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Abstract; Seeds of Quercus liaotungensis Koidz. were collected from 12 provenances in Shanxi, Gansu,
Hebei, Shaanxi, and Liaoning, and variation analysis was conducted for seed indexes ( containing
germination rate, seed length, seed width, single seed mass, single seed volume, and cupule scare
diameter) and sapling indexes [ containing seedling index, root length ratio, single leaf area, branch
number per plant, internode length, and kinetic parameters of rapid chlorophyll fluorescence induction
and relative chlorophyll content (SPAD) in leaf) of different provenances were analyzed, on the basis,
Pearson correlation analyses were performed among these indexes and between them and geographical
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locations and environmental factors ( containing climatic factors and soil factors) of origins, and Heatmap
cluster analysis was conducted for the test provenances based on different types of indexes. The results
show that the differences in germination rate, seed length, seed width, single seed mass, single seed
volume, cupule scare diameter, seedling index, root length ratio, single leaf area, density of reaction
centers of PSII (RC/CS,), the flux of electrons transferred from Q} to plastoquinone (PQ) per reaction
center (RC) of PSIl (ET,/RC), the flux of electrons transferred from Q} to PSI acceptors per RC of
PST (RE,/RC), and performance index on absorption basis (PI,,) among provenances are significant
(P<0.05) or extremely significant (P<0.01). The means of coefficient of variation of seed and sapling
indexes among provenances (which are 27.81% and 20.58%, respectively) are smaller than those among
individuals (which are 32.36% and 30.01%, respectively), in which, the coefficients of variation of
germination rate, seed width, and seedling index among provenances and individuals are relatively large.
The provenance repeatability of each seed index and seedling index, single leaf area, and RC/CS, of
sapling are greater than 0.9. The correlation analysis results show that the correlations among part indexes
and between them and geographical locations and environmental factors of origins are significant or
extremely significant, for example, germination rate shows significant positive correlations with monthly
mean diurnal range of temperature and solar radiation intensity in May, Jun., and Oct. of origins, the
correlation coefficients are 0.59, 0.65, 0.60, and 0.61, respectively; seedling index shows significant,
extremely significant, and significant positive correlations with annual mean temperature range,
precipitation of the wettest month, and sand content in upper soil of origins, respectively, the correlation
coefficients are 0.67, 0.74, and 0.67, respectively. The cluster analysis result shows that whether the
provenance cluster based on seed indexes, sapling indexes, environmental factors of origins, or all
indexes, provenances from Weichang of Hebei and Haicheng of Liaoning are clearly separated from other
provenances. It is suggested that the variations of seed and sapling indexes of (. liaotungensis are
abundant, and the variations among individuals are main. Individual selection in breeding can be
performed based on germination rate, seed width, and seedling index.
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Table 1 Origin information of each test provenance of Quercus liaotungensis Koidz.

% AL a0 e Hit/m /T RO
Code Origin Longitude Latitude Altitude Annual mean Anm{al. mean
temperature precipitation
Pl LI PG A Heshun of Shanxi E113°28'26.4" N37°20'52.8" 1 456.0 6.9 560.0
P2 1 P5 i Ningwu of Shanxi E112°04'26.5" N38°49'33.6" 1961.9 2.8 490.5
P3 PG5 [ Jiaokou of Shanxi E111°20'02.4" N36°48'50.4" 1238.3 8.3 504.6
P4 IIPE BH3EK Yangcheng of Shanxi E112021'43.2" N35°25'33.6" 783.5 11.3 586.8
P5 IIPE Y0 YE Qinyuan of Shanxi E112°05'42.0" N36°33'10.8" 1530.8 6.7 565.2
P6 1L P5 47#% Shilou of Shanxi E110°45'10.8" N37°02'06.1" 1.099.8 9.4 492.9
P7 IIPE 72111 Fushan of Shanxi E112°03'57.6" N35°5425.2" 1 186.4 9.1 569.6
P8 IIPE 711 Fangshan of Shanxi E111°29'02.4" N37°54'10.8" 1 960.6 4.0 507.6
P9 Hitr 7K Qingshui of Gansu E106°22'26.4" N34°41'06.0" 1772.0 7.4 630.6
P10 LY Weichang of Hebei E117°32'49.2" N42°06'28.8" 1217.0 4.1 433.9
P11 %P4 ¥ % Huangling of Shaanxi £109°03'32.4" N35°39'32.4" 1102.5 9.2 544.5
P12 iL T Haicheng of Liaoning E123°20'45.6" N40°24'10.8" 219.5 8.2 822.8
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Table 2 Comparison and variation analysis on seed indexes of Quercus liaotungensis Koidz. from different provenances (X+SD) !

FR RAR/ % HFRE/mm MTRE/mm NRATR mg PR B e B0 AR/ mm

Provenance?’  Germination rate Seed length Seed width Single seed mass Single seed volume Cupule scare diameter
P1 52.9+3.3bcABC 41.59+2.95aA 30.25+1.52aAB 2 499.3+522.4bBC 2.23+0.52¢dCDE 7.28+0.76¢B
P2 43.8+6.1cdBC 37.76+3.09bB 29.28+1.63bB 2 093.8+412.9¢D 2.04+0.32deEF 6.97+0.79¢B
P3 46.1+2.2¢dBC 41.52+4.12aA 30.46+1.82aA 2 495.2+516.0bBC 2.36+0.39bcBCD 7.00+0.79¢B
P4 58.1+5.7abAB 42.88+3.12aA 30.49+2.09aA 2 630.4+626.7bAB 2.51+0.48bBC 7.28+0.74cB
P5 50.3+6.9bcdBC 35.76+4.76cC 25.86+2.45¢C 1 408.1+583.0dE 1.43+0.50¢G 5.79+0.76eD
P6 65.9x1.3aA 41.43+3.05aA 30.99+2.02aA 2 773.0+456.7abAB 2.57+0.41bB 7.12+0.73¢B
P7 16.9+4.1eD 17.29+£2.21{E 12.05+1.72gG 1 199.2+478.9dE 1.16+0.51hG 5.99+1.42deCD
P8 47.7+4.1bcdBC 19.23+1.66eD 14.02+1.11{F 2 193.1+513.2¢CD 1.94+0.40efEF 6.39+0.68dC
P9 8.8+1.7¢D 20.30+2.02deD 14.31+0.92fF 2 116.8+500.0cD 2.08+0.41deDE 6.31+0.67dCD
P10 58.1+6.5abAB 21.04£1.45dD 17.73+0.93dD 2 956.2+632.6aA 3.04+0.50aA 9.10+0.88aA
P11 44.8+4.1cdBC 20.26x1.74deD 12.67+1.10gG 1 945.3+413.4cD 1.75+0.42fF 5.99+0.72deCD
P12 41.6+6.9dC 19.97+3.79deD 15.48+2.75eE 2 738.8+759.4abAB 2.55+0.65bB 8.65+1.30bA

F A F value 23.35# 461.96 % 746.34 5 34.82%x 44.53 53 47.44 55

CV\/% 35.85 34.85 35.51 23.01 23.54 14.11

CV,y/ % 37.04 36.30 36.45 33.32 32.12 18.95

T 0.96 0.99 0.99 0.97 0.98 0.98

&3 rpOR ) /NS IR S 7B 43 5 8 78 0.05 Fil 0.01 /K |- 2% 57 1. 3 Different lowercases and uppercases in the same column indicate the

significant differences at 0.05 and 0.01 levels, respectively. **. P<0.01.

2Pl IPGFINR Heshun of Shanxi; P2 IHPE T Ningwu of Shanxi; P3: LI PE3Z [ Jiaokou of Shanxi; P4, 11174 FH Yangcheng of Shanxi; PS5 ipid
IBYR Qinyuan of Shanxi; P6: LLITG 4% Shilou of Shanxi; P7: 117G LI Fushan of Shanxi; P8. 117G J5 LIl Fangshan of Shanxi; P9. H il & /K
Qingshui of Gansu; P10 {[Jt 4% Weichang of Hebei; P11 BEFHH % Huangling of Shaanxi; P12 iI TV Haicheng of Liaoning. CV/, . Fhilii[H]4S
B ZRZB Coefficient of variation among provenances; CV,: MAR[A] 45 5 Z %L Coefficient of variation among individuals; T: FiJf & /1 Provenance

repeatability.
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Table 3 Comparison and variation analysis on sapling indexes of Quercus liaotungensis Koidz. from different provenances (X+SD) "

) WEHH ORKE en- ) ER e OB :
Provenance?) Seedling index Root length ratio Single leaf area Branch number Internode length RE/CS, ABS/RC
per plant
P1 6.26+1.42bB 130.26+41.98bB 9.06+2.71cdeDEF 1.0+0.0bA 39.63+16.58abAB 258.49+27.39abA 1.57+0.13abAB
P2 1.39+0.43¢C 106.89+15.16bB 8.59+2.81defDEFG 1.3+0.5abA 12.14+3.42¢B 260.68+42.35abA 1.53+0.23abAB
P3 3.34+0.56¢BC 124.96+58.91bB 13.57+4.31aAB 1.0+£0.0bA 22.18+7.06bcAB 221.70+32.31bcAB 1.71+0.15aAB
P4 4.22+1.27bcBC 103.88+26.29bB 9.59+3.06¢dCDE 1.3+0.5abA 49.85+9.26aA 125.46+7.29dC 1.56+0.09abAB
P5 3.72+0.94bcBC 136.44+34.94bB 7.19+2.39(gFG 1.4+0.5abA 36.48+8.40abcAB 187.79+18.78¢B 1.76+0.10aAB
P6 2.52+0.27¢BC 234.54+52.08aA 10.05+2.98cdCDE 1.0+0.0bA 42.27+16.51abAB 119.45+9.21dC 1.64+0.13abAB
P7 2.48+0.15¢BC 148.87+10.36bAB 10.63+3.53bcCD 1.3+0.5abA 27.88+5.15abcAB 120.09+6.22dC 1.63+0.08abAB
P8 3.06+1.13¢BC 89.35+32.70bB 9.29+2.99cdeDEF 1.0+0.0bA 36.62+14.62abcAB 278.64+2.02aA 1.40+0.01bB
P9 3.03+0.88¢BC 117.35+39.85bB 7.71£2.50efgEFG 1.0+0.0bA 26.11+13.20abcAB 111.19+6.12dC 1.76+0.09aAB
P10 11.66+2.76aA 75.18+8.55bB 14.46+4.62aA 1.0+0.0bA 35.51£12.63abcAB 199.09+9.17¢B 1.80+0.06aA
P11 2.05+0.75¢C 108.92+18.06bB 6.60+1.952G 2.0+0.8aA 35.47+8.26abcAB 114.50+18.90dC 1.60+0.08abAB
P12 13.91+2.11aA 111.26+22.76bB 11.78+3.92bBC 1.0£0.0bA 22.53+4.42bcAB 227.05+29.27bcAB 1.77+0.19aA
F{H F value 20.183: 2.89x 15775 1.49 1.86 21.85%:% 2.07
CV/% 48.98 31.02 23.43 24.22 30.77 33.29 7.00
CVy/ % 80.80 40.39 38.75 38.42 45.20 35.68 9.82
T 0.95 0.65 0.94 0.33 0.46 0.95 0.52
F) TR /RC ET/RC RE/RC DI/RC Plags SPAD
Provenance?)
Pl 1.32+0.10abAB 0.81+0.05abcAB 0.29+0.02bB 0.26+0.03abA 5.39+0.89aAB 39.60+6.46abA
P2 1.29+0.18abAB 0.76+0.09bcAB 0.30+0.03bAB 0.24+0.06abA 5.35+1.37aAB 37.88+1.36abA
P3 1.39+0.07aAB 0.80+0.01abcAB 0.27+0.05bB 0.32+0.09abA 3.91+1.26abcABC 41.78+1.47abA
P4 1.29+0.08abAB 0.78+0.04abcAB 0.33+0.05abAB 0.27+0.05abA 4.98+1.26abABC 43.70+5.41aA
P5 1.40+0.05aAB 0.71+0.06bcB 0.33+0.05abAB 0.37+0.10aA 2.48+0.79¢C 43.24+1.59aA
P6 1.39+0.11aAB 0.82+0.04abAB 0.26+0.02bB 0.25+0.03abA 4.89+0.76abABC 42.72+1.96abA
P7 1.32+0.05abAB 0.79+0.04abcAB 0.40+0.07aA 0.31+0.04abA 3.98+0.47abcABC 41.36+2.20abA
P8 1.19+0.00bB 0.70+0.00cB 0.28+0.02bB 0.21+0.00bA 5.79+0.09aA 38.68+1.29abA
P9 1.44+0.05aAB 0.75+0.02bcAB 0.28+0.02bB 0.31+0.05abA 3.00+0.77beBC 37.02+3.44bA
P10 1.46+0.05aA 0.81+0.04abAB 0.29+0.01bB 0.33+0.04abA 3.13+0.47bcABC 39.08+4.04abA
P11 1.34+0.06abAB 0.80+0.05abcAB 0.26+0.03bB 0.26+0.02abA 4.86+0.85abABC 39.42+2.86abA
P12 1.45+0.15aAB 0.89+0.09aA 0.32+0.02bAB 0.32+0.05abA 4.31+0.84abcABC 43.38+6.37aA
FAH F value 1.87 2.15% 2.81% 1.53 3.20%x 1.57
CV/% 5.74 6.35 12.74 15.21 23.30 5.47
CVy/ % 8.31 8.83 17.51 23.73 32.01 10.63
T 0.46 0.54 0.64 0.35 0.65 0.36

DRC/CS, : PS I B 1 BLA 35 M 5B 0B Density of reaction centers of PS I3 ABS/RC; PS II B4y 37 H 0> (RC) W U Y AE 42 Absorption flux
per reaction center (RC) of PSII ; TR,/RC: PS1I AT IR RO ARG E Trapped flux per RC of PS1l ; ET,/RC: PS1l B R R R TR
FM QL B FAKER(PQ) AIHE R The flux of electrons transferred from Q7 to plastoquinone (PQ) per RC of PSTI ; RE,/RC: PS I BL{7 S i .0
I ERCLIETN Qi 1L 5 PS T 3244 i) fig The flux of electrons transferred from Q3 to PS T acceptors per RC of PS1l ; DI /RC: PS1I AT IR
FUCFERL Y B & Disspated flux per RC of PS T Pl,,e: T BEHE 2L Performance index on absorption basis; SPAD. M4k % AH X} 1% &t Relative
chlorophyll content. [F3 FFRE /NG Fl K 5 58 43 il 2R 7E 0.05 1 0.01 /K | 22 F 1 3 Different lowercases and uppercases in the same
column indicate the significant differences at 0.05 and 0.01 levels, respectively. * ; P<0.05; #**. P<0.01.

D P1; P HI Heshun of Shanxi; P2: 74T Ningwu of Shanxi; P3: LIFE2Z T Jiaokou of Shanxi; P4 (LG FH3 Yangcheng of Shanxi; P5. LLIFg
IDJE Qinyuan of Shanxi; P6. PG5 47 #% Shilou of Shanxi; P7: 1 PE %1l Fushan of Shanxi; P8. L4751l Fangshan of Shanxi; P9: H ik
Qingshui of Gansu; P10: WL Weichang of Hebei; P11 [ PG B st Huangling of Shaanxi; P12, 10T IR Haicheng of Liaoning. CV, ; Tt (] 2
S Z KL Coefficient of variation among provenances; CV, : AN ) A5 5 228 Coefficient of variation among individuals; T': FhiE & 51 Provenance
repeatability.
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2.2 I HERFFFRLHIEIRE K H S FiE i i 3 41
EMRERETFHERES T

2.2.1 FFFeshptgAR A 694 K AT XL R ER
HIRh TN FE AR FEAT Pearson HH RSN BT , AH K £
BORF) B2 (P<0.05) FIHl 3 (P<0.01) 7K 25 21
W4, BREWN.FTFRESEFREDEEM
K MRS R R B IR, SR PR ER
e 8 3 TE AR OG s BRI 1R 5 SR b T it S A
FIEA G MR AR BB R o Aok R AR
LA IR ARG PR A R R TR R i 2 I
AHE, 5 Wi ELAR S M A 3 T A OG5 PR T B Bk
PR FURDH: B 18 B0 3 IR A G, S e B AR S
B IEAHE,

Table 4 Correlation coefficient among seed and sapling indexes of Quercus liaotungensis Koidz."

FFEZREL  Correlation coefficient

p g ; o .~ o "
b RZEER . R B ORI AR BiJE EH i ENTEE S
Index - AR . . . .
Germination Single seed Single seed Cupule scare Seedling
Seed length . .

rate mass volume diameter index
T JE Seed length 0.58=
T 5L Seed width 0.62 0.99:
BRI TR Single seed volume 0.98 %%
WiJE FLA2 Cupule scare diameter 0.82::x 0.87 3
PIN R Seedling index 0.59: 0.86:% %
BT FH Single leaf area 0.60%* 0.74 5% 0.58:

D A3 A O R Bk B 8 3 AT B K T 9 BUHE The table only shows the datums with significant and extremely significant correlation

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

2.2.2 AT Fesh I8 AR LG AR b A AR B T 69 4B %
A RHLARARRR R gl B e bR 5 A IR s S e R T
VAT Pearson AT, A5G 22 500k 3] i 2 FA 5
FACFMAERNGR S, SRR KRS BEREE
AYME 5 A0 KR SR EE 6 A 0 K PH R 5 58
10 7 43 A BF 5 55 i B 35 5 W0 28 T R G ; Bk A+ it
AR IR AR Al R 2 S TR AR OG s SRR AR FRE
AR AR AT 2 0 2 TE ARG, 5 1 A KPR AR S
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e 8 3 TEAROG s Rt T AR B U 22 ) (B 5L 10 35 1F
ARG, 5 A P T 8 A YO ] 2 A0 8 T AR OG5 2 3R A
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Table 5 Correlation coefficient between seed and sapling indexes of Quercus liaotungensis Koidz. and climatic factors of origins'’

$ekrR MIKREBY  Correlation coefficient?)

Index T1 T2 T3 T4 TS R2 R3 Sl S2 S5 S6  SI0
% ZE# Germination rate 0.59: 0.65x* 0.60% 0.61=*
ki FfF- i i Single seed mass 0.62=

PRARLFT AT Single seed volume 0.66: -0.59:

MiJE E 4% Cupule scare diameter -0.63 0.84 0.61%  —0.84:x

M FEEL Seedling index —0.745%3% 0.67%  0.74%* —0.89%% —0.60%*

I Single leaf area 0.65x 0.75%%

2 ZAH X} 2 B Relative content of chlorophyll (SPAD)  0.64# 0.78

D e AW A 1 A 36 2 B0k B i 2 R0 3 K OF (19 803E The table only shows the datums with significant and extremely significant correlation

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

DT, 4EIE Annual mean temperature; T2 B iR 2% A #{E Monthly mean diurnal range of temperature; T3 : 2531 Tsothermality ; T4 HeiiH i
i The maximum temperature of the hottest month; T5: 4F34 25 fk. 75 ] Annual mean temperature range; R2. fiiE H 7K Precipitation of the
weltest month; R3: [E/KHEAS{ )72 Variance of precipitation variation; S1; 1 A4y KBHARYS 3 Solar radiation intensity in Jan.; S2. 2 Ay AKBH
FEHTRBE Solar radiation intensity in Feb.; S5: 5 H {73 X FH#E 53R B Solar radiation intensity in May; S6: 6 H {7 X FH T TR BF Solar radiation
intensity in Jun.; S10; 10 A A5 K BA%E 558 B Solar radiation intensity in Oct.

&6 IRBEMFMLHHIERG MR MIEA BN+ IR FHEXRYEY

Table 6 Correlation coefficient between seed and sapling indexes of Quercus liaotungensis Koidz. and geographical locations and soil factors

of origins!

16k MRKZE?  Correlation coefficient?)
Index Long Lat Alt us2 Us3 Us4 Uss5 use6 us7 Us8 SS3
FFHE Seed length 0.64+  0.61%
2
MiJE E 4% Cupule scare diameter 0.79%  0.82:kx -0.64% —0.58:
MR EL Seedling index 0.90##  0.75%% -0.60% 0.67% —0.67* -0.68% —0.65% —0.60%
PRI Single leaf area 0.63+ -0.64 -0.79
g
PEREFESL Performance index on absorption basis (PIygs) ~0.60%  0.60%
£ ZE A X5 B Relative content of chlorophyll (SPAD) —0.72s3%

1 2Bk B 3 N 3 K O BB The table only shows the datums with significant and extremely significant correlation
D LA AR OG ZR B0k B 2 R A KT 19 U4 The table only shows the d h d 1 1

coefficients. * ; P<0.05; =% . P<0.01.

Y Long: ¥ Longitude; Lat; Zi¥ Latitude; Alt; ¥4& Altitude. US2; _EJZ43EV0 & Sand content in upper soil; US3; bJ2 4%+ &4 Clay
content in upper soil; US4, FE AR S R Organic carbon content in upper soil; US5 . L2 A pH {8 pH value of upper soil; US6; 2R+
HERh )2 A BB T 38 E /7 Cation exchange capacity of soil in clay layer of upper soil; US7. )2+ 3EBHE T 32t fiE /1 Cation exchange
capacity of upper soil; US8: "2 135 £E 3L Total exchangeable bases of upper soil; SS3: T /2 1 EREAMWFIFE Basic saturation of subsoil.
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Al A2 A3 A4A5A6 B1 B2 B3 B4 B5B6 B7

-3 -2 -1 0 1 2 3

FrifEfbAl Standardized value Tl T4 USI Rl TP6 R2 US2 USSUSOT2 T5 R3 S5 W6 S2 S6 SI0 W8 T3 S1 US8 SS3 US3 US6 SS1 US4 SS2 US7

Al A2 A3 USI R3 S5 W6 S2 S6 S10 W8 B6 T3 S1 US8 SS3 US3 US6 SS1 US4 SS2 US7 B7 US5 US9 A4 AS A6 B1I TS B2 T2 Rl TP6 R2 US2 B3 B4 Tl T4 BS

P1. PG HIT Heshun of Shanxi; P2 Py 77 Ningwu of Shanxi; P3. I PE2E [ Jiaokou of Shanxi; P4 L7 FHIEE Yangcheng of Shanxi; P5: [N
Qinyuan of Shanxi; P6; IIFG47# Shilou of Shanxi; P7. LIFHIF 11| Fushan of Shanxi; P8: IIFHJ7 1] Fangshan of Shanxi; P9 H il i& 7K Qingshui of
Gansu; P10; AL Weichang of Hebei; P11 [ VG B B Huangling of Shaanxi; P12 1L TR Haicheng of Liaoning.

Al. K ZFH Germination rate; A2 P B Seed length; A3: P55 3 Seed width; A4; Bk - i Single seed mass; AS. B A FR Single
seed volume; A6: Hijii H 4% Cupule scare diameter. B1: M54 Seedling index; B2: M- FX Single leaf area; B3: #R1K Lt Root length ratio; B4 I
L Z AR 1R Relative chlorophyll content ( SPAD); B5. 5[] K B Internode length; B6. BA MK />4 % Branch number per plant; B7. VEfieTs
Performance index on absorption basis. T1: 4E¥Jii Annual mean temperature; T2 ; /&3¢ 2% 7 #4{E Monthly mean diurnal range of temperature; T3 %5
P Isothermality; T4 A = IR The maximum temperature of the hottest month; TS5 AEIIR AR AL 5 Fl Annual mean temperature range; R1: 1551143
JK i Annual mean precipitation; R2; i H 7K & Precipitation of the wettest month; R3: Ff/K 75k )5 22 Variance of precipitation variation; S1: 1
13 K PHHE G158 B Solar radiation intensity in Jan.; S2: 2 A ) KBA4H 5138 Solar radiation intensity in Feb.; S5: 5 H /3 K BH4R 5138 & Solar radiation
intensity in May; S6: 6 J {3 KFH4EHI58 E Solar radiation intensity in Jun.; S10; 10 A 5 K BH%E $58 B Solar radiation intensity in Oct.; W6 6 H {3
X Mean wind speed in Jun.; W8 8 A X Mean wind speed in Aug.; TP6: 6 H {57815 & J1 Transpiration pressure in Jun.; US1. |22+ 3ERE
FAFIE 43 L Volume percentage of gravel in upper soil; US2: )24V & Sand content in upper soil; US3: |2+ 3%+ & & Clay content in
upper soil; US4 )2 1347 HLE% & i Organic carbon content in upper soil; USS: 12)Z 43 pH & pH value of upper soil; US6: )2+ 3% 2 + 1
A BH S F 384 BE 1 Cation exchange capacity of soil in clay layer of upper soil; US7: _[1JZ3EFH % T35 #HE F1 Cation exchange capacity of upper soil;
US8. )2+ 58k ER 3 Total exchangeable bases of upper soil; US9. )2 4-3EH 5K Electrical conductivity of upper soil; SS1; )2 1%+ & &
Clay content in subsoil; SS2: T JZ 134 HLEk % Organic carbon content in subsoil; SS3: T JZ T HEFEAM I Basic saturation of subsoil.

A: FET R FIEPRIY LS Cluster result based on seed indexes; B: 3T 2B AR R 245 L Cluster result based on sapling indexes; C: 3&TFpii
iR EE Y B2 45 2 Cluster result based on environmental factors of origins; D FETF R IE0R A RHFEBR AN A U5 Hb ER855 7 19 RIS 45 R Cluster

result based on seed indexes, sapling indexes, and environmental factors of origins.

B 1 IHRHBEAEMIEL Heatmap BRI

Fig. 1 Heatmap cluster analysis on different provenances of Quercus liaotungensis Koidz.
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