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wEE, XNHHE, TEF, BRE, EAE, TER
(R EMORAIFEBE MOl B MOl S B R R R & H R 9086 %, Jbat 100091)
WE: [ B8] 0B R Xanthoceras sorbifolium R R AR KT RETF FHENEREES, ATF. FFFHEFLERF
XARARPARYE, [ FF ] AR EF B S R W SRR IR B A 37 8 55 69 200 4 F 7= 2 SO RA R FR 6
oh R AR, @i AR B R 3Pt B AR BTN, ME T et B B, M2 R A ERAREE. BREE
BEF BASXARRFHAKGIER, AR TRF M. RESHFEREIMSI T BN R B LA RA R TR R
F, [£R)] XARTHBALEMEBHRZIALAZEGMEN, ETHFONERRT AAMEAT, AEFWRITT
BRFEIL 89.99%, HET I3 AMBIFHRFLEE, FTXEBRRFBGBQRERRS . F(BERBAT)>F, (BRBEK
BF)>F (R SWAT)>F,(RESIET), [##@]FA2EFTFRTEXG L/ TERERE, MELAREEFF
AR TN R RITIA ERAGHE. Tk sk 9 00 it F AR T RAERBE Z FoF AR FH M, THFF
RARAEE BRI RAA, B 1 &6 432
XA XBE; THMEALH,;, BFod; PR
hESES: S722 XEkFRERE: A NERS: 2095-0756(2023)02-0348-08

Leaf anatomical structure and evaluation of drought resistance of different
germplasm resources of Xanthoceras sorbifolium

XU Huihui, LIU Xiaojuan, WANG Mengke, BI Quanxin, WANG Libing, YU Haiyan

( Key Laboratory of Tree Breeding and Cultivation of National Forestry and Grassland Administration, Research

Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] This study aims to evaluate the adaptability of different germplasm resources of
Xanthoceras sorbifolium in arid areas, so as to provide a basis for screening drought-resistant germplasm
resources for arid and semi-arid areas. [Method] The leaves of 200 high-yield X. sorbifolium germplasm
resources were collected in Tongliao Germplasm Resources Nursery in Inner Mongolia Autonomous Region.
The anatomical structure of leaves was observed by making paraffin section, and 13 indexes related to drought
resistance were measured, including leaf thickness, palisade tissue thickness, sponge tissue thickness and wax
layer thickness. The drought resistance of different germplasm resources was evaluated by factor analysis,
cluster analysis and membership function analysis. [Result] The anatomical structure indexes of leaves showed
significant correlation. Based on factor analysis, 4 common factors were extracted, and the cumulative
contribution rate to variation was 89.99%, basically covering most of the information of the 13 indicators. The
degree of influence on drought resistance ranging from large to small was as follows: F; (thickness index
factor), F, (tissue index factor), F; (epidermal proportion factor), and F, (wax layer proportion factor).

[Conclusion] The thickness of upper/lower epidermis, thickness of palisade tissue and vessel diameter, which
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mailto:2425779474@qq.com
mailto:yuhaiyan@caf.ac.cn
https://doi.org/10.11833/j.issn.2095-0756.20220202

55 40 55 2 ] VPEERSE: SOERARR BT v R fiff o) 4548 o0 b e e S 349

are the most important factors in F, can be used as the main indicators for drought resistance evaluation of X.
sorbifolium. The selected 90 drought-resistant germplasm resources, with advantges of high-yield, water-saving
and drought-risistant, could provide materials for the breeding of drought-resistant X. sorbifolium. [Ch, 1 fig. 6
tab. 32 ref.]

Key words: Xanthoceras sorbifolium; leaf anatomical structure; factor analysis; drought resistance

R Xanthoceras sorbifolium 3 JC T} Sapindaceae Ul )@ Xanthoceras #4¥), & EIL A
MIARASHDEHR B, R B, HE S AARmAs iR, BAMRES M EHNEMEFRMED, SOER
BABGRA A BE B, HUIER . MR, 2 ARG AR B RUE VD O R AR SRR, SGESR AR [R]
fR A BT B RIS T A RE A W 25 R, RPN RN BT RO B2 B, AE A RRoK B R A B R
AW W IEOL T, FFRSGERPTFEYEVEM, 5108 SO Pt 7 o 58 P 4 3l SGa SRk — 209 KM
e RGE A S HA T X 2 Y AT G Mz i 0 B0, SR I A K AT
SRR I, OB ARG 23 K A A R 3 5B, RO i TR S AR AT LS A A 6 A
BEfad g 7, et R IR AR, AT A I SO R AT e B e i 5 2 VR R AR L L K
R bR R R N TR, i R ML . AL AL I TR B S AR S PR SRR
PRV FZHERT T BT, R R R A A TR AR R LR PPN A [ SO SR A B R B P R PR
GERUD, R, ASBIFGEEE T SRR B U5 6] PN IS 0 R Y 200 £y 32 B SCEEIR AR BRI, ik 0] -
R AR RRAE SR FH R AR ZE 3 A i 5 I AN SCRE SRR [RI R B B8R bt 52k, AR SO = 7
B AE AL B BRI AR

1 #MEEF&®

1.1 B

BEah R AR BN ST A IR X I T T & B R KUK I SO R Bl BT U, 43°40 '~ 43°42'N,
121°34'~121°37'B. 1% 57 5% I [ /2 2005 45 DA 42 [ il A WO SO SR GdE AR XN 2R Gl . 77 &
Holr . WEEh . BRI, AR T dba. AR BEVE . ILpE . WIES . WA #ER LR, TN
SEHARTR, JEARREERATE T BRI PR 8 5.9 °C, ARk 338.3 mm, TEREIZY 148d.
1.2 ##

PEFERI IS —3 (15 4F4E) . o i . RV RAFAY S F - BSOGE SRR, T 2019 48, 72401 AR
T5EM e 2RI (7 A TA)), TR LS T 1) v ER e IO [ — 2 6 F st i, A2
MR- L E W (FAA) W E
1.3 MRABRSEHNE

¥ FAA [EE W gt 58U, 7R R ERK e 0.5 emx0.5 em IE B AHEU . R A& A
BED RV R AT K L GBI RS AV R AN B SRS SRRV R ML R, Bl 8~10 um,
I E SR e F R MW BB B, ZJE R AR T BXST WA AT WSO 4A R . i Digimizer # 4
M5 - R JEBE (leaf thickness, LT), |38 JZ 2 (thickness of upper epidermis, TU), | 27 J& & (thickness
of lower epidermis, TL), =41 2R (thickness of palisade tissue, TP), #4341 41/EFE (thickness of spongy
tissue, TS), It Jii J2 2 & (leaf cuticle thickness, LCT), T 4% H #& (vessel diameter, VD). i & M i kb
(palisade tissue and spongy tissue ratio, P/S), _[-3&} [ [t (proportion of the upper epidermis, PU), T 7 &
k. (proportion of lower epidermis, PL), /57 )Z 5 Lt (proportion of leaf cuticle thickness, PLCT), ZHZ145#)'%
Y5 (tightness of leaf palisade tissue, CTR) FIZH Z1Z5 M 5 #8 & (looseness of leaf spongy tissue, SR), HEVK
EHC3 ALEE, RAUEFIE EE 10 K, FrA BdE R 30 MIEE R IE . o Wb L (P/S)=lt
P LU EE (TP G4 LURE (TS)x100%; FRH 4 L (PU)= 3R K JRRE (PUY/M: FrJEBE (LT)*x100%; T
L Ez G (PL)=F 3 JJRBE (PLY/E & JE (LT)x100%; #5512 o5 L (PLCT)=4 51 =) & (PLCT)/M )5
JE (LT)x100%; 41214540 B % B (CTR)=HIHA 41 ZUS B2 (TPt A JRE B (LT)*x100%; 20 21 45 ¥4 i A8 2
(SR)=IF 45 AH 4 BE (TS)/M F JE B (LT)*100%
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1.4 HiEsbiE

i ] Excel 2019, SPSS 26.0 5 Rstudio FR/FHEATHI, AR AN [F] SCd R A BT G805 i i e #1145
FRFAEIES T T o B AR AT B 5 2250 B0 I Wi ARSI SR PR AR Z I AR B G R, A HAT
FEEEE 2R R AR B IR S R DB AR LR A T —Fh Z oot b o brorik, b, et
17 KMO (Kaiser-Meyer-Olkin) 6 36 1 [ 4% 1] £ (Bartlett) BRIE K 56, 1 2 A 1 & 75 36 & A F 941 .
KMO {8, BPiRESSE BE o (l, BUEEE R 0~1, KMO HBRESE T 1 (>0.5), A8 2 [A] (A0 6 PR B
JEUA 75 R B AV 0T EVER AR ERE A 56 (Bartlett) 5 7 (B 1Y B 2K F P<<0.05, PAF43H7 B9%50CH-
P, S ARG A AT 5E 1, @i SPSS Bk bR E 22 b tfiAk (Z AnifEfl) XT 13 DS PFN a5
HEATAREALAL 3, HE4T KMO K36 R EL 4 R4 (Bartlett) BRIE A 30 J5 42 Pl A TS B E A7 I 740 b7 . e e
AR =1 A JE IR P o ISR B B K7 22 36 IR 1 3 far 20 B AR A TG, R R Ja i P A A8 B E A 7
PRI 23 0, DA M % 8 PR AR SR 1 A8 B PN S

(] s R TSR 8 PRS0 BT i X0 B B B U A e S R A T 2R S PR DY, S BRI B, PURMERGR, R
Z, PrRpEEEs, Hdr, s R BE TR AT . EAK: Y~y Agmin) GymaxAgmin); TR :
Y= 1 =G gmin)! Cgmaxqmin)e FeH e Yy 55 p AT g DHEVRIYS S REBE 5 A,y A5 p HIGE g 116
PRI EE s Aymax 5 Agmin 239 RER g DHEARIY I AT/ IME

2 HERG

2.1 AEMBEREEERNSIT S REXES
A LA BERARRIZTH 13 MRS SER k1 CBRRTHMREILA 13 MERGT A
ﬁﬂ‘j 18.78%~51.17% ’ U‘EEU% 200 'fﬁJ\jC ﬁ%ﬁ;ﬁﬁ% Table 1 Statistics of 13 characters of leaf anatomical structure in X.

H T P A SR AEAE I 2 50, o, R P I = S
(LCT) 4 1.23~10.44 um, FE4# R B2 5 R 50w 165 S SRS i

fi/um fH/pm  pm (W% K%
K, H51.17%. MHLTHMMAR, HAGH R -
I JEEBE(LT) 60.22 270.04 140.90 50.99 36.19

(CTR) M85+ R BN 18.78%, AESEAUXTE/IN . 4546 FRIYJRE(TU) 397 2410 1195 522 43.65
PRAOCHE ST T GR 2) KB K2R Z ] . 2% TREIF(TL) 426 2136 10.13 4.04 39.87
(P<<0.05) itl 1o 3 (P<<0.01) #5C. HAmt FIRE  ppeaigyspzcre) 2234 18231 62.66 2822 45.04
(TL) 5 BREZIERE (TU), FREERE (TL). W24 mammgusisTs) 2030 104.51 51.90 17.08 3292

ZURFE (TP). MG HH LR JE (TS) Mg i 2 )R Rz LCT) 123 1044 386 197 5117
(LCT) Z5 PR S0 B E A G (P<<0.01), ZHLZEMBE B HAVD) 403 2501 974 441 4531
FABE (SR) S5t I (P/S). F4F HAZ (VD). BEJT)zE  MHEILES) 3526 26346 121.69 3893 32.00
JELRE (LCT) ZeMEk 5 25 G (P<<0.01). Ptk ERIEHEEUY) 427 1796 840 173 2059
ZIRMHOCHER I . A i piok i T RESIRD 4192134720 184 258
SRR TR B R L T . R AR AT I J5UZ o5 H(PLCT) 125 543 268 0.74 2747
VT T LS LT S S HASH R E(CTR)  23.08 9376 4379 822 1878

HAEEANESR) 2281 90.89 37.93 7.72 2035
Wi HEARECR200

22 EFSHEEEIFNISRHHEE

AWFFE R 13 N8 FR I KMO {58 0.715, ELAE
4 (Bartlett) BRIE A KT L+ 5 (H 0 4 891.701, 21 P=0.00(<<0.05), iIAAMF 5T & FH K 43 #r
ERGE M. 78 13 AT, HREUE 4 NMARTF Fi. By Fy. Fyo 4 DA TF2JERE 5 10 7 22 50k
AR 42.154%, 22.300% ., 14.885% . 10.650%, ZilTifk=ik 89.988%, HEUEELF Mo 13 A PEM
BRI B . SR TFRORRAE(E . STRRR DL B BTkoR L6 3. 3 4 HERE T 148 IR 128 Ao L B B A5
REGERE, Hoh £y AR TFEN FIRE | BHALUEE | FRGEE . SEEE, TRLEE .
UL RIS T2 R B ok, HaxseAr gy St R B W 2 EASC, Fik Fy AT SO R
P F, AR FEMRE L . 250 B B A 2S5 si s F sk ek, nle SO g5 R 7, H
A A SE A BAN HE X S T A M2 DA B 5 sy 20 A1 R Bl i A B3R LU AT R 3R B T
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R2 200 BRI A ERIEN 13 MERBBEXES T

Table 2 Correlation between 13 traits of leaf anatomical structure in 200 X. sorbifolium samples

B0 LT TU TL TP TS LCT VD P/S PU PL PLCT CTR SR
LT 1

TU 0.890%* 1

TL 0.823%%  0.881*%* 1

TP 0.903%%  0.827%*%  0.754%* 1

TS 0.832%%  0.726%*  0.734%*  0.653%* |

LCT 0.832%%  0.772%%  0.769**  0.783%*  0.719%* |

VD 0.851%%  0.86™*  0.829%*  (.785%*  0.711%* 0.741%* |

P/S 0.393%%  0.405%*  0313**  0.678%* —0.075  0366%*  0362** 1

PU 0.139* 0.552%%  0.452%%  0.187**  0.115  0.195%*  0.334%%  0.152%*% |

PL -0.110 0.146%  0.447**  —0.061 0.016  0.056 0117  -0.064  0.595%% 1

PLCT 0.214%%  0263*%F  0357*%  0.252%%  0233%F  0.691%*  0261**  0.157%  0221%* 0.309%* 1

CTR 0.230%%  0276%*  0251%*%  0.602%* —0.021  0266%*  0248%*  0.838** 0227** 0.137  0213%* |

SR —0.394%%  —0354%%  —0.220%* —0.493%*  0.154* —0281%* -0323** —0.792%* 0010  0293** 0.018  -0412%* |

Ui HEIRCAFEAR LR *Fm B (P<0.05); **Fmil & HE (P<0.01)

T, W ORI T By BT REE x3 FTEEMNISHEEEE
Hﬁﬁ%j( 5 ﬁiﬂg ijil:Ei E:‘ 5 Hﬁ ?‘ o Table 3 Total variance contribution
3 4n DB RI I8 E 4 AR T LS BIRRFAELE ek i E R
Oy o KBTS R E XN X, Xovor, Xpp, HAE BB T meso . wEk BRI
" FHIEAR g R FHIEAR 2o R
4/I\/L\\¥J:‘E/‘J/f§lfﬁ}i|§7j—\‘j‘jF1\ Fy. F5. Fy, A R ” 7 ?
NET N F LT 6.554 50418 50.418 5480 42.154 42.154
TU 2303 17714 68.132 2899 22300 64.454
/\/\ S }‘/F‘Z/’i:A’Fl/\ S
‘;ng AR THRGE ., RAFER G135 (F)i.? TL 1799 13.837 81.969 1.935 14.885 79.339
ik K F—(AJﬁ;&{ﬁ%Fi '1/454)/(’11“‘?:13“4) > 7 TP 1.043 8019 89.988 1384 10.650 89.988
4 G=1, 2,0, 4) G 0A 4 NS TFIRRIEAR o BT TS 0608 4677  94.665

F=0.066X,+0.084X,+0.083X;+0.076X,+0.044Xs+ |1 o400 3145 97511
0.063X;+0.075X,+0.060Xs+0.068X,+0.044X,+0.032X, 1+ vp o479 1377 99188

0.058X,,—0.040.X 5. P/S 0.037 0288  99.476
Heb. X, (i=1,2, -, 13) NEHERZIRERESE U 0023  0.176  99.652
IRFE AR R 7 A B PL 0.018  0.137  99.789

th R IRFRATI R (MR WL PLCT 0014 009 99598
e 13UEERT LR HEE (0.084), THRESEE  CTR 0000 0066 99964
(0.083), HIHE 4 ZUR FE (0.076) #1548 EL4E (0.075) SR 0005 0036 100
HEPR LR MO R R IR P R A ), miglgy RO AL
LHIBTARIE (-0.040) HERAHANRGMNICR , MINH ALAUGHRBIAS , ZRA TR, HT M.
23 TRXBRMERRMHEMETNRADHRIG

BT TS HT S 4 AW TF[075 50 BEA 50, 1L Buclidean B 5 BERRE, I Ward 44
200 GRENTVEIRIETT R GERAOIHT, A 200 GFTGEIAT T AL BIE2 41, Hirh A 4LEHE 90 IR
UL B ALEE 110 BRI MR AT B A 41SCE R R VRIS 413504 0.610, B T B 417
J3-0.449( 5), I T TTLATE th: A ALY FHIPRS LG HE O S0 FL o7 OB, A IR 4141 T LI 3
M A T BRI BRI S . AT PR K B ) T B AL I R 410
HEERAL SN SRR ARSI, AR, AERRZ 2] T SUaR ik AR R FFRAE 1 Sk R, A

RAMARR I 2 16
X 2 AU R b B TSR R BT (3 5): A ALEYSRIE R 9 0479, T B 41 (0.210),
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Table 4 Factor loadings and factor scores coefficient after rotated

B =) H 1545
Ei=tn A
F, F, F, F, F, F, F, F,

LT X, 0.961 0.225 -0.105 0.051 0.211 -0.017 -0.115 ~0.081
TU X, 0.900 0.250 0.282 0.003 0.179 0.006 0.116 -0.172
TL X; 0.848 0.137 0.397 0.157 0.151 -0.035 0.160 -0.044
TP X, 0.800 0.537 -0.025 0.122 0.123 0.126 -0.068 -0.012
TS X; 0913 -0.263 -0.035 0.139 0.236 -0.209 -0.092 0.001
LCT X, 0.788 0.194 -0.021 0.558 0.095 -0.018 -0.133 0.379
VD X, 0.880 0.207 0.155 0.045 0.180 -0.011 0.038 -0.113
P/S Xy 0.179 0.970 0.025 0.074 —0.074 0.370 0.006 0.020
PU Xo 0.225 0.115 0.868 -0.039 0.003 0.034 0.490 -0.197
PL Xuo -0.018 -0.115 0.890 0.229 -0.072 -0.037 0.473 0.075
PLCT Xy 0.182 0.063 0.168 0.942 -0.106 -0.008 -0.052 0.779
CTR X 0.062 0.827 0.208 0.202 -0.115 0.326 0.096 0.125
SR X3 -0.196 -0.821 0.207 0.148 0.009 -0.309 0.096 0.142

PR T AN N e S

RS 2 FKBERM RS EHERE RS

Table 5 Subordinative function of 2 types of X. sorbifolium leaf anatomical structure

R PR
e GRWME  ZRETaF
LT TU TL TP TS LCT VD PS PU PL PLCT CTR SR
A4l 0610 0.638 0563 0411 0471 0476 0467 0461 0346 0.195 0433 0338 0820 0479 0.610
B4l 0205 0203 0.168 0.125 0254 0.131 0.118 0310 0265 0.164 0274 0256 0257 0210 ~0.449

LW AREISIRAE R LR

A%

B4

100 pm- kY

B 12 AP RSO RAY IR GG T AR 4 M A AE
Figure 1 ~ Leaf anatomical structure characteristics of 2 types of X. sorbifolium

KW TAHrLEa R a1 —28, RN Tk TR SOE R SR A& vk . T7 2893

Préatidf (% 6) Wl A 1A B ZFP BTSRRI A B bR P BR T R B b EORFFAAE 3 22 58, HARAEhR I AE

TEM W E 255 . AR JRRE | b/ R BJREE | MIA 21 25 S o 2 5 R SR W 25 v T B 4

1M B 2H A NS BAR BER T, O 40.321%. X RUITER] — T RIE AT, A AR BB IR T 7 i
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F6 2THABNERIFBEREHNTESN

Table 6 Variance of 2 types of X. sorbifolium leaf anatomical structure

M LT/ym TUpm TL/um TPum TS/um LCT/um VD/um  P/S/%  PU/% PL/% PLCT/% CTR/% SR/%

A%l 188.117 16.820 13.879 88.037 64.863 5.618 13.818 140.499 9.011 7.540 3.060 46.987  35.053
BH  103.134 8.062 7.123 42304 41.716 2.439 6.499 106.100 7.889  7.001 2.393 41.157 40321
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.910 0.000 0.000 0.000

A R L U AN E A S

KBENER T BAL, B AUMPTREEZ T B4, A 409 SCE 5 A 5 98 U8 0 18 o T 2 1 IX
FiAE o

3 &5t

R T 25 AR AR AR X T 5 i A B 2 AL 2 — o RIWAE A 3R b i 8 i 2
U5 A R A AARAE, R R S5 A 0 2 R AR AR BT SRR R I N i
JEEEN BRI R R BRI ML NG A B Y SRR R R Y R 3 2 A
b, A S — A8 AR RO A A ST RAE EA  EE, W ZIUE AR AT 2R G T R ME R PN AL o 5 B R
PURPER SCHE . ARBTTEHE T 13 It F fift ) 2544 45 b 0 SOE R B R BT IR A 5T AR AT T 1M, 452R %
W SOERA R B SR i R F S AR AR i S BB, HARPRZ AL HA RFARSCE . N fliZia
PN AR WA B, RN Tk N B febr S ol 4 AN T JBEEREIN T A48 8N
T RPN T AR & T, P T R R BN SRR | M U A B A ]
VRPN SOERPTRIER) £ 2SR

BT TSR, 456 RS o B Ao i BUREIR I 70 O A 410 B 4. b A 411
90 {3 Pl B BT IR B A B RS A3 AR sREUE, TERBRSE | WA ZUREE | AIZE5 0 RS A A
ARSI EA BRI WR, AETRIE T, AARMBEEMLT B AEARBNENES . A
MR, K BE T BGRE, P SURSE, AR HES ) B B A RO A Rk o B R 22, MR Y
EHEAR IR R R s R AR, AR R S HE N R EREET [R T A MR eR B T A R i — Bk R
W P ik BE G HEBR L PEAN D IR 0E (BT A SO SR ARG, O 0E H Ay A 2L p B D5 E RO 7
TORPURRIPEAL, AT 5 XA T H A b b

I R R TR 5 R A e S AL 70 S PR R e e 2 B o o 9 R A — S 5 T 0 U2 AR
K3 R IR I A i — Fp S 2 AR, W M RIS . AR A OB AR 2 T T A
JRBIBFTE R, Al LAZRES 5 2Rl N 345 5 A= SE R PR - e bt 5 R S BT
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