Ji..u) Cl 09y AR ’la ﬁ‘).g U‘)"’A U"‘ NG VA K oﬁ)lf Jf B LS'L'\'C )..aL..c S
2LS slacidl o el cdale aliuse il g g 0l (Sal (Sow S Lyl s o aslllas 5,90 "4 sdign ool
e 5 el a8 el b 0 ol e Ll il pes 10 b oges oyl 08 5 b 4 Al 0 1, ot LB il oo
20 (F0gd o Cgummme (S0 LIS Cundy ;0 cope JFare jo SB oy (Sal 5l Lab el jelS asle s
g4 ood slaal b wigs ;0 bay g oleiol pBB)l 10) yo Sp ods b 5 o ool clale a5 w8 asie ol iagh
S ode by (g ab b wisn j9 'KVD2 s sl o, 5 "4 (6,0 ab b g 50 "NB2" Lisu al o8, 5 Uy
JS 0 aus cdale L S jo ool clale g o, e g (dhie (SKaaad 10 (5o b b g 5o olekeol 9 Ly B, ,0) (s,
Oi ) Bl gy lo 50 5 ogee po hed S Lo (M oy il b s p0 NB2Y i sl o) 5 Lrgag o8, )
5 Valipour L Sl Siagh sloiegh mls ;o 04 &)l cae g Catte (Swwad ;o ("4 5,0 b b wgm ;0 "NB2"
Simon (Cydonia oblonga Mill.)"4" 5,3 ab 4 (Crataegus persica Pojark.) s 4l 9o o lp (F0) o Sen
(FeOHa) S8 ol bl b g Lagygis g i b Om 5 i 5o ol Clald i b ol (S @iz G )loiine 5 oo
Crataegus ) SJg 4l ;o s a5 olo lis 00,ml ol Sigh o idgh bl (uized .ol odls (3,155 5 cdwliv
3975 (510 dre g Cate (S ladin ) ;0 ' ol 5] eaisSlal cdled g at, yo ol31 slagygsgn e (Ersica Pojark.
20 Sl S 929 5 L o] 05eS ogad 10 000,55 sdalive (5,0 4l 0 (S (pl a5 Sl Jl> ol el atils
Sl bols 1) " 60 b 4 cas baygig p sslwolyl o (o i bl Sg b a4 el ool sdalive (S iy
e ol eaiiS Lol il colled 5l b ady; 5o el bl (Ul Gl el 950eS Lulyds o baoygis iy 5wy
0 )lg0 40 4Bl Ggm, 5ol ol lacaS 5 saze B Sz ol 5l el A s 4l )0 5 99 e plas! (FEOH3)
L a8 ol olis Limed ol s (FF OF¥ Fr A) ams oo Lialdl 1) ool i iS5l i, Lagme ) S5m0 2] by a5l
Upame CasiS 5 0y Lyl 60l Shoa 950 b 0)lg5 oo (S Sl s aiile) oo i gl & oo 43y i

Bl 13 0 R Sete Dyge @)

.Q] Coro g 03l 'al.?d\ S Al R @L’;.;—f’ Jogus
Table 6. Classification results .

VAR00001 Predicted Group Membership  Total
1.00 2.00
Original Count 1.00 5 0 5
2.00 0 5 5
% 1.00 100.0 0.0 100.0
2.00 0.0 100.0 100.0

a. 100.0% of original grouped cases correctly classified.

Fe chelating reductase (FCR) -\
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Fig 1. Canonical discriminant function.
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Effect of Leaf Nutrient Uptake on Shelf Life and Fruit Quality in Quince
(Cydonia oblonga Mill.) Cultivars Grafted on Hawthorn (Crataegus spp.)
Rootstock

M. Mirabdulbaghi®, H. Akbari and H. Abdollahi?

Rootstocks are very important for the production of a healthy and fruitful product, and without
having well-matched rootstocks with the physical and chemical conditions of the soil as well as
the weather conditions; one cannot hope to have productive orchards. The objective of this
research is to find the efficiency of leaf nutrient uptake on fruit quality and shelf life (brown
spot) in quince (Cydonia oblonga Mill.) cultivars (Behta,Vidoja and Isfahan) and promising
genotypes ("KVD2", "NB2") grafted on hawthorn (Crataegus spp.) and quince seedling
(Cydonia oblonga) rootstocks grown in heavy calcareous soil. This study suggests that, higher
mineral nutrient uptake of studied cultivars or genotypes favored by hawthorn (Crataegus spp.)
rootstocks, makes them suitable for heavy and calcareous soils. ‘KVD2’/hawthorn combination
in our experiment demonstrated higher mineral nutrient uptake than other studied combinations
in heavy (56% silt; 14% loam) and calcareous soils (28% calcium carbonate equivalent in soil)
with slight saline (2.08%) and pH of 7.67. None of the studied cultivar/rootstock combinations
were found to have adequate nutrient ratios in fruit that could reduce the risk of brown spot and
increase storage capacity in the cold storage.

Keywords: Correlation, Cold storage, Rootstock/cultivar combination, Plant tissue analyses.
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