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Effects of light intensity on growth and photosynthesis of seedlings of Quercus

acutissima and Robinia pseudoacacia
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Abstract: A light control treatment with three light gradients (100% , 66% and 10% of natural light) was conducted to
simulate the light conditions of the forest edge, forest gap and understory where seedlings grow. This was achieved by
building shade shelters covered by woven black nylon nets. The purpose of this experiment was to study the morphology,
photosynthetic characters, biomass accumulation and allocation of Quercus acutissima and Robinia pseudoacacia seedlings in
response to diverse gradients of light. The results showed that morphological features of plant height, stem diameter, total
leaf area, crown area, leaf area index and total leaf number were seriously inhibited under severe shade conditions, while
moderate shade treatment was suitable to growth of seedlings. Effects of light on allometric trajectories of morphology were
small in Q. acutissima but more obvious in R. pseudoacacia as the low light depressed the exponents of functions. With a
decrease of light, net photosynthetic rate, transpiration rate and stomatal conductance of Q. acutissima were decreased,
while the maximum photosynthetic rate of R. pseudoacacia occurred with moderate shade treatment. Light use efficiency in
both species increased when the light intensity was restricted. The water use efficiency was the highest under moderate
shade treatment, but lowest under severe shade conditions. The trends of biomass accumulation were consistent with those of
photosynthetic parameters. Biomass accumulation in each organ was limited by the deficit of light for Q. acutissima, but the
best status of biomass accumulation and allocation for R. pseudoacacia was found under moderate shade treatments. Higher
leaf area index and lower root to shoot ratio could increase the capacity of light capture. Also, the total content of
chlorophyll increased and Chl a/b decreased with decreasing light intensity. The different strategies of growth and light

utilization between Q. acutissima and R. pseudoacacia might reveal, to a certain extent, their status in the succession of
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deciduous broadleaved communities.

Key Words: simulated light conditions; morphology; biomass allocation; photosynthesis; Quercus acutissima; Robinia

pseudoacacia
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Table 1 Comparisons of morphological features of Q. acutissima and R. pseudoacacia seedlings under different light intensities

2% Parameters

WEEE Q. acutissima

L1 12 13 PI
& Height/cm 37.600 +1.026a 39.533 +3.768a 27.433 +2.998b 0.31
$£4% Stem diameter/mm 6.417 £0.243a 6.537 £0.547a 4.580 +0.397b 0.30
ST FH Total leaf area/cm? 934.48 +24.04 ab 1087.79 +26.57a 511.58 +51.11b 0.53
ST FH Crown area/cm? 584.07 +17.68b 785.01 £21.04a 501.80 +35.49b 0.36
H T FRFE %X Leaf area index 1.602 +0.058 ns 1.476 £0.422 ns 1.016 +0.035 ns 0.37
H%% Leaf number/ /> 35.3+£2.6ns 37.0+£7.2 ns 21.7 £3.2 ns 0.41
AEXAE K 3% RGR/(mm+m ~1.d 1) 8.336 +3.356a 8.334 +2.457a 1.121 £0.966b 0.87
28 Parameters HIBE R. pseudoacacia

L1 12 13 PI
#kE Height/cm 83.100 £6.953a 93.000 +7.000a 68.300 +5.523b 0.27
F£4% Stem diameter/mm 9.413 £0.489a 9.917 £0.493a 6.760 £0.401b 0.32
ST AR Total leaf area/cm? 1156.66 +15.09b 2021.60 +151.24a 1010.73 +384.27b 0.50
ST AR Crown area/cm? 1520.53 £121.53 ns  1803.54 £269.49 ns  1065.00 +200.72 ns 0.41
H T FRFE %X Leaf area index 0.773 £0.076 ns 1.156 +0.132 ns 0.867 +£0.219 ns 0.33
%% Leaf number//}™ 440.3 £70. 1a 583.3 £71.3a 290.7 +78.4b 0.50
AEXFAE K 3% RGR/ (mm+m ~1.d 1) 11.730 +2.308 ns 14.078 +£2.849 ns 9.280 £1.791 ns 0.34

RAHBE A FHME + SE,n =3; £ Duncan LT [WE, AR T RN 2257 B3 (P <0.05) ,ns RRZEFARE

2.2 RFEDEIREREE T OEERHE R 2L
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HOL R AR AL RS AR AN AL R (L P AR, T ) CO, ¥R BE DB RER IR B3 48 5, L1 A1 L2
BZEFADE HE 13 WEFEE KOFHMRE L2 b im, SHMN M EEZER B, 7E L3 PRk
RIBESN B B RS AN IR AR SRR — 2 257, L2 b e B R ILRHEZ S T L1, B
FLERHMERY 225 B 8., M [a] CO, M BEMIZE 12 iR ik, Hh S HmzE R AL Ik FBRER R 5
IRER A RO AL AR 2L o
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Table 2 Comparisons of gas exchange and resource use efficiency of Q. acutissima and R. pseudoacacia seedlings under different light intensities

2% Parameters

WEEE Q. acutissima

L1 12 13 PI
HEA R Pn/(wmol-m~2571) 9.148 £0.798a 7.709 £0.571a 2.678 +0.485b 0.71
F# R Tr/ (mmol-m s 1) 3.456 +0.285a 2.407 +0.142b 1.747 £0.117¢ 0.49
SASE Gs/(mmol-m~>s™1) 118.687 +11.261a  100.760 +7.825 ab 85.638 +6.046b 0.28
JiiE] CO, ¥RBE Ci/ (pmol-m~251) 245.714 +3.806b 246.581 +4.863b 334.714 £7.173a 0.27
S AR Ls 0.356 +0.010a 0.350 £0.013a 0.148 +0.018b 0.58
7K A4y F% % WUE/ (mmol +mol ~') 2.657 +0.089b 3.188 +0.076a 1.453 £0.220c 0.54
6REF FAE LUE/ (mmol -mol ~1) 10.526 +1.295b 17.538 +1.165b 32.381 £3.893a 0.67
£% Parameters HIBE R. pseudoacacia

L1 12 13 PI
B 6 H3 P/ (pmol -m ~2571) 9.183 +0.251a 9.980 +0.634a 2.918 +0.313b 0.71
FEMEH R Tr/ (mmol-m ~2s 1) 9.024 +0.537a 5.091 £0.275b 4.144 £0.407b 0.54
SHL BB Gs/(mmol-m~*s™1) 223.709 +8.007a 173.711 £16.700b  164.467 £8.319b 0.26
JifE] CO, ¥RBE Ci/ (mol-m ~2s1) 272.012 = 1. 856b 258.739 +3.554b 321.218 £6.838a 0.19
SALIR I Ls 0.236 +0. 004b 0.292 +0.010a 0.130 £0. 022¢ 0.55
7K A4y F% % WUE/ (mmol +mol ~') 1.049 £0.072b 1.958 +0.069a 0.835 +0.178b 0.57
J6REF FZE LUE/ (mmol -mol 1) 9.490 +0.726¢ 16.017 +1.280b 40.371 £2.207a 0.76

RAPBAEAFHE + SE,n =9; £ Duncan L W, AT B3R 2253 B3 (P <0.05)
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Fig. 1 Allometric relationships between stem diameter and height or between average crown length and height of Q. acutissima and R.

pseudoacacia seedlings under different light intensities
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SHO07 T, AR SR AT PR BN R b AR Y B ZE AR ZE I 00 20 TS M T AR P 3R | LU T AR AR S
EL A T 28 P OB RIME BB A AR B2 40 BN 2E L EAR VAR LB AR 8 i T 2B PR R, HOE EE A AR
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Table 3 Comparisons of biomass accumulation and allocation of Q. acutissima and R. pseudoacacia seedlings under different light intensities

WEEE Q. acutissima

2% Parameters

L1 12 13 PI
Ji W) & Total biomass/g 25.607 £0.662a 23.290 +4.104a 11.089 +1.881b 0.57
HAE Y& Root mass/g 13.724 £0.627a 10.608 +1. 160a 6.088 +1.331b 0.56
ZEH: Y& Stem mass/g 3.991 +0.294a 4.271 +1.086a 1.567 +0.334b 0.63
-4 i Leaf mass/g 7.891 +£0.455a 8.412 +1.070a 3.434 +0.346b 0.59
FARA YR Main root mass/g 13.024 £0.673a 9.353 +0.723b 5.685 +1.233¢ 0.56
A3 4= ) Lateral root mass/g 0.700 +0. 081 ns 1.254 £0.251 ns 0.403 +0. 098 ns 0.68
M A Y& b Root mass ratio 0.536 +0.023 ns 0.472 +0.055 ns 0.538 +0.041 ns 0.12
ZLH: )& b Stem mass ratio 0.156 +£0.011 ns 0.178 £0.017 ns 0.139 +0.009 ns 0.22
-4 Y&k L Leaf mass ratio 0.308 +0.013 ns 0.351 +0.041 ns 0.322 +0.042 ns 0.12
T B H % Leaf area ratio/ (cm?-g 1) 36.506 +0.668b 45.360 +2.306a 47.994 +0.697a 0.24
H - Specific leaf area/ (cm?-g~!) 118.863 +3.889¢ 129.401 +0.298b 149.010 +0.788a 0.20
FEARMAR Lk MR/LR 19.209 £2.671a 8.863 +1.989b 14.381 +0.571 ab 0.54
M R/S 1.166 +0.102 ns 0.939 +0.222 ns 1.201 +0.201 ns 0.22
25 Parameters HIBE R. pseudoacacia
L1 12 13 PI

JE A& Total biomass/g 24.462 +1.445b 32.138 +1.159a 9.724 +2.804c 0.70
HAE Y& Root mass/g 6.198 +1.319a 7.217 +0.982a 1.839 +0.532b 0.75
ZEH: Y& Stem mass/g 9.315 +0.798a 10.995 +0.364a 2.997 +0.78%b 0.73
-4 i Leaf mass/g 8.950 £0.802b 13.927 +0.343a 4.888 +1.606¢c 0.65
FHA: Y& Main root mass/g 3.524 +0.852a 3.089 +0.655a 0.816 +0.266b 0.77
AR 4 ) & Lateral root mass/g 2.673 £0.515 ab 4.128 +0.843a 1.023 +0.291b 0.75
M A Y& b Root mass ratio 0.249 +0.041 ns 0.223 +0.022 ns 0.194 +0.021 ns 0.22
254 W& b Stem mass ratio 0.380 +0.016a 0.343 +0.013 ab 0.317 £0.019b 0.17
-4 )& bt Leaf mass ratio 0.371 +£0.053 ns 0.434 +0.018 ns 0.489 +0.038 ns 0.24
B L2 Leaf area ratio/ ( cm? ~g'1 ) 47.542 +2.186b 63.239 +6.239b 97.134 +15.345a 0.51
H T 2 Specific leaf area/ ( cm® ~g'1 ) 166.267 £11.027b 177.188 +7.159b 257.155 £12.352a 0.35
EHUM L MR/LR 1.300 +0.202 ns 0.852 +0.318 ns 0.779 £0.183 ns 0.40
WL R/S 0.339 +0.070 ns 0.289 +0.037 ns 0.242 +0.031 ns 0.29

FPRAR R P £ SE,n =

3, £

Duncan £ 1 B, AR FRRRZFBE (P <0.05) ,ns RREFABHE

F4 TRREBETREMRRHEHRRSELE

Table 4 Comparisons of chlorophyll content of Q. acutissima and R. pseudoacacia seedlings under different light intensities

% a 4 b a4
o m o v b K v
(mg/gDW) (mg/gDW) (mg/gDW)

WEER Q. acutissima L1 5.05 +0.11b 1.87 +0.11b 6.92 +0.11b 2.73 +0.19 ns
12 5.37 £0.16b 1.86 +0.12b 7.23 +£0.28b 2.89 +0.11 ns
13 6.41 £0.24a 2.62 +0.22a 9.04 +0.36a 2.46 +0.08 ns

HI#E R. pseudoacacia L1 5.48 +0.13b 2.11 +£0.04b 7.59 £0.11b 2.60 +0.09a
12 6.58 +0.66b 2.60 +0.22b 9.19 +0.88b 2.52 +0.05a
13 9.92 +0.56a 4.52 +£0.28a 14.44 +0.83a 2.20 +£0.02b

RPBAE A FHE + SE,n =4; 4 Duncan L WAL, AR FRERREFBFE (P <0.05) ,ns RREFARFE
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8 B KA TEOERMA T ALK, XA RDEFAEE T 78 M5 & AR T PR W U AR B A ARSI ROE T A
KR o SBR[ A K 7 s T BRI MR 40 e e 3R A A FOG YRR T T 25 52, R Al B Ko
W AT R P T Y AR IBCRI T FE AR S SR P R <7 SR MG 4T 218 F IR AR ORI 46 , B A R A ZE i 38 PR 88 T % A=
AR RALEE ™ o SRS Ak T AR M R B S I A R G SR T I S 2 R
FEZHINEG RN, SRR GBS HE) Tok , (AR IR AR b2 £ 3T iR g sh@ MR E. WK
PRARIBE S 1 TE S S 00 S AR R U B, B B RRAR S i TE S 2 R 2 R KR E B R A R A K
(ERBBMZES) 5ER, RIS ETEAZE R 2002 S Y M R MR R AR .
3.2 YiEiRObA A ELE N

W TS E KR EAERARE L ZHEY 6 A RE KRR, TR A58 55 v] B2 & 18 F A
2R, TR A= W) A2 BR A BB , 3 TS WA ) 0 3% 20 B B3I, BRI Z A0, b BRGERSZ im 28 I AR A, s 3%
S 8RR TR IR B ISR R . POLRE R BN BB PR AR TR EEREA,R
B HCIAE T WS SL R I EBAR, 3 T Hala] CO, VR EE, B A THE M [E %€ CO, (3 fnxd o't 6 i F F &%
R AH A RRIE, KA LR E T ORRER R RRA S ERM FER T2 — BT A
HERGER N H L B T 68 S B B R TG B A, LA A AL E SR TR, MR T A RS fE
FIFAR B R FIE B T GG BET7, 37 7T B8 B 3R G T 20 M BE i JEE FR o ARS8 6k 78 3 LA % WP R 538 5 1 34
W FECERET TORAREN L™ o S BIIT 2 G BB B sk o T A4l B ek A R 3R

MR RO A E R CRUEAL, 56 TE RIS UIAE G , 28 B R0 LU i) 2 A8 3@ L A F F PR 5 R 7 I
BAEAR . BB DI R A NAIB R GR , YA AR IR , HIMR MIE I 55 6 3R 5, R a4 f
ZENEERITREMRIBOLRE. BT HRE T WREEEE A& (PSI light-harvesting complex, LHC
1) B3 2, M-SR R SRR B AR B B0 22 H DR AR K, Wi X L RE A AEBE 1. LHC 11 &M Sk fAk
ME— S AHSE Db MEEREAZAEW, RO RN E a 07, HIER FHEZE /b i
AR AP T (o A A0 B ) PR BE B 3R B v OB B, A A @ R R
3.3 4iinEY RS BGE N

LA S AR B A B L AT AR B, RRER L T 3R AE BT S B E S B AR —F U Lk,
TR T 3 A B BAEY BN Z —Z 4 , VB RRERFE S B0 ) 058 2 19T 90 R I B AE AR
R, AL E TP IR 2 A T T304 B4R R, ORI AE AR KA Lh st 3R A K 3, TR R 2 fE 22
itz i, SR H BTE AR AR ADER R S Y . BiE 2SR AT RER B TR T R M AR
R R E: BRERAT B BT A K FERKER T 50, B THRFRK, TS ERY R Z , R4
S — BB R AR R IR , SR AR K AE M I8 BLZ R B B W TH FERLAP T AR KEB 2 B R I, 5 4l i e B
Sb TR, H R R =PRI RS BB R AR K BT TR , 1 R BB 12 B i (58 A T 4 TR AR B b - 58 /0h, R
RESE L IR R PR B R R TR A VR AR R AR 1, TR e b3 2 HE R LU 81 38 A BB PR UE AR 4
HRTEE™ o BRI 7 BRI 3R B D6 RE T DL IE 435 B 6 & TR 2, A 4 B LR T
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FRECERAEME R T B IR F T3 IOLRERHAR , AR A= Y18 LUAE HOL T B e I T 435 1E 7 197K 70 TR
WORIZE S , PR BTES e & R, DRI A T AR R L B3R A AR T 0N o it TR T S48 AR e AN ]
b e 282 LG S A O Bl A W o L N U T B 1 7 A B & D DS Bl i 1B 5 B D &S
SHEEREEEM, HFEERANHRES
3.4 AR BEHT AR BRI

B P LU X AL R R 3 X, 3t A R VR T RR AR AR X B B AR P B R AR U A R AR B TR
WRARIE T & ) A8 B AT RBUR A3 AR B R AT MR RIRIRRAR , LA R Akt 48 1L 7R 3
TeH L B R AT e, 22X T AN T B PR R 53 BAAK 3160hm” fUAAAK 120hm” | B Ak 463hm” |
JWRARAR 74hm® , BRI NSRRI E 2T & LA ORRR . Ho e A J5 B T BB RRASRA B A B3 - B T
BORTE R AE BRI H B, 53X — XIOL IR TE 2 , i Hop 7805 198 BUBE ) B2 I ot 2 R 4 B B0 R Ot
& HS2 BE) , O EA T e M eE R, BRARTERVLERAERZ P EE R TSR B EAEY KT
], (R SRR B AR A R AR A B AR AR R R AU S, SRR A R R A — R 3, B
SARAREE ST 0 R A BEFREE , o U A RS TR AR S, T RUA IR ) 3 B s e e A K 9 BT kL A
FAMTE T B8 ) 6 BE 7 , 2 LA P S0 A0 JA] R B4 4 B, AT RE B T2 J AR I 16 B2 P B 19 & T B TR A 4
1072 R R AR IR G M SR B BN RE TR R SR SR o SRR R e R U T AR A EL AR st R AL
R, XER G AR LETT HRHERE 19 XTSMRAEY)/ A A ) i) — TR 7S 32 0, B E BT PR = B 251 T AR
P ABIE B A K 30— 25 S A5 i S P W VR M BRI S R P iy B2 B T BB IR L AE AT AR
BRI BR TARYE A S FEIO W 1k & £SO AR 5 TR E S
4 #Hit

YR PI RN [R) Zh REZY AR ) , SRR ATRIAR7E 55 YE 3R 88 T 3R BUH A [R] A9 A= K AIOE REFI RIS, (HAE KR 332
BCBTIEA R AR o R IRARAURIBRAR B T S AR A, (EL7E B S8 R A REIE DL AR NS G 3R 5, 38 BEE 1 19
MRETPREE T Dy A )RR A2 0 3 PR T 7K 2 M PR AR 8 e, R MR SRR A T4 AR i, TR X T
TRMXHEARAERE NEE, T PE N CIRIREE KR AER, TEEAR R B S WA TR SR, 5
TEMST R B BAR AR T B AR o[RS 1P 2 39 T L B T B0 22 5 — R R BB AT DU 7 B AT T7E I AR p
[7] S AL o
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