B AR A AR 2015 4R 10 26 % A 10 M)
Chinese Journal of Applied Ecology, Oct. 2015, 26(10) ; 3045-3052

A [B) 3 R Al R X R 3 B 38 B T 1 1R

wwA X W Efgx NEFEE EAEx® AT RKFEm
CHLRAR M R AR AR R P B R T 560, RAE% 271018, 2 B IR BB, RTH5 2661005 °1L
AR 2R 5 TR B R TREATI L , WARE L 271018)

B OE AWARENGEBEIOENAARTIR, W ET WL ET B E GeEE,
HEEFER ) \REE FEMA KIGEE 8 MR AT RN EAM, A AkE . THHR
ERAMABRESEFHAATIC AAEMRE @R ERTREER D Z6TFNER
W HAET WL ET FLEEMFREERYERAN T LN RLEFHEE
R MANSEE KGEESEERTAR, R BFEFRET R AE o LHEFERE
B, /N2 ERE R/ S FHE T2 %%Mbm%“ﬂ#’%%@ Bw, 2 A 23.2

7ﬁﬂ 213 mg - kg RABEM KRB E LGS IFN SR AT R NS BEERE, KEE
FRZ WET HLEE N\REEMFEMRFORSFR KRG, WL L ETHBEHF
R Bk B A AT R

KBIR FREA; SEiay, EHMFRE B, REMN
XEHS 1001-9332(2015)10-3045-08 HEHES S661.1 XHEFRIRFE A

Evaluation of zinc deficiency tolerance in different kinds of apple rootstocks. FAN Xiao-dan',
LIU Fei', WANG Yan-an', FU Chun-xia', YAN Yu-jing', SHA Guang-li*, SHU Huai-rui’ (' Col-
lege of Life Science, Shandong Agricultural University/State Key Laboratory of Crop Biology, Tai’ an
271018, Shandong, China; *Qingdao Institute of Agricultural Science, Qingdao 266100, Shan-
dong, China; >College of Horticulture Science and Technology, Shandong Agricultural University/
National Research Center for Apple Engineering and Technology, Tai’ an 271018, Shandong, Chi-
na). -Chin. J. Appl. Ecol., 2015, 26(10) ; 3045-3052.

Abstract; The objective of this study was to screen and evaluate the zinc deficiency tolerance
among eight apple rootstocks, i.e., Malus baccata, M. rockit, M. xiaojinensis, M. sikkimensis, M.
sieversii, M. robusta, M. hupehensis and Malus ‘ Flame’ . The experiment took these 8 kinds of root-
stocks as the research materials to observe and analyze the index of the rootstock’s height, dry bio-
mass, root architecture and zinc concentration, and with help of the fuzzy membership function to
work out a comprehensive evaluation on their zinc deficiency tolerance. The result showed that
several obvious zinc deficiency symptoms were observed in three kinds of rootstocks (M. rockit, M.
sikkimensis and M. sieversii) , such as dwarfed plant and newborn small leaves, while such symp-
toms were not obvious in M. xiaojinensis and M. ‘ Flame’ . The plant biomass, height and zinc accu-
mulation of aerial part greatly decreased under zinc deficiency stress, while smaller reduction was
observed in M. xiaojinensis than in other rootstocks. M. xiaojinensis and M. baccata had higher zinc
concentrations in leaves than others. According to the fuzzy membership function and cluster analy-
is, the resistance of the eight apple rootstocks to zinc deficiency was ranked; M. xiaojinensis was
the highest one; M. ‘Flame’ was the second; M. baccata, M. sikkimensis, M. robusia and M. hu-
pehensis were rather weaker; M. rockii and M. sieversii demonstrated the highest sensitivity to zinc
deficiency.

Key words: apple rootstock ; zinc-deficiency stress; fuzzy administering function; cluster analysis.
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Table 1 Names and resources of eight apple rootstocks
fifiAR Fh ¥R I8
Rootstock Seed origin

L SRR Tl A 5 8

DU )1 A DR L A
H By AN A2 BE il A B U ]
T 8 A A2 Bl A B U8 ]

128 F Malus baccata
WYLILAE F Malus rockii
/NGRS Malus xiaojinensis
B4 M5 Malus sikkimensis

Hr IR Malus sieversii BRI BT AR R
J\BEWF % Malus robusta B By Al Bl Besilk A 55 5
B FAS Malus hupehensis 7548 52 B EL M A= e vk

KIS Malus © Flame’ B Ly TR ML R A BERG A B U5 [
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Table 2 Effect of Zn-deficiency stress on plant height and dry biomass of apple rootstocks

(LS P Plant height FHIR Dry biomass

Rootstock Wit iR e AANHE J_EH Shoot HRZ Root 5 Root/ shoot
Control Zn-deficiency  Relative hoid Bk M f R i FXHE haN R

(om » plant™)  (om - plant™")  value Control ~ Zn-deficiency ~Relative Control  Zn-deficiency Relative Control ~ Zn-deficiency
(g plant™) (g+plant™")  value (geplant™) (g plant™) value

EF 2833+ 1837+ 0.65 375 2.50 0.67 2.61% 148+ 0.57 0.70 0.59

Malus baccata 5.5A¢ 2.38Ad 0.59Ae 0.79Ab 0.72Abe 0.39Abe

ML EF 45.67+ 25.33¢ 0.55 4.77+ 1.57+ 0.33 2.5% 0.94+ 0.37 0.52 0.60

Malus rockii 1.50Aah 3.25Bhe 1.00Acde 0.75Bb 0.67Abc 0.16Bhe

N 53.00+ 4705+ 0.9 6.242 542+ 0.87 3.24x 3.88¢ 1.05 0.52 0.71

Malus xiaojinensis 11.59Aa 6.01Aa 0.36Aab 2.05Aa 0.86Ab 0.68Aa

BaE 51.00z 25.50+ 0.5 5.1 1.63+ 0.32 221+ 0.77+ 0.35 0.43 0.47

Malus sikkimensis 3.61Aab 3.04Bbe 0.74Abed 0.32Bb 0.59Abc 0.16Bc

P LIRS 49.67+ 24.50+ 0.49 5.97+ 170 0.29 2,13z 0.96= 0.45 0.36 0.56

Malus sieversii 6.51Aab 5.77Bec 0.65Aahe 0.37Bb 0.29Abc 0.18Bhe

NG5 38.00z 25.50+ 0.67 4.01+ 1.90+ 0.47 1.45+ 0.76= 0.52 0.36 0.40

Malus robusia 2.65Ab 2.54ABhe 0.35Ade 0.24Bb 0.50Ac 0.34Bc

TR 47.50+ 3833+ 0.81 6.99+ 5.59+ 0.80 5.07+ 271+ 0.53 0.73 0.48

Malus hupehensis 4.82Aab 1.32Aab 0.26Aa 0.56Aa 0.91Aa 0.77Bb

K 37.50+ 3233+ 0.86 3.87+ 243+ 0.63 1.89+ 1.32+ 0.70 0.47 0.54

Malus * Flame’ 10.05Ahe 8.50Aabc 1.52Ade 1.37Ab 0.65Ac¢ 0.52Abe

[ F7 AR RS b e b Pl ) 22 R i 35 S RFNASE) NG R R AN ﬁﬁ&l*@é%ﬁ%( P<0.05) Different capital letters in the same row indicated

significant difference between different treatments, and different small letters in the same column indicated significant difference among different rootstocks

at 0.05 level. T [A] The same below.
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Fig.1 Effects of Zn-deficiency stress on the root architecture of

apple rootstocks.

a) WIEF Malus baccata; b) W{LILE T Malus rockii; ¢) /N5
Malus xiaojinensis; d) 8435 Malus sikkimensis; e) 525 Ma-
lus sieversiiy ) /\BUFHE Malus robusta; g) V& & Malus hupehen-
sis; h) KAEWFH Malus “ Flame’ . T [A] The same below.
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Table 3 Effect of Zn-deficiency stress on zinc concentration of different organs in apple rootstocks

%N M Leaf Z£ Stem 2 Root

Rootstock I B A oy BREE A i B IR

Control Zn-deficiency  Relative Control Zn-deficiency  Relative Control Zn-deficiency ~ Relative

(mg-kg™") (mg-kg™") value (mg -+ kg™ (mg - kg™") value (mg - kg™") (mg - kg™") value

e F 36.1+£3.3Aab 21.3+5.8Ba 0.59 44.5+17.2Aa  38.5+19.6Aa 0.87 43.2+3.6Aa 22.5+3.5Ba 0.52

Malus baccata

ML E F 25.7+1.8Abc 6.3+2.8Bc  0.24 26.3+4.0Ab  19.8+2.8ABbc  0.75 12.9+0.2Ad 7.6+2.2Bc  0.59

Malus rockit

ING 32.4£9.5Aab 23.2+0.4Aa 0.72 15.5¢8.5Bbe  25.2+3.8Aab 1.63 19.5+2.8Acd  20.0+8.0Aa 1.03

Malus xiaojinensis

B & 39.2+3.0Aa 16.7+4.0Bab  0.43 24.5+8.5Ab 19.4£2.1ABbc  0.78 19.0+4.9Acd 17.2+¢2.0Aab  0.91

Malus sikkimensis

BRI R 36.2+9.0Aab 8.243.6Bbc  0.23 22.5£12.0Ab  17.7+4.5Bb¢  0.79 33.1£6.6Ab  15.2+5.6Babc  0.46

Malus sieversii

VAN 3% 35.8+8.5Aab 11.847.8Bbe  0.33 25.5+1.1Ab 17.8+3.4Bbc 0.70 28.0+4.8Ab 13.6+£5.0Babc  0.48

Malus robusta

- B A 18.5+2.4Ac 9.9+2.4Bbc  0.53 10.9+2.5A¢ 8.67x1.9Ac 0.78 13.1£4.4Ad 8.5+1.8Abc  0.65

Malus hupehensis

KNG 23.1+3.0Aabc  14.0+2.5ABbc  0.61 15.2+4.0Bbe  27.8+4.4Aab  1.82 26.3£2.5Abc  7.3%54Bc  0.28

Malus * Flame’

R4 BREPENERBASREFREENZ N

Table 4 Effect of Zn-deficiency stress on zinc accumulation of different organs in apple rootstocks

fitiA i F35F Shoot 2 Root FAMRPEFR 248 Zine accumulation per plant
Rootstock TR i FAXH I B HIXH Popld Bl MR
Control Zn-deficiency  Relative Control Zn-deficiency  Relative Control Zn-deficiency  Relative

(pg - plant™)  (pg - plant™)  value (pg * plant™)  (pg - plant™)  value (pg - plant™)  (pg - plant™)  value

W 131.57+ 78.02+2 0.59 113.91+ 3242+ 0.28 245.48+ 110.44+ 0.45

Malus baccata 12.9Aabed 8.24Bb 38.21Aa 3.51Bb 49.61Aa 31.72Bb

YLLIEF ;éOer 19.10+ 0.16 32.15+ 7.34+ 0.23 152.20+ 26.44+ 0.17

Malus rockii ) 11.71Bc 14.68Ac 3.21Bc 20.37Ab 4.75Bc

o 59Aabed

NS 150.68+ 129.73+ 0.86 58.6+ 61.56= 1.05 208.55+ 195.52+ 0.91

Malus xiaojinensis 28.17Aabe 39.63Aa 19.49Abe 16.79Ba 28.57Aab 11.51Aa

B &g 163.37+ 29.09+ 0.18 39.78+ 13.24+ 0.33 203.16+ 42,33+ 0.21

Malus sikkimensis 12.55Aab 7.19B¢ 11.98Abe 2.72Bc 57.59Aab 7.58Bc

EEHUSE 173.94+ 21.96% 0.13 70.20+ 13.91x 0.20 244.15+ 35.86+ 0.15

Malus sieversii 58.83Aa 7.22Bc 15.92Ab 2.87Bc 24.47Aa 2.97Bc

MRS '228'35* 37.50+ 0.35 40.67= 10.81+ 0.27 149.02+ 4831+ 0.32

Malus robusta ZlAbcd 15.86Bhc 15.81Abe 2.13Bc 40.87Ab 8.57Bc

FEAEE 103.27+ 51.94= 0.50 64.32 14.02+ 0.22 167.59+ 65.97= 0.39

Malus hupehensis 14.06Acd 6.79Bbe 12.74Abe 1.76Be 41.73Aab 22.76Bbc

KIGHE 91.06= 5245+ 0.58 48.99= 578+ 0.12 144.94 75.62+ 0.42

Malus  Flame’ 42.41Ad 29.51Bbe 10.68 Abc 1.57Bc 49.16Ab 43.72Bc '
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AR 2R R B 3 T B AR R I 32 30 5 A 3
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P EE S RS R R AR IR AR R AR
A F A AR IR R A A A9 B 5 2 PPN AR R

/95 128 B N R B FRE T
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S8 B 5 HUCN < /NI OIS LE T - Bl
FRVAN 35 N R a2 NIRRT SR S F L
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Table 5 Correlation coefficients among different physicochemical indices under Zn-deficiency stress
MR RHREE O RKE RERmE O RTH RAERE R P
Plant Dry Root Root HiE Root Root Zinc concentration
height biomass length surface Root volume tips i H = it}
per plant area average leaf Stem Root
diameter
bR 0.763 *
Dry biomass per plant
MR B 0.512 0.664
Root length
HRKHH 0.560 0.617  0.975**
Root surface area
WP HER 0.890**  0.716" 0.567 0.644
Root average diameter
HLEAR 0.852°*  0.0916* *0.715* 0.751* 0.830* *
Root volume
N 0.711* 0.834** 0.952** 0918 * 0.715%  0.842%*
Root tips
B MR Leaf 0.191 0517  0.726" 0.714* 0431 0.503 0.655
Zinc concentration 2% Stem -0.246 -0.122 0.371 0.447 -0.128 0.083 0.137 0.507
R Root -0.191 0.209  0.607 0.557  0.138 0.148 0.455 0.832%*  0.424
BRI R i 0.573 0.828** 0.926**  0.907** 0.680*  0.837**  0.938** 0.842"" 0.325 0.622

Zinc accumulation per plant

#* P< 0.05; * * P<0.01.

=6

GREEAHE X RS AR RER A ARE I

Table 6 Effects of Zn-deficiency stress on zinc transportation coefficient and utilization efficiency among apple rootstocks

Wk BT TR
Rootstock Zinc transportation coefficient Zinc utilization efficiency
XTH e filer( XTH e T
Control Zn-deficiency Relative Control Zn-deficiency Relative
value value
L% F Malus baccata 1.22+0.27Ac 2.36+0.61Ab 1.93 24.14+1.90Bd 40.85+£3.56Ac 1.69
BHYLLLIAE F Malus rockii 3.73£0.53Aab 2.60+0.62Ab 0.70 48.40+3.82Bb 92.51+7.52Aa 1.91
INGEIEE Malus xiaofinensis 2.57+£0.23Abc 2.11+£0.30Ab 0.82 45.27+7.00Ab 46.01+£0.90Ac 1.02
By 4185 Malus sikkimensis 4.11+£0.74Aa 2.34+0.90Ab 0.57 36.01+2.67Bbc 56.64+4.64Abc 1.57
FERETSE R Malus sieversii 2.56+0.76 Abc 1.64+0.48Bc 0.64 37.50+6.79Bc¢ 74.28+8.58 Abc 1.98
J\KR % Malus robusta 2.76+0.44 ABabc 3.90+0.96Ab 1.41 36.68+1.69ABbc 55.08+16.84Abc 1.50
& EAS Malus hupehensis 2.76+0.22ABc 4.08+1.09Ab 1.48 71.98+12.48Ba 93.61+23.20Aa 1.30
KNG H Malus © Flame’ 1.86+0.67Bc 9.08+1.50Aa 4.88 42.32+2.81Bbc 67.87+18.52Ab 1.60
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Table 7 Zn-deficiency tolerance evaluation among 8 kinds of apple rootstocks using the method of fuzzy membership func-

tion

fifik i B4 bR 8 PR AE Membership function value of Zn-deficiency tolerance i e

Rootstock Peri BB RK REIE REE REE BRI o ke PR PFHERE
Plant ¥ Root Root H*E Root Root Zinc concentration REE JE Zn—(lfeflcnency
height Dry length  surface  Root  volume  tips g = i} Zinc Average resistance

Biomass area  average Leaf  Stem Root  accumulation membership order
per plant diameter per plant

EF 0.305 0.535 0261 0287 0.263 0.145 0.173 0.735 0.174  0.301 0.395 0.325 3

Malus baccata

YLl E T 0.232  0.201 0201 0250 0.163 0.171  0.130  0.020  0.000  0.386 0.026 0.162 7

Malus rockii

ING IR 1.000  1.000 1.000  1.000 1.000  1.000  1.000  1.000  1.000  1.000 1.000 1.000 1

Malus xiaojinensis

Byt 0.148  0.129 0.156 0.221  0.300 0.158 0.118 0.408 0.076  0.711 0.079 0.228 7

Malus sikkimensis

ppaLiE 0.015 0.000 0236 0257 0.350 0.145 0.126  0.000  0.087  0.229 0.000 0.131 8

Malus sieversii

N3 0.343  0.276  0.000 0.051 0.213 0.000 0.000 0204 1.261 0.253 0.224 0.257 5

Malus robusta

RRERIIPS 0.518 0.309 0.126  0.000 0.000 0.184 0.248 0.612 0.098 0.458 0.316 0.261 4

Malus hupehensis

KIS 0.839 0587 0.045 0.199 0375 0474 0.004 0347 1424 0.000 0.355 0.423 2

Malus * Flame’
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Fig.2 Cluster analysis for zinc deficiency resistance of all root-

stocks (method of average linkage cluster).
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