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Effects of light intensity on the morphology characteristics and leaf non-structural

carbohydrate content of Chinese fir seedlings
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Abstract; We selected Chinese fir seedlings to study the effects of light intensity on seedling growth,, morphology, biomass,
biomass allocation, and non-structural carbohydrate (NSC) content in the leaves using a shade house experiment (100% ,
60% , 40% , 15% , and 5% of full sunlight). The results showed that; (1) The greatest leaf length, leaf width, and leaf
area occurred under 40% sunlight, whereas the specific leaf area and relative water content increased as light intensity
decreased; (2) As light intensity decreased, the total biomass, root biomass, stem biomass, and leaf biomass of seedlings
declined, the stem biomass ratio and leaf biomass ratio increased, and the root biomass ratio and root to shoot ratio
decreased ; (3) The greatest and lowest NSC content occurred under 60% and 5% sunlight, respectively; (4) The specific
leaf area was significantly negatively correlated with leaf biomass and NSC content ( P<0.01), whereas leaf biomass had a
strong positive correlation with NSC content ( P<0.01). In summary, Chinese fir seedlings might adapt to a shaded

environment by adjusting their morphological characteristics to improve their competitive ability and fitness, although
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seedlings had difficulty maintaining a carbon balance, which led to poor growth and survival, under 5% sunlight.

Key Words: Chinese fir; non-structural carbohydrate; specific leaf area; biomass allocation; acclimation
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TEARFDGIREE T h ) 2 2o J A5 AR B 1 A A8 ARl 1 A8 AR M R B8 2)  i J FE Sk e e R 8 A5 1k
SN U B OGS S5 RRAE A A Ry J2 I BB A% 1A B0 ' A 55 X AR 00 114 52 o) S A ) e Sl PR 5 38 1
LI N AT R AR AR, H T R K AR IR 22 (G RE N 5 AR SR IR R 4 i AR
N AR EC TR AR AR GG i A 45 107 Ol RGBS TR T DA | R A e B BRI A E 9 AR Ak, 3 TT
RESE A P AN [R) G R B2 AR A7 (Y B2 5L [ I 2l i il il RO A A S 6 G A A Wy LL R R A= )
TG R AN ZE A i AR F B I RE ST, SR T R R B

FEY ) e B T2 AR SE I BK ( non-structural carbohydrate , NSC) fE45 | Hi2H il 3= B2 nl v MM FITE RS . NSC
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T2016 4 7 F AR AR P I — B A AR37 (25°02'N, 117°29'E) 1 BB R AZ AR — A S0 A 4l i, 4%
YA L2 26 em, 5 30 em FYEDREAL N, B 75 PRI L e i + S50 A #c B8 2:1 LRI 5116 BT s
FRAEFIRE 1 PR B ARLA 1A &) 1 4 T i AR PR R 2 P2 e ST 6 i il PR 25 B 13 1 30
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S PN SR P A2 20 B8 B 2 2 D S T T 28 (6.0 mx 2.5 mx2.0 m) |, 3 ik 7 55 O ] J2 45 114 B 0 SR e I ok 37
AR, SRR B R R AR IEAZ AN TMMRZE RTE KR T 14 B8 B AR A Bl T, 45308 B I ] Ay
3.0 m, LA/ A BRI BT, (G 7 Hipoint #5520 | F-HE=C6 1500 £ 4 ( HP350 ) 2 A [A]D% REAR FE
BEoE,, SERRAFE L 1,

7T ARG SR G AR RAF R/AMEXT— A2 ARG 20 4, 5 4 @0 —41, K015 5 4, #E17
PR 3BT 5 FORFEDEIEE TR, W —E K F T 8940 i BENLHES , V8 4 6 2 0] i [a] B 3Bk e 2 1 22 (A1 AH
HAERT, RIS AR A B AR DK LU IESD B AR K R A e R K AR | I 4 B BRI B TR e
F o LR [R] —Ab B AL AR B BRSO A A —B, I 2h 32 I —4F, T 2017 4F 8 H 45
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Table 1 Light intensity in different shade treatments ( mean +SE)
e ¥l

R

S 2T /LTS
Light intensity/ #ME Photosynthetic photon flux density/ ’Ij‘c/ﬂflj‘ﬁ_
A : Illuminance/ Lux o - Red/Far red ratio
(% of full sunlight) (pmol m™2s7")
100 61860.11+1170.73a 1101.88+22.81a 1.07+£0.01a
60 37214.13+885.93b 669.76+32.12b 1.07+0.01a
40 24805.29+424.82¢ 453.88+16.17¢ 1.06+0.01a
15 9357.80+374.01d 166.91+6.62d 1.06+0.01a
5 2889.60+89.48¢ 51.60+1.59% 1.06+0.02a

[RIFNAS R /INE F-hE e s b Bl B) 22 57 .35 (P<0.05)

1.3 WEmH S 3%k
1.3.1 M RIESFHE

X5 AKREELR (8 BT A2 ARG AT R URE AR —ARE 10 B 58 e TT BRI B TR T 2B R —
FEAH RIS RAE I Fr o W ROk & AR, Al I SE 80 %, R Yaxin- 1241 M FRSGE — DU 22 it R AH G R
B M S8 AR AR S E TS 105°C R 30 min, FRFEAT SOC ML EAE E AR,
HRAE L EFE AR A A S K | e T A
1.3.2 4w EM R K Srid

RIS ZE TR K4l AR ZER 3 35043, B T 105°C F AT 30 min J5 7 80°CHET 48 h EfE & %
oA AR TSR A AR R AR (IR 2R ) A L RGE L DA A () SAREE AL (R
)RR S
1.3.3 i ESS R M S A o

B EE T BTRRIRS) PRI 0.2 g T EFRE T T A 5 mL & B /KT SRS AR = O, e K
R 30 min(BEHC2 WR) 4 2 ISR IE A 25 mL 2, SO R A Kok | e 2, B R A
FEERIOR . HEEIUE M ERARPIEET A 5 SRR P B UE Ry I . R FH BT A1) FH S5 40 mT L 43516 5 B -
630 nm I AR RITERS G, L i, ARSS MR & i = A TR S B+ TER T i
1.4 skt

K SPSS 19.0 4 %F Fidig A7 S8 3t 2 b, SR BRI R 75 25 73 BT (one-way ANOVA) FlldR /N i 3 25 1%
(LSD) #4725 53 W E MR IR (a=0.05) , R Pearson AHICHE/HT 7 i BIWIAZ AR G it otk 5 i B JE 45 pa
B 5 1 Z A A AH DG o R Origin 9.1 BRPEVEIR, I H 8t 0 P M fl +Am iR

2 EREHS

21 A[FEPDERERE T2 AL AR SRk
HIPEL 1 R0 AZ ARSI i I S M T BR AR AN R B i B2 A BT 25 S 24 2.3 (P <0.01) . 4l it
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Fig.1 Leaf morphology characteristics of Chinese fir seedlings under different light intensities
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Fig.2 Specific leaf area and relative water content of Chinese fir seedlings under different light intensities
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HOAOCIRXAZ AR AR A R AR AR RR 5 R

FRZE SN 3 (EL HC A A T ) 22 S 2 3, TT 590 DGR B B2 T Lo ik o AR S 2 e R, WA DG IR iR B2 A AR, 1

Fr AR KR SR S IS IR #5906 NG BT ik AR R 5 K 1 35 s T AR A B

2.2 A[FEPDEREGREE A2 AR L) i A Wit B R M5B

HH 2% 2 W A ARG AN [RIAL A 4 R R R o B AE AN [RGB AR BT 22 59 0 3 (P<0.05) o BT IAR
25 A e LA Py e AR IR B O R % R T N ) AR AR A 1009 06 FEBR B A B R A (E R
TP, AP AEARRDE IR BN A A i BU A AR B 35 25 5 (P<0.05) , {H7E 100% .60% F 40% ' 118
5 FE AL B E) Y 25 S N 2 B G IR BE Y BRI, 0 B AR AR A o LRI e L AN | T 25 2R i L AR i
FL ARG A SR C A AU Yy s R,
#2 FEAXBEBETHADEENRRERHE

Table 2 Biomass accumulation and allocation of Chinese fir seedlings under different light intensities

G HRE HEHA GG
- WAy EEYE A ) i SR o by 2 . . o
Light e ug  HiEuE R T A A HEER I

. . Root Stem Leaf Total ‘ .

intensity/ . . . . Root mass Stem mass Leaf mass Root shoot Photosynthesis and

biomass biomass biomass biomass . . . . .

(% of full ratio ratio ratio ratio non-photosynthesis
. /g /g /g /8 . .
sunlight) biomass ratio
100 11.54+1.23a  4.70+0.60a  10.09+£1.32a 26.33+3.03a  0.44+0.01a  0.18£0.01b  0.38+0.02c  0.79+0.03a 0.62+0.05bh
60 9.32+0.91ab 4.16£0.14a  8.33£0.50a 21.81x1.47a  0.43£0.01a  0.19£0.01b  0.38+0.0lc ~ 0.74+0.04a 0.62+0.02b
40 9.02+0.83b  3.98+0.46a  8.71£0.98a 21.71x2.09a 0.42+0.02a  0.18+0.01b  0.40£0.02cb  0.72+0.06a 0.67£0.05bh
15 3.67£0.42¢  3.46+0.58a  5.62+0.73b 12.75+1.66b  0.29+0.01b  0.27+0.01a  0.44+0.01b  0.41+0.03b 0.80+0.04b
5 1.08£0.21d  1.58+0.22b  2.95+0.26c  5.62+0.67c  0.18+0.02¢  0.28+0.01a  0.53+0.03a  0.23+0.03c 1.17£0.12a

2.3 A[FEDEIEGEREET AL 7 AR A5 PRk

1T 3 AT, AN DG RSR BE T AZ AR it 7 AF S A Pt S 2 o0 5 B S A A il 2% 22 5+ (P<0.01) , H7F
et —8, T8 60% G HGREET | WA AIVATERE e AR S5 A0 PR e 5 1 1 3k B dje KAEL, 5% G IR 5 2 44 5
N BT, 609 ' B BE AR B ) T A2 AR M B i AR, 39 R 7 AR S5 A Pl B 2 73 35, Tl 159 1l
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28

21

14

a

1 .

100

60 40

7,

JEH Starch/(mg/g)

a

T

be

100

60 40

15 5

A 45 Mk Non-structural carbohydrate/(mg/g)

Y6 IR B Light intensity/(% of full sunlight)

35

30

20 H

e

a

[

100 60

3 FEXREBETHEASEMFAAEEERMEEEEHREE

Fig.3 Soluble sugar, starch and non-structural carbohydrate (NSC) content of leaf of Chinese fir seedlings under different light intensities
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5% CIR R FE A PR ) 1A VR T AR T R AR KRR E
2.4 A[FEDERRERE TR RS R RS PR S i Z (A A G R

HIZR 3 FHORHE M R B A2 AR Sl i T AR LU T AR 2R e RV PR S i S i AR A R Mk
B AR B R LB 3 (P>0.05) T FU MRS i AR e |l v e S AR A R P e 1 e AR
E AR (P<0.01) , FIEM & T AV ICHEA B3 (P>0.05) o XTE—EFEE bRt A2 A4 i A4
T (A R R Al R AR AP A S R BB 0.836 1 0.451, U W R EE PR £
IR OV E R, AR SR A SR S ARG R A AR R 3 IEA GG AR (P<0.01)
HATEHCRBER,

R3 EAYEHRHESHRESAERIEZ BHEXYE
Table 3 The correlations between leaf characteristics and non-structural carbohydrate (NSC) content of Chinese fir seedlings under different

light intensities

: TR L 5 Hot
whr TR L A Y S o TER s

; Specific . Bl
Indices Leaf area Leaf biomass . Starch Non-structural

leaf area Soluble sugar
carbohydrate
MHHEF Leaf area 1
LI TE AR Specific leaf area 0.133 1
)i Leaf biomass 0.105 -0.762"* 1
R & & Soluble sugar 0.126 -0.707 ** 0.836** 1
VEK £ i Starch 0.078 -0.398 0.451" 0.676"* !
LR i |
FeH A 0.124 -0.689 " 0.812"" 0.993 " 0.758"" 1

Non-structural carbohydrate

w 7N B FAH K (0.01<P<0.05) , ** FERm M i #FHAH K (P<0.01)

3 e

3.1 DGR T AZ AL B 5 R SRR

LT A0S ) 458 7 0 i 17 ML 8 2 AR AE I TS 50 k8 o 3 o il 40 3 e 348 K L
T FRIE SR A OGRE ) LA LD CIA T . AT R B, Al BT AL BT A2 AR &y e i i AR L it T ARS8 A, R
PR RARE X FEAE AR B Xof 55 G PR 80 7 14 RO VR FH A TR R T A IR AOG BR AP T R EE 2 1
JGRE. MAZARTE 100% F1 5% 56 HRGREE T i 7 /N1 &S, T RS T ek 5 FIAad 553 198 DI 6 SR B0 1 560 i R ' 1
I (A R R 4 RS A3 T A O T i s i v PR AR L A R R RIS T B9
FEAR (Alnus formosana) FNVU)IFEAK (Alnus cremastogyne ) 2T A IWFGY & BL, Bt 6 RE SR B2 A RRAIG, P AP AE R
I PR 2 B 5 e B TS U AR A ks B, bR R B L T A T A A A K, Ma SV X E R
( Camptotheca acuminata) i (WG KR B, 75% 6 MRG0 A T ARLE & R FHABL T, HizotMamE T
LRI, 100% A1 25% RS0 EE IR R FAh i A . [FRE  BERE SR EE XA T 5 4t 26 44 T M
(Ilicicum difengpi) M Fr T8 25 0 B A &2 SRR [ (R A0 A, BIVMRT MR B (R i i 558 i AEURI Bb P T R A
EAES W 5 E KT 100% 6 HRERE T, SRS R —30 0 G 25058 0 WIS T R R 2538 38 B
HER AR AT A B TR A R R 5 L R TR, BRSO AR TR A MO & il % 1
B AT 5 P o P A ) A B T 2R A S A R L 5 KT 3 Ay Pt R A3 N 583 Y PR A R
_.ﬁ(zﬂ .
3.2 DGR T AZ ALY R R M5

Az i 53OS S 2 A ) T ST Ak B 2% i) 1 S I R 25 S . 8 ARG IR T A 2K B8 2 i B2 IR 43
Tie 2 b B 53 D8l IMRIES LG 5 BROGEREE T AR I 8 i £ e AR AR ) B A3 TiE , 38 KR Sl L 3 fie AR A 1 LA
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FEATARBOK S I 58 37, W/ 5 G AR 2 ik 3 XA AR B (A5 40524 ARG & BAZ K Wil A Y b
O BRI B2 A AR AT S 2 i S D e D BRBR B2 A R TAZ ARG i A i A AR R ARG R BE R A2 R4 i R K
TRSF ARSI T D218 1) B2 PR AR ORI S , It LUAE M) R B/ W 25 O B B I B A A2 R &) sl /D AR A ) 1
STTC, B i b S AR A Ak 0 v A 2R AR ) e o ORI RO G REA AR BE T, (R RS ARG SRR A R N
B SR R | LASE AR K R A R SO SE P RE I AN IE A IR B, X AR ISR R B T S AR
FE—BEE A, BV E G RRSR FE A REAIR , DU A AR &y i i 1) T4 50 22 1) T4 o o e 3 b1 38 4, B B e A
Ayt LR IR A AR A i L, SR AR AR RS R BB A AR S R GEREE T A ) 7 SR - th 2 IR R it 2
TR BE ARG, AR AR W i LURRAIG , 2528 Wit LR, T A= 4 6 L DU AW M PR 7 B0y
3.3 A[EDGRESREE T AZ ARG i AR S5 i P o 5t

BT NSC A0 SeAH ) R AS BB 7E Bt X 3 2 — %0 B g & B0 B S AT AR
NSC PS4, o AR N AR EREE BRI T 40 v AR I, A 1A PN R K Ak B AR A AT, AN T [ AR AR o &y
S BRI PET , 3% ol B2 F BN T 5 G P A PET SR I IR R A R FE E S > i B £
REFPFEAR T 388 3 2T BT , B AR AR S FER S S AT I B A eI ML 2, B B = i NSC VR B, ik — 41k
ST BTAR b 4 1 A7 TG AL 0, BIIERA NSC f% & BERE IR AN B SR 2EAK T BRI, ASHIFSE & B, 76 60%
JCRESREE T  AZAR M AT P TE A 7 it S AR SE A Mk B i Y38 100% 0 BRGR BE T 57, Ud B 609 't 5t 5 1T
AR FARSS MR A SRR . (ERE A R RE B RGO, AT b DE R 1 i M AR S R R ik 3 B 2RI
FHAIE B R RE S AR A2 ARG G R A R B R L 5% 6 HRGR BT B T 48 A R A KSR, 5 )
PR ATV PERE RN AR S5 PR AR B AR 2R | (RIS 59% 06 BRSR FE T S i A FH S oit , Bk A6 & D IH AR RS I, S48 F1) T
EAME AR LT, TR R AT F AR 28 MR KSR T8 R XE | 40 A7 15 R AR A A, Schmitz 5 %f
AEG I (Arabidopsis thaliana ) BEATIRGAN IR % PRAE R4 N HAA Y NSC 5 2 TG 089 R 5 IR ok e 4512 ik k31
WAL RN BLA AR ( Quercus aliena) #1i NSC ¥ BE i 25K T A ARG | 76 51 B2l 7 PR 45 4 iy Rl e s 2k
BEMAET W 5 2 Bt & BB 1 A0 B S 2 FAAIR T A D ( Frasinus mandshurica ) M Fr A a] i VERE SEk)
o ARSI B S ARG R B
3.4 ARRDGREGR BN RGN i R RS i AR P S i R A OC R

AR5 38 2 X5 AN [F]OG R FE R AZ ARG B i R 5 AR S5 A PR Bk B d 22 1] (R AR S 53 B 30, A2 R 4
B AR BT E A Z S 4l v Lt TR AR AT PR O I TE A O SRS R PR 1R i DG
RIZR, JC S 2 AHOCRIUN, o 17 i A et RN S Aa M e 2 2t ) 28 Ak L it i LR A A S 25 ) R /R T, B A= )
FEAEZE A PR & T BG A, LU TR AR 080N A MR FIE A VR S AR S5 A i ) 22220 o, W M 1 1
3 Er R BE FOR AR AR S5 M M 5 FE 4 R BRI, HARSE M MR 15 5 A 1 2 (AR S 3 Y TE AH
KRR IE—E TR L R A ARG A= ) s A8 b 32 2802 R nT s PR e AE A & iy 2 fb e . 455
AT PERE B i VERY & i S ARG MR IR B 2 (A A DG R B30 0.993 1 0.758 , i IR W AT A PERE & /TR
PRt R AR K T R o E VR AT REAE — R AR TS AR A KIS S,

4 £t

ABIFFERIY A2 AR A T BRI G IR S5 7E 609 DG ISR FE R Ay v AR K ALy, BEA 6 R A U
55, ARl O F B AS SO A B AR R T 2 BOE S PE E T 2R AR AL, LUK 5 AR
B PAEE T ROCRERZRAE ) 4R B LT P RE I FIAE ARG G HE . T 5% G MR BT, fhy T B S R A T A
T2 EAFIAETG | DR MG RS 1 T RESRAZ ARSI BTAR T SR Ay S B BRI [R5, 33k Sy o7 SR 24 4% 5 A
Wy ARG ER S5 ) k3 1 52 i
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