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Genotype by environment interaction of progeny families of Castanopsis
hystrix based on leaf functional traits
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(1.Guangxi Zhuang Autonomous Region State-owned Liuwan Forest Farm, Yulin 537024, Guangxi, China;
2.a. Guangxi Superior Castanopsis hystrix Breeding Center; b. Guangxi Laboratory of Forestry;
c¢. Guangxi Key Laboratory of Superior Timber Trees Resource Cultivation, Guangxi Zhuang Autonomous Region Forestry Research
Institute, Nanning 530002, Guangxi, China; 3. College of Forestry, Guangxi University, Nanning 530004, Guangxi, China)

Abstract: [Objective] To support the breeding of superior germplasm of Castanopsis hystrix, this study investigated the genetic
variation patterns in leaf functional traits and genotype by environment (GxE) interactions among open-pollinated progeny families from
C. hystrix seed orchards, with the aim of identifying key environmental drivers and providing a theoretical basis for precision breeding
and effective deployment. [Method] The study used thirty-three 5.5-year-old open-pollinated progeny families (with female parents
from five geographical provenances) from three test sites—Yulin, Liuzhou, and Nanning in Guangxi. Leaf functional traits, including
morphological and physiological characteristics, were measured. Nested ANOVA, factor analysis, and BLUP-GGE joint analysis were
applied to systematically assess genetic variation patterns and GXE effects on leaf functional traits. [Result] 1) In single-environment
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tests, leaf functional traits exhibited significant variation at the family level, showing a pattern of “high variation among families within

provenances and low differentiation between provenances.” Family heritability ranged from 0.02-0.85 for morphological traits and 0.12-

0.92 for physiological traits, supporting the potential for family selection; 2) Multi-environment tests revealed significant site effects and

a notable decrease in across-site heritability—0.03-0.25 for morphological and 0.10-0.14 for physiological traits—indicating a strong

GxE influence on leaf development and metabolism, and its role in the coordinated improvement of growth and leaf functional traits;

3) Factor analysis identified site-specific elite families, while BLUP-GGE analysis further discerned widely adapted families with both

high performance and stability. Thermal factors were identified as key environmental drivers of spatial variation in leaf functional traits.

[ Conclusion] In C. hystrix seed orchard progenies, genetic variation in leaf functional traits occurs predominantly at the family level

and is significantly shaped by GXE. A family-based breeding strategy guided by GXE patterns is recommended to enhance genetic gain.

Deployment of site-specific or broadly adapted genotypes according to target environments will help optimize breeding efficiency and

promotion outcomes.

Keywords: Castanopsis hystrix; genetic parameter; genotype by environment interaction; adaptability; leaf functional traits
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Table 1 Geographical and climatic characteristics of the test sites and the provenances, as well as the family configurations
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TR 1~33(H6. 11, 13, or oror
Test site Wi Lz 14, 16, 18, 24. 26. 32) 24 109°41 24°18 250 19.4 1344
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Subsequent family numbers follow the format of “provenance letter + family number”, consistent with descriptions in the main text; the same below.

1.2 igwrst

CLHEE R TR BT RIET T 765
(106°51" E, 22°02' N) s AM 1 (v
B B 6 X MO B8 7L B 2016 4 11—12 2R
), HIBARR, KRG G H L RIF L
N A (BB) o A% (DL) . ifdb (PB)
FERE (PX) FIEE (RX) 5 MMIE (£ 1D . X
2 a, IR s 7, T R T
%, 60% ~ 70% R I ZF B i RD AT 46
Fotd, HEEUK W 2F B T (/N T R A 2 R
18 ecm X 18 cm [ & W48, HovwOot. BHE
SR ECR () 7 7K BB R o R S5 A A i, ) (ERL s oAy
T 60 ~ 80 cm, 4% 0.5 ~ 0.8 cm.

3 RIS AR T 2018 “FEFHF AL, KA
XA, BRI SRE 3 NXH, BN
HENKFREL] 10 bk, EARRAITEE 2 mX3 m,
REAHFIMIEE E . EMARSTFE6 H (200 g/ #)
A10 H (300 g/ BkD % 1B E — R AR R & H IR
(N:PO,:K,0O N 15:6:8) , 2 Fl 534
i 438 JIE 500 g 20 #E C U7 IE (N X P,0s i K,O N
14:8:8, & 30% AN » KA. M. T
WIS MR T 32, 24, 31K R, 34N R
HAE BAMERARR (R D o RS HREERT
FIF B4 H A E P2, Climate AP™Y #{4F 3R EYL .

1.3 MRNERSE

2023 7 H, £ 3 iR F, X8EK R
MUREE 3 fRAE K fdoh . e — Bk, &
KA M EA T 50 B, BE G 20 R A

SE (30 ) HAEFSHT GBIREIKEE -80 C FR1T,
20 fi)
1.3.1 PRI E F5

KRN E 3 RIS % 30 Jr9F
B ME . A C1-203 MHTHI ARG AT I &, I &P
RAFE: IR (LA« M (LD« 58 (LW |
K (LP) FIrtJE$E%L (LI, LIELL/LW) .
1.3.2 AR S 7 s

BERWTYRE, TEMRESE (SS) R
B Lty ke, AR A (SP) S ERA#
e iE G-250 Jeikille: W% (MDA) &
XA ELZ]®R (TBA) HEiEE; s
thlgrh, SEAYIEE (POD) ¥ MK & 6 A iy
HlE, EEYEALEE (SOD) ¥ MR H &
PUme (NBT) ElE, & ElE (CAT) iR
FH SR AR IR 5
133 ARk

AT TR L R R A KA (R
W R FEALEE. RARMED 5l 36T
HWE T P R T R 2 TR Y
K RAELME WM TN (BLUP) J5iE b E %K &
KPEME, BERNSHSHEA TS5 D RE IR
[ RER AT o

1.4 BBt

K H Excel 2021 3 AFHEAT B B 21 5 AL 2,
IS FH SPSS 26.0 B F R TR A 2 M AR Y T F 550
ZEor M, FRIEE PR R ORISR (REML) JE{ 5
T ESBEIATEAESHANE, N R 4.4.2 B4R
47 BLUP Tl . [Al-¥ 4 #1 fl BLUP-GGE & 437
f# ] Origin 2024 347 B R 2.



24 L 5, BT A

EPEIR AL HE AR R R 534

B AR

10 1

2 HIEERES

2.1 MTIREMIRETA

TAREK R Dy RE IR 27 2 2 e i 22
5t BRGSO RSB T M g

ok
e

HRE T A5

oy o

ji HiE S B o A SR I

W B A MRS R AT VA R R

Table 2 Overview of leaf functional traits

%E‘%?, B T 0 A I AT R ey, A
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- Th RE PR K A& 8] 42 57

Z B (6.08% ~ 35.68%) KT JE 6] 48 7 &

gt PR YME £ brifEz Y PPl R S PR
Site Trait Mean+SD Rank A CVpy 1% RELCVy 1%

AL LA fem® 11.40£3.14 5.06 ~ 21.35 7.74 25.84

K LL /em 7.92+1.15 5.19 ~ 12.31 6.67 19.23

% LW /em 2.36+0.39 1.54 ~ 3.92 3.40 14.38

R LP /em 17.29+4.07 11.14 ~ 37.25 8.96 27.11

MIEAE% LI 3.5240.48 2.80 ~ 5.61 4.00 20.36

%ﬁ ALEERE SS /% 3.1840.81 2.07 ~ 8.48 11.78 19.66

A[EEE A SP /(mg-g) 26.14%3.66 15.74 ~ 37.35 4.13 12.62

% MDA /(U-g" FW) 16.49+7.51 7.56 ~ 41.73 17.92 35.68

I E LA POD /(U min™-g' FW) 16.45+3.95 11.40 ~ 28.69 11.11 15.87

SOD /(U-h"-g' FW) 624.94+164.54 146.22 ~ 846.04 13.86 23.82

CAT /(U-min"-g" FW) 457.814+125.28 178.35 ~ 757.29 5.12 24.73

AL LA fem® 8.681+1.88 5.16 ~ 12.75 6.17 20.66

MK LL /em 6.86+0.86 5.26 ~ 8.59 3.51 12.21

%8 LW /em 2.1240.25 1.59 ~ 2.67 3.58 11.77

4 K LP /em 16.86+1.91 13.14 ~ 21.06 3.62 10.92

ARSI 3304036 2.52 ~ 4.30 4.08 10.79

T? ALEERE SS /% 2.89+0.80 1.83 ~ 8.77 11.97 21.14

IS SP /(mg-g ) 30.5242.73 18.69 ~ 37.98 3.18 7.78

Pl MDA /(U-g" FW) 17.394+6.92 6.70 ~ 34.47 22.86 32.80

IT4EAL R POD /(U-min”-g"' FW) 18.62+4.61 9.45 ~ 28.98 14.26 21.97

SOD /(U-h"-g' FW) 611.96+135.67 272.24 ~ 817.34 5.93 21.21

CAT /(U-min™-g"' FW) 451.004135.62 193.90 ~ 769.99 8.61 29.53

T LA fem® 8.2142.04 5.13 ~ 18.14 6.80 22.61

K LL /em 6.50+0.85 428 ~ 8.92 223 12.81

% LW /em 2.08+0.35 1.52 ~ 3.58 6.76 14.57

K LP /em 14.11+2.74 10.14 ~ 23.77 3.30 19.04

) 4R %L LI 3274041 1.89 ~ 4.28 5.83 10.74

f;z Al TERE SS /% 3.83+0.90 2.62 ~8.72 7.37 21.63

AT T SP /(mg-g) 29.66+6.85 18.11 ~ 52.64 9.66 20.62

. MDA /(U-g" FW) 19.52+6.42 8.10 ~ 3327 11.76 30.07

A LB POD /(U min'-g' FW) 22.29+5.43 10.20 ~ 35.50 3.67 24.14

SOD /(U-h"-g' FW) 547.95+127.55 182.71 ~ 781.35 6.76 22.83

CAT /(U-min"-g" FW) 416.71+146.02 167.50 ~ 938.98 15.22 3331

AL LA /em® 9.51+2.86 5.06 ~ 21.35 1.68 12.30

K LL /em 7.12+1.15 428 ~ 12.31 1.19 6.32

5 LW /em 2.194+0.37 1.52 ~3.92 2.95 6.08

K LP /em 16.04+3.44 10.14 ~ 37.25 1.41 7.84

. HIE4E% LI 3.37+0.44 1.89 ~ 5.61 3.14 6.50

Mi‘;‘;‘ite AR SS /% 3.3340.92 1.83 ~ 8.77 4.49 9.56

AIETEE E SP /(mg- g 28.60+5.21 15.74 ~ 52.64 443 9.71

N . MDA /(U-g" FW) 17.82+7.07 6.70 ~ 41.73 14.76 17.49

i POD /(U-min™-g" FW) 19.13£5.31 9.45 ~ 35.50 1.26 10.67

SOD /(U-h'-g' FW) 593.93+147.91 146.22 ~ 846.04 5.42 12.75

CAT /(U-min™-g" FW) 441.29+136.55 167.50 ~ 938.98 456 14.45
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Table 3 Nested ANOVA of leaf functional traits in a single-environment test

iR i P F {H F value
Site Source ' LA LL LW LP LI SS SP MDA  POD SOD CAT
EHk Ty 4 0.40 0.56 1.27 0.73 0.85  7.50%* 138  3.71%  1337%  14.82%F 112
YL R R 27 1.04 1.05 1.17 0.85 1.70% 216  432%F  13.44% 103 3.38% 0.85
i st 4 1.50 1.43 1.48 1.83 3.14% 2.46 341%  7.64%%  16.65%* 132 1.42
LZ  ZZ/FJE 19 1.93%  226%  2.05%  225%  3.43%* 1.08  3.96%%  3.00* 11.08*%* 3.60%*  2.20%
B T 4 3.65% 096  4.60%*  0.68  8.62%*  2.70%  10.14%*  6.89*%* (.87 244  6.26%*
NNz /R 26 5.86%F  332%%  217%% 117 3.40%%  237%  804%*  R2IFF  53]%k 228%k 3 .65%*

o RN P <0.01, * Fx P <0.05, Rl **indicates P < 0.01, * indicates P << 0.05, the same below.

SRR, HESTRIRIER . KR/ F
PO RARRRSN) MU X R R R O K
BR4M) [MZEREE (P<0.05) 5 7EFYE (5,
W RRHOER AN ) L b X RR IR TR A AR AE 2
AEPRPEIRAE I L SR /AR (AT RS BR AP

Jo Fe 2 () )28 HAE A 2 etk R 2 (P < 0.01,
R4, RPANFSLHFA R E R Z AR /D)
REMEIR, A7E GXE RN, HER/KFH GXE (M
ROXCKFR MR YR (s X gD B
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Table 4 Nested ANOVA of leaf functional traits in the multi-environment test

Ui dr F 1l F value
Source LA LL LW LP LI SS SP MDA POD SOD CAT
Hb 5 Site 2 47.97%% 52 71%%  19.06%* 2581** 10.08** 37.84** 3530** 991*k  [06.23**% 12.69%* 586%*
FPJE Prov 4 0.66 0.31 3.28* 0.24 4.51%* 2.16 4.33%%  [3.44%* 1.03 3.38%* 0.85
HA IR 28 1.94%* 1.54* 1.61* 1.04 2.96%** 1.39 4.91%%  3.42%* 6.49%* 4.01%*%  2.70**
Fam/Prov
it JE
fm"."‘ X R 8 1.02 1.01 1.42 0.93 1.91 3.92%%  5.14%*%  426%* 14.16%*  532%*%  375%*
Site X Prov
5 X 57 2 y
ﬂ““f‘ X HR | FR 44 1.65% 1.83%* 1.61%* 1.05 2.07**  3.14%%  423%%  4,03%* 7.02%* 3.65%%  2.88%*
Site X Fam/Prov
23 MIEEMREESHGE 24 MIfEMERE RIS
BRI, HIEA, AEERE Rk JERERRRE B3 AKX R NIH, THXR

FI7E 2 ) 0.02 ~ 0.85. 0.12 ~ 0.92, i HFIX
et Dhge MR Z Bt 2H BT, i
MR R IAR J15r B BE & 0.03 ~ 025 (JEE) .
0.10 ~ 0.14 (AP, F5) , HWIPE N,
1PE R E GXE .

B, wRERE, TAXRETREERE, 1
HE R A KRMIEIE 0. K 11 A DhRe AR
A3 A, THNBIERVYIRAN R, 4N
PrEACEE, T4 RS IR A E AR (B
la) o MIhREMEIR A s SRR, eSS
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Table 5 Estimates of genetic parameters of leaf functional traits in single-environment and multi-environment tests
145 5 Site IR Trait 3 Srpy Ops’ Orsry 3 hy CV(%) CV(%)
LA 0.000 0.048 - - 9.435 0.02 1.93 26.95
LL 0.000 0.000 - - 1.325 NSF NSF 14.54
Lw 0.003 0.012 - - 0.131 0.22 4.67 15.33
LP 0.000 0.000 - - 15.591 NSF NSF 22.84
LI 0.000 0.040 - - 0.182 0.40 5.68 12.10
IY?( SS 0.031 0.357 - - 0.284 0.79 18.81 16.76
Sp 0.202 0.000 - - 13.211 NSF NSF 13.91
MDA 0.977 21.647 - - 32.354 0.67 28.21 34.48
POD 1.365 10.281 - - 4.242 0.88 19.49 12.52
SOD 4549.567 14 567.943 - - 9227.861 0.83 19.31 15.37
CAT 0.000 4908.720 - - 10 693.004 0.58 15.30 22.59
LA 1.4E-9 0.787 - - 2.756 0.46 10.22 19.13
LL 0.000 0.203 - - 0.546 0.53 6.56 10.77
Lw 0.000 0.015 - - 0.050 0.48 5.86 10.50
LP 0.000 1.034 - - 2.639 0.54 6.03 9.64
LI 0.000 0.060 - - 0.074 0.71 7.40 8.27
*?;H SS 0.059 0.025 - - 0.562 0.12 5.42 2591
SP 0.000 3.681 - - 3.858 0.74 6.29 6.44
MDA 8.824 17.160 - - 25.075 0.67 23.82 28.79
POD 1.074 16.275 - - 4.506 0.92 21.67 11.40
SOD 0.000 0.000 - - 10 366.571 NSF NSF 16.64
CAT 0.000 5088.293 - - 13 447.545 0.53 15.82 25.71
LA 0.000 2.651 - - 1.392 0.85 19.84 14.38
LL 3.6E-10 0.321 - - 0.340 0.74 8.72 8.96
Lw 0.011 0.039 - - 0.064 0.65 9.48 12.13
LP 0.000 1.280 - - 4.206 0.48 8.02 14.54
LI 0.023 0.066 - - 0.084 0.70 7.86 8.86
Rl SS 0.013 0.259 - - 0.538 0.59 13.30 19.16
NN
SP 1.100 32.879 - - 13.829 0.88 19.33 12.54
MDA 0.000 29.299 - - 12.497 0.88 27.73 18.11
POD 0.000 16.486 - - 13.315 0.79 18.21 16.37
SOD 269.855 4727.196 - - 11 424.865 0.55 12.55 19.51
CAT 1 508.766 9 574.764 - - 10 786.093 0.73 23.48 24.92
LA 0.121 0.273 0.160 0.568 5.845 0.25 5.51 25.49
LL 0.000 0.000 0.096 0.243 1.993 NSF NSF 19.95
Lw 0.004 0.001 0.001 0.016 0.088 0.03 1.05 13.44
LP 0.198 0.000 0.852 2491 27.945 NSF NSF 32.84
LI 0.000 0.002 0.005 0.069 0.315 0.04 1.42 16.90
Mftiite SS 0.000 0.000 0.027 0.230 0.464 NSF NSF 20.58
SP 1.5E-7 0.609 0.456 12.112 10.897 0.10 2.68 11.35
MDA 3.113 0.000 3.5E-9 22.468 24.400 NSF NSF 26.82
POD 0.000 0.000 0.000 14.735 7.674 NSF NSF 14.29
SOD 0.000 692.696 1456.302 8 781.441 10 428.884 0.14 4.41 17.12
CAT 0.000 0.000 28.880 6977.219 11 593.647 NSF NSF 24.88

0 FRUEIA T 200 Opgy s FRIRN R RT3 Ong’s BIVE X MR 22008 Oy PRI R R X M 2200 B 6,7, M 2200 B s FARMAE

N5 CV,, BEERRE: OV, MELRFREG NSF, FJ7 20 8T 0.000, HOGSHCRAATH: Multisite, ZIEIAL.

2 . . 2 iy . . 2 . . 2 .
0", interprovenance variance component; dp~ within-provenance family variance component; d,5, provenance X site variance component; o, family/
provenance X site variance component; J;°, environmental variance component; /", family heritability; CV,, coefficient of genetic variation; CV,, coefficient of
environmental variation; NSF, indicates that the variance component was close to 0.000, and the relevant parameters couldn’t be estimated; Multisite, multi-

environment test.
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* FIR P < 0.05. * indicates P << 0.05.

E1 MHIEEMIRBEIREEEM (a) . Pearson 574 (b)

Fig. 1 Leaf functional traits hierarchical clustering tree (a) and Pearson analysis (b)
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LA R>=0.34 P=0.01 LL R*=0.40 P=0.01 LWR?*=0.14 P=0.01 LP R>=0.33 P=0.01 LIR>=0.06 P=0.01 SSR>=0.21 P=0.01
SLO sk PR sk * * %
MAT.. ® ok * % * ok *

MWMT. X . i« s «

MCMT- % s * okok *
AHM. * L * * * ook *
DDs. * ok # * o *
DD 8- s s%% * Sk kK * * EEE *

NFFD_ s * ‘L** * * % * Y *
EMT. % * Lk * * * * e *
EXF. * . % e * . *

Eref- ® ! # Lk # A
CMD_ * 1 * n ok *
RH_ % * ok * *. * g *
0.0 25 50 755 16.0 510 15 3 10 0 1 § 12 0.0 25 50 7.5 10.0 00 25 50 75 100
Increase in MSE(%) Increase in MSE(%) Increase in MSE(%) Increase in MSE(%) Increase in MSE(%) Increase in MSE(%)
SP R?=0.13 P=0.01 MDA R?=-0.07 P=0.36 POD R*=0.16 P=0.01 SOD R?*=0.05 P=0.02 CAT R?*=0.03 P=0.12 10
SLOL s % . 0.5
MAT. * o * % 0.0
0.5
MWMT_seskx s PR " . o
MCMT.
AHM. 3k * * * *
DD5. % # * * %
DDIS- * Hokok LS
NFFD.- * *okk ® ok *
EMT-. o # * * *
EXT e * * *
Eref- * % * %
CMD.. * * #
RH_ % * * *
0.0 2'5 5.0 7.510.012.5 43210 0.0 25 50 75 10.0 00 25 50 75 5> 0 3 i
Increase in MSE(%) Increase in MSE(%) Increase in MSE(%) Increase in MSE(%) Increase in MSE(%)

SLO(®), “FHIHE () MAT(C), L ('C ) MWMT(C), % H TS0 ('C x MCMT(C), i HFHE (C ) AHM, #GEi5%: DD5, 5 CLLERIREL:
DDI18, 18 ‘CLL EMR%L; NFFD, JEHNIRE: EMT(C), I 30 MR (C ) EXT(C), I 30 M s il (C ); Eref, Mg LRI 285
CMD, Mt E RIS EK 75 RH(%), HHXHEE (%) R *** F£R P <0001, ** FRP <001, *FRP <005,

SLO(°), average slope(°); MAT(C ), mean annual temperature('C ); MWMT(C ), mean temperature of warmest month(‘C ); MCMT(C ), mean temperature of coldest
month(‘C ); AHM, annual heat-moisture index; DD5, days above 5 ‘C ; DD18, days above 18 ‘C ; NFFD, frost-free period; EMT('C ), extreme minimum temperature
in recent 30 years(C ); EXT(C ), extreme maximum temperature in recent 30 years(‘C ); Eref, Hargreaves reference evaporation; CMD, Hargreaves climatic moisture
deficit; RH(%), relative humidity(%); same below. *** indicates P << 0.001, ** indicates P << 0.01, * indicates P << 0.05.

B2 MIngEMREXM 2 FAMENEZ S

Fig.2 Correlation analysis and relative importance analysis of leaf functional traits
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Table 6 Factor load matrix and variance contribution rate based on leaf functional traits
58 R &7 LA LL LW LP LI SS SP
Site FAC BLUP BLUP BLUP BLUP BLUP BLUP BLUP
FAC1 0.83 0.58 0.91 0.55 -0.41 -0.28 0.26
EH FAC2 -0.07 0.71 -0.25 0.71 0.55 -0.13 -0.53
YL FAC3 -0.21 0.26 -0.09 0.27 0.38 0.32 0.38
FAC4 0.20 0.16 0.05 0.11 -0.13 0.77 031
FAC1 0.81 0.94 0.47 0.79 0.50 0.36 -0.70
i FAC2 0.51 0.12 0.79 0.48 -0.60 -0.38 0.36
LZ FAC3 0.20 -0.11 0.35 -0.24 -0.46 0.42 -0.01
FAC4 0.02 -0.15 0.02 -0.17 -0.20 -0.49 -0.14
FAC1 0.97 0.84 0.86 0.97 -0.20 -0.02 0.04
W FAC2 -0.04 -0.29 0.13 -0.09 -0.61 0.83 0.69
NN FAC3 0.05 0.01 0.13 0.00 -0.01 0.26 -0.48
FAC4 -0.07 0.39 -0.41 0.09 0.74 0.35 0.32
BRI A ISR MDA POD SOD CAT FFIEAE TURRER it Ttk
Site FAC BLUP BLUP BLUP BLUP Eig Var /% Cum /%
FAC1 0.40 0.25 0.32 0.23 2.86 25.97 25.97
EH FAC2 -0.09 -0.34 -0.58 0.48 235 21.36 4733
YL FAC3 0.32 0.76 -0.27 -0.50 1.57 14.29 61.62
FAC4 -0.62 -0.14 -0.05 0.09 1.19 10.78 72.40
FACI -0.29 -0.69 0.36 0.58 4.28 38.88 38.88
I FAC2 0.53 0.23 -0.34 -0.29 230 20.93 59.80
LZ FAC3 -0.58 0.36 0.45 -0.05 1.28 11.67 71.47
FAC4 031 0.01 0.55 0.57 1.08 9.77 81.24
FACI -0.41 -0.54 -0.11 -0.15 3.86 35.08 35.08
B FAC2 0.44 -0.42 021 -0.35 2.18 19.81 54.89
NN FAC3 0.39 -0.09 -0.77 0.77 1.66 15.04 69.94
FAC4 0.03 -0.35 0.03 0.14 1.25 11.39 81.32
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Table 7 Composite scores of leaf functional traits (CS)
Hi4 AR YL W Lz A5 NN
Rank £ NEEE Yy K& REEE iy B8 NEEE Yy

1 PX9 2.31 BB12 191 BB12 2.69

2 PX29 2.05 DL1 1.62 RX28 1.43

3 RX32 0.76 DL8 1.51 BB33 1.17

4 DL25S 0.70 PB2 1.38 PX29 1.10

5 RX28 0.59 DL31 1.21 PX23 1.06

6 DLS8 0.52 PX10 0.99 PX30 0.77

7 BB20 0.51 PX9 0.79 PBI13 0.65

8 PB26 0.47 PX17 0.62 PB24 0.64

9 PX10 0.42 PB7 0.22 BB27 0.55

10 BB33 0.39 PX5 0.21 RX32 0.42

11 DL1 0.28 RX22 0.07 PX15 0.41

12 PX17 0.28 PB4 -0.18 DL25 0.16

13 PB7 0.12 BB20 -0.26 PBI11 0.11

14 PB4 0.11 PX29 -0.26 PX5 0.07

15 PB18 -0.03 BB33 -0.26 PX10 -0.04

16 PX5 -0.06 BB27 -0.36 RX22 -0.07

17 RX14 -0.08 BB3 -0.49 RX14 -0.12

18 BB16 -0.09 RX28 -0.54 DL31 -0.13

19 PX30 -0.12 RX21 -0.72 PX9 -0.15

20 RX21 -0.25 PX23 -1.03 DL8 -0.19

21 PB19 -0.30 PX30 -1.23 PB19 -0.21

22 PB2 -0.32 DL25 -1.64 BB20 -0.27

23 BB27 -0.40 PB19 -1.74 BB16 -0.53

24 BB12 -0.48 PX15 -1.81 PX17 -0.70

25 PX15 -0.57 DL1 -0.73

26 PBI13 -0.64 PBI18 -1.03

27 PBI11 -0.64 PB7 -1.11

28 PX23 -0.80 RX21 -1.12

29 DL31 -0.85 PB4 -1.41

30 PB6 -1.24 PB2 -1.59

31 RX22 -1.32 BB3 -1.81

32 PB24 -1.33

T I A 2 R S HE A T 20% KR . The bolded data in the table represent the families ranked in the top 20% among all trial families.
RS ETHIMEEMREEKEREENERRAEER'
Table 8 Overlap rate of elite families selected based on leaf functional traits and growth traits
TR p NiEZ % Elite families JEFAR a%t/% HEBE
Site I et EAR Leaf functional traits HKAEIR Growth traits Overgﬁﬁiii elie ?;?}oa/f

EM YL PX9. PX29. RX32. DL25. RX28. DLS PX17. PB26. RX32. PX23. DL8. RX28 RX32. RX28. DL8 50.00
Mg Lz BB12. DL1. DL8. PB2. DL3l1 PX23. DL31. PX5. RX28. BB27 DL31 20.00
BT NN BBI12. RX28. BB33. PX29. PX23. PX30 PX5. PB11. BB20. DLI1. PB26. RX32 - 0.00

T ATEHE G 1 FTIWETT . The data in this table is adapted from previous research™.
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