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Responses of leaf functional traits and biomass of Quercus acutissima and Phoebe
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Abstract: The light and nutrient conditions are important environmental factors that affect plant growth, and plants of
different life forms have different responses mechanisms to environmental heterogeneity. The seedlings of the deciduous
broad-leaved tree species Quercus acutissima Carruth. and the evergreen broad-leaved tree species Phoebe bournei ( Hemsl.)
Yang were selected as the research objects, and a total of 8 treatments were formed by setting 2 light gradients ( the full light
and 45% full light) and 4 fertilization gradients ( no fertilization, the nitrogen and phosphorus supply ratio of 5, 15 and

45). In this paper, we study the effects of light, fertilization and their interaction on the biomass and leaf morphology,

HEE2WB.: B K &AM & H I A (2017YFC0505506, 2017YFC0505502 ) 3 1 4 4% 4> 25 1tk B BF BE B 25 A BEBF b 45 2% & T % & Wi H
( CAFYBB2018ZB001-3)

Y75 B #8:2020-07-31; &1iT H#5:2021-02-03

# WM IHAEH Corresponding author. E-mail ; yumukui@ caf.ac.cn

http ://www.ecologica.cn



2130 JAE = 41 4

physiological and chemical properties of the Quercus acutissima and Phoebe bournei, and explore the relationship between
leaf functional traits and plant biomass. The results showed that; (1) light, fertilization and their interaction had significant
effects on photosynthetic gas exchange parameters (except for water use efficiency) , chlorophyll fluorescence parameters,
leaf morphology indicators ( Un-including specific leaf area), unit mass leaf nitrogen content, and root shoot ratio. In
addition, light and fertilization showed significant impacts on above ground biomass and total biomass ( P<0.05). (2) The
treatment of full light significantly increased the total leaf area, aboveground biomass, underground biomass and total
biomass of the Q. acutissima and P. bournei ( P<0.05), while the treatment of shading reduced the non-photochemical
quenching coefficient, photosynthetic nitrogen-use efficiency and root shoot ratio, but increased the unit mass leaf nitrogen
content. (3) In the full light treatment, fertilization significantly promoted the water use efficiency of the Q. acutissima and
P. bournet (P<0.05). In the shading treatment, the nitrogen and phosphorus supply ratio of 45 markedly increased the net
photosynthetic rate and water use efficiency of the . acutissima and P. bournei ( P<0.05). (4) The Q. acutissima and
P. bournei preferred resource acquisition strategies in the full light condition and preferred resource conservation strategies in
shading condition. In the light and fertilization treatments, the total leaf area of the Q. acutissima and P. bournei were
significantly positively correlated with aboveground hiomass ( P<0.05). In short, the total leaf area was a stable indicator for
predicting changes in the aboveground biomass of the seedings of Q. acutissima and P. bournei. The fertilization was helpful

to increase the ecological adaptability of the seedings of (. acutissima and P. bournei. in a low light environment.

Key Words: photosynthetic characteristics; chlorophyll fluorescence; leal morphology; biomass; Quercus acutissima
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il AL PR AR . pH 4.87, A HLIE 2.86 mg/kg, A 0.24 g/kg, W 0.11 g/kg, /KfRTER 20.53
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Table 1 Photosynthetic gas exchange parameters in Q. acutissima and P. bournei under light and fertilization treatment

Qb EE P,/ G/ c/ T/ WUE/ PNUE/
Treatment (wmol m™2s7") (mmol m~2s71) (‘pmol/mol ) (mmol m™2s7") ( wmol/mmol ) (pmol g7's7")
QLCK 6.07+0.04d 0.11+0.00b 274.8+0.5b 4.50+0.01a 1.35+0.01e 6.67+1.17hc
QLNP5 6.35+0.21d 0.08+0.00c 243.5+1.0c 2.87+0.05b 2.21+0.04cd 6.4920.05bc
QLNP15 8.01£0.17h 0.12+0.01b 285.8+11.3b 3.06+0.21b 2.63+0.23¢ 7.89+1.14ab
QLNP45 9.81+0.49a 0.22+0.01a 321.2+6.8a 4.33+0.20a 2.27+0.22¢d 8.89+1.31a
QSCK 6.29+0.73d 0.10+0.03b 283.1+15.2b 3.25+0.76h 1.97+0.25d 6.4620.88hc
QSNP5 5.66+1.10d 0.06+0.02d 223.3+16.1d 1.87£0.83¢ 3.24+0.75b 5.8620.56¢
QSNP15 6.20+0.03d 0.05+0.00d 238.6+0.6¢ 1.2720.00¢ 4.89+0.02a 5.59+0.16¢
QSNP45 7.24+0.01c¢ 0.06+0.00d 217.0£0.4d 1.55£0.00¢ 4.68+0.01a 6.99+0.23bc
PLCK 5.24+0.04¢ 0.05+0.01¢ 199.8+20.2d 1.59+0.18ab 3.33+0.35d 4.22+0.48b
PLNP5 4.54+0.12d 0.0420.00¢ 206.9+4.3cd 1.19£0.01¢ 3.8220.10¢ 4,0£0.29bc
PLNP15 6.73+0.42b 0.06+0.00b 225.8+10.8abc 1.68+0.03a 4.00+0.18bc 4.75+0.60b
PLNP45 7.72+0.19a 0.08+0.01a 240.8+7.5ab 1.42+0.12b 5.47+0.33a 8.0222.03a
PSCK 4.08+0.18¢ 0.0420.01¢ 231.7+13.5ab 1.43£0.19b 2.89+0.3%¢ 3.230.15bc
PSNP5 3.3420.36f 0.04+0.01cd 246.0+26.51a 1.18£0.15¢ 2.88+0.46¢ 2.52+0.24c¢
PSNP15 4.44+0.04de 0.03+0.00d 201.8+1.6d 0.80+0.00d 5.57+0.04a 3.30£0.23bc
PSNP45 4.62+0.31d 0.0420.00¢ 215.0%1.4bed 1.06+0.07¢ 4.39+0.01b 3.7420.37bc

P, : ¥tAH R Net photosynthetic rate; G, : XL Stomatal conductance; C;: MI[A] CO, ¥ Intercellular CO, concentration; T, ZEMEH R
Transpiration rate; WUE : 7K FFHZH Water use efficiency; PNUE: J65%&(FI 3 Photosynthetic nitrogen use efficiency; QL: BRER4IGIR, Quercus
acutissima+Light; QS: BRERIEW, Q. acutissima+Shading; PL: [ 468, Phoebe bournei+Light; PS: AR P. bournei+Shading; CK. XI &
Control; NP5 Z MBI >4 5 Nitrogen and phosphorus supply ratio of 55 NP15: &L Fb A4 15 Nitrogen and phosphorus supply ratio of 15; NP45 .
FMEHER] L 45 Nitrogen and phosphorus supply ratio of 45; & HUAN [F]/NG “F b3R5 AH R R [R]— T8 bR AEAS [R] b #7225 57 5 35 ( P<0.05)

F2 REBMEELETHRENEMHTERELNRSH

Table 2 Chlorophyll fluorescence parameters in Q. acutissima and P. bournei under light and fertilization treatment

b ¥ Treatment Y(1I) Y(NPQ) Y(NO) NPQ qP ETR Fv/Fm
QLCK 0.10£0.01f 0.62+0.01a 0.28+001e 2.23+0.04a 0.2120.03f 8.20+0.89f 0.75+0.03¢
QLNP5 0.180.01d 0.49+0.02b 0.33x0.0lcd  1.49£0.10c 0.32+0.01d  15.100.8d 0.77+0.01ahc
QLNP15 0.30£0.01a 0.4420.01d 0.26+0.01e 1.70=0.03b 0.53+0.0la  24.9020.5a 0.77+0.01abc
QLNP45 0.270.01b 0.46£0.01cd 0.27£0.01e 1.70+0.10b 0.46+0.02b  22.40:0.7b 0.79£0.01a
QSCK 0.21£0.01¢ 0.44=0.02d 0.35+0.03¢ 1.27+0.14d 0.35=0.02h 17.60=0.5¢ 0.770.01bc
QSNP5 0.20£0.01¢ 0.47£0.01hc 0.330.01d 1.44+0.03¢ 0.34+0.0lcd  16.70£0.3¢ 0.78+0.01ah
QSNP15 0.14£0.01e 0.45+0.02cd 0.410.01a 1.10+0.06e 0.23+0.02f 11.700.5¢ 0.77+0.01ahc
QSNP45 0.17£0.01d 0.45+0.01cd 0.370.01b 1.22+0.04de  0.27%0.01le 14.40+0.3d 0.79+0.01a
PLCK 0.25:0.01a 0.420.02hc 0.330.02¢ 1.30+0.11bed  0.43£0.01ab  20.80+0.4ab 0.77£0.01de
PLNP5 0.29+0.04a 0.42+0.03hc 0.29+0.01e 1.42+0.07abc ~ 0.51£0.09a  23.80+3.4a 0.76+0.02e
PLNP15 0.24:0.04ab  0.45+0.04hc 0.3120.01de  1.45£0.08ab  0.43:0.08ab  20.30%3.6ah 0.770.01de
PLNP45 0.28+0.03a 0.43+0.03hc 0.29+0.01e 1.49+0.15a 0.47+0.04a  22.90+2.6a 0.78+0.01hc
PSCK 0.28+0.03a 0.41+0.02¢ 0.32+0.0lcd  1.26£0.05cd  0.44:0.05a  22.90:2.8a 0.79+0.01ah
PSNP5 0.26+0.01a 0.400.01c 0.34+0.01bc  1.18+0.02d 0.43+0.01ab  21.40+0.6a 0.770.01cd
PSNPI5 0.12£0.01c¢ 0.51£0.01a 0.3720.01a 1.39+0.07abc  0.20£0.02c 10.200.8¢ 0.79£0.01a
PSNP45 0.20+0.02b 0.45+0.01b 0.35+0.01b 1.30+0.01bed  0.34+0.03b  16.90+1.4h 0.78+0.01cd

Y(I1) : FEPREAROE Actual photochemical efficiency of PSTL ; Y(NPQ) » ¥ 75 PEREHAEHYFE F /4 Quantum yield of regulated energy losses ;
Y(NO) . JEVA 5 M RE AT A i T 77 %1 Quantum yield of non-regulated energy losses; NPQ: JE Gk 24 % K Z 5L Non-photochemical quenching
coefficient; gP: Yok 2= % K R %L Photochemical quenching coefficient; ETR: HL F {5 # % Electron transport rate; F /F, . e KIGHFILE
Maximum photochemical efficiency of PSIT; & HA [ /NG S B:F 5 AH [RI R Ao ] — 8 b £ A [R] Ak B R] 22 57t b 2 ( P<0.05)
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Table 3 The biomass and leaf morphology and leaf nitrogen content in Q. acutissima and P. bournei under light and fertilization treatment

,ﬁ :inem LA/cm? L(Iy;/ (iii\//g : (Lg/g/) (Ag’/mj) AGB/g BGB/g TB/g RSR

QLCK 1619.8+572.5b  0.40:0.04a  164.8+51.0b  11.1x1.0e  0.93£0.17a  28.10£5.4b  35.70+52a  63.50£9.5h 1.29+0.14a
QLNPS  2086.9+437.1ab  0.40:0.03a  164.0£12.3b  15.950.6d  0.99:0.0la  39.60+8.9a  30.30+1.8h  72.80+6.3ah 0.720.10b
QLNPI5  1852.5:4545ab  0.41:0.0la  169.1+13.9h  16.9+1.5cd  1.04+0.17a  39.40+3.5a  28.40£6.1b  68.60+4.2ab 0.72:+0.20b
QLNP45  2187.8+392.2a  0.37:0.04a  168.9+9.6b  183£1.0c  1.13:0.13a  42.3026.7a  26.70:0.7b  73.20%3.1a 0.58+0.02¢
QSCK 927.7£190.7d  0.37+0.02a  235.24¢45.6a  23.8+0.8h  0.94x0.07a  10.40+2.5¢c  3.50x12c  13.40%3.6c 0.36+0.11e
QSNP5  1177.4%173.3cd  0.39:0.03a  235.4:11.0a  24.420.8ab  1.02:0.07a  14.08+2.4c  5.80:1.8c  20.603.8¢ 0.39£0.09
QSNPIS  1276.3+530.7c  0.37+0.03a 228.2+12.4a  25.7+0.6a  1.11:0.03a  13.50+2.1c  5.06+1.52c 18.50+3.1c 0.38+0.11e
QSNP45  944.8+133.9d  0.38:0.04a 225.5:14.6a  24.1:0.9h  1.04:0.03a  14.50x1.6c  7.01:1.59c 21.50+2.7¢ 0.48+0.10e
PLCK 809.4+278.7h  0.41x0.03ab 1452457c  18.1xl.led  1.26x0.14ab 11.80£0.9c  2.49x0.72b 14.700.7h 0.25+0.04a
PLNPS 1416.8+404.8a  0.38£0.05hc 151.411.2bc  17.9541.0d  1.15:0.11ab  13.20£1.3bc  3.94x1.00a 16.70+1.9a 0.26:0.05
PLNPI5  1197.9+2025a  0.44x0.02a  1522415.9bc 20.0:2.8hc  1.42+0.29a  14.60+2.7ab  4.02+1.19a 18.60+3.9a 0.27+0.04a
PLNP45  1356.6:322.9a  0.38+0.04bc 177.4£29.8abc 18.5:0.5cd  0.99:0.21c  15.70+2.0a  3.66:0.58a 19.302.1a 0.24£0.05a
PSCK 357.9:38.8¢c  0.37:0.04bc  169.3:11.0ab 22.1x1.3a  1.25:0.02ab  2.96+0.33d  0.6420.16c  3.60£0.4-6c 0.21:0.04a
PSNP5 3753:59.8¢c  0.31:0.05d 154.7+15.8hc 22.4x0.8a  1.36:0.07a  3.01x0.45d  0.69:0.07c  3.78%0.50c 0.23:0.03a
PSNP15 475.1£92.0c  0.35:0.03cd 157.7+23.7abc 20.6:0.4ab  1.3420.10a  4.41:0.53d  1.0620.23c  5.4720.70c 0.24£0.04a
PSNP45 447.95942¢  0.35:0.05cd 152.5+14.9bc  20.4£0.6ab  1.25:0.07ab  4.58+0.36d  1.04x0.18c  5.62:0.3% 0.23:0.05a

LA: ME Leaf area; LDMC: M55 & Leafl dry matter content; SLA: MM I Specific leaf area; N,,.: HA7FTH % 7 & Unit mass leaf nitrogen content;
Nyea: FAIHFMZ & & Unit area leaf nitrogen content; AGB: Hi [ A:#J i Aboveground biomass; BGB: #i F/E# i Belowground biomass; TB: &4 Total
biomass; RSR: H5eE e Root shoot ratio. MU [/NG S BEFRARRIRAN IR — bR A RIAL R 2 5 19 3 ( P<0.05)

2.2 JERERiEAC X A By 4 R )

W 3 s, 540G AN AR LE , BB W5 FEIR T RRER AGB . BGB #l TB J2 RSR(P<0.05) . 746 AL
e 5 CK AR L, il AT S 2 38 0 7 RRAR AGB, JF7E AW Lb 45 B (5 =, A A d 2 I T BGB Fll RSR (P<
0.05) , TEMERG AL FE A Jite AL A HH X JRASR A 90 A S IR RS B8 35 ( P>0.05) 5 5 4 G HR AR B Eb 308 3 0 5 FRAK T
] AGB .BGB fll TB(P<0.05), 54 )GHE CK AL, iifE & 238 in 1T 46l [ 4 BGB F1 TB( P<0.05) , HiAy
FEbR2E SN, TEERALBE b | ] 478 25 B 2 4 A AE S [R] it A Ah B R O B3 25 57 (P>0.05) , AN, HH R 4b B
™ BRERAE Wy s AR A A o T R A
2.3 WIFR DG BRFENE R H A B R A i A D e IR (4 52 e

MNP T AT A b R IS X O A SRS e S 8O B WA, PR R R SRR R R
23.4%—62.4% , AL SGREFIENC <O AR B 5 255200 P G .C; T A1 PNUE (P<0.05) ; Ji It 't B At I <Ol
WX R DB BOE IR .2 (P<0.05) , %F Y(NO) Fil NPQ J5 2% fift B 3 51 Ky 54.8% H1 36.6% , jifi JE 2 5 i)
F/F WMESHNTF (72PN 15.2%) ;LA LDMC F1 N, 3452 56 R AE (O I8 ) /9 18 520 ( P<
0.05) , 1 SLA FI N, FEESZ ARSI ; O B2 UM A Myt F8 bR (B RSR 40 (9 £ 2T, Y6 BRI R X AGB |
BGB H1 TB A7 22 Bt Bt 20 N 82.5% . 72.0% M1 81.1% , 1fif RSR T2 i A mi , HoR 2GR
2.4 A DREHRR A R

B PCA Z3 AT T AT, SRR RN ) AR PR = A il SR T A R 00 A 77.1% 0 71.9% , Her | 40 RECRIEE 17 b BEAE
PC1 i b 43 8, JBRER SLA N, . Y(NO) #l WUE S rh /A 78 9 A0 B by | i A8 AR 3 40 A 78 PC2 Bl A2
M, HA= Wi fabnfil T, LA DL J NPQ SCR B % (8] 2a) ; [ 4 PNUE P, LA S5EYEARIRCRE N %, HE
AT AECIEAR R (8] 2b) o HH Pearson AHOGHESTHT AT N, 76 20 BRAL B b (1&] 2¢) , BRA%R AGB 5 LA [ Y(II)
I ETR W& FAHSE 5 Y(NPQ) FI NPQ & iAH 5 (P<0.05) , iHE RSR 5 NPQ W3 FAISE, 215 LA Fl P,
W RARSC(P<0.05) , AT (K 2d) , C, 54T bRE B AAHSC, BGB . TB 5 F /F, & 1EH
K,AGB 5 LA B IEM X (P<0.05) . fEACIRAIEH (& 2¢) , 1 AGB 5 KE LA IR SER LA
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Fig.1 The explained variance of tree species, fertilization, light and their interaction on biomass and leaf functional traits in Q. acutissima
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Transpiration rate; WUE: /K73 FIJHZE Water use efficiency; PNUE: Jt.5 % FI 12 Photosynthetic nitrogen use efficiency; Y(1II) : SEFRGERL
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1EAHSE, BGB 54 R DB H0M LA IEMISE, TB 5 ¢, 1 WUE 3 1IEAM 56 (P<0.05) . 15 8 40 3 v
(& 2f) , l## AGB .BGB 1 TB 5 LA i 2 1FAH5C, i BGB .\ TB 1 RSR 5 SLA A1 N ¥ 5 2 A5 ( P<0.05) .

3 e
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G, IG R IE AR C R S A7, IS I Y6 S E IR Y . 2SIy, T3 R i 6 7 Wy th
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Fig.2 The correlation and principal component analysis among plant biomass and leaf functional traits in Q. acutissima and P. bournei

#* P <0.05,% % P<0.0l,* %% P<0.001
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