ETH R EESREMIFETN 12 M ERERERIE RFRn S

WILER 2 ML ZREL FALL B2 TR HWW !, BHR!, #EF !, X4
LR
(" HHERT TR ST, Z2 L XRRRE A 5T BEURIE, Wb -3 442000; 2 [E LA B COUE YR, IE
BB R TRESRI =, B R BRI A ot ST W4k 20 430074)

E: [B&] AR AFEBRERE AR 2 T A RO SRR 22 57, T 0 2L PP AR SC B b
HBATPURELR ST . (3R] RAZ DB irids. A D) iE A B AR, IR E 12 AN ERiEbk
BRI AR W A AL IR B BIRAE . A G540 55 24 TRURFREEAT LN o, @Iy
ZO NS R SR B SRR RN R I 2 5 AR e 45 G fahs, 38 SRR s Enk AT B
EHLGEW . [ER] REBORBSFEN F IS MR, SIS LR L BRE LA BEEER,
FR AT SR AN R b ) H A S35 B 35 AR O, 38 2 BG40 W7 N 24 AN A SGH R A rh i e 17 i
B WBAREL AALKEN . BAEH RS, LREAMERE . TREANEE . MR, G R
8 WM TR AR o I SR & bR B LU R AN R SR R 4 R e ), BURER AN IRE>E > S I IR >
G > S E> S RA>RE>S M 4 S>Hortl6A. BRSO 12 MERIER AR R A I RER 5
F. [85R) st A S R AT, TR IR B T AR BRI B R, 45 SRk
TR SR R PR R A R AR A T IR KA

KEEIA): BRERE: MRS WA, AL REE PURE

FEDES: S663.4  NEAIRERS: A XEHS: 1009-9980(2024)05-0001-08
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genus Actinidia. More than 100 commercially valuable cultivars have been developed. However,
few studies have evaluated the drought resistance of different kiwifruit cultivars based on the leaf
morphology and microstructure. This research aims to evaluate the drought resistance of different
kiwifruit cultivars by observing and analyzing characteristics such as leaf morphology, anatomical
structure, stomata, epidermis, and trichomes. Key indicators for evaluating the drought resistance
of kiwifruit cultivars and assessing their drought resistance will be identified. [ Methods] We
selected a total of 12 kiwifruit cultivars (belonging to Actinidia chinensis var. chinensis and
Actinidia chinensis var. deliciosa), including ‘Donghong’, ‘Guihai No.4’, ‘Hort 16A’, ‘Jintao’,
‘Jinyan’, ‘Jin méi’, ‘Jinxia’, ‘Cuiyu’, ‘Jin méi’, ‘Jinkui’, ‘Hayward’, and ‘Xuxiang’, as our
observation subjects. We employed the multifunctional image analysis method, paraffin sectioning
method, and scanning electron microscopy technique to observe and record the leaf morphology,
anatomical structure, stomata, and epidermal trichomes of the 12 kiwifruit cultivars. A total of 24
traits (designated as X1-X24) were documented. Subsequently, we conducted variance analysis to
compare the significant differences among the 24 traits across different cultivars. Then, using
principal component analysis, we identified the key traits related to drought resistance from the
original set of indicators. Finally, we employed the membership function method to
comprehensively evaluate the drought resistance of different kiwifruit cultivars. [Results] There
are significant differences in leaf morphology, anatomical structure, stomatal apparatus, and the
hair of the epidermis among different kiwifruit cultivars. Morphologically, the leaf shape is
heart-shaped or oval shaped, leaf length (X1) ranged from 10.94 cm to 17.28 cm, leaf width (X2)
ranged from 11.39 cm to 16.35 cm, leaf shape index (X3) ranged from 0.93 c¢cm to 1.06 cm, petiole
length (X4) ranged from 6.87 cm to 15.91 cm, petiole diameter (X5) and leaf area (X6) ranged
from 3.51 mm to 4.58 mm and from 95.03 cm? to 208.36 cm?. For stomatal apparatus, the length
(X7) ranged from 18.77um to 29.21 um, the width (X8) ranged from 12.64 um to 18.57 um, the
macroaxis (X9) ranged from 8.46 um to 16.31 pm, and the density (X10) between 168.70 to
339.63 per square millimeter. In the villi of lower epidermis, all cultivars have fluff, the length
(X11) ranged from 249.41 pm~324.10 pum, the pedestal density (X12) between 9.37 to 31.83
pedestals per square millimeter, the villus densit (X13) between 54.93 to 113.95 roots per square
millimeter, and the number of villis per pedestal (X14) between 5.57 to 7.30. Anatomical
structures, these cultivars have similar anatomical characteristics. The structure of the leaves from
the lower epidermis to the upper epidermis is composed of lower epidermal cells, sponge tissue,
palisade tissue, and upper epidermal cells. Calcium oxalate crystals are scattered in the mesophyll
cells. The leaf veins mainly form protrusions on the lower epidermis, which are vascular bundles,
thin-walled tissues, and mechanical tissues from the inside out. Lateral vein diameter (X15)
ranged from 595.04 pm to 860.71 um, leaf thickness (X16) ranged from 177.68 pum to 264.53 pm,
thickness of upper epidermis cell (X17) ranged from 15.36 um to 23.37 pm, the first layer of
palisade tissue cell density (X18) between 75.33 to 113.00 per square millimeter, thickness of
lower epidermis cell (X19) ranged from 10.03 pum to 20.35 um, thickness of palisade tissue (X20)
ranged from 75.16 pm to 123.60 pum, thickness of spongy tissue (X21) ranged from 49.81um to
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85.68um, the ratio of X20 to X21 (X22) ranged from 1.19 to 2.16, tightness of leaf tissue structure
(X23) ranged from 0.41 to 0.52, Looseness of leaf tissue structure (X24) ranged from 0.24 to 0.36.
The coefficient of variation (CV) of the 24 traits ranged from 8.04% to 35.80%, and the correlation
analysis showed that there were significant or extremely significant correlations among the
different traits. Principal component analysis showed that the cumulative contribution rate of the
first 7 principal components reached 93.046%, effectively retaining most of the information of the
24 indicators. Eight key drought-resistance indicators were selected, they were X2(leaf width),
X3(leaf shape index), X9(macroaxis), X14(number of villis per pedestal), X17(thickness of upper
epidermis cell), X19(thickness of lower epidermis cell), X22(thickness of palisade tissue/thickness
of spongy tissue), and X23(tightness of leaf tissue structure). Furthermore, the drought resistance
of different cultivars was compared by subordinate function method, drought resistance is:
‘Xuxiang’ > ‘Jin mé&i’> ‘Jinxia’ > ‘Hayward’ > ‘Jinyan’ > ‘Jinkui’ > ‘Jin méi’> ‘Donghong’ >
‘Cuiyu’ > ‘Jintao’ > ‘GuihaiNo.4’> Hort16A. [Conclusion] The differences of leaf morphology,
stomata, epidermal hair and anatomical structure of different kiwifruit cultivars were revealed.
Leaf width, leaf shape index, stomatal length axis, number of villis per pedestal, thickness of
upper epidermis, thickness of lower epidermis cell, thickness of palisade tissue/thickness of
spongy tissue, and tightness of leaf tissue structure were selected to evaluate drought resistance.
The drought-resistant cultivars such as ‘Xuxiang’, ‘Jinmei’ and ‘Jinxia’ were screened by the
method of subordinate function analysis, which provided reference for genetic breeding, variety
selection and production management in the future.

Keywords: kiwifruit, leaf morphology, anatomical structure, stomata, epidermal hair, drought

resistance
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Table 1 Basic information of 12 Kiwifruit cultivars

s el WH A O I H KR
Cultivar Category Breeding institution (personal) Origin
o [ o2 B A ) el B
AN AR BREBE CZLBR SR JEAR
Wuhan Botanical Garden, Chinese
Donghong A. chinensis var. chinensis ‘Hongyang’ seedlings

Academy of Sciences

oh BRI T

FEig 4 5 AR Bk Guangxi Institute of Botany, Guangxi I A bR R
Guihai No.4 A. chinensis var. chinensis ~ Zhuang Autonomous Region and Chinese ~ Wild resources in Longsheng, Guangxi

Academy of Sciences

Hort16A T BRIk RS /RN TR AR




A. chinensis var. chinensis The New Zealand Institute for Intraspecific hybrid offspring of 4.

Horticultural and Food Research Limited chinensis var. chinensis
o R B R DU o
bk AR Bk TLVE T IR R
Wuhan Botanical Garden, Chinese
Jintao A. chinensis var. chinensis Wild resources in Wuning, Jiangxi
Academy of Sciences
&3 BAEBRIERE X B bk r [ R 2 Bt i B A7) el BAE () Sk (8) ZKaf
A
A. eriantha X A. chinensis Wuhan Botanical Garden, Chinese The hybrid offspring of 4. eriantha (%)
Jinyan
var. chinensis Academy of Sciences and A. chinensis var. chinensis (&)
o [ R 2 Bt B A el S 5 T AR LD A IERAE SR AR
£ AR Bk
Wuhan Botanical Garden, Chinese The hybrid offspring of ‘Jinyan’ (%) and
Jin méi A. chinensis var. chinensis
Academy of Sciences red meat A. chinensis var. chinensis (8)
e R B A o
&% AR Bk TLVE T IR R
Wuhan Botanical Garden, Chinese
Jinxia A. chinensis var. chinensis Wild resources in Wuning, Jiangxi
Academy of Sciences
AT MR 2 T -
BE AR Bk T IO BT A R R
Horticulture Research Institute of Hunan
Cuiyu A. chinensis var. chinensis Wild resources in Xupu, Hunan
Academy of Agricultural Sciences
o [ R 2 Bt B A7) el B
&% BRI AR
Wuhan Botanical Garden, Chinese
Jin méi A. chinensis var. deliciosa Wild resources in Yunnan
Academy of Sciences
AL A AR 25 5 S 28 AT 52 P \ ‘ ‘
£ SRR Bk WIAEATIR B A IR R SE A JE AR
Institute of Fruit and Tea, Hubei
Jinkui A. chinensis var. deliciosa Wild resources in Zhuxi, Hubei
Academy of Agricultural Science
. S 5 A - - o
RS SRR Bk AL B B AR B UR SE A SR AR
Hayward Wright, a New Zealand
Hayward A. chinensis var. deliciosa Wild resources in Yichang, Hubei
nurseries merchant
WA SER BRI Bk LA AR R IES A A AR
Xuxiang A. chinensis var. deliciosa Xuzhou Orchards in Jiangsu Province ‘Hayward’” seedlings
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Fig.1 leaves of different kiwifruit cultivars
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Table2 Comparison of leaf morphology of different kiwifruit cultivars

e IH-Ke/em -8 /em DPiZik K fom M4 4% fmm A em?
:;Jllivar Leaf length (X1) Leaf width (X2) Shape index (X3) Petiole length (X4) Petiole diameter (X5) Leafarea (X6)
TRAL
D 12.69 = 0.18 gE 12.21 £ 0.15¢F 1.04 £ 0.01 abAB 9.07 £+ 0.27dCD 3.75 £ 0.06 bcBCD 11981 + 2.73¢E
onghong
Bt 4
oo 11.31 £+ 0.15hF 11.72 £+ 0.22 fF 0.97 £ 0.02 cdefCD 6.87 = 0.32gE 3.70 £ 0.05cdBCD 103.46 + 3.76 fEF
Guihai No.4
Hort16A 13.96 + 0.29 efD 15.04 £+ 0.27bCD 0.93 £+ 0.02 D 9.83 £ 0.54 cdC 3.84 £+ 0.04 bcBC 171.23 £+ 6.85c¢C
EZ3
Jintao 1275 + 0.19gE 13.11 £ 0.21dE 0.98 £ 0.02 cdefBC 9.53 £ 0.29 cdC 351 £ 0.07dD 119.17 & 291 ¢E
&
Jinyan 14.53 4 0.22 deCD 1437 £+ 0.26 cD 1.02 £ 0.02 abcABC 1129 £ 0.39bB 3.96 £ 0.07bB 150.76 £ 5.46 dD
Sl
Jin méi 1527 + 0.24cC 1541 = 0.21bBC 0.99 £ 0.02 bcdeABCD 1591 £ 0.41aA 4.58 £ 0.09aA 168.14 £ 4.45c¢C
&l
Jinxia 1229 + 021 ¢gE 13.06 + 0.2dE 0.94 £ 0.02efD 1023 + 0.35¢BC 3.64 £ 0.06 cdCD 11744 £ 291 ¢E
e ‘
Cuiyu 1094 £ 0.2hF 11.39 £ 0.11fF 0.96 £ 0.02 defCD 7.76 £ 0.20 fgDE 3.64 £ 0.05c¢dCD 95.03 + 2.22fF
&k
Jin méi 16.27 £ 0.19bB 16.02 = 0.24 aAB 1.02 £ 0.01 abcABC 7.85 + 0.42 fgDE 4.57 £ 0.11aA 191.90 + 4.48bB
St
Jinkui 13.80 + 0.18 D 13.05 £ 0.10dE 1.06 £+ 0.02aA 8.01 £ 0.37¢DE 3.94 £ 0.04bB 13894 + 2.44dD
R .
Hayward 14.90 £ 0.27 cdC 14.93 £ 0.23 bcCD 1.00 £ 0.01 bedABCD 7.89 + 0.29 fgDE 439 £+ 0.10aA 173.47 £ 5.31c¢C
G5
Xuxiang 17.28 £ 0.33aA 1635 + 0.28aA 1.06 £ 0.02aA 8.96 + 0.37 deCD 447 £+ 0.08aA 20836 = 4.9aA
3;1’/] 13.83 + 0.12 13.89 + 0.1 1.00 £ 0.01 9.43 £ 0.16 4.00 £ 0.03 146.48 + 2.20
ean
A 5 2R/
ff’ﬁﬁ/m 16.04 14.31 9.91 31.89 13.62 28.53

KNG PR RIFRIRTE 0.01 A10.05 KF EEREE. FH
Note: Capital and small letters represent significant differences at 0.01 and 0.05 levels, respectively. The same

below.
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Fig. 2 Stomatal apparatus of different kiwifruit cultivars.
A. Donghong; B. GuihaiNO. 4; C. Hort16A; D. Jintao; E. Jinyan; F. Jin méi; G. Jinxia; H.Cuiyu; 1. Jin méi; J.
Jinkui; K. Hayward; L. Xuxiang
12 AR N R R A R B DR, L B AR 2 A A AR IR, REER
KJE BN REER. HBKE (X1 B TH{HE A 324.10 um, 45 AG RS 5
N 414.02 pm 1 399.79 pm, 2 w5 T HAR A, R E RSB 508 249.41 pm F1 256.36 pm,
W ZAR T HoAth i fib s HBER R (X12) KIFAME 18.33 f% » mm?, HEifE 4 54 31.83
% e mm2, ST HAR A, SEAIRE 20N 9.37 7% « mm2 A1 9.53 % « mm2, B
FART AL A BB (XI3DMFME Y 113.95 1 mm?, B2 4 554 216.10 A mm?,
W 2 v T A e, BN 54.93 R« mm?, R AR T HAR SR BEEEE (X14)
HIFIME Y 6.47 MRAFRE, & A a] i) 22 B
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Fig. 3. Leaf lower epidermal villi of different kiwifruit cultivars
A. Donghong; B. GuihaiNO. 4; C. Hortl6A; D. Jintao; E. Jinyan; F. Jin méi; G. Jinxia; H.Cuiyu; 1. Jin mé&i; J.

Jinkui; K. Hayward; L. Xuxiang; M-P, villus anatomical structure.
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Table 3 Comparison of stomatal apparatus and epidermis of different kiwifruit cultivars

AL TEREE

B Stomatal apparatus Villi of lower epidermis
Cultivar K/um 35 fum AL KHium HALERE (- mm) 8/ Wi e mm® R GRenmn HEIFERUR

Length (X7 Width (X8) Macroaxis (X9) Stoma density (X10) Length (X1D) Pedestal density (X12) Villus density (X13) Pedestal (XM)per
éﬁoérjljghong 22.74 + 0.33 deCDE 15.86 £ 0.37 ¢cdBCD 1433 + 0.33bB 339.63 = 7.71 aA 303.99 + 9.21 deCD 16.50 = 0.64 fgFG 124.63 + 1.88cC 7.77 £ 0.44 aA
Ezﬁ;ﬁoA 18.77 £ 0.39 gG 12.64 £ 043 fF 8.46 + 0.32hH 247.93 + 8.06 cC 326.69 = 8.11c¢dCD 31.83 + 0.46aA 216.10 = 3.26 aA 6.33 £ 0.44 bcdAB
Hort16A 21.74  0.53 efEF 15.03 £ 0.34 deD 10.54 £ 0.43 fgFG 346.50 + 3.51 aA 29235 + 7.52eD 19.07 £ 0.27dD 108.70 + 1.46 fE 5.80 £ 0.42cdB
}Z]Z;fako 23.49 + 0.49 cdBCDE 17.35 = 0.51 abAB 11.95 £+ 0.41 deDEF 276.97 + 6.14bB 256.36 = 8.77fE 2243 + 0.32bB 111.53 + 0.93 efDE 5.57 £ 0.37dB
fh;tzn 21.54 + 0.35 efEF 15.65 = 0.41 dCD 1021 £ 0.28 fgFG 185.97 + 4.44fF 323.57 + 10.85 cdCD 22.80 £ 0.32bB 139.47 + 1.83bB 6.60 £ 0.41 abcdAB
f;“?néi 20.60 + 0.62 fFG 1441 + 043 eD 9.34 + 0.44 ghGH 225.23 + 4.23 dDE 332.58 + 8.98 ¢dCD 18.23 + 0.38 deDE 115.67 £ 0.87 deD 6.77 £ 0.39 abcdAB
}Z]Z;i%a 2549 + 0.46 bB 18.57 = 0.39 aA 13.46 £ 0.36 bcBCD 168.70 + 3.97 gF 414.02 £+ 9.46 aA 1590 + 0.34 ¢G 9593 + 1.51hG 6.27 = 0.32 bcdAB
ij/u 23.81 £ 0.53 ¢dBCD 15.80 £ 0.46 cdBCD 12.47 £ 0.50 cdCDE 207.27 + 5.90 ¢E 24941 + 546 {E 1597 £ 0.19 gG 102.67 = 0.66 gF 6.43 £ 0.40 bcdAB
f;%méi 24.76 + 0.43 beBC 16.93 £ 0.44 bcABC 1471 = 0.62 bAB 244.57 £+ 6.12 ¢cCD 300.50 + 6.66 deCD 21.00 + 0.33cC 116.40 £ 1.34dD 5.77 £ 0.40 cdB
?ﬁiﬂ 22.61 = 0.8 deDEF 17.10 £ 0.48 bABC 10.77 £ 0.54 efEFG 216.37 = 5.02 deE 371.24 + 10.12bB 9.37 £ 0.24hH 5493 + 1.12]1 5.97 £ 0.39 bedB
\Jl—lgaﬁy\jfrd 29.21 £ 0.51aA 18.09 £ 0.37 abA 1631 £ 0.63aA 171.43 + 3.86 fgF 399.79 + 11.08 aAB 17.33 £ 0.28 efEF 11520 £ 1.13 edD 7.30 £ 0.51 abAB
ﬁl?iang 2549 + 0.57bB 18.12 £ 0.34 abA 13.87 = 0.44bBC 22593 + 6.10 dDE 318.71 £ 6.72 cdeCD 9.53 + 0.24hH 66.20 = 1.00iH 7.07 £ 0.42 abcAB
;['Z:?n 2335 £ 0.2 16.29 £ 0.15 1220 £ 0.18 238.04 + 335 324.10 + 3.57 18.33 + 0.32 113.95 £ 2.06 6.47 £ 0.12
S ARHN% 16.33 17.15 27.58 26.71 20.89 33.22 34.33 35.8

cr




2.3 NEImAIT A ARSI R

AN BRER I B R S5 A 4 s, AT RA MU ERIRE, v NN R B B3R
B2 SRR ON R R S AIR  HARA 2 WA LU 3R B A, P4 P R R O A A
FRAGLE T WK R EAE TR BRI, HNBIMRIGEAEE R WEEH TR L. X
12 AN SRR fRRAR ORI 10 NMRFIEREAT e vt o0, RIASE] SRR A AE e BB 1 2 5. R
4T LAEH, MKER (X15) KFMEAN 761.19 ym, 8RR EHE (860.71 pm) <
IR (846.08 um) « &L (837.69 um) FI4:3E (814.55 um) , M2 KT oAt 5
&Hk (595.04 pm) AR F /N T HADS A 1R (X16) BFIPFIMEA 221.92 pm, HA 4
% (264.53 pym) 5 E ET HAL S F, Hortl6A (177.68 um) F1&#k (182.03 pm) % 5E%
T ARG EREAMERE (X17) FFRMERN 19.01 pm, HAP4RE (23.37 um) G
FHETHALGR, BIF45 (1536 um) o KL (16.62 pm) A4 (16.93 um) B 5%
T FL A S Rl B — S A0 B (X1 P EME A 86.25 A mm2, Hrb iR 4 5 (113.00
A emm?) WREF ST HALSF, BAKKARE (75334 «mm?) , BB EMCTH2 M.
TRTZAMEE (X19) FPFEMEN 14.40 pm, HAHEE (2035 pm) 1% 5 2% 5 T HoAh 5,
FEE 45 (10.03 um) A1 Hort16A (10.66 um) &% # T H A S Fl M LUERE (X200
(7 3{H 0 98.80 um, HA4E (123.60 um) F4:3E (121.87 um) 52 5T HoAth i,
Hort16A (75.16 um) %5 2 T HAth it F s AL RE (X21) WIFI3ME R 63.95 um,
HAZRLL (85.68 pm) MR 3 BT HoAth i Fl, FEIF 4 5 (49.81 pm) AR50 35 1 T oA it i
MHEELE (X22) I-FIEN 1.58, Hh & (2.16) WEE & T A S F, Hortl6A (1.19)
MZRLL (1.20) W8T HoAd i A G MR B R (X23) W FIME Ny 045, Hhai
(0.52) MRRFE ST HARLSM, RO (04D FGIRME (0.41) BERT MM HHL
FIGAARE (X24) [ F¥IME A 0.29, A Hort16A (0.36) MR 3& m T HAbm R, &8 (0.24)
AR (0.24) BECT M.

A B C D
I I G Tl
I ] K I
» hhiss
s1 = SA Ut MT — e e
. - : Ep —p=i 00" S — — — - Pa
i VL\ PF - R >
. P g S Ph
Xy - - &5 » | U Pt CP
R \ "‘ ______ rp
Yach +
O
__ T -
coc PT LE COC MT




4 FEEREHE ST A RREE
A. AR4; B, HEHF 45 C. Hortl6A; D. &bk E. &¥: Fo &M G, €& H. BE; L &% 1.
Gk Ko OMEIREE: L. 4RF. M-NG MTRRRISER, VBL 4B, UE. LRJ%, LE. FRE, PT.
I, ST, M4, SA. "(fL4%, COC. HIRESLE M, Epy RE, MT. HURAZ, Pa. #HEEAIZ, PF,
W44, Phy PIRHS, Xy. A, PP BEHS, CP. S &MU,
Fig. 4 Leaf anatomy of different kiwifruit cultivars
A. Donghong; B. Guihai No.4; C. Hortl6A; D. Jintao; E. Jinyan; F. Jin méi; G. Jinxia; H. Cuiyu;
I. Jinméi; J. Jinkui; K. Hayward; L. Xuxiang. VB. vascular bundle, UE. upper epidermis, LE. lower
epidermis, PT. palisade tissue, ST. spongy tissue, SA. Stomatal apparatus, COC. calcium oxalate crystal,
Ep. epidermis, MT. mechanical tissue, Pa. parenchyma, PF. phloem fiber, Ph. phloem, Xy. xylem, PP.

pith part, CP. Compound precipitation
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Table 4 Comparison of leaf anatomical structure of different kiwifruit cultivars

® 4 NEEMEHE M A RIS EL

ELRL

Cultivar

MK BAT/ um
Lateral vein diameter
(X15)

iy JEE jum
Leaf thickness (X16)

b2 B 7
Thickness of upper
epidermis cell (X17)

S R AR 2

(4> mm?2)

The first layer of palisade
tissue cell density (X18)

TR 40 MR /um
Thickness of lower
epidermis cell
(X19)

B 2 B

Thickness of palisade

tissue
(X20)

4R H LR /um
Thickness of
spongy tissue(X21)

i LL
Thickness of palisade
tissue/thickness of
spongy tissue
(X22)

I\ SRR R
Tightness of leaf tissue
structure
(X23)

HIGER AN E
Looseness of leaf
tissue structure (X24)

R4
Donghong
FEifE 4 %5
Guihai No.4
Hort16A

£
Jintao
Eid]
Jinyan
i

Jin méi
Jinxia
BE
Cuiyu
e

Jin méi
&
Jinkui
R
Hayward
wE
Xuxiang
Ty
Mean

A 5 2 HUY%
cv

738.76 + 18.81 eCD

673.73 = 737fE

786.72 % 19.25 cdBC

595.04 & 20.33 gF

751.43 £+ 9.73 deCD

860.71 £ 6.11aA

749.68 + 7.51 deCD

722.79 £ 11.15eD

814.55 £+ 12.37bcAB

837.69 * 13.32abA

846.08 £ 14.06 abA

757.08 £+ 7.72 deCD

761.19 + 538

13.41

250.54 + 2.54bB

195.46 = 13fF

177.68 + 2.36 ¢G

182.03 + 2.29 ¢G

193.93 + 2.07fF

236.38 + 2.68cC

237.19 + 1.43c¢C

21591 &+ 1.77¢E

264.53 + 1.23aA

253.61 + 2.68bB

229.32 + 4.34dCD

226.52 = 0.99dD

22192 + 1.6

13.71

16.62 £ 0.64 dDE

1536 + 0.32dE

19.01 + 0.40 beBC

20.15 £ 0.60 bcB

16.93 £ 0.36 dCDE

19.37 £ 0.51 beB

18.91 + 0.54 beBC

20.47 £ 0.36 bB

18.66 £ 0.45 cBCD

19.93 + 0.53 bcB

19.31 £ 0.82bcB

23.37 £ 0.73aA

19.01 + 0.19

18.58

90.00 + 1.66 bcBC

113.00 + 1.80aA

87.00 + 1.60cC

87.00 + 1.19¢C

94.00 + 1.49bB

89.00 = 1.39¢BC

78.33 £ 1.52deD

81.00 = 1.21dD

76.67 £ 1.38 deD

76.33 + 1.55eD

8733 + 1.59¢C

7533 + 1.42eD

86.25 + 0.68

14.89

12.21 = 0.63 eDE

10.03 £ 0.38 fF

10.66 + 0.39 fEF

13.02 + 0.49 deCD

14.72 £ 0.36 bcBC

14.76 £ 0.53 bcBC

15.06 + 0.57 beBC

14.10 £ 0.64 cdBCD

16.10 £ 0.64 bB

16.19 + 0.61bB

15.57 = 0.58 beB

20.35 £ 0.55aA

14.40 + 0.21

27.29

102.70 = 0.52¢C

92.16 + 0.60 gEF

75.16 + 0.47jH

81.16 + 1.58iG

87.91 = 1.30hF

98.99 + 1.09 deCD

123.60 = 1.48aA

97.10 = 1.18 efD

121.87 + 1.27aA

108.14 = 1.10bB

94.68 + 191 fgDE

102.10 = 0.53 cdC

98.80 + 0.81

15.47

85.68 = 0.6aA

49.81 * 0.49 hF

63.29 £ 0.80 eD

56.50 + 0.88 fgE

5407 + 0.86 gE

64.15 = 1.57deD

57.83 £ 1.10 fE

66.86 + 0.52dCD

66.95 + 1.23dCD

7137 £ 1.69bB

70.40 + 1.86cC

5448 + 0.55gE

63.95 + 0.61

18.2

1.20 = 0.01fE

1.85 + 0.01 bB

1.19 = 0.02 fE

1.44 £ 0.01 deD

1.63 £ 0.01cC

1.56 £ 0.03cC

2.16 + 0.04aA

1.45

H+

0.02 dD

1.85

H+

0.05bB

1.41 £ 0.02 deD

1.36 = 0.03eD

1.88

H+

0.03 bB

1.58 + 0.02

20.16

0.41 £ 0.003 fEF

0.47

H+

0.004 bB

0.42 *+ 0.005 efEF

0.44 & 0.003 dD

0.45 £ 0.002 cdCD

0.42 £ 0.002 efEF

0.52 & 0.004 aA

0.45 £ 0.003 cdCD

0.46 £ 0.006 cBC

0.43 + 0.002 ¢E

0.41 £ 0.005 fEF

0.45 £ 0.002 cdCD

0.45 & 0.002

8.04

0.34 £ 0.004 bB

0.25 & 0.003 efEF

0.36 & 0.003 aA

0.31 & 0.003 cC

0.28 =+ 0.002 dD

0.27 £ 0.005 dD

024 + 0.004 fgEF

0.31 £ 0.003 cC

0.25 £ 0.004 efEF

0.30 & 0.004 cC

0.31 £ 0.004cC

0.24 £ 0.003 fgEF

0.29 + 0.002

14.33




2.4 BRREX S RS S

Gt A R BN, 24 BHERHI AR R (CV) T 8.04%~35.80%, Ut HIA R Bk
TRk SRR E R TEAS . AR ALARIR B BHRFAE I R oA S AR 4 44 A5 THI PRV RRAE FR AR A7
BKZESR, a[it—PH TS0 BREEIE R % (Pearson correlation coefficient) &
B, RTEFERRR) R 2 R I B35 O 2 3 A O (I 5D o BT BRI AE ¢ HoAr
AR PURIEAR —E RIS, A T 50 RPN AR T8 - BRI, 148 5 7 AR ARk
2 (JEERE 45,2019) o Jy 1 ik v AR S AT AR RO SCBE R SR bR, A B 32 1 4
Wrint 24 WibRE— Bk, WRABIRBURFEME = 1 0 3 sy, 8 & E R R A
Fe AR AT 5 1 K /N R85 A A S 3 BT 0 34t DRI R (1 DG R P A A

FERIF TR (RS R, BT 7 AERS IR TTERER A F] 93.046%, BUFIRE T
24 TEAR RO RFR /-5 8, L ERIET 7 AN E sy . & LR B FHHE A RO ZE 5, et
AT (B v 1 FE s U0 ) 0T 2 1 20 (R SRR, LSRR o B — TRy IO TT ZE TTHR AR
35.720%, HA R EAMIERE (X19) B EMAEG i (X18) « HEREE (X13)
MFREE (X12) BIEGHEEOR, FE B 7 GG KRR S 3R B BB FERIE s 38 —
BT BT ZETTRR AR ON 17.333%, Pt (X22) | HLUEME%EE (X23) MIHZ45H
BRA BE (X2 BRAT R, E B R 1 it 2RSS MR AIE s B8 = F 0 (K 75 ZE DTk %N 13.607%.,
HoApmgE (X2) « HRER (X5 MR (X6) FIEMEEKR, FERBT RS
FHAIEs S50 R0 07 22 TR E N 10.369%, o B3R R 4R B (X17) At Fy JE 2 (X16)
BT LR, T i A Z G M ARAE s 28 0 RO I 7 22 DTHREE N 6.294%, FHhs
LA (X7 FAALKS (X9 MEATERR, FERI T ALK ERAE: F5F 8o
5 Z TR R N 5.293%, Hhm g (X3) MEBKE (X1 WEAERK, FTER
BT i A AR R B BERAE s 36 -E 3 Ar I7 ZE DTk 4.431%, b B BB H(X14)
AR, FEERE B LMK,

x1 [z - !
x2 [ -

X3 [ o 08
X4 |- =

XS . - - 0.6

xﬁ-.. - B

SN MTN SR XS N TS0 S =T

_____________ 0.05
sl iRl cRalan-Rriiviviviivislyiliels Bo g R Ry **[|;<—00|

[ 5 RIREX DT

Fig. S Correlation analysis of indexes
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Table 5 Principal components matrix

F 4 Principal component

Ha R Index

1 2 3 4 5 6 7

X1 MK Leaf length 0752 -0.093 0599  -0.100 0.136  -0.127  0.057
X2 M5 Leaf width 0.654  -0.054 0.664 -0215 0.148  0.057 0212
X3 MK 465 Shape index 0.544 0211 0.092 0289  0.022 -0.554 -0.377
X4 MK FE Petiole length 0.077  -0.052 0.537 -0.014 0493 0368 -0.170
X5 MR E AR Petiole diameter 0.697 -0.039 0.629  0.199  0.095 -0.042  0.090
X6 M-ifi#R Leaf area 0.698 -0.143  0.615 -0.147 0.194 -0.036 0.179
X7 S fL#K Stomatal apparatus length 0.704  -0.007 -0.393 -0.107 0495 0273  0.062
X8 S L4 % Stomatal apparatus width 0752 0.092 -0.464 -0277 0.191  0.131  0.001
X9 AL KA Macroaxis 0.637 -0.122 -0.438 0.079  0.545  0.006  0.168
X10 KALEFE Stoma density 0393 -0.625 0075 -0.107 -0.016 -0.356  0.330
X11 HEKPE Length 0.404 0357 -0.047 0465  0.007 0533  -0.022
X12 HEFEHFE Pedestal density 0773 0288 0319  0.122 0329 -0.039  0.200
X13 HERFZE Villus density -0.757 0254 0297 0359 0359 -0.051  0.051
X14 H#EEE % Number of Villis per Pedestal 0.240  -0.257 0.002  0.569 0302  0.084  -0.522
X15 ik B 4% Lateral vein diameter 0.620 -0.207 0317 042 0244 0329  0.208
X16 M/ J&JE Leaf thickness 0.669  0.039 -0208 0592 0217 -0.232 0.177
X17 bR R 40 )& % Thickness of upper epidermis cell 0.665 -0.084 -0.086 -0.626 -0.11  -0.027 -0.201

X18 SE— E M 41 % F The first layer of palisade tissue cell
-0.809 0.089 0.333 0.332 0.262 0.042 -0.177

density

X19 TR FZ 405 Thickness of lower epidermis cell 0.910 0.198 0.038 -0.143 -0.014 -0.147 -0.284
X20 WA 41ZYEE Thickness of palisade tissue 0.568  0.486 -0.301 0429 -0.215 -0.195 0.252
X21 HF4R 41235 Thickness of spongy tissue 0276  -0.678 -0.400 0.490 -0.171 -0.054  0.161

X22 HiifE L Thickness of palisade tissue/thickness of spongy tissue ~ 0.207 0.954 0.070  -0.002  -0.009 -0.123  0.034

X23 LR EEH) K5 E Tightness of leaf tissue structure -0.049 0919 -0251 -0.115 -0.096 -0.022  0.137
X24 LR EERI B BE Looseness of leaf tissue structure -0.297 -0.88 -0231 -0.101 0.027 0220 0.106
VI RHEH Feature value 8573 416 3266 2489 1511 1270  1.063

35.72 17.33 13.60 10.36
6.294 5.293 4.431

77 Z 5 #k R Contribution percentage (%) 0 3 7 9
35.72 53.05 77.02 83.32 88.61 93.04
66.66
KT TR % Accumulation contribution (%) 0 2 9 2 5 6

E— 25 X AN [ bR AT B TR A0 AT, BASE — 3 o AR A AT Z4EHEY, K
MESE R 6 B, EERS L RERS 2 HFE T, 12 AL R 3 AN, 51
FKEAL AR A HortleA2 Ml ST RBAE &R, &, IRE. SRANGIRIE S
ARl SEIRERFE S Sk, BE. &3, Bl 4 SMEE s N
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1204
*
100 Hort 16A
80+ #:£1. Donghong
*
60
* .
404 4% Jin méi
* * HIZEHF Gropu 1
% 20 41 Jin méi * SR Gropu I
. *
& %  EXuxiang SPUIZSHE Gropu I
. ol * =~
O 44 Jinkui
&
—20
iK1 Hayward # £ Cuiyu %tk Jintao
—40] * ‘
60 44 finyan #5475 Guihat NO 4
-804
4% Jinxia
=1004
\QQ /g,JQ Q g)Q \QQ \g)Q %QQ

/s

PCI: 53.12%

6 12 MERRHERME 1. B2 TR ZEHF
Fig. 6 Scatter plot based on the PC1 and PC2 of 12 kiwifruit cultivars

2.5 NEIEMEHE R R LRSI

WA 7 A E B 45 50 RECS T7 ZZ TTIR I &7 LR &AM R BCE, RG4S
& 4y fH F ib * s i # # (el
F=0.099X1+0.103X2+0.026X3+0.023X4+0.117X5+0.099X6+0.07X7+0.049X8+0.059X9+0.083
X10+0.103X11-0.011X12-0.005X13+0.033X14+0.095X 15+0.074X16+0.009X17-0.029X 18+0.08
0X19+0.084X20-0.021X21+0.084X22+0.036X23-0.093X24, Z%FiAz\ A, FEARATEUE 40HH
FORZAEAR I EALE, HOVIERL BUIZIENRS F 21EMK, EISHRERIEMK, 485
RIBE N B %6 bR S F 2 0%, BSHSEE S, BERS IR, &
P T EAE L E KT 0.9 BUHER 5 — M IRFRE NPT L3 G AR bR, BB I %
X2 (W58 X3 (MBERED - X9 CRALKHD « X14 (BEEEHO - X17 (EREH
MRIERE) - X19 CREBRAMER) « X22 (MhEE)  X23 (S E%E) 3t 8 Ttk
WS 5HREVE, Frikfabr S it R B IR,

SR s H TR F BB I 2 AR BRI 757D, SRR KIR IR E LT O ER 8 TGk
VESERR NS R BRE SRR s BCF S B AR B bk it At 5 B B, (BB R I 0 3 1
R BRI 12 AR SRR S TR PR SRS TN A SR E 6 BUR, BRI
RE>E > ESIFIRE> S > S B> S > R A>3 B> H>HE 4 5>Hort16A. KB K
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BUH B FRE R AT R0, W& 7 o, ERCREEBSE T 5 ALFDRE 12 A Rt 1
58, WRARMIRER, B 1 RBIREHR, KRR EERT 0.80, MEDHLFIER
sy SR IIRHIER. SEMEEREANR, KR EEREN T 0.50~0.80, MAEHIFIEME;
BHEE e, Sk, SEMARLZHR, FREEZEMENT 0.39~0.50, MHETFE P4,
FBIVEHSHAMREHN, STREEEMENT 0.30~0.39, HEGIFIEL: £V EDER4
A1 Hort16A 4, HLRMEEEHEMT 0.30, HBHTFERT.
*6 BT 8 NARIRIRREBRHEN 12 MR EHEEITS RHE

Table 6 Comprehensive score and ranking of drought resistance of 12 kiwifruit cultivars

based on membership function values of 8 typical indexes

SRJEHEUE Membership function value SEHAAE HE44

fFf Cultivar
X2 X3 X9 X14 X17 X19 X22 X23 Mean Ranking

ZR4L Donghong 0.165 0.846 0.748 1.000 0.157 0.211 0.010 0.000 0.392 8
¥ 4 %5 Guihai NO.4 0.067 0.308 0.000 0.345 0.000 0.000 0.68 0.545 0.243 11
Hort16A 0.736 0.00 0.265 0.105 0.456 0.061 0.000 0.091 0.214 12
4tk Jintao 0.347 0.385 0.445 0.000 0.598 0.29 0.258 0.273 0.325 10
4 Jinyan 0.601 0.692 0.223 0.468 0.196 0.454 0.454 0.364 0.432 5
&M Jin méi 0.810 0.462 0.112 0.545 0.501 0.458 0.381 0.091 0.420 7
485 Jinxia 0.337 0.077 0.637 0.318 0.443 0.487 1.000 1.000 0.537 3
K Cuiyu 0.000 0.231 0.511 0.391 0.638 0.394 0.268 0.364 0.350 9
43 Jinméi 0.933 0.692 0.796 0.091 0.412 0.588 0.680 0.455 0.581 2
4t Tinkui 0.335 1.000 0.294 0.182 0.571 0.597 0.227 0.182 0.424 6
WHAE Hayward 0.714 0.538 1.000 0.786 0.493 0.537 0.175 0.000 0.530 4
&7 Xuxiang 1.000 1.000 0.689 0.682 1.000 1.000 0.711 0.364 0.806 1

FRECFE S Euclidean distance

0 5 10 13 20 25
o 2 1 1 1 1 1
o Jin méi R
£ Jinkui Drought resistance level
3 Jinkui
I
&t Jinyan i
-4
#RZ1 Donghong m

e bk Jintao v
ZE Cuiyu J v

1% Jinxia —I
W PRTE Hayward

4 % Jin méi

Fifjas
Guihai NO .4 |
Hort 16A

7T Xuxiang

B 7 T REEEH SR RESF RIS
Fig.7 Clustering and grading of drought resistance of different kiwifruit cultivars
3 ik
3.1 AEIEGEHRF R I RS
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TEAITEIE N ARSI FE b, SR MV A T o LU AR (1 AR TS RN B 4 A 281,
F R REIRAT YA SRS e S A VR ) R 38 1, R IR B R A B N U 3R
I i T 25 RO g0 35 85 R R O 1) 2 205 A b, 5 e S A 0T 7 458 0 353 P03 17 14 290 B A7) (1 B 7
Mo — AN EIRMEEE TR, 8 — 80T 2 e bn 2 HME LU ) M S S % P SRR 5510 A&
RN 12 DBRGERE A FP A B TR ASHRRIE . SALARAAE . 38 S BRI A S5 M RAAE AT T
FERL, R 24 ANMRAEEZEA R dhFh A A W5 22 5, 2 5 REON T 8.04%~35.80%. i1t
FHOCTE B HORN E B4y 7 BT Rie 8 WOGHE TR AR, 454 R IEmBUEVFN T 12 AR R A 1
PURIE, SRR e BIME AR SRR TR W SRR B i P B BT A A BB T R R Bk
. FERMBRERE T, PUR A BB BRI . &6, IBIRMEM&RE, 7Erh e
PR, BLR AR R BRI SR . S, M. R, KL Sk, FEIE 4 57 Hortl6A.
XL SR A2 I PR TR S B R BRI AR T RO R AR, SRS N — i T R,
NERADO., JIRAERY, 4EE0A, SRR EBOSETE M (R H A BURRE S, AT 4
AL T b )0 2 A R AR R 5 5

Pee 7K A 2 TR R A ) SR BRI RS0, [ ARGRAE T, PR BRI K 2 4 A 1E 3R [ 4 B
JKE 1000~2000 mm. AHXFEEEE 75%~85% . “UMRIBIAHIRFIHIIX, SERRBRIBNE 2 20 AT 723 [H
K E 600~1600 mm. AHRTIESE 60%~85%- BN T4 ¥ PG AL X BT, FRAE S U 1L ik
AR L L R 2 B Ky E B 4 AR 8390 AR ST SR NI T SR RGP S0 3 7 o g A
b, IR BRI I B T 5, 5P NGOl — 5. 2 oEHILL i A4
NPUMESR B AN R Bk S R 1 BT R R AT R, R R R IR E S, BRI Bk L 2
WRBR AR AT SE SR BT R /T, 5 B R P i o AR Bk S R RO AR AR R BT, (BLEE I
TRYpa G, —H PO RE A B R, R SERBRE AR X T v A B 5 R 5
ISR
3.1 NEHEHRSIMBMESITN

L — (RPN HE AR AE LAHE B S AN [R5 1 B A4, SRR B A — VR AN [ i A R A A
FRHTRALR], 5 — Y E s MR AE AR 2 B i R R L4245, - RS RHE 5 )
PURVEEEARDE, QB F5 B CAM NBT R BRI Y —, LA TR, AR 5T
t, MTRBCNATREON R T R 4 SRIE RS MR F ZEH PR — . R BT
THY PR A HER L, R B RIB T -G oK BB, Jb 280 1 B IR ok 43 ek e,
L NS LS (30 7 R B BRI SR DR DAL, L3R i B2 T 52 XML& T R B B
B BRFAESS), SR, MR R B EAMWM . SRR ER, H TRk R
i ORI, AR R AE T TP g UK 20 PR SR 123461, e B AN [R] ot A B
22 53 1) g HOC BRI T R AL 2 — o S AT A SO0 e 57 SR 5 A [ 9 S B A Bk o R
Mt e R B, PUR TR & R R BB R R R BAIR 2, HBEELR, AU
FPREN 4 5 B RO E AR S, ROBARE MRESBH, XTI
PrRIER R AL 7 EEOREE . SSLA AR 5 AN A TR BOK o B R, FERRFIL . BRI
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AMBERSE M AAREEZ L, [ILERER, AR THEE, AL BN ] b 2808 KK 03,
R A 5 ST PUANBRERR R (R IOBT ARV ALE I S AR (R) R RIERZ, A
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