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Abstract; Taking 7 populations of Xanthoceras sorbifolium Bunge from Inner Mongolia, Hebei, and
He’nan as research objects, 11 growth characters were observed consecutively for 3 a; on the basis, the
relationships between growth characters and geographical-climatic factors were analyzed by using
correlation, path, and decision analyses, and the major factors impacting growth characters of X.
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sorbifolium were clarified. The results show that there are extremely significant ( P<0.01) differences in
growth characters among 7 populations of X. sorbifolium tested, in which, the average coefficient of

variation of ground diameter is the largest (46.44% ) , while that of leaf shape index and leaf density is

the smallest (both are 11.80%) ; there are extremely significant or significant ( P<0.05) differences in

tree height, ground diameter, crown width, diameter of the first round of living branch, and leaf area

within population, but no significant difference in other growth characters, indicating that there are

universal variations in each growth character of X. sorbifolium among populations, while the variation

degree is inconsistent within population, and growth characters including ground diameter and tree

height, etc.

are not stable among different populations, but leaf-associated growth characters are

relatively stable. The correlation analysis result shows that latitude, longitude, and altitude show
significant or extremely significant negative correlations with tree height, ground diameter, crown width,
leaf length, leaf width, leaf area, and leaf density in general ; annual mean temperature, =10 °C annual
accumulated temperature, annual sunshine hours, and annual precipitation all show significant or
extremely significant positive correlations with most growth characters including tree height, ground
diameter, and crown width, etc., indicating that the increase of latitude, longitude, and altitude is not
good for the increase of 7 growth characters including tree height and ground diameter, etc., while proper
increase of temperature, sunshine hours, and precipitation is beneficial for the growth of X. sorbifolium.
Path and decision analyses results show that =10 “C annual accumulated temperature is the direct action
factor of all growth characters, and is the major decision factor of tree height, clear bole height, branch
angle, and leaf shape index; the major decision factors of crown width and leaf density, ground diameter

and leaf length, leaf width and leaf area, and diameter of the first round of living branch are longitude,

annual sunshine hours, annual precipitation, and frostless period, respectively. The comprehensive

analysis result shows that the growth characters of X. sorbifolium show evident geographical variation law,

and there are obvious differences in influence degree of different geographical-climatic factors on the

growth characters; effects of multiple environmental factors on the growth characters should be

comprehensively considered in introduction and cultivation process of X. sorbifolium to increase the

accuracy of superior provenance selection.

Key words: Xanthoceras sorbifolium Bunge;

growth characters;

geographical-climatic factors;

correlation ; direct path coefficient; decision coefficient

REHR ( Xanthoceras sorbifolium Bunge ) 3 J& TG
B TBl (Sapindaceae ) SCTE & ( Xanthoceras Bunge) |
Frh o TS L P AP . T
SCTRE SRS RS R i, ELAT T € T SR R i 45
Rtk OF HHECSRIK oy Sim e A E
K, E R pREgR AL IR BE AR LK 7 KU b 1) i
BTl 49 1 ol A B S SR ) kg A 0 S it A 7 1Y)
SRR RN 2 BT, AR Ox SOE R T
TEON RGP, FEAETPER IR A Fh 7@ 5T
WL AR S TEAETE R BRIHOR A7 1800 AR $2
) A KRR — R RS, 45 R
IR AR FREEAAET SCRESR B e | b A R e i 4 A
KR i 22 AR

TP A R B RER RIPR IR B R 5 3 45 1A
AIEER B 5 A B BB AR RR AT JC AN TEAR AR
E 5 Z I U - A SN IR 5 Y B R 5
w7 BT AR T AR R R S R 2 R TER

W AR b R TR] oA DAY SO AT R T 5 2
PRIEARE I 0 AR IR | AR HXREAS R A K BRI H.
A —E T ER A 22 0 J, Xt
SOERAE AR o P - I 7 5C R T sE 2 46
TR AR S XN BOEIR Ko PR S5 B — A
AP H AR MR S0 1 X AR [6] 434 X
2RI IR %08 SO 2R AR PR Y 258 5 3 i 147
FE, X SO A 7 A P B B R

R W AN TR] A DX PRS2 i SO AR R PR A 32
ST AR LSRR T S AL AT R 4 7 4> 3C
TR AR N B TR R ELE 3 a X 11 AMERE
ARIEATHEI , H- R ] Duncan’s B & W 22 1 i LR R
7 280 Mo BRSO R AR 80 A MR ZEA T LU A,
R ASEAE I AR ST AR 34T X0 2% A AR
52 B~ R 18] A AR SC AR AT 23 B, LB
SO AR IE A= 57 M AN Bl 5 9 0 ) e 4 e LA o £k
AR A HIR i ) o S R (PR R



46 T BT IR 5 3 BT o

528 4

1 BB I B 5T ik

1.1 iR

FENZEIHIER (P1) (AZE T RIL(P2)  NE
FEWIEHL(P3) (NS ARAIE (P4) L RIE(PS) |
LR (Po) AT kB (P7) 73534 1 S SOER
SRR IO SRR A 26 5 28 RN 5 AR A A

KA AT BB AR AR, I SR B S M (hitp ; //data.
cma. en/) 3RIX 2015 4F 7 H % 2017 4F 7 H & BEK
AR =10 CAERUR AF B RATE AFROK R R
REMITFENEE (R 1),

B 7 A SO R A IS L T R AT i B I
v I AR DI, F2 AR AR R ( Ulmus pumila
Linn.) 1 #E ( Robinia pseudoacacia Linn.) 55 ; +-3E K
SRAT bk 4, 1R IRHE 150~ 160 cm,

F17ANEREMEME B AR

Table 1 Natural situation of plots of 7 populations of Xanthoceras sorbifolium Bunge

. HyE ~ > ~ R:E ~ ﬁﬁ S ¥ =N ER/AN=N AT’/
D . . . nnual mean =10 C annual Annual sunshine Annual Annual Frostless
Plot Latitude Longitude Altitude L . .
temperature  accumulated temperature hours precipitation evaporation period

P1 N44°13"  E119°18’ 550 5.6 2 900 2 860 332 2 060 123
P2 N43°10"  E120°03’ 420 5.7 2 850 3020 346 2 055 149
P3 N42°57"  E119°00’ 510 5.9 2 680 2 900 311 2212 133
P4 N42°56"  E119°16’ 500 5.8 2 690 2925 343 2023 121
P5 N40°58"  E118°50’ 623 9.5 3 620 2 542 515 1990 129
P6 N39°45"  E114°25' 850 6.6 3010 2 900 407 1 580 128
P7 N34°38"  E111°37’ 760 13.8 4 320 2 263 570 2 354 220

DP1; AZEEHIHS Kundu of Inner Mongolia; P2 PI52T K1l Tianshan of Inner Mongolia; P3: P51 ZEI0 4TI Segutala of Inner Mongolia; P4; P15
W A&ARIE Zhudaigou of Inner Mongolia; P5. LK% Chengde of Hebei; P6. JATJLEFE: Yuxian of Hebei; P7. {A[F§F% L Shanxian of He'nan.
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Table 2 Comparison on growth characters of Xanthoceras sorbifolium Bunge from different populations ( X+SD) 1)

EMZKZ) 2 H/m D;/cm Hep/m W./m Ap/(°) D,/ cm
Population

P1 2.88x1.22d 10. 9625. 03d 0.91=0. 18¢ 2.39:0. 80d 36. 61x4. 83hc 11.75+4.29h
P2 2. 04x0. 68¢ 4.96x2. 35f 0. 57+0. 10d 1. 68+0. 67¢ 39.77+4. 81b 2.28+0. 81e
P3 3.47+1.45¢ 8.95+3. 88e 0. 98+0. 16bc 2.77+0.91c 36. 73+6. 58bc 7.53+2.31d
P4 4.05+1.75b 14. 19+6. 80b 1.20+0. 32a 3.78+1.11b 45.95+8. 34a 14.83+4. 19a
P5 5.12+1.85a 19.71+8. 83a 1. 010. 16be 4.15+1.36a 34.17+6. 16bc 9.74+3. 68¢c
P6 1. 84%0. 55¢ 4.58+2.20f 0. 47+0. 05d 1. 620. 62e 32.074. 58¢ 2.70%0. 58¢
p7 3.66+1. 24c 12.97+6. 20¢ 0. 98+0. 14bc 2.34x0. 84d 35.96+6. 49hc 8.61£2. 85¢d
HI{H Average 3.56x1. 44 11.65%5.20 0.95+0. 38 2.86x1.02 36. 44+14.25 10. 53%5. 03
BRI FAE 143, 292 s 252. 900 15. 536 136. 854 7. 813 68. 291

F value among populations

FERN Y FH 48. 621 % 96. 534 4.568 57. 894 2.115 23. 476

F value within population

HEAD ) L;/cm W, /cm LSI AL/cm2 D;/cm
Population

Pl 4.610.61c 1.510. 25¢ 3.10+0. 43b 4.71+1.29d 1.170. 15b
P2 5.09+0. 68b 1.61+0. 19b 3.2420.41a 5.54x1.04b 1.000. 11d
P3 4.59+0. 62c 1. 63+0. 20b 2.85+0. 36d 5.07+1. 41cd 1. 14+0. 13bc
P4 4. 65+0. 60c 1. 69+0. 33b 2. 80+0. 39d 5.31x1.47bc 1. 0410. 13c
P5 5.16+0. 54a 1.92+0. 45a 2.69+0.31e 6.60£2. 31a 1.28+0. 15a
P6 4.93+0. 60bc 1. 64£0. 24b 3.020. 28bc 5.47+1. 42bc 1. 12£0. 13be
P7 5.02+0. 66b 1. 68+0. 25b 3. 00+0. 27¢ 5.73%1.55b 1.15£0. 14b
I Average 4.79+0. 67 1. 68+0. 34 2.91+0. 39 5.44+1.72 1.130. 15
RERE Y F A 25. 2025 33.977 % 38. 598 51.017 %% 47. 148

F value among populations

RN FAH 5.346 10. 745 12.332 28. 489 23.671

F value within population

D H. #5 Tree height; D : W42 Ground diameter; Heg: . F % Clear bole height; W : 5L & Crown width; Ap: 4y A B Branch angle; D
1 #2154 H A2 Diameter of the first round of living branch; L; : "4 Leaf length; W, : M58 Leaf width; LSI: M JEF5%K Leaf shape index; A, ; I
TR Leaf area; Dy : M Leaf density. [RFH R A/NE F 1R 22 5 8.3 (P<0.05) Different lowercases in the same column indicate the

significant (P<0.05) difference.

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

Dp1. NS HIES Kundu of Inner Mongolia; P2: 521 K 1L Tianshan of Inner Mongolia; P3; PI5¢ iy ZEILIE I Segutala of Inner Mongolia; P4, 5%
2RI Zhudaigou of Inner Mongolia; P5: JA[JL7K{% Chengde of Hebei; P6: JWJLEFE Yuxian of Hebei; P7: {AFg [ E Shanxian of He'nan.

£3 TRXERBEERKERNERZY

Table 3 Coefficient of variation of growth characters of Xanthoceras sorbifolium Bunge from different populations

BEfAD A ZH/ %Y Coefficient of variation?’

Population"” H D¢ Hep We Ay Dy L, Wi, LSI A Dy, BIME Average
P1 42.10 46. 06 19. 63 33.46 13.19 36.50 13.20 16. 64 13.91 27. 44 12. 60 24.98

P2 32.28 46.97 18.39 39. 81 18. 15 35. 67 10.53 12.08 12.73 18.79 11. 14 23.32

P3 41. 82 43.48 16. 08 32.46 17.91 28.24 13.59 17.57 12.48 27.76 11. 64 23.91

P4 43.74 47.92 16.75 29. 10 14.26 30. 62 12.97 19. 56 13. 81 27.68 11.35 24.34

P5 36. 35 44. 81 14. 13 32.77 18. 02 37.77 13.27 23.51 11.42 35.06 12. 18 25.39

P6 29. 82 48. 04 9.88 38.22 12. 09 34.03 12.27 14.52 9.39 25.94 11.95 22.38

pP7 34.12 47. 81 14. 45 35.97 18. 05 33.08 13.20 14.70 8. 85 27.08 11.76 23.55
Y{H Average 37.17 46. 44 15. 61 34.54 15.95 33.70 12.72 16. 94 11. 80 27.11 11. 80 23.98

Dp1 . N5 R Kundu of Inner Mongolia; P2. M52 K11 Tianshan of Inner Mongolia; P3. WS ZEIL SR Segutala of Inner Mongolia; P4 e
WA Zhudaigou of Inner Mongolia; P5: A[JL 7% Chengde of Hebei; P6: {dLEFE Yuxian of Hebei; P7. {EgEE Shanxian of Henan.

D' H. B Tree height; D¢ : Hi4E Ground diameter; Hp: B2 T Clear bole height; W F1E Crown width; Ap: 4347 & Branch angle; Dy
5 1 #8215 H 42 Diameter of the first round of living branch; L; : "< Leaf length; W, : M%E Leaf width; LSI: M- JE45%K Leaf shape index; A; ; I
MFR Leaf area; D, : M Leaf density.
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B Sk AR G | e W AR R K 38 oot SCoes SR AR e A
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Table 4 Correlation coefficient between growth characters of Xanthoceras sorbifolium Bunge and geographical-climatic factors

HK HMXEZRE  Correlation coefficient”
B sx e ma R Sl0CERE RRENE KR ERAR KRN
. . . nnual average =10 °C annual Annual sunshine Annual Annual Frostless
character" Latitude Longitude Altitude temperature  accumulated temperature hours precipitation  evaporation period
H -0. 608  —0.501= =0. 757 % 0. 785 0. 847 0. 8423 0. 632 0. 021 0. 785
D =0.6062x%  —0.564* =0. 821 #x* 0. 924 5 0. 94533 0. 961 0. 564 0.043 0. 924 s
Hep 0. 008 0. 043 =0. 617 == 0.578* 0. 588 0.561* 0. 830 -0. 004 0. 578
We —=0. 555 —=0.645%%  —0. 847 %% 0. 622 0. 6763 0. 709 3 0. 617 —-0. 663 #* 0. 6223
Ay 0.016 0.511=* -0. 566+ -0. 044 0.571* 0. 554 -0. 029 0.569%  -0.044
Dy 0. 696 0.719%%  —0.571* =0. 663 0.573* 0. 706 0. 8323 =0.604xx 0. 663*:*
L; =0.710%* -0.673%+%  —0.006 0. 758 % 0. 718 0. 784 s —0. 594 5% 0. 655 0. 758
Wy, -0.634%%  =0.576*%%  —0.579%x* 0. 7093 0. 7125 0. 768 ** —-0. 566* 0. 632%* 0. 7095
LSI -0.009 -0.037 =0. 573 %% 0. 051 0. 597 = 0. 507 -0.013 0.584#%  0.551=
Ay =0. 679 =0.625%%  —0.554%* 0. 7523 0. 7383 0. 802 —0. 584 %% 0. 587 %% 0. 752
D, —=0. 607 #* =0.641%+  —0.585%%* —0. 796 % 0. 591 s 0. 623 —0. 597 #x* 0. 601 s 0. 796

D H. W& Tree height

; Dg: Hi42 Ground diameter; Heg: B F & Clear bole height; W : e M Crown width Ay Ay 4% ff1 B Branch angle; Dy
%5 1 48754 B 4% Diameter of the first round of living branch; L; ; "< Leaf length; W, : M9E Leaf width; LSI: MJEF5%X Leaf shape index; A, :
TFY Leaf area; Dy : M Leaf density.

P P<0.05; #%; P<0.0l.
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() de FEYR A ¥, R R B K 5. 667 5. 054
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Table 5 Direct path coefficient between growth characters of Xanthoceras sorbifolium Bunge and geographical-climatic factors

H AR

Direct path coefficient

2 1)
Gt . . ik =10 CAFRUH EHMME ROk AR A
character" Latitude Longitude Altitude =10 °C annual Annual sunshine A.nn.ual. Annua.l Frost'less
accumulated temperature hours precipitation evaporation period
H 0.702 — -0.232 -0.873 -0. 649 0.771 — 0. 505
D¢ -0.228 — -0. 631 -1.313 -1.822 — -0.450 —
Hep — -0.295 -0. 326 -1.286 -1.207 — —
We — 0. 947 -0.122 -0.518 — -0. 166 -0.078 -0.236
Ag — — — 1.097 0. 809 -0.359 — —
Dyp — 1.968 1. 620 1.776 — — 2.576 -2.776
L. — — — 0.463 1.104 0. 877 0.172 —
Wi — — — -1.713 — 1.942 0.270 —
LSI — — — 2.819 0.974 -1.940 -0.250 —
Ay — — — -0.919 0. 487 1. 662 0.254 —
Dy — 1.428 -0.266 0.338 — — — 0. 843

DH. RE Tree height; D : H84% Ground diameter; Hep: #% T & Clear bole height; W : 50 Crown width; Ay 3 f 8 Branch angle; D -
25 1 %75 4% E AR Diameter of the first round of living branch; L; : " Leaf length; W, . M98 Leaf width; LSI: MJE38%X Leaf shape index; A, ; '

I Leaf area; D : M4 Leaf density.
Y —. TR No datum.

F6 YXEREKEREHME-SIEETFEEREKRY

Table 6 Decision coefficient between growth characters of Xanthoceras sorbifolium Bunge and geographical-climatic factors

KK ﬁ/{jﬁ” 9&%%’;’&2) Decision coefficient®
=K

e = AN FR % s Y & il
Growth 1) I L it = ig Eﬁjjnu{;_{ A:'Iillil %urifi[ne ﬁj\ﬁfnﬁ% ﬂj&nnﬁi? F?rf(‘::tﬁle)ij%
character Latitude Longitude Altitude S S . o

accumulated temperature hours precipitation evaporation period

H 4. 642 — 1. 631 5.667 4.221 5.076 — 3.456
D 1.224 — 3.116 8. 581 10. 395 — 2.5% —
Heg — 1. 118 1. 007 5.054 4. 601 — — —
We — 7. 664 1.736 2.180 — 2.091 1. 157 2.435
Ay — — — 3.251 0. 801 0.275 — —
Dy — 0.079 0.542 1.988 — — 9.768 10. 838
L, — — — 0.238 2.357 1.888 0.536 —
W, — — — 10. 224 — 11. 151 1.595 —
LSI — — — 16. 852 1. 567 8. 866 0.725 —
Ay — — — 2.599 1. 140 3.444 0.747 —
D, — 5.743 1.231 1.525 — — —

Y'H: 75 Tree height; D¢ : H4% Ground diameter; Hey: A% T & Clear bole height; W : 5 ME Crown width; Ay 734 ffiJ& Branch angle; Dy -
5 1 %754 B 42 Diameter of the first round of living branch; L; : M+ Leaf length; Wi . %8 Leaf width; LSI: M JE48 4L Leaf shape index; A -

T FY Leaf area; Dy : "M% B Leaf density.
D —. FHE No datum.
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