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Evaluation of phenotypic adaptability and disaster resistance of
Schima superba families after snow disaster

Cai Zongming"z, Ding Ying"z, Zhou Zhichun’, Liu Ren'?, Yao Jiabao'?, Xiao Bin'?, Xu Keqin"z, Yuan Yuan'?, Wan Chen'?, Ding Yexin'?

(1. Experimental Center of Subtropical Forestry, Chinese Academy of Forestry, Fenyi 336600, Jiangxi, China;
2.Biodiversity Conservation and Resource Utilization of Jiangxi Provincial Key Laboratory, Fenyi 336600, Jiangxi, China;
3.Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China)

Abstract: [Objective] To explore the phenotypic adaptability and resistance mechanism of different Schima superba families after
snow disaster, and to provide a theoretical basis for breeding and disaster resistance improvement of S. superba. [ Method] Taking 24
S. superba families affected by snow disaster as the research object, 13 phenotypes such as DBH, tree height and crown width and forest
damage indexes were measured. The correlation between phenotypic characteristics and disaster resistance of families was comprehensively
evaluated by variance analysis, correlation analysis, cluster analysis and principal component analysis. [Result] 1) Different
families of S. superba showed significant differences in growth traits and crown shape characteristics. The DBH of LQ15, XF02,
JO30, JO58 and QY10 families was much higher than the average value of 5.47 cm, showing fast-growing potential. The YXO01 family
enhanced the survival rate with low tree height (2.8 m). The branch height and natural pruning ability of LX02 and HA02 families were
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outstanding; 2) The JO16 family improved resource utilization efficiency through canopy expansion, while the YXO01 family adopted

a strategy of inhibiting canopy expansion to adapt to the rain and snow disaster environment; 3) There were significant differences in

the sensitivity of S. superba families to rain and snow disasters. The YXO01 family had the highest damage rate and its resistance to

mechanical damage was weak, while the LX02 and JO16 families showed strong resistance to snow disasters and were not significantly

damaged; 4) Growth traits were significantly correlated with disaster resistance. DBH and tree height were negatively correlated

with damage rate, average damage level and damage index (P << 0.05). The proportion of branch height, crown volume and crown

height were significantly positively correlated with the damage degree of S. superba , reflecting their vulnerability under high stress

environment; 5) Principal component analysis (cumulative contribution rate of 92.735%) showed that LX02, JO16, LQO1, JO5 and
XF02 families performed best in phenotypic characteristics. [ Conclusion] The LX02, JO16, LQO1, JO5 and XF02 families have both
growth potential and disaster resistance adaptability, and can be used as priority breeding materials. The YX01 family is not suitable as

a breeding material. In the future cultivation of S. superba, reasonable selection and cultivation should be carried out according to the

growth potential and disaster resistance of S. superba.

Keywords: Schima Superba; family; snow disaster; phenotypic characteristics; forest damage index
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Table 1 Basic information of Schima superba families
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No. Family Provenance  Abbreviation families Family abbreviation
1 1 fihava] YX 1 YX01

2 1.2 T 24 9R LX 2 LX01. LX02

3 1. 2. 15, 27. 14, 26 WHT e % LQ 6 LQO1. LQ02. LQI5. LQ27. LQ14. LQ26
4 1. 2 MNITEES XF 2 XF01. XF02

5 2 f gt HA 1 HA02

6 26, ?5\525\1;\)\6;845\ R 10 10 JO26. JO5. J?é?;f%g(\)\]?g;;ms‘ JO13.
7 1. 10 RN QY 2 QYl. QY10
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LQI15 KR M lfE ik (8.01 cm) , XF02. JO30.
JO58. QY10 X RZMIHIZHITE 6.00 cm LA b,
TF¥ME (5.48 cm) , 1M LQ27 K R MR/,
K395 cm, BFEMRTHAAKR (P <005 ,
XERW AN K R GEE KGR EBRES T
LQISES AN KRR FHAE ), M LQ27T K &
{1%) A% i AE AL B 7~ G R 1 30 5 40 T B S
LX02. LQOI. LQ27. LQ26 LA }% JO16 % % [ B}
mIFE 5.00m LA b, e P e (443 m)
YX01 K AW ik (2.80 m) , XFEWH YX01 %
RIS & (2.80 m) 5 BB B K &
(R =R T 5.00 m) T BOWIEE 73 A1, 4878 1 AR far
FRAEFWHI LA RE SR, HP Yyxol o]

REJE o f ) = AR K DA s & ok i . 24 AN KA
FKEZ VB FEN 048 m, LX02 1 HA02 5 & 4%
TE&E, N068m, /& QY10 XK &AM 2.83 14,
R EAG BEME ARG 5T0RLS, #
TN LA R R I 0 3E N A A . DR,
LX01. HA02. JO26. JO6. JO45 1 JO13 %K % [
el ZEEE S T HMR R (P <005 ,
RU\RGBEERERS TH TR EES 7, K
et AR AT R RAIEPLS 9 IE LR ME b B A i 22 5o
YXO01. LXO01 F1 QY10 5 & il H JE ¥4 #47E 3.0 DA
F, LQ26 K &l HE VP K, N 1.88,
KT HAMAFTRE R (P <005 , XFEH YX01.
LX01 5 QY10 RARMAK = EEMR T HMER.

HEE 3 Al L, 24 MARMIX RZHRKEW)GE,
7 A B M 5 3 AR R SR I A [R5 T R A
JO16 ZK A M L RFAES A, Forb PR,
ARFAW RIS EES THMER (P <
0.05) , Zr %~ 236 m. 837 m’ M1 19.16 m*, %
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Table 2 Differences in growth and stem-form traits among Schima superba families

KA ik Core B T & LA WL
Family DBH /em Tree height /m Height to crown base /m Crown base height ratio /%  Stem straightness
YXO01 5.10%0.49 bed 2.80+0.36¢ 0.3340.03 efgh 1227+1.47b 3.001+0.32 ab
LXO01 5.74+0.67 be 3.9140.39 abed 0.5540.06 abed 14.97+2.01 a 3.0010.44 ab
LX02 5.58+0.45 be 5.31%£0.33 ab 0.68+0.10 a 12.49+1.29b 2.38+0.38 ab
LQO1 5.8910.34 be 541%t045a 0.5140.05 abed 9.83+1.12 de 2.631+0.38 ab
LQ02 4.431+0.40 cd 4.851+0.34 abed 0.5140.07 abed 11.03£2.09¢ 2.0040.33 be
LQ15 8.01+042a 4.831+0.40 abed 0.31£0.03 fghi 6.55+0.51 fg 2.38+0.18 ab
LQ27 3.954+0.38d 5.00+0.34 abed 0.28+0.01 hi 5.88+0.55h 2.5040.19 abc
LQ14 5.48+0.36 be 4.95+0.32 abed 0.3840.03 defg 7.8010.50 efgh 2.00%0.19 be
LQ26 5.68+0.90 be 5.01£0.45 abed 0.2940.02 ghi 6.151+0.65 gh 1.88+0.23 ¢
XF01 4.671+0.36 cd 4.7010.77 abed 0.5340.04 abed 13.124+2.46b 2.5040.67 abc
XF02 6.09+0.49 be 4.4410.45 abed 0.50+0.05 abcede 11.85+1.31b 2.8840.30 abc
HAO02 5.6510.48 be 4.0410.69 abed 0.684+0.09 a 18.89+2.42a 2.134+0.23 ab
JO26 4.631+0.32 cd 3.7940.61 bede 0.45+0.04 cdef 14.17+2.79 a 2.6340.18 ab

JOS5 5.6310.24 be 4.5510.46 abed 0.4940.03 bede 11.12+£0.93 ¢ 2.0040.01 be
JO59 5.27+0.31 be 4.75+0.46 abed 0.55£0.03 abed 12.53+1.99b 2.83+0.31 ab
JO16 5.1610.68 be 5.214£0.51 abe 0.52£0.05 abed 10.66+1.49 ¢ 2.43£0.30 abc

JO6 4.961+0.38 be 3.8840.45 abed 0.5240.04 abed 14.68+1.94 a 2.384+0.26 ab
JO45 5.77+0.58 be 4.1010.37 abede 0.65+0.11 ab 16.25+2.63 a 2.574+0.43 ab
JO13 5.58+0.52 be 3.631+0.42 de 0.6240.08 abc 17.54+222a 2.5040.33 abc
JOS53 4.701+0.58 cd 4.401+0.58 abed 0.5140.05 abed 12.64+1.71b 2.71+0.36 ab
JO30 6.1410.47 be 4.661+0.41 abed 0.5840.03 abc 12.894+0.89b 2.7540.16 ab
JOS8 6.61+0.34 ab 4.281+0.33 abed 0.4740.04 bede 11.67t1.44 ¢ 2.38+0.18 ab
QY1 4.641+0.19 cd 3.73£0.39 cde 0.4610.03 bede 13.21+1.47b 2.38+0.18 ab
QY10 6.151£0.77 be 4.0410.28 abed 0.24+0.03 i 6.45+1.33 fg 3.13£030a

“F¥){H Mean 5.48 4.43 0.48 11.86 2.50

TR ENG FREFR A F ARG K RMZE R RE (P <0.05) ,
Different lowercase letters in the same column indicate significant differences among different Schima superba families (P << 0.05), the same below.

N
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Table 3 Differences in crown-form traits and spatial utilization capacity among Schima superba families

KA 1143 ek el v L e 8 T2 R AR e A% T AR
Family Mean crown diameter /m Crown length /m Crown fullness ratio Crown volume /m’ Crown surface area /m”
YX01 1.5740.33 cde 2.47+0.35d 0.63+0.12 ab 2.08+0.79d 6.98+1.97d
LXO01 2.24+0.19 abe 3.37£0.40 bed 0.69+0.06 a 497+1.22 ab 13.0242.30 abed
LX02 2.354+0.13 ab 4.641+0.26 ab 0.51£0.02 abed 7.09£1.17 ab 17.96+1.95 ab
LQO1 2.1840.11 abed 490+0.44 a 0.4610.04 bede 6.42+0.83 ab 17.56+1.89 ab
LQ02 1.8940.28 abed 4.3440.37 abc 0.4240.04 bede 5.35+2.07 ab 14.21+3.35 abe
LQ15 1.6410.09 bede 4.51+0.38 abc 0.39£0.05 cdef 3.10%0.23 bed 11.59£0.68 abc
LQ27 1.7140.14 abed 4.721+0.34 ab 0.3740.03 def 3.92+0.75 be 13.1441.65 abc
LQ14 1.5440.10 cde 4.57+0.31 ab 0.34+0.01 f 3.0740.63 be 11.50+1.49 abed
LQ26 1.584+0.23 cde 4.721+0.45 ab 0.34+0.05f 3.854+1.49 be 12.43+2.74 abc
XF01 1.8040.13 abede 4.1740.75 abc 0.58+0.18 abed 3.5940.84 be 12.1042.23 abed
XF02 2.1940.28 abed 3.9340.43 abed 0.5840.08 abed 5.83+1.44 ab 14.74+2.73 abc
HAO02 1.46+0.22 de 3.3610.61 bed 0.48+0.07 abed 2.5840.76 cd 8.92+2.19cd
JO26 1.6840.26 abed 3.3440.59 bed 0.5340.07 abed 3.764+1.45 be 10.68 +3.07 bed

JOS 2.24+0.13 abc 4.06+0.44 abc 0.58+0.05 abed 5.6411.00 abed 15.15+2.06 abe
JO59 1.73£0.18 abed 4.20£0.48 abc 0.42+0.02 bede 3.77+0.82 be 12.28+2.11 abe
JO16 2.36+0.30a 4.691+0.51 ab 0.51£0.05 abed 8.37+£225a 19.16+3.87 a

JO6 1.8440.28 abed 3.3540.44 bed 0.59+0.10 abed 3.80+1.22 bed 10.81£2.46 bed
JOA45 1.76 +0.23 abed 3.454+0.36 abed 0.52+0.07 abed 3.3040.90 bed 10.2942.04 bed
JO13 1.8610.22 abed 3.01+0.40 cd 0.6410.06 ab 3.50%1.23 bed 10.0042.43 bed
JO53 1.8940.30 abede 3.89£0.58 abed 0.5040.09 abede 4.44+1.12 be 12.7142.64 abc
JO30 1.38+0.15¢ 4.081+0.39 abc 0.3540.04 ef 2.374+0.59 cd 9.36+1.68 cd
JOS8 2.1440.08 abed 3.8140.35 abed 0.6110.07 abc 4.484+0.34 be 13.1940.93 abc

QY1 1.5240.23 cde 3.26+0.40 bed 0.47+0.03 bede 291+1.55¢cd 8.94+2.82cd

22 AEREFRANERZHRIEEES TN

R 47 H, ZHFE KT 50% KA YX01.
LX01.LQ14.HA02.JO59. JO6. JO45 F1JO13 % %,
PR K R AR B[R], 24385t A — 2
JOI3 M2 4 % & =1, 1A F 100.00%, T LX02 Al
JO16 K RIFARZ R W BHE, XRPAFAMEK
BT R BRI E R . PP e T
ARAFMRAAE S ¢ 2 40 (1) ™ AR L, YXO1 (1))
ARG B E, N 2.65, T LX02 F1JO16 [T
SR Z I HI AL, X 2 DK R 40 Bk
AT AL BT G FM, X35 UE S T AN R A A
FEMNE R LESR, AR BH KRR
YU RE J1 8 om; 1 YXO1 2K R W52 4545 $k =
9053, T HARK &R, RPHMARTY AR 1
e 1 k. B4k, LX02. LQO1. LQO2. LQ26.

XF02. JO5. JO16. JO30. QY1 1 QY10 & % I
MARTAG TR BAR, IR EEARLE 25% LR,
F TN Y R FI,  BRAE AR B ek > MR AL
WA 5. 1 YX01. LX01. LQ27. LQl4. XF0l.
HA02. JO6. JO59. JO45 F1JO13 K RZAMAIG T4
B, RP\HZEREWMBE K 7ok, JO13 5K
AR ZIRIEE] T 100%, {HHELZIHECN 043,
T YX01 K &R, FEEFERZ YX01 K AMAKZH
WAHNLE 3 ~ 5 BIIARK R Z, JO13 FRZHY A
FERAE 1~ 3 X

2.3 ARIFREFFEMMRAZHRIFAEE AYHE XM
o
Xt 24 AR Z R I E RAEIREFAE 5 AR PR
WA RARBEAT A G Hr, S5 5R (&I 1) &
W, Mfe S0 P e 3 R AR e R T
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ENREZFEIEMX (P<0.001) , 58T
ERFNHE (P <005 ; WES5F%uiE.
R W AR AR O R S B A e
(P<<0.001) , Sk EEEl. B B
TEARF R UL (P <0.001) , S5E &
SERZELEME (P<0.05 , 5%HFK, FH2H
P MR Z IR B R AR A SE (P < 0.01) 5
GRNCESE SN RNy AT N S
(P<0.001) , HIEEE. WwRmHEEEIE
FHR (P <005 , 573248 90 AR 32 45
FER R B FE LA (P <001) ; BN E
5P iE . B R A R R R R
G (P <<0.001) , 518 H S WK E 7HE K
(P<0.01) , SHEML ZH%., P2y
SRR A 32 Fa 8 B 2 A 835 IEA G (P << 0.001) ;5
S35 e I 5 08 LR BN R R A W v B = AR
BEEMEL (P<0.001) , GHERWE. #d
PR R 52 40 % B A 3 U O (P << 0.001)

K55 35 52 35 GO0 RITAROR 52 451 18 Hi 2 0 R 35 BRORE R
(P<0.01) ; IEEFESHTREMARF W2 i A
W 3 o R A S TR AR OC (P << 0.001) 5 W et [
T B 5 e A AR A IEAE DG (P << 0.001)
P AR 5 A2 45 R A R 2 IE AT OE (P << 0.001)
5557 35 52 A5 GO FUMR R 32 453 i 0 5 00 2 35 TR A O
(P <<0.01) , S5k AR A e vy B2 52 Wi 2% 1
K (P < 0.05) ;5 Ml R AR50 7k i B S i
FHIEMR (P <0.001) ; WEEmESZHRER
ZHATE (P <0.05) ; ZWFGFH2 8550 A
MARSZ e B 2R IEAHSC (P < 0.001) &

24 ARERFZRBEMERFFIEMMAZIRIZERI
srth

X 24 DA K RAER T R 5 R BER
LA SZARREE 73 AT IS, 454 (] 2,
B 3) o, ARA SR R R IEAT E 2 22 5%
IF S DUWIRA A% SRR A M . LUK IREE S 40 D9 R

x4 BREFRKREREMARNZHRIZE

Table 4 Damage severity of Schima superba trees from different families following the snow disaster

- - HRK AN AR AL THE  OTTREN AT IR
- " Number Number of trees in each damage class Damage  Mean damage  Tree damage
Provenance Family .
of trees 0 1 2 3 4 5 rate /% level index
7 2 & Yunxiao, Fujian  YXO01 40 10 2 5 8 5 10 75.00 2.65 0.53
R 2232 LX01 40 15 5 9 6 0 5 62.50 1.65 0.33
Lanxi, Zhejiang LX02 40 40 0 0 0 0 0 0 0 0

LQO1 40 39 1 0 0 0 0 2.50 0.03 0.01

LQ02 40 37 2 1 0 0 0 7.50 0.10 0.02

W LQI5 40 30 8 2 0 0 0 25.00 0.30 0.06
Longquan, Zhejiang LQ27 40 20 0 5 5 5 5 50.00 1.75 0.35
LQl4 40 10 0 25 5 0 0 75.00 1.63 0.33

LQ26 40 35 1 0 0 4 0 12.50 0.43 0.09

T s XFO1 40 20 0 3 12 1 4 50.00 1.65 0.33
Xinfeng, Jiangxi XF02 40 36 3 1 0 0 0 10.00 0.13 0.03
¥ 4E%¢ Hua'an, Fujian  HAO02 40 13 0 9 17 1 1 67.50 1.90 0.37
JO26 40 20 4 6 9 1 0 50.00 1.18 0.24

JO5 40 36 4 0 0 0 0 10.00 0.10 0.02

JO59 40 15 0 9 6 0 10 62.50 2.15 0.43

JO16 40 40 0 0 0 0 0 0 0 0

B R JO6 40 15 5 5 15 0 0 62.50 1.50 0.30
Jian’ou, Fujian JO45 40 10 5 10 10 5 0 75.00 1.88 0.38
jo13 40 0 15 20 0 0 100.00 2.13 0.43

JO53 40 30 0 0 5 0 5 25.00 1.00 0.20

1030 40 39 1 0 0 0 0 2.50 0.03 0.01

JO58 40 25 0 10 5 0 0 37.50 0.88 0.18

WRIT e QY! 40 39 1 0 0 0 0 2.50 0.03 0.01
Qingyuan, Zhejiang QY10 40 38 2 0 0 0 0 5.00 0.05 0.01
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Fig.1 Correlation heatmap of growth, stem-form traits, crown traits, and spatial utilization capacity in Schima superba
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Fig. 2 Cluster analysis of phenotypic traits among 24 Schima superba families
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Fig. 3 Cluster analysis of tree damage severity among 24 Schima superba families
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KA ZMR, RN W a it 52 B & N A ng s 25 11
AL G LX02. LQOL Al JO16 K &, FEEFIMN
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FRPMN K, FEFHEIN & B m .
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RO N3 ORERE, B 1 RBAH YX01. LQ14.
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11026 K&/, TERINEEINRAZIE, F
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BN 3, R 100%, RIZE BT K
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RRE BRI Z R . P38 52 33 20 AR K 2 45
R, R RRE RAEMAIKS K ENLHFE R
RIPTHL AR 177 R

25 AEIARTRAFEFHENGS TN

XF 24 AN K Z 1 10 SR AR AR AT £ AL
DM RERE VR, SRR S ML 6. F 114

IR bR SR A FR AR, ERr 1 (PCD  F
B4 2 (PC2) « ERST 3 (PC3) IR 4 (PC4)
) BT ik 2R 0 A 41.071% 26.932%. 14.988% Al
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41.071/92.735+F, X 26.932/92.735+F, X 14.988/92.735+
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W35y, Fiv Fou Fy MF, 73508 % 5 R AE PC1.
PC2. PC3 1 PC4 FHIFE 135 KIELE1TE
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QY10. JO26. QY1 M YX01 K &M 5)5 5 47,
ik 36 B, LX02. JO16. LQO1. JO5 Al XF02 %
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Table 5 Principal component analysis of phenotypic traits
among different Schima superba families

CEE NIz

fRbr Loadings of each principal component
Index
PC1 PC2 PC3 PC4

Jfi4% Diameter at breast height  0.055  -0.020 -0.281  0.937

W Tree height 0.457 —0.101  0.194  0.105
FiF /1 Height to crown base  —0.064  0.358  0.590  0.265
B R i LAl -
Crown base height ratio 0307 0331 0439  0.127
T 0266 0482 -0.193 -0.021
Mean crown dlameter
JBEJ¥ Stem straightness ~ -0.163 0216 -0.487 -0.018
PRRAIE ~0202 0489 -0247 —0.047
Crown fullness ratio
B AR R Crown volume 0375 0369 -0.014 -0.126
i 57 g3l
PR R 0.443 0263 -0.020 -0.060

Crown surface area

W57 Crown length 0.463  —0.167 0.077  0.051

HF1EAE Eigenvalue 4.107 2.693 1.499 0974
Variance contribution rate /% 41071 26932 14.988  9.744
R 7 Z TR % Cumulative

41.071 68.003 82.991 92.735

variance contribution rate /%

33 i
AR R R A KRR E ZE R,

S S ESHEERNRE UMK 2, i
AR N B AR K E B RS, Bom R
w5 5 0 AR K R R A R 3E R PO Fan
PR R, TR IHEY AR A
Wi, AHEFER I, AFEIARS KRR H
L 2 5%, LQIS FRBIHML T4 1,
HoM 4% ik 8.01 em, 117 LQ27 5% £ W) 2 Bt A ity
ﬁﬁcwam),ﬂ%5ﬁﬁmﬁ%ﬁT%%%
53 O SR S IR B IE N PEAH O, R R KR A% T
RE 2 WA RIS R R AT E RS R, 16
IR A LA 2 FEAL S R SRS, DA RS [
AT REKTR, X5HEEFES " WER
S0 — 3o AN F A Auf 5K F A0 1 2 (0] 1) 22 5 R R
#, UHEYX0l KR, H#EHN2.80 m, X
— WA S G 7R 1% K R AT R R “ P R ~F SR
Il D v AR K B DA v o0 AR R B 3 1
i, (H YXO01 K R SEFR32 %1k 75%, XKW

®6 TRAERRZREFENGEET AR

Table 6 Comprehensive scores and rankings of phenotypic traits among different Schima superba families

£ 343 Score Gefas L4
Family F, F, F; F, Comprehensive score  Ranking
YXO01 -2.144 -0.187 -1.647 -0.913 -1.37 24
LX01 -0.543 1.686 -0.850 0.210 0.13 8
LX02 1.477 1.352 0.906 0.389 1.23 1
LQO1 1.579 0.506 -0.160 0.399 0.86 3
LQ02 0.761 -0.247 1.168 -1.124 0.34 6
LQl15 0.542 -1.595 -1.266 2.606 -0.15 14
LQ27 0.818 -1.417 -0.424 -2.151 -0.34 20
LQl4 0.536 -1.787 0.466 0.010 -0.21 17
LQ26 0.921 -1.916 0.030 -0.076 -0.15 13
XF01 -0.125 0.149 0.509 -0.676 0 10
XF02 0.353 1.071 -0.903 0.474 0.37 5
HA02 -1.231 -0.168 2.009 1.038 -0.16 15
JO26 -0.895 0.024 0.022 -1.036 -0.49 22
JOS 0.696 0.689 0.155 -0.018 0.53 4
JO59 0.027 -0.243 0.342 0.082 0.01 9
JO16 1.801 1.255 0.111 -0.648 1.11 2
JO6 -0.803 0.412 0.368 -0.508 -0.23 18
JO45 -0.874 0.370 0.843 0.878 -0.05 12
JO13 -1.309 0.948 0.540 0.459 -0.17 16
JO53 -0.090 0.254 0.125 -0.839 -0.03 11
JO30 -0.496 -1.100 0.667 1.361 -0.29 19
JO58 0.074 0.598 -0.661 1.115 0.22 7
QY1 -1.089 -0.646 0.450 -0.896 -0.69 23
QY10 0.012 -0.007 -2.802 -0.134 -0.46 21
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