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Abstract; Investigating the distribution pattern of non-structural carbohydrate content ( NSC) in Chinese fir and its

response to pruning is helpful to further understand the physiological characteristics of Chinese fir, and provide support for
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the establishment of reasonable pruning intensity in Chinese fir plantation. A pruning experiment was conducted in 18-year-
old Chinese fir plantation, with control, low intensity pruning (75% crown length retention) and high intensity pruning
(50% crown length retention). One-way ANOVA was used to compare the contents of NSC and its components ( soluble
sugar and starch) in different tissues/organs, as well as the effect of pruning on the contents of NSC and its components of
fine roots and coarse roots. Repeated measurement ANOVA was used to analyze the effect of needle age, twig age, or tree
height and pruning on the content of NSC and its components. The results showed that, the content of NSC and its
components varied significantly among different tissues/organs of Chinese fir. Specifically, the soluble sugar contents of
upper canopy needle, middle canopy needle and bark were the highest, with (90.00+3.62), (90.28+3.83), and (89.72+
3.16) mg/g, respectively. The starch content ( (78.08+20.85) mg/g) in the coarse root was the highest, and the total
NSC content in the upper canopy needle was the highest with (148.25+4.89) mg/g. Moreover, the soluble sugar content in
the middle canopy needle increased significantly with increasing needle age. In contrast, as twig age increased, the average
soluble sugar content in the upper and lower twig decreased by 45.4% and 53.1%, respectively, and the average NSC
content decreased by 32.9% and 39.7% , respectively. There is significant spatial variation in the content of NSC and its
components in stem, and the soluble sugar and starch content of bark, sapwood, and heartwood varied differently with tree
height. However, no significant effect of pruning on the contents of NSC and its components of fine roots and coarse roots
was observed. In addition, the average starch content of the lower canopy needle under low intensity pruning was 18.6% and
19.1% higher, and the total NSC content was 15.3% and 23.7% higher than that of high intensity pruning and control,
respectively. While high intensity pruning did not affect the contents of NSC and its components in all tissues/organs of
Chinese fir. This study indicated that there is significant spatial variation in the NSC content of Chinese fir, and the low
intensity pruning increase the NSC content of the lower canopy needle and the overall canopy NSC content compared to high

intensity pruning, enhancing the carbon supply for Chinese fir.

Key Words: non-structural carbohydrate; pruning; allocation pattern; Chinese fir

RS PERR KA G (NSC) RAEY G VE R BB, 2By A A4 | R S5 n A W R I 4y 2, 2
T AR AR AR R P R 2 e o AR NSC PR RN S T BRI s (O 4 Rl ) A
BRI FE (PRI A= 4 ) A TR P17 LA B S0 SR AR A A e [0, T A A A A A A R M Y S B AR

NSC 143 PR AR ZAE S AR B BRI SR SR A I, Z Z R R 52 Bl Fe RS R 45k i 2
AP g ERDGIR IR (COMREES 22 57, R S 8O W)t J2 7 8 i R & sl 32 DL R it B NSC & =7 7R 22
ST ARG AR R ZE A8 MR NSC i 25 A AT RE S MR ARG B an, A AR AT AT AR B T
W AR B A RE BRI S 1 NSC & it AR o MeAM W TR o AR W B i F 44, A A7 NSC 1y £ %
O NSC I Tl R BAAAEAR ] DA S A 28460 RRIER NSC #E 45 A2/ 28 B Th 9 43 B A% JR)
s 8] 28 S AASCRT LA XS B A A AR (0 BR A | 38 Bl T3 X 2y NSC & A6 5 R, X5 1 i ds A
A TR L) B A AR S SCE R (H DA XS NSC &5 3t BB 58 E 2L DAL RS A X 42, B ASOR A A Jay 4 SRR
5T Bz Xt AR A NSC 3B J 1 1

RO BB E T EANA THFERGHEA T A IE I K BR AR TOT R 4 e AR T Y T AR
BRI . AR IBRRES OISR B R SR B N A R R A A AT R T R A8 R
X N TR AR A R A A7 OGS IR AT AR B /2 2L NSC % =B I A B2 1) 22 4k, REfS
T AEAS AR BT AR B B S LN A A BRI, S i e B 3 BB B e &

AR Cunninghamia lanceolaia ) TR ] S PR b X1 35 S i AR b JEARN TR R TR BN TR AU B
O, FEAM L F= FERMRBRAG IR h R HE BRI 42 T ARAZ R NSC 8 et 1 2 [ A8 S e X8 A 114 o i
A BT IRRAZA A BURA R AE 25 5 1 R, X S A2 AR N TR = I AR i R EEE L, H

http ; //www.ecologica.cn



20 41 AT S5 AR RIH Y A B ARSI R A G4 35 B2 S CH B R Pk i 1 9393

I ABTE LA AR N T MO IFTEXT R BB A SR R BB, B AEERIT L T B2 (1) 2 AR HLU 4%
B NSC R 7 & R A AFAE 225, A LSV 4 B NSC R LA 03 i ey i el J2= mlbed 1 e JE A A 2 [ 7
55 (2) IBRUR A SEN 25 HEL/ # B vh NSC R H 4l 7355 ke

1 R HEESR

T 07T T80 Pl A 2 ] S v L B b A S S B A2 AR N TP R (26°48'N, 109°36E ) | i3 IX g+
3 2 IRV VR I A% , TR 300—500 m, AFEHJIR A 16.5°C, Bk it 1200—1400 mm HAEH7EE Z ) iR
B R T30 /N T 30, RIS I 2T B4 pH o 4—6, A — e 3 A LR H,ES A
AIRG B, BB AR A 8% A0 $E 5 B ( Miscanthus sp ) . 75 & ( Dicranopteris dichotoma ) 15k 28 ( Pteridium
aquilinum ) 21

2 WRAE

2.1 iRkgt

2004 AFEFEIERH A AR 1< R4 HASHEARRIA 1 AR EAZARIET BRATEESN 2 my 2012 4F 4 A HI58 4 BEAL
RISV XA ARGELT 3 Pk Ab £ R %%Uﬂﬂjﬁﬂﬂg( CK, K{@&) \%Eféﬁi( Low intensity pruning, 1588 5w K 1y
75% ) F1H B &A% ( High intensity pruning, P B 6K 1) 50% ) . £ACBAL & 4 DNE A 12 /MK AN X
R 10 m x10 m, & /NXFERBIFEARFA AN 1 frs, #&/NXTERE 10 m PLE, TR IR E0%, 0—10 cm
T 20 AR S EN 19.08 o/ke, TIETHUA S M 19.11 mg/ kg, A 800 % 10 2.24 mg/ke.,

F1 BDREAREREHE

Table 1 Basic characteristics of the sampled trees in each block

Yot N Wi N
A b 3 , s EA b . Wi
; Diameter at breast . ] Diameter at breast .
Pruning treatment . Tree height /m Pruning treatment . Tree height /m
height /cm height /cm

CK 19.30 16.70 20.20 17.80
21.00 17.95 19.40 16.10

19.00 18.10 HP 19.50 16.60

17.30 15.60 19.30 17.30

Lp 18.90 17.03 18.80 15.90
19.30 18.10 22.00 17.80

CK: XtH# Control; LP; FRRFAERE Low intensity pruning; HP . ENiX 253 High intensity pruning

2.2 FESHSREEFNFEARIN E

2022 47 A 1E 12 AN/NX A I — BRI E MRS A, TR 3R E R BS 2 BIEW +
Om.2m4m6m8m.10m,12m 14 m YA ABUSEEE 1—2 cm BRI, TR B2 A Fn.C b iR
At o P SEE S R BE XA T R B AR Y I 1 S A A T ISR AR [ A A I R R AR A
FER T FE B AILAZ AR 2R FH T U RAR AR . T R IOAE S 202k 1 1 A B A VK & vty [

SR AR A (1 [ S AR TR B2 5, FH AR A HE SR AR S (A B2 BRI I 43 ) RO (5 3 30 B EL B0 TR
(R4 ) o RIS ZE RO A A 20 AN RIARIE AL BE, 2% 18 345 5 2 R AR ARk 22 5%, oet | ot
R AL 2553 BN S AE AR R 3 4R A 5 AR AR 7 AR AR A, MR A B30 60 RN i 7 A BEKe i e DY AR AR B 3 4R
M AR RAEVERLIR VD IS R EAR S AR (2—5 mm) FAIAR (<2 mm) . FPARER 8 TE 3T, St ABLAS
HF 105C AT 30 min &, T 65 CHEEE I, £ 5 FERESASCREARR S BS K3 i 5 1 0.25 mm (457 FHAE NSC
AR

ARBIFE H NSC 5 SR RV B RIGE A (0 A 0, o] 8 P W R Ry 5 BRI Lb b Al s . T
I3 2 —FAEFR ARG T RE 10 mg BAGRE H1, A 5 mL 2548 7K, 80 C /KA HEHL 30 min, FRHI G T
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10000 g #5:L> 10 min B EIE W, AT AT PERE RO E o #E DO S BR 25 BV W, 53 N 1 mol/L H,S0, 5 mL,
80°C /KA HEHL 40 min, FF4HJ5 T 10000 g #5.0> 10 min, BUETE, FHTIERAOIIE . Al il ek & 80
M5E B 500 WL _EVEW, A 2.5 mL 0.4% EHE-HEBRRR , T80 2% )5 , /K 5 min B HIEER)G, 7E 640 nm
AR S AR, - FH R VE AR v i 4R
2.3 HdlEabre

FIFH SPSS 21.0 B A BAEIATGE T o0 AT , FH 8 I 7 25 0 AR o8 i/ A 4R ARG B R A B e HoAg |
YEFAXT NSC B H2H 53 & 5 52, DL SR T B A A 3 K A B FAE NSC e Hi 4l 43 7 it (52 il
FHBAR 25 22 W iR S B R A B 4IRS HUAR (19 NSC K Hi4H 405 - 9 R2 M, LA R 45 98 R[] 41 4/ % B 6] NSC
P MO 2 573 8 P, R Duncan 2% HU A 45 41 1) A9 22 S v (B MK P<0.05) , 1R &8
R 4.0.35¢ %, EIH AL FE R HER (n=4)

3 ZBRES

3.1 EARKBHLY T NSC M HA SRS

FIPERE VER L RS NSC ST ETEAZ AR S ALY/ 8 B A E R 25 5 (K 1) o bt | v e v ARG Bz 1
AR AR, 20 18 (90.00+3.62) L (90.28+3.83) (89.72+3.16) mg/g., {EEZHLY/ B, Tidki &
(AT T A B A, SRR RN AR 1) B B A 2, S S50 M 1 T M B i A1 ((30.63+2.39) ((27.91+
1.60) mg/g) , 2 AR B S iy 173, MHZ T BRER AN A2 AR L2/ 48 B [ 38 #3 AHAT , S 7E (45.40—
53.79) mg/g ORI . HARYE R & 0w T H ALY /3 F , 155 (78.08+20.85 ) mg/g, _IE M F 11 5L NSC
i ((148.25+4.89)me/g) , G | PR A B R 925 ORI 2 B W TR M T
TERNAIAR . A FLOHR G NSC & R ffik, 7090 0 (75.62+3.57 ) mg/g MI(73.37£3.46) mg/g, A[FIEZE M
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Fig.1 Contents of nonstructural carbohydrate (NSC) and its components in different tissues/organs of Chinese fir
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FEUNSC S fAfE B 25 AR E MR AR B E 25,
3.2 M S AR BN [FIE)Z M NSC B L 4] 435 (A 52 )

I MG A e B2 3 6T s it R 0 T i M 5 B R e B B TE R B NSC f i A7 s () 2)
SR AT R A R B R T R T (P=0.048) , EIEM R BOTER A RIS T B (Y AR
AEN AR BRI AR 2R kR, S A, TR B R B A A TE A AL NSC B E
TR B R (P=0.004; P=0.030) , FRBEEBRT M RV 5E8 & 2l LU BB RN IR 18.6%
F119.1% , 5 NSC % 153l i 15.3% 1 23.7% , A8 B MBS 34 % st it R 3 0 & et TG b 33800, {5 7 2
PIAH BRI 3, NS AEAE B 3 AR AR R BRI TE R & 1 58 LTS T RE 1 ORI BB R v # &
=W TR LTH(P=0.023)

pruning intensities
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Fig.2 Contents of NSC and its components in different age needles of upper canopy, middle canopy and lower canopy under different

CK: X8 Control; LP: R EBRL Low intensity pruning; HP: ENiX 253 High intensity pruning; A % Needle age; P 10253 Pruning
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3.3 BRI S AR X R E AR A NSC A 4] 43 B 1 1) 5 il

AR B A AR AT TEAL S 0 T R RN A NSC i (B R o A b T s 4% 4 ] v 1
AR E R (R 3)  HAAHh, bR AR T SR AL 4% 0 T i M i B AR AR RN T 3 R R (P<
0.001; P=0.008) , \44F A= 3| 3 4R /7 4F A, LS FN T el A 45 - 38 v] i PR & o0 B R B T 45.49% il
53.1% ., VISR T R R 2 S 80E Lod A R M N E A A5 AL NSC & & 2 B B (P<0.001; P=
0.022) , \44EA: 5] 3 45 /7 4R | bR A 2 K25 NSC & 400l R I T 32.9% F139.7% . IEAh )RR
[l 6 A 5 5 [F0) I 5 22 4 A st 2% 190 T 3 P A 5 S FE B0, (R X R Y A AR R A T T MR 2 1 ((96.79£1.19)
me/g) B EAR TR BB R ((129.39+12.14) mg/g ) FIH BB ((139.61+12.63) mg/g) .
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Fig.3 Contents of NSC and its components in different age twigs of upper canopy, middle canopy and lower canopy under different

pruning intensities
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Fig.4 Contents of NSC and its components in different height bark, sapwood, heartwood under different pruning intensities

3.5 BEORENHR R NSC MHA &R

TEHL T3, AR LR A T VAR TERS DL 2 B NSC S EHEARRB AR E T R B 255, EX g 40
HREA AT PN & 50 (66.28£14.87) mg/ g, TE52 FEABHOFN L BEAB AL h I 43512 (44.87+£2.51 ) mg/g Fl1(52.92+
3.10) mg/g, XF IR AIARAY 5 NSC & (111.68+17.19) mg/ g , 4% AR F B M8 A B NSC & FRH LE X IR 43
WIFFET 16.2%H121.5% , FRIEY, % FEACHIAR 5 NSC &80 (144.77+30.23) mg/ g, AH FE T 5 BB A I
BRI TR T 4.7%H 19.2% {HX 8625 B35 R B 2%

http ; //www.ecologica.cn



9398 £ ¥ M 44 ¥
AR AR
100 -
ns ns
)
on
£ 5 T -
ox L
a2 J_ T
ﬁgo T
o S50 L -
% 9 £
[
=
2 25 fF -
3
0
120 -
ns ns
w90 - - T
on
e
S Il
£ s} - J_
= T
m 8 - T T
s - 1
8 -
2 30 | - -
0
200 -
ns ns
. T
doo 150 F - T
g2 LI ¢
3 T T
%3 100 | J_ T =
B8 T =
=0
Syt
- sof -
i
0
CK LT HT CK LT HT

5 ARESGCEETHARARNC REASSE

Fig.5 Contents of NSC and its components in fine roots and coarse roots under different pruning intensities

4 e

4.1 FARFHLY FH I NSC 7 1975 0] 22 5

R B ARARIH LY 43 B 18] NSC R A1y (rIVEvEME JERY ) S AP R 5 22 5% . NSC 7EA R4 LY
TE T S BRI R A IE N B LR SR L R CO, M IR 2 B, DRI AT A M A el
JEHGR A FIESZ , [RIAGRY TV PEME M e 2 AS AR R 1] 3 il 21 A RS PR AR 2R | 3 SR 350 T AR A B
AR 2R 05 e A PV P 5 i RS 205 SRR T T YA M A A0 A DA 1) 3 T S0 7 T A 0 ) 18 gl 3 D U
UL SRR TEME R AR iR R A, DA R A e T MR R A S S5 88 b, LA
BAF 50030 2 B T VR I R AR 2 L AT R IS ACHLR e b 3 i die iy, AR AR AR e R
S BR ( Quercus variabilis ) H & BUMAR 22TV & B @ 145 R — 2, BRIZAh, it b h i 58 KEiEh, U
HAe Bt Frvb, m i [Rfe CO, mmA R W2 LIVE Ry IR SR A e i b B S e o Fas i i e 85
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AR X RTREIE T AR A G A = i R X B2 SRR I AR A At 2 A AR TE N Y T B A A
TE NSC R 1, A2 AEIE)Z 0T B NSC 2 A7 35 1 28 [0 A8 53 1 4% 76 )2 A% 4 B) NSC 7 AR (BT 1) ,3X
L ae > A R IR B RP A ST R IR] NSC & i 25 RN B M4 AN — 30, X TRy B0t BE
M2 2R DB Re I IEE P A T 219 NSC, (EAS T B2 AHFSE R A AU MAETE S5 6 A
M) NSC iz, FIRUN , —SEB 5T th & 0 (B0 P ) A7 Kt NSCH' >0 R4 B RixtF0 44 NSC
{1432 s F1 R FH AL AR R 5T, (R85 3R I ZEAR S A AR R NSC & ik i, 2208 0o b 23 5 0™ B 1Y NSC. fifh o
ikt
4.2 Y/ BCARARS LR TR BT NSC 5 8 1 52 0

WFFE K I X R NSC K H AL & f JC 5 (8] 2) | (A SR AR I 2 2 P i 6 S 4% NSC K 41 7y
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