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Abstract; To identify the effects of environmental changes and genetic factors on the functional traits of leaves, 1.5-year-old

M. pauhoi seedlings grew in the same period under the seed trees of four provenances and in the common garden, were
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studied for comparative analysis of leaf phenotypic traits and their nutrient concentrations. The results showed that; (1) leaf
phenotypic traits such as leaf area, leaf thickness, and leaf dry matter content of M. pauhoi were influenced by both genetic
and environmental factors; leaf C content was regulated by genetic factors and was less influenced by the environment; leaf
N and P content were mainly influenced by the environmental factors. (2) The coefficient of variation of traits such as
specific leaf area, leaf thickness, leaf dry matter content, and leaf shape index was large in different provenances
(8.85%—37.03% ) , among which the coefficient of variation was relatively large in Suichuan, Jiangxi, and relatively small
in Chaling, Hunan, but all provenances tended to adapt to habitat changes by adjusting specific leaf area, leaf thickness,
and leaf nitrogen and phosphorus content. (3) Although leaf area was significantly negatively correlated with leaf thickness
in both the provenances and common gardens, leaf area was significantly positively correlated with leaf shape index and not
significantly correlated with leaf nitrogen content in the common garden, while leaf area was not significantly correlated with
leaf shape index and negatively correlated with leaf nitrogen content in the provenances. (4) Different coordination and
trade-offs existed between seedlings from different provenances and the common garden, which reflected the adaptive
strategies of plants in different habitats. Among them, Chaling provenance in Hunan had a more conservative resource
acquisition strategy, while the Anfu source in Jiangxi was more sensitive to the environmental changes and had a more
flexible resource acquisition strategy. The results of this study provide the preliminary insights into the adaptation strategies
of leaf traits of M. pauhoi seedlings to genetic and environmental changes, which can provide the theoretical basis and
practical reference for selecting suitable plantation environments and carrying out efficient management of M. pauhoi

plantations.
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1 HRETE

1.1 W5 IXHENL

F 2014 47 A FHE 8 A FAEWTA S TTIE 24 5 YLV 3 5 51w 4 A5k Bk 4 R
HBEB K T | O 45 S R AR AL R R AR BERE AR, FH T4 2Bk E 7 R 48 (GPS) M A4 54k, %
PR LA 55 3 R/NA 20 mx20 m 1AL A R I HEA T AR R DT RS R 5w (R 1)

2015 4 6 A FAIZE 7 7 L AyISCHE AR U5 B T T A A S BMROl L AR s 1 (26°497 157N,
117°56'49"E ) FF J& [a] B bel & i3 . R0 X 4K 96 m, 45 -9 IR 18.9 °C, A -1 /K & 1750 mm , 4> 4FF-
YITEREI 340 d, RIVAEZRINE 12 emx14 em R B AT AR N T, B TN 30% 500 1 +70%
BRILTIR R+ 2R SR 7.241 mg/g M10.817 mg/g, HMIFIRE 3 NEE, HHEE 30 bk, &5
B RRIEE N 40 emx40 em , 7] 5 P30 76 0 56 155 0628 309% Y388 BH 9 A B9 22 75 1 KM (55 2.5 m) NIRRT, SR
A A TR T KA
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Table 1 Geographical environment and Stand Characteristics of Seed-collecting Trees of different M. pauhoi provenances ( mean+SD)

F i b Provenances TLPE R WL AT W AR B VLV AR
5 Code JS 7] HC JA

4 Latitude 26°21'0" 29°26'40” 26°39'11" 27°14'56"
7E Longitude 114°22'52" 119°7'49" 113°45'51" 114°13'57"
E4R Altitude/m 326 245 308 318
AR Mean annual temperature/ °C 17.5 16.9 17.9 17.7
ARFATEE Crown density 0.7 0.8 0.7 0.7
LAk 7 2 Soil total C concentration/ (mg/g) 17.38 43.72 22.95 19.1

+ 34 A& 18 Soil total N concentration/ ( mg/g) 2.05 4.07 2.23 2.28

+ 44 W & Soil total P concentration/ ( mg/g) 0.4 0.85 0.33 0.43

SEH4 4% Mean Diameter at breast height/cm 35.7+8.0 50.7+5.4 37.5+18.3 43.6+4.2
#4755 Mean height/m 13.3+3.4 24.4+4.0 14.5+4.6 15.2+2.2

1.2 MR REARREE S T REMRIR AN E

2016 4F 10 A MAIZE 11 A LAY, Z WIS ] 5 el P 4 b 0 A 1% Fofr 5 AR 3 A 2 405 B R Aof-B A A
T AR 15 AFA AT S B, 78 R x4 TR B Y 1.5 4R A WK SE T R A, 0 Fh T
SEHAP B A 512405 (3R 2) 5 B 5 BREGIE VB4R 5 V-2 A BT R, 2R AR L R 24801 S Iy [ 2
P, T HRI S SR PRIRINE . X R R ARS v A A 38 A 5 00 % « £ 2014 4F T i B A AL R Y, 9
AT CARCR R AR T 1.5 4542 B RObR = 9 A TH H- P 2 e S e v (3R 2) |, 4% [m) e Pl RO D7 vk A
P AR A OB 5 PRI E

HIHT Li-3000C {50 A ( Li-Cor, JEE , INAT RGN, AH ) 02 B R A i R g 4 v 5 K i T
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(LA, em®) s FURSEE R 0.01 mm (3HR I~ RGEETT 32 v ol &k 7 R0 _E rf R 3 ANEREE B0l & 119 °F- 1
{E A AR IR (leaf thickness, LT, mm) , HIHLFIROFFR I - 8E 8, 22 R RE M H A K 78 5°C 1Y
SR PR AT 12 b B e s P IR K AR i R T B K O, 7R HL - RO AR AN G B SRR
T 105°C T 15 min, J5 T 75C ML 2EEIFFRE RN AR - HFL(SLA ,m®/kg) (MIEFE 5K
(LSI) M9 57 &% 5 (LDMC, g/kg) IR AHXS % 7K % (LRWC, %) -

FeM I (SLA, m?/kg)= MR (m?) /I T (kg)

MEFEEL(LST) = M (em) /I 58 (em)

Yt (LDMC, g/kg) = M7 T (g) /i i R o (k)

HARXT & K (LRWC, % ) = (W7 fif 8 -t T8 / (A A -1 )7 T 8) X 100

B 5 BORE SR i 100 H i 5, CHNOS JEE 43 H11Y ( Elemental Analyzer Vario EL II1, 78[5 ) Il 5

At (LCC, mg/g) 5 0% & (LNC, mg/g) , HI4H BE 9L 1L €3 (H,80,-HCIO, T4 ) W 7 i A s 75 >
(LPC,mg/g) , iR AL L,

®2 FIRE SRR E R 1EiE 4h 8 o FHE

Table 2 Stand Characteristics of Seedlings of different M. pauhoi provenances ( mean+SD)

HE MF 4H Understory seedlings [A] i e 41 Seedlings in common garden
Provenance Hu % i 55 e s
Basal diameter/mm Tree height/cm Basal diameter/mm Tree height/cm
YL )1 & 5.20+1.03 62.07+13.28 4.81+0.58 57.90+3.32
WL T 4.14%0.95 51.32+11.31 3.73+0.31 47.91+1.66
WAk B 5.34+0.72 64.88+9.19 3.76+0.35 47.80+1.14
PANIE S ER=S 4.56+0.63 58.54+10.45 4.70+0.53 53.40+2.41

1.3 HdEabs

FIH IBM SPSS Statistics 26.0 ,Origin 2021 \R 4.0.5 XX BTG 00T 2z B, R A BAE Y
KU 27 2553 BT s AR 5 BT IR0 1 AR 4% 3R 80 5 35 40 M obR 14 52 0 5 SR FH B DR 2R 5 22 40 MT EL AN [ o
(4 N AL AR Ve AR TE A5 b 5 ] S5 Bl P 1 et PR 22 S TR IS0 P e/ N I 385 28 53 12 (LSD) i AT 2 LR, 45
SRR T 5 55 4317 [7] I el -5 7 0 00 46 A0 1 A () g PR 2 5 5 S b TSR TR R IR G AL A it bR AR S R 8
(CV) RPPAE AN N AL AL, b CV =ARifE i 22/~ F- 218 ; R H Pearson AH 3G £ EI00S - D BE MR 18] AH OC OC &
HEFT 43T, B Je R F2 05340 BT (PCA) 38 7R AN RIS BAS [ 8 [ €01 46 Al - PR ) PR 7 A

2 HR

2.1 RS BE IR AR R D BE MR T 25 A

FOWR R 7 250 il 1 (3% 3) , BIAEAR i AR R B MR LA (LT SLA \LDMC \LRWC FEAS [F] ) %8 555 (Fil
R M 5 5 R) S el ) Ko AN ) b Y ) R e B I 35 25 5 (P<0.001) | PRI 5 2 5 85 19 28 B AR F X LA (LSI LT,
SLA \LRWC A &5 (P<0.01) ; LR AR TR MR N/P FERRIINE E L T 2257 83 (P<0.001) ,L.CC
TEAN R FP R (R 22 5 423 (P<0.01) , RIS B H IR 3 BAE X LNC A B E 520 ( P<0.01) . ] WLAS [ Fh I
SRR B P A Al P AR IR YA S R
2.2 BEFH BTN RIFR R ) AR AR B A I SRR (4 5 )

[7i) J3 Pl PR T, AN [ R R A A6 A Y AR A LSTLLT (SLA \LDMC 5 LRWC BJFE7E B3 25 5% (P<0.05) (K 1) ;
FhE LIRS T R IR IR @B AR LA LT SLA 5 LRWC H1E7E B E 2% F (P<0.05) (& 1), [6)J5 5 il
U5 b B A6 AR AR TH] LA (LSILLT \SLA 5 LDMC ¥JfF7F i % 22 7 (P<0.05) , H[Fiipd LA LT 5 LDMC /& TP
M (P 1) o [R5 Bl PR A ) F AR I SR AR 25 S 5 A5 Bl R L R AR T B R i PRIR 25 S R I E AR —BL
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Table 3 A two-factor ANOVA on leaf traits of M. pauhoi seedlings by provenance and environment
F Factors FF Factors

ALK EH B FRAFHER KH X

Phenotypic HH WS PP s Nutrient KHHE i Tl

traits Environment Provenance Environment X concentrations Environment Provenance Environmentx

Provenance Provenance

LA 26.695 2.445 5.313 LcC 1.653 4.217 2.711
(<0.001) (0.072) (0.002) (0.203) (0.009) (0.052)

LSI 0.153 0.250 7.954 LNC 6.346 3.030 4.490
(0.697) (0.861) (<0.001) (0.014) (0.036) (0.006)

LT 279.903 3.862 4.682 LPC 3.828 1.076 1.585
(<0.001) (0.013) (0.005) (0.055) (0.365) (0.202)

SLA 94.869 2.733 4.898 C/N 6.602 2.287 3.483
(<0.001) (0.051) (0.004) (0.013) (0.087) (0.021)
127.109 3.954 1.871 . 1.266 3.333 1.001

LDMe (<0.001) (0.012) (0.143) ep (0.265) (0.025) (0.398)

. 0.230 20.239 6.637 13.888 2.275 2.251
LRwe (0.633) (<0.001) (0.001) Nk (<0.001) (0.088) (0.091)

RWBUEN FAE, 55 NEAER P (H ;LA T leaf area; LSI: T 84X leaf shape index; LT M J= leaf thickness;SLA : [b T specific leaf
area; LDMC : I i 5 12 leaf dry matter content; LRWC : A% 25 7K % leaf relative water content ; LCC : B 7% i Leaf C concentration ; LNC : 457

i Leaf N concentration ; LPC : I & i Leaf P concentration ; C/N ; B % % 1 [L Leaf C concentration/Leaf N concentration ; C/P ; B % 5 [ Leaf C

concentration/Leaf P concentration ; N/P ; % # & & I Leaf N concentration/Leaf P concentration

E1

53 = BT 5 AR B R I R B R

Fig.1 Leaf phenotypic traits of seedlings from the common garden and provenances
PR AN R RS b 3 [l — RIS IR BR5 T 22 53 .35 (P<0.05) |, A Rl/ING b 30 Al — BRE AN [RI R0 I ] 22 572 . 35 (P<0.05) 5 * RoR[A] BT
7e] 5 o 8 b L 7] 25 57 B 25 ( P<0.05) , s 7 [) 5 el 5 A b 4 8] JE 4 3 22 5% C < [R) BEFE Common garden; P, Ffi i Provenance

2.3 SIS AN R R AR B A e U 1 SR R
[F) 5 Bl AL AS [ R B A LCC A7 7 2 25 2257 (P<0.05) , LNC \LPC LM J C/N [ C/P \N/P IH)JC o 3 22
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Fig.2 Leaf stoichiometry traits and their stoichiometric ratios in seedlings from the common garden and provenances

2.4 BE IS [ AR O 6 AR AR D) RE MR AR SR

] — R ATEAR R B B F A8, PR AR SRR, LA (LT LST & RMRIR K2 LPC AR SRk, T ¥ 1
e, P YTV N R IR G I FERE PG A SLA 28 585 R BH 2, B 0R ok 8.85%—37.03% , T itf) e A5 B P U6 ¥ A 7E
PRSI R tR A8 53 R B ARG, 280t 5 55 1 mT 9Pk s T B A6 LCC AR S/ B L R e |, 32
WEEs /N (Kl 3)

2.5 EHIREO IR AN B D REHERE R A0

S I AE AR B A e T RER (5B A ARSIk LA K2 C/N . C/P N/P) #4740 56438 v 1 . 5] 5 el )
FERETE AT PR ) A7 30 3 1 A DG 56 28, Hidh SLA 5 LT LRWC Ml B3 A G, 5 LST i 3 IEAH ¢ 1S1
5 LCC W B FIEAX, 5 LDMC B3 IEAMHE, 5 LRWC 8 B 5 MG LT 5 LRWC i i F1EM ¢, 5 LNC
LPC W IEAHDC, 5 LDMC 2 fAHC; LDMC 5 LRWC \LNC Mk W Z MAHSC, 5 LPC BERAH (£ 4)

Rl b B AE A K SLA 5 LDMC \LNC Wil B E ARG, 5 LT B MARDC, 5 LRWC B& A LT 5
LPC .3 A6, LDMC 55 LRWC e i 3 A6, 5 LNC B IEAISE; LRWC 5 LNC B & ke, i,
AR BRSO mn Dae R ) X R A B 225,

Xof AN [) B 35 R0 AN [) ol D ) 46 A 0 Sl RE MR AT = o M e (L 4) S5 R R 5 — a5 LA
LDMC | LT &8 PR R EEAHSG , Bk MR 3222 i W 6 & 1E S AR i B AR 3R T R 1) 5 U AR BB e 51
TS E LNC \LPC N/P S HRARAHDG G AR AR &) v MR 2 TR) 5 el 2 45 -5 0 VR b PR 5% A7 76 A X6 ¥ B 1) 43
BI(P<0.01) , FAE IREE T 0 A6 1 AT 25 AN [R) 14) GE U5 AR IBOR WS 5 AN [ Y52 601 46 A v A Ptk [ £ A 2
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2251 (P<0.05) , Horh VLU 2 AR AP PR Y MR TE PC1 Bl oA A B, ) R 25 B A I 40 A i A XS £ v

— WIBEEE — IHEREE — TERIE — BHTaE
7 5 Il FhiEH CV-LA

CV-C CV-SLA

CV-LPC CV-LDMC

B3 afEEaRtERERRz8EEE
Fig.3 Radar chart of variation coefficient of leaf traits of M. pauhoi
CV-LA . M- B3 5 2B Coefficient of variation of leaf area; CV-LST: H-JEH8%XE 5 %L Coefficient of variation of leaf shape index; CV-LT . IH-J&48
5t ZH Coefficient of variation of leaf thickness; CV-SLA ; U T RS S5 2288 Coefficient of variation of specific leaf area; CV-LDMC ST
AR 5 2B Coefficient of variation of leaf dry matter content ; CV-LRWC : A X 25 7K #2853 2% Coefficient of variation of leaf relative water content;
CV-LCC : M5 & 5 78 5 2 80 Coefficient of variation of leaf C concentration; CV-LNC : M % & & 48 5 2 B Coefficient of variation of leaf N
concentration ; CV-LPC SR AR S R AL Coefficient of variation of leaf P concentration ; CV-C/N ; M & [LAE 5+ 24X Coefficient of variation of
leaf C concentration/leaf N concentration ; CV-C/P; Bk 5 L 28 S R ER Coefficient of variation of leaf C concentration/leaf P concentration ; CV-N/P .

-8 W LR S 222K Coefficient of variation of leaf N concentration/leaf P concentration

R4 HEREXESHT

Table 4 Correlation coefficients between leaf traits

SLA LSI LT LDMC LRWC Lcc LNC LPC

[Fil Jc ol SLA 1.000
Common garden LSI 0.374* 1.000

LT -0.613**  -0.023 1.000

LDMC 0.264 0.344 " -0.412" 1.000

LRWC -0.435""  -0.355" 0.475*"  -0.627"" 1.000

LCC -0.022 0.473**  -0.144 0.204 -0.244 1.000

LNC -0.300 0.006 0.390" -0.431"" 0.314 -0.232 1.000

LpPC -0.184 0.066 0.384" -0.358 " 0.198 -0.206 0.317 1.000
ol SLA 1.000
Provenances LSI -0.158 1.000

LT -0.332" -0.246 1.000

LDMC -0.725*" 0.103 -0.070 1.000

LRWC 0.402°* -0.147 0.244 -0.437"" 1.000

LCC 0.292 -0.093 -0.290 -0.205 0.019 1.000

LNC -0.435"" 0.154 -0.196 0.376 " -0.669 " 0.137 1.000

LpPC -0.029 0.312 -0.370" 0.042 -0.013 0.126 0.261 1.000

* FeIR P<0.05; * * F/8 P<0.01
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