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Abstract: Understanding the variation and correlation of plant functional traits among different planting patterns is of great
importance to reveal the ecological adaptability and function of different tree species. The variations of functional traits in
two common tree species’ seedlings ( Cunninghamia lanceolata and Zelkova schneideriana) in subtropical area were studied
among different mixing proportions based on pot experiment. These mixing proportions included a single-species C.
lanceolata planting pattern (4C), a single-species Z. schneideriana planting pattern (47 ) and three mixed treatments
(1C3Z, 2C27Z, and 3C1Z). The results showed that: (1) total leaf area, leaf dry matter content, net photosynthetic rate,

transpiration rate and stomatal conductance of C. lanceolata decreased significantly in the mixed treatments compared to 4C
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treatment, while specific leaf area increased significantly. Root length and specific root length were no difference among
different treatments. Leaf biomass, stem biomass, root biomass and total biomass per plant of C. lanceolata among different
treatments were significantly lower than in the 4C treatment, and these variables were no significant difference among mixed
treatments. (2) mean leaf area of Z. schneideriana was the highest in the 3C1Z treatment. Total leaf area increased
gradually with the decrease of the proportion of Z. schneideriana in tree species composition, specific leaf area was no
significant difference among treatments, leaf dry matter content was the highest in the 2C2Z treatment. Net photosynthetic
rate, transpiration rate and stomatal conductance of Z. schneideriana were the highest in the 2C27Z treatment, while the
instantaneous water use efficiency was the lowest in the 2C2Z treatment. Root length of Z. schneideriana increased
significantly in the 3C1Z treatment, while specific root length showed less variation among different treatments. Leaf
biomass, stem biomass, root biomass and total biomass per plant of Z. schneideriana increased gradually with the decrease
of the proportion of Z. schneideriana in tree species composition. Overall, interspecific competition was greater than
intraspecific competition for C. lanceolata in mixed C. lanceolata and Z.schneideriana treatments, while the pattern was
opposite for Z. schneideriana. With the decrease of the proportion of C. lanceolata in mixed treatments, C. lanceolata
enhanced interspecific competition by increasing specific leaf area and net photosynthetic rate and reducing stem biomass
accumulation. While with the decrease of the proportion of Z. schneideriana in mixed treatments, Z. schneideriana
significantly increased leaf area and root length to improve resource utilization, and reduced underground resource allocation
and increased aboveground stem biomass accumulation. Therefore, mixing proportion of tree species will significantly affect
functional traits and biomass accumulation. Determining appropriate mixing proportion is of great significance for sustainable

management of mixed-plantation.

Key Words;: mixed proportion; functional traits; interspecific relationship; Cunninghumia lanceolata; Zelkova

schneideriana

N T S BR AR AGEUR 1 T B2 0 40, 2 R BB A AR GE R R R s e R B N AR 2%
DAl R 3 B R MR A 2R i Ul P R AR 2R A e E R T
MAESRGERATRFSL R, BN TIRSSA B T4 bkt A= 7= ) JE TR I8 A, ot RURS: 45 B A S HE 25
ATREEEES FERRMAES R G, Bl 26 R AR e N TR A ARZ s i e R X A 5%
G HAMION (SRR ) FPEHEVER] 3 Fl, 88 A8 2 BURIVR 52 HO A9 2 52 il AR AR A 25 &R 48 rh R (1 AH B4R ]
KRMEEFFE T R0, BRI T AN TIRSSHRAIIST , 3= B4 oh 4k SIS MR AE KB BB RS
TR LEW A P IR AE S G TR R aE S5 T 2 B N TR S AR R MR R A S HL i ] 5 gy AR
S, VARt b A HERAR BAE T OC R R G098

T YD REPEAR AR A A ik 72 v 3 107 Jo] R PR T A B8 0 A 25 R GE DR — € 2 Ml AR B 285
A BRI AR ) SR AR Ao AN TR B S5 A3 B ) P AN [ T i 2 i) ) A B A A A, AT LK BR
B A AR IR RE R T H S5 A N T RBI R AR HAR 5 T SR AR A ) 5 30 B0 A5 N2 B IR 0 25 5 DA
FIRTCRM B PR, ST RIFhAL I S R D RE MR SR 7 T Z R SR A9 H 25 2 06
Xiang i L12) oy SR 1 , FUAR K | LU AR 1 FR AN AIAR A= 9 8 7F 55 B Hs ( Pinus massoniana) Fl41 85 ( Lithocarpus glaber)
TR I 5 45 H4liAK, Fujii and Kasuya[ BIRgE 2B 7E TR ( Pinus densiflora ) Fl H A Js #1 ( Chamaecyparis
obtusa ) AR /N ARAS HAT BAR A AAR A= Wy i R i AR A RN AR AR R %% B2, (H LU AR A LU AR AR %5
JE R TR AN XFASRFR AL R REMEIR 928 502 th T2 SR 2 A AR g5, —
FBEIN o 3 el N R SR A R R B0 2 ) 2 R - A S T REIEAR SC A B R ZEHLIRN T 0 R, YR AR AR Bl ) &
M SEG IS DA 28—t 55— = A B o ) B 1 i ) B G (BRI R s gt T ) V1 SR, AR il 2
FEPE SR I3 77 00 Z 8] 1 06 FR I TS b 25 RN A DL R SR8k o 1T i G TS Ao 2 i o ] 52 o A
ARIBEMEIRAIDTFTE D WeAh, TEIR SSRGS T ffy 5 i AR TR 52 L 9] 2 R i S A ™ i MG M Y o 2 [
740 Binkley SV BFSE E W 509 M0 ( Eucalypius saligna) + 50% G FERRL ( Falcataria moluccana) N T3R8
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MM A B E M A A AR 25%, Santos ZF WFSE F W, 5 H B ¥ ( Eucalyptus grandis x Eucalyptus
urophylla) ZEAKAH E , 50% AR+ 50% 5 5 AH TR (Acacia mangium) R3S HRH B F =5 B RN A8 00 K (H B AR
Yyt 5 B RACAMRAR Y o TR AE HE XS AR5 A= 7 0 18 52 i 32 B B ok A A 2L 8 B JHC A i) 5 Ao P £980 A A G
Fo RSO BB 4K JF Al RERZ s b T RORERIDREEAR . SR, DATEBIFSY 32 2O IR 22 el x
Moy & R EUE Y R, AR K BNR AL H BT b b A T D RE AR S me i BF5E

2K ( Cunninghamia lanceolata) J2: W7 #b [X. T2 A9 N TAMEMB A 2 —, AN TAKHEFLIE 895 J7 hm?,
AR BT AR 19.01% (55 /\ UK A EARAR L5 A 4 ) 2 . IR R ZH2 AR N TMATER FH A 3% A i
AR B UHE A AR AR BRI A2 77 0 T B I B i B DA AR S R G BE RIS 18 2 0 H 47
e | K& ( Zelkova schneideriana) ERKAR MR R , EEEN S TE S MW E 2 KRR
TEAZ TR SSMRAT B T4 i RS AR 0 A 7 T RS P . S ik, R S 15 TR SR W S A AR R4 B TE AN
TR S LU B AR i 28 AR REEARAE AL B AR Wit 2 BCRRAIE , W8 2 NP RD AN [RI TR 52 L] T AR 250
BLSREWE A2 AR+ R RR AP 2 2 B S S 2%
1 MRS IE
L1 KA

AR H A7 F WA AT T & FHIX PR LI (AR 48 1190577, b4 30°37) BUIGFE M | %3t X LA HL 7Y (14 37 $haafy
VR TR RV A3 16,4 °C 4F H BRIER 1816 h, AR P340k i 1441.9 mm, JCAEHIH 252 d.,
1.2 Wk s B

AR5 IO AT 1l XN TARZE B 8 IR AR AR R AT 1 4R AR 4 04T 5 b AL 3 (i) #6550
4 BRAHEREY B A AL T — N EUORLAE B (4Z) 1 BRAZ R 3 BROCIHBE (1C3Z) , 2 BRAZ AR A 2 BRI B
(2€27) ,3 BRAZAHN 1 BRKRMPE(3C1Z) T4 BRAZA (4C) , DRI I 25 ARAERIGOLPIEREILE 1,
AP 5 3t 25 ZE BRI AR IR & K kAT

F1 HARMKMELEMBEERIEY R CFIEPRER)

Table 1 The values of the initial trait and biomass of C. lanceolata and Z. schneideriana seedlings ( Mean+SD)

Wy MR wE SEH A Lt LR K L i E Qi i
Soec Initial Base Mean leaf Total leaf Root Leaf dry Stem dry Root dry
>cles
peeies height/cm diameter/mm area/cm’ area/cm’ length/cm mass/g mass/g mass/g
¥ R C. Lanceolata 21.76+3.47 1.98+0.55 0.56£0.22  416.91£90.25 522.11x132.78  2.85+0.51 1.56+0.25 0.73+0.23
KB Z. schneideriana 40.82+0.03 1.17+0.01 1.26+0.45 114.13+43.82  189.33+85.65 0.39+0.13 0.81£0.15 0.19+0.08

FEAR LA TARTE A, JE MR G 27 B KT JGad 1 emx 1 em f 07 R ( L2 BR A7 Sk FAE 4 5%
) o AT, 7E RN 20% ek £, BHR A S B e A SIRHE 2 (HP2E 48 om, 25 41.5 em, 5 31
em, FJRA 4 DNHEOKFL) AL+ 20 kg HAEA AR FE RO IL G E | K 1 0UR R sl i,
SR BRI - = SRR - B B DL LU (0 000 5 | 7 R R FH 6 1 R 1 V7 R 44 SR A B (0 3 T o s
SR R B B - KOG BE TR A |, 398 HILJTR 4 R 0 R Ak - A Al iz 24 R PR IR T 5 £ 358 pH
B, R AR L 2, 2019 4F 3 H i) g — AR AR AL A IR R &0y v 4 156 Ak B 40 1 P AR A
FEANSRHAEZE T, 0 0 TR) G G A b &0 7 R A TR TR PP 3 A L, A6 s U3V B A A FRL ) 4 DK

R2 TEHREREECEYEAREZE)

Table 2 Basic characteristics of soil samples ( Mean+SD)

- KA 2 AR A FHLB
Total nitrogen Hydrolyzed nitrogen Total phosphorus Available phosphorus  Available potassium Organic matter pH
/(g/kg) /(mg/kg) /(g/kg) /(mg/kg) /(mg/kg) /(&/kg)
1.13+0.03 91.80+2.07 0.25£0.01 14.330.54 42.87+3.22 30.17£1.35 4.83+0.05
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1.3 ARSI

FIFH Li- 6400XT fH#EROEA 3L ( Li- 6400XT, Li-Cor, USA) % WSR3 1 2 5047 )
o TR 12 em®(2 emx6 em) £HHFHFEH 6 cm®(2 emx3 em) Rl 5300 @ A2 AR TR OGS S5
2 i B rh KR (Ta,°C ) 25—28 °C, AHXHEBE (RH, %) 58%—62% , [l € i # A 500 wmol/s, M35 P €O,
WL ETE 400 pumol/mol , KT CO, #JE (Ca, pmol/mol) AXAS AR, . JCARSREEM LED £ZLEDER,
WAE R 1000 pmol m™" s™ WG EARERST (PAR) . B4 44351 F 2019 4 10 H 15—19 H9.00—11.00 #
170 BRI B P B BRI BIERE | BRGIET, TR A 3 A AR R A A Y A T
FOEAEITRE S 2 min ILREOLA AR (Pr, wmol m™ s™') ZEMEH AR (Tr, mmol m™ &™) FILFLFIE (s,
mmol m2s™") o BEIF K3 FI AR (WUE, wmol/m) R Pn/Tr 145,
1.4 JEAMRA M

2019 4F 10 H T A% A A BT BRSO, $ BT R 2R 3 B A AR 2 1 B T
UKESHIPRIRAR N . ZERE AR B X 45 A A B A A B AL IZE 15 20 R X (e B AR s s iy it i S — A TR
EREAFEAT I E A G M REAS A BT AL (MLA | em?) , S FI AL (TLA, em?®) M8 (RL, cm) @it 4
#5544 (WinRHIZO, Canada) F1f4: ( Leaf and root image analysis software ) #E4TI %, 7E ff F5 A1 1f Al 75 FR 1
ZIE KA B R BT R RAEAS /N HI T ARAR T TR 60 °C N HET B E E B SRR I E KT, R
HA(SLA, em®/g) KM HEAY T (LM, ¢) WA, MR THBE & (LDMC, g/g) T8 it 15/ i i i i
H(LSFM, g) lWf, AR (SRL, em/g) ITE NRK/MRTH(RM, ¢) WA, ASCH Y MLA \TLA SLA |
LDMC RL .SRL.LM .SM .RM .,TMPP .LMR .SMR .RMR F R/S fX 24 Ab ¥ rp 45> 4 v A 39101
1.5 BdEadr

K HI WPS F1 SPSS 25.0 3 XA AT B BRFN 43 Hr . AR IEBECTAZAR Rt Rt 22 AEAS A3
REHRAN A Wy i S AT BE Y 22 5 R T SPSS 25.0 BAFI L R J5 22 (one way ANOVA) 437, Il 1B £
A ( Duncan’ multiple test) 47T [RIAbHLZ [8] 22 SRR 585387 (P<0.05) o AFEFRIEBIAFAZA KB
25 AR I REMEIR S A W i M 4y TR A9 AH 5 43 BT (Pearson correlation analysis ) R R 3.6.3 # b ()
“corrplot” F,5E L7 IFHFH R 3.6.3 B« ggplot2” | “ggrepel”, “plyr” Hl “vegan” %t HigkAT 3 Wi 70 r
( Principal component analysis, PCA) .

2 HR55%H

2.1 PR R

T2 A B T FRUE S [R) A B ) A (B 2 22 5 (0.667 ), S T FRUE A2 A B ol 2 i b BIE v 461 14 I 1 7 D
A TARTETR AR R 1 K (P<0.05) , M4 B & s AR TRARA T 3/ (P<0.05) (£ 3) . Kit
PRI T FRAE 3C1Z AbFHET fersy , e 0 AR Bl K R ZE AR A 2 v BT o L £97) P e AR 1T 528 ¥ 1 K, L ot T TR
ANTA] A HR R TG 2 22 5 (0.758) , T & i 7E 2027 AbHE R i 3 /= T HE 3 Mk P<0.05)

ARG R 2RI T TERAR AL B T B 5 KT 4C 4B (P<0.05) , 1M B K 43 R FH 0%
TEARNFAEEZ A 22 5O 35 (0.543) (2 4) . KIMBEEGA HR ZEIEHR AL T B FmEaS K or F AR TR
ANFAb P )1 25 5 25 (P<0.05) o ol e 78 6 3l R RN S AL BE 8 2027 Ab 39T e K i Ik s
IKAYFI FHAE R AE 2027 JhBE R e/
22 WRMRZL

AR TN AR KA R [H] JC B 35 22 5 (P=0.408 ,0.387) (& 1), MM K bl 70 B i 28
LU s/ N S 3 kA A L 3C1Z AR MR 2 5 T E 3 AR B (P<0.05) , B AR FEAS [m] ik 3 1) 22 S
BE(P=0.130),
2.3 R[RIAb B XA B )

AR 25 AR AR AL RR B W i TR AR AU T 1 BT 4C PR (P<0.05) , L 25 ARA Y
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Table 3 Changes in leaf morphological traits of C. lanceolata and Z. schneideriana in different treatments

B T AR RN WA L T AR n T
s W g’ TR
. Mean leaf Total leaf Specific leaf Leaf dry matter
Treatments Species N ) N

area/cm area/cm area/(cm”/g) content/ (g/g)

47 Z. schneideriana 14.16+1.86B 1301.05+174.80D 291.60+7.24A 0.31+0.03B
1C3Z C. Lanceolata 1.07+0.18a 585.40+105.19b 156.95+6.69ab 0.28+0.02ab

Z. schneideriana 14.21+2.36B 1624.47+148.34C 291.20+16.69A 0.30+0.01B

2C27 C. Lanceolata 1.11+0.15a 707.77+118.68ab 162.75+7.62a 0.25+0.02b
Z. schneideriana 13.48+1.76B 2466.77+264.95B 295.86+12.08A 0.39+0.07A

3C1Z C. Lanceolata) 1.19+0.13a 803.16+79.48ab 165.01+11.03a 0.27+0.02b

Z. schneiderianag 18.24+2.694 3525.30+188.074 299.95+14.434 0.29+0.01B

4C C. Lanceolata 1.10+0.08a 909.27+298.81a 145.41+9.43b 0.3+0.002a

TR AR (n=5) ; F—FIAR KRG TR R R AR R peph ) 22 57 13 (P<0.05) AN F/NE FRERR AR B
FR TN 22 53 8.3 (P<0.05) ;47 :4 BRI BELNTE four Z. schneideriana seedlings; 1C37.:1 #RAZAFN 3 B K MBEL T one C. lanceolata and
three Z. schneideriana seedlings ;2C27 ;2 #RAZAHN 2 ¥R KIPELIE two C. lanceolata and two Z. schneideriana seedlings;3C17 ;3 BRAZAHN 1 FR K1

X three C. lanceolata and one Z. schneideriana seedlings;4C .4 BRAZ KL four C. lanceolata seedlings

R4 FELETHEAMAMHENESEROTL
Table 4 Changes in leaf photosynthetic traits of C. lanc lat
HOL G HR (Pn) ZEMEHIR(Tr)

and Z. schneideriana in different treatments

ALRE(Gs) Wk K 23 AR (WUE)

'ﬁ:iments i@pj‘ries Net photosyntietij rate/ Transpirati(jrzl ié;:te/ Stomatal con(_ll;c}e]ince/ Ins.t'ar'ltaneous water
(pmol m™s™") (mmol m™s™") (mmol m™7s™") use efficiency/ ( mol/m)

47 Z. schneideriana 5.22+0.71B 0.77+0.16B 0.06+0.01B 6.85+0.61AB
1C3Z C. Lanceolata 4.46+0.21b 0.75+0.10b 0.04+0.01b 6.08+0.76a

Z. schneideriana 5.73+0.72AB 0.76+0.25B 0.05+0.02B 8.19x1.92A
2C27Z C. Lanceolata 4.83+0.42b 0.80+0.19b 0.04+0.01b 6.35+£1.35a

Z. schneideriana 6.56+0.91A 1.51£0.52A 0.09+0.03A 4.86+1.51B
3C1Z C. Lanceolata 4.66+0.46b 0.90+0.25ab 0.03+0.003b 5.52+1.39a

Z. schneideriana 5.45+0.81AB 0.88+0.17B 0.04+0.01B 6.43+1.71AB
4C C. Lanceolata 6.01+£0.69a 1.22+0.31a 0.06+0.02a 5.21x1.22a

BARE SR YRR IR AT BEAZ AR AERS R AL BT o5 B B iR (& 2) o KR 25 ARAY)
R BAURR A A R B A R R AR L B 9] A 8 T T 2R /S, L R ZE AR R E 3C1Z Al 2027 AbEER 1Y
BEET 1C3Z M 47 LbFE(P<0.05) , 1 1C37 Fl 47 AbBRE] 25 R 3% (P>0.05) , AR A9 R BA Rk S A 9 i
16 3C1Z AT B m THE 3 NP (P<0.05) , AR AW & 7F 2C2Z ,1C3Z 1 47 3 AP 22 5 A8 1 3%
(P>0.05) , ARG £ 0B S A Y R 22 7 .35 (P<0.05) ,2C27Z AP S A it fie e, 4C A0 BEF B
Yyt eI, M 47 1C3Z F1 3C17Z3 Fib 38 8] A= )i 0 % 22 57 (P> 0.05) (1 3) .

AN AL BXF 2 A KRN 25 MR AR F AR F s AR (R 5) o ISR AR Wi b AR AE Wit el
MR HAE A Rl A 2 (R JC 3% 25 5 (P =0.943 ,0.496 .0.704) , /B )R TE 4C b R iR, HEB E & T
1C3Z F1 3C1Z IRARAL IR (P<0.05) o KM A 1) LU AEAS [R) b B TH] I ik 25 22 57 (0.809) , 254 W) i L bt o g
FER Tl 2H B BT o B A9 B AR T B BT 0 K, ELAE 3C1Z 1 2027 Ab3 R | #5 TF 4Z hhFE (P<0.05) WA h:
IR 56 L Bt DRI A A 2L i o5 A1) ) o8 AT T % 3 s 2>, ELAR A 4 i L FNAR 58 L 7E 3C1Z N 2C27 Atk
PR BT 4Z 4P (P<0.05)
2.4 FARRKIBELT T 25 ARTBEME IR KA 4 o L A A 5o

FAFR IR 25 ARTIREMEIR S Az i B H e 1B) 9 2 R AL (T 4) o B I BVRITAR K 40 31 S5 A

2Ry AR R R B Y R B IE A DG (P<0.05) , FLE I TE ARG AR K 43 S A I TR A G
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C. lanceolata Z. schneideriana C. lanceotata Z. schneideriana

1 AREAMESTAZART AR R SR 20
Fig.1 Effects of different treatments on root morphological traits of C. lanceolata and Z. schneideriana
RERFRIE IR EZE (n=5) ;TR — BT R R TR 2R R B 7E P<0.05 KF E 225 5238, P2 AR R /NG 288 Ry
FREFRE SP 4 BRAZARE KBS E four C.lanceolata seedlings or four Z.schneideriana seedlings; 1C37:1 BRAZAHN 3 kKBS one C.
lanceolata and three Z.schneideriana seedlings;2C27 ;2 BRAZATN 2 BRKIHBELN T two C.lanceolata and two Z.schneideriana seedlings;3C17Z.:3 #1%
A1 ARKIBELN Y three C.lanceolata and one Z.schneideriana seedlings

PE(P<0.05) . [HPAFFN DI REMEAR 5 A 4 SO A Be e S0 OR R A AR DG PE . AR &3l 2K
BRI AL G 5 e m AR 2 UG (P<0.05) . HOEA RS LGB SRy 25 YR ARAY
TR AL A A ) i 5 B IR AR DG (P<0.05) 1T U AR 525 A Wi AR A 4y et R0 BA R B A e B I S AR O
(P<0.05) , Kt kA Y 224 Wi AR AR R ik Bk ) 2 B IE A5 (P<0.05) , T
TR FFURI B P TR R 5 25 i L 2 5 TR A DG (P<0.05) | TS5 AR AR 4 L AR 56 L 2 55 3 17 A 56 ( P<0.05)

K5 ARSETEA KIHEN ZREMELIRELILHEL

Table 5 Changes in leaf mass ratio, stem mass raito, root mass ratio and root/shoot ratio of C. lanceolata and Z. schneideriana among different

treatments
Qb3 Yl LIREEL7/E 4 d YR Ayt e R
Treatments Species Leaf mass ratio Stem mass ratio Root mass ratio Root/shoot ratio
47 Z. schneideriana 0.24+0.02A 0.46+0.02B 0.30+0.02A 0.43+0.05A
1C3Z C. Lanceolata 0.53+0.04a 0.32+0.03b 0.15+0.02a 0.18+0.02a
Z. schneideriana 0.24+0.01A 0.48+0.05AB 0.28+0.03AB 0.40+0.06AB
2027 C. Lanceolata 0.52+0.04a 0.33+0.05ab 0.15+0.02a 0.17+0.03a
Z. schneideriana 0.25+0.02A 0.51+0.01A 0.24+0.01B 0.32+0.02B
3C1Z C. Lanceolata 0.55+0.03a 0.31+0.02b 0.14+0.02a 0.16+0.03a
Z. schneideriana 0.25+0.03A 0.51+0.02A 0.25+0.04B 0.33+0.06B
4C C. Lanceolata 0.48+0.01a 0.37+0.01a 0.15+0.01a 0.18+0.01a

ST AR T AZA b pgnt 25 ARy RE IR A AR P i e AR T A B 1043 /0 (PCA) %
(B S) AZARHET 2 AW T LR RAZ AR T RE MR A A Py ik B LA oA 5 507 2511 95.81% , JHorp PC1 W] LA AR
BT 2211 80.96% ,PC2 W] LUSFRE L7 251 14.85% , JA T AR, L T AR AR K RN EE AR BTk B s Kt Rg i
2 Al RO AR SR 97.53% , Horf PCL R PC2 Bl 20 SR 7 2519 61.94% F11 35.59% , 2 St AR L
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