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Abstract [ Objective] It is of great significance to explore the distribution of NSC (non-structural carbohy-
drate) and their components in different organs with seasonal changes for revealing the mechanism of car-
bon distribution in different age Pinus armandii. [ Methods] The contents of NSC and their components in
different organs of young and middle-aged P. armandii were determined by periodic sampling to explore
the seasonal changes of P. armandii during the year. [Results] (1) The distribution pattern of NSC and
their components in different age P. armandii was the same among all organs, where the starch content
was in the order: Roots > leaves = branches > stems. The starch content in stems was significantly low-
er than that in other organs, while the content of soluble sugar and NSC in leaves, roots and branches was

not significantly different. The ratio of sugar to starch in stems was significantly higher than that in other
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organs. (2) During the growing season, NSC and their components were mainly affected by seasons, fol-

lowed by the interaction between seasons and organs, and the influence of forest age was the least. (3)

The correlation between NSC and their components in different P. armandii organs was the same. Except

the negative correlation between the ratio of sugar to starch and starch, NSC in young-aged P. armandii

and the ratio of sugar to starch and starch in middle-aged P. armandii, the other indexes were positively

correlated. [ Conclusion | NSC and their components in various organs of P. armandii had obvious season-

al fluctuations. When the environment changed, the carbon supply and demand of different organs changed

synergistically, which was conducive to the growth of P. armandii, and enhanced its resistance and

adaptability to cope with extreme environment.
Key words

AR 25 4 4 8% 7K 4k & ) (non-structural carbohy-
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Table 1 Basic information of the sample plot survey

W AR/ AR LS 5 Enar)i R Iy
A Stand Land . @*& Longitude i 4% PR
2 Elevation Average
Stand age sample /m and DBH height/m
types /Year number ! latitude /em ght/
) 103°05'09"E .
1 2 346 24°54" 04" N 21.27 13.33
ot 4 ,
Middle- | 103°05'09"E - -
aged 23 3 2339 ylcaneny 2173 13.53
forests
103°05'33"E
2 ” 3:
6 2299 24°53'49"N 18. 33 10. 90
. 103°05'09"E
2 2 368 24°54'03"N 12.97 8.07
ah it 4k o
Young- . 103°05'38"E
' 2.2
aged 12 4 2 329 24°53'48"N 12.23 7.27
forests
- 103°5'37"E . )
5 2335 oo 1213 6.40

1.2 HRXEAEEMLE

IR AE R FTIIE R A R EE % 4
KEEB M TE R S AR ORI FE & =, ) 2021 4F 1
ARG, THE A 44 (,5,8,11 H
030 LA 2R 1 O A ARCR BB 58 IXOR A, 2R R A 4
W, TEREHAEH P BEHLIE 5 3 Mk A T S8 5 L
SR R IIIE /N (SSE 7l NS N =0 S0 RS ¥ 53
SR AVER I JRURE AR v DAy B I B s o R 1) R 1) R e
i b ARG B R AR A AR A Y ROAR IO AR AR R 1
EERSR Z IR BB R EF 43 B, HINAR 5 mm
F18) A A SR R AR T A il o JBURE 8 52 S o 1HE A Jf A2 4k
(B2 1.3 m WAE) . HISHE" El
FREAR 1 m A FH/NERHKAZ 16 020 em ¥R )2 B 20
ML I BEE B AR /N T 2 mm AR & 7E 8 AE
i 0L R LR b P R B 4 OR [R] 2 R 4 35 )
R ICAEN 1 DEE 4 PR AARIEE 3 A4
-

A o T Y ] S92 6 % 0 Uk 2 BR R TH T i, B
AR H LA 105 “C 855 30 min J5 L 75 CRAE
ai b 2 IE B O A R AR A R Rl g 0. 125 mm
(120 ED . T 5 2L A S5t Mok 16 & 90 3% = 1Y
W&

1.3 MEFE

JH T L 23 0 2 B P AT B Csoluble
sugar,SS) » FH A BB R b €030 0 5 BE A (starch,
ST o M4 ) 4 A s o T 46 0 590 A0 4% 4% B P AT
PR B 7 L L NSC 25 B2 ml v b A e 4 7
TR RN DL R R R 4 i (g/ke)
7N B VE L (ratio of sugar to starch, SS/ST) Fi &

.

1.4 HIESH

FI SPSS 26. 0 BEAT RS S8 120 Br - i il 3 1
Gt M AR AR & 28 B NSC K H 4 43 & S Gi it 2
FRAE , 48 B R B (cofficien of variation, CV) = ¥ 1
Ui 22 / ~F- Y50 < 100 V6 5 2846 30 Ir A5 80808 745 5 1E 45 40
A e AE 7 22 55 PR B R 2R 05 22 73 Hr 12 (one-
way ANOVA) 43 # #f 5] 2= 15 AN [\ 4% 5 AR 6] & 5 A
[F] 2715 AH [8) e ARAS ] 255 B 19 NSC R HidH 43 & 2 22
S8 E M, H LSD(least-significant different) #k 47
Z 8 G GLM AR AL A iy SR 28 7 2 40 A A 3
ZET AR E FUBRIE X NSC I H A 43 52 ) 5 ] Pear-
son AH A 73 BT £ 58 AN [) 8 Ak 4% 4 B h NSC & H
A HIMIEER . H Origon 2021 il Excel 2013 5¢
22 P N A% A

2 g 550

2.1 HIUIMEBRENSCREAHSEMETHTL

4 IR AR AN S B8 B NSC S 4 & B e
AERENHERS —EREWHELLE 1
2), MEH-E-FK-A MR AR TR L IR AR A 2
B AR R ONSC SR AR B E LR (P<
0.01) s HEUE tbAE it P JE6 I8 3% 22 5% (P =>0. 05) . 7E
AN BE 25 (P<0.05), 78 H Al 2% B v ¥ #
EER(P<<0.01),

TEAN WA R4S 25 B NSC I He gl 3 i 47 sh 5 b
(D, AT b 5o 0. 89~2. 21 g/kg, TEM
RN 0.78~2.13 g/kg,NSC &} 1. 70~4. 33
g/kg FEIE LA 1. 04~1. 44, BRBEVE L Ab , HAH8 b5
K AN 18 AR ETH, ZaEEHTER
0.74~1.48 g/kg, VEM & 8 H 0. 17~1. 08 g/kg,
NSC &K 1. 28~2.55 g/kg. BETE L 1. 50 ~
8.54; N 5 HIFLRVER & it 2 T B a3 i PR
HAETRE EF NSC HRTREBETRE.S HZ
JEREVE L IR R . BRI S R
0.65~3.72 g/kg, JEM & &K 0. 34~2. 25 g/kg,
NSC & &7 0. 98~6. 25 g/kg, BiE L N 0. 56 ~
L69; fEREAN AR nI MRS & i 2 TR,
¥y ONSC & h PR BN BE LI 1
Fr—FFE— BT, WA S o 0. 74~2. 20
g/kg. TEH & B 0. 65~3. 99 g/kg, NSC & i
1.39~6.19 g/kg. WiTE LN 0. 56 ~1. 68; FEHEAE
K BVE LA b Rt bR e PR
TRE.
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Different lowercase letters indicate that NSC and their components were significantly different in different seasons in the

same organ (P <C0.05). Different capital letters indicate that NSC and their components were significantly different among

different organs in the same season (P<C0.05). The same as below.

Fig. 1 Seasonal dynamics of NSC and their components in various organs of young-aged P. armandii forests

TE A R4S B NSC K H 1 o0 i 25 sh & v
(A 2) Al s PEdE &l 0. 86~3. 34 g/kg, TEM &
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BEVE L R 1. 15~ 1. 57 BRBEVE L Ab, AR FR bR S8 T
FeIE i The .. v &8 0. 68~1. 56 g/kg.,
TER SRR 0.24~0. 87 g/kg,NSC & H 1. 11~
2.42 g/kg METE LR 0. 82~ 2. 14; W] ¥ MM . NSC
TEREAEEFREETREERSEES AR
T R IR B R AR B E L7 8 HE W& LT+
Itib i mE . BT S R 0.57~2. 02 g/kg,
TER K 0.29~2.08 g/kg,NSC &K 0. 86~
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BEVE L 0. 82~1. 17 AIIEPERE JEH NSC & &1
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H 83 L TRl R HEARANE

4y b bR AR LR 25 B R A EE AE k F
B A EWFELR(P>0.05), fE LM FEW LN
3 2% 5 (P <C0. 05); €M  NSC & B 7E & A K 5
A W22 5 (P <0, 05) ; 4 i ARooBl UE b 7R B 2R (8
HA) LR #FH 2 H(P=>0.05), fF Hfh 45 22 5 1 3%
(P<C0.05), T#MPBEEERE TG H)H LR F
25 (P>>0.05) , fF HoAlh 2= 5 22 5 W 3 (P <<0. 05)
S U NI S s I el o =R T e NI K =
)22 5 W 2. A ko, & 2=l R NSC E =
SYELEIR % VE R BRI AR . BRBEVE LA, %5
T bR e B 75 B0 e BN 5 fE Bk ZE R B AL T AL
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Fig.2 Seasonal dynamics of NSC and their components in various organs of
middle-aged P. armandii forests
2.2 HURERE NSC RHAS SEHE ik H /I T o B VS NSC S T o

41 RIS AR L FA 45 28 B NSC K H 415y & 7
A K T N AR SEARAE R TR] (5 2) . 4 pkgt i
A HERE E B NSC & it KOWE VE L A 4 5
1.43 g/kg.1. 31 g/kg.2. 73 g/kg.1. 18, o &k xt
N8R B E 43 5 1. 66 g/kg. 1. 23 g/kg. 2. 90
g/kg.1. 34,

TEL IR AR B i AT PE R TE R S R T
HB AR NSC & BEVE L (E /N T g Ak, 4
MEEE SR I E B8 1. 13 g/kg.0.69 g/kg.
1.82 g/kg. 3. 36, H il bk 25 £ 45 45 (14 24 43 51
1.00 g/kg.0.59 g/kg.1.59 g/kg.2. 97; 4 s MR AL
BRI YA 5y 518 1. 56 g/kg. 1. 20 g/kg.2. 76
g/kg 1. 76, oI MRBL 4% 48 bR 1Y ¥ 0E 43 B oA 1. 13
g/kg.1.10 g/kg.2. 23 g/kg.1. 40 ; Z I MREEFIARL 1Y
NSC R HAH 5 & w4 E Y K T ik, 1R %3
FRAEL B AR 43 910 1. 27 g/kg. 1. 61 g/kg.2. 88
g/kg 1. 19, TE i Ak b 23 5 Oy 1. 28 g/kg. 1.42
g/kg.2.70 g/kg. 1. 28; Gy PR F 19 7T i M B &

WAk, AR RE(CV) BEE K i B30 ) B iR
CV<10% 25948 57,10 % <<CV <T100 % 42 H 2578
5.CV=100 % 258 5, P MR R IEM & & .4
1Mk S iy AR ZE R OBE JE L (B R R E R
105.37%.139. 21 % ,108. 89 %) B FEAE s A8 53, H AR
228, UL AE AR R ORI ZE L 3X 2 A 48 B vk B D
K.
2.3 UM NSCEKERZMEE

XPAS [6] 8 AR A8 L B 45 % B 7R S [/l 2= 0 b iy
NSC K H A1 4y & 5 347 SR FE 7 22 001, 45 1 (%
3) WL, MRS X5 AT B OB UE LA 3 5
(P<C0.05); Z 97 . % B M H 32 5 AE FH 43 0 % NSC
SHAR 53 5 AT A B 3 2 A (P <0, 01) 5 ARl X %
BN R BE  A R  EE S  (P <0, 01), 1]
VR JERY ONSC i EEZ FT RN, B X4
B T0) 38 HAE FH A 5 0 YR 22 o PR o S5 i e /)N 5 W UE
V52 2571 X i B 18] 52 HLAE T 0 52 ) g5 K, RO 52
TR ) AR R 5 e B /N BN B3
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Table 2 Statistical parameters of the contents of
NSC and their components in various

organs of P. armandii

EERTN i nE A Value CV
Stand Mean o
Indexe age Organ /(g/ke) range /%
g /Re/ke /(g/kg)
M Leal 1.4340.66a 0.64~3.87 46.12
My ZE Stem  1.13+0.45a 0.39~2.05  40.27
Young-
Al age A Branch 1.5641.36a 0.54~5.35 87.26
gg B Root  1.274+0.77a 0.59~3.27  60. 80
Soluble M Leaf 1.66-41.35a 0.55~5.97  81.04
sugars
content g % St 1.002420.50b  0.00~2.09 50,27
Middle-
age A Branch 1.13+0.69b 0.43~3.05 61.16
M Root 1.2840.87a 0.49~3.23 68.39
M Leaf  1.3140.6la 0.54~2.49  46.95
4 2 Stem 0.6940.48b 0.06~1.71  69.59
Young-
age K¢ Branch 1.204+0.96a 0.14~3.24 79.90
N
g% R Root 1.61+1.5la 0.19~5.70 93.95
E?;f:‘f: M Leaf 1.2340.64a 0.36~2.54 51,81
hi 22 Stem  0.5940.40b 0.00~1.34  66.56
Middle-
age  K{ Branch 1.10%+0.74a 0.20~2.82 67.47
M Root 1.4241.50a 0.30~5.93 105.37
M Leaf 2.7341.19b 1.38~6.15 43.43
4 2% Stem  1.82+0.75b 0.49~3.49 41,05
Young-
age K¢ Branch 2.76+2.20b 0.71~8.59 79.68
M Root 2.8842.16a 0.97~8.89 75.07
NSC
M Leaf  2.9041.86a 0.94~7.95 64.29
hi 2% Stem  1.59+0.68b 0.58~3.14 42,72
Middle-
age A Branch 2.2341.30a 0.67~5.25 58.40
M Root 2.7042.30a 0.91~8.36 84.95
i Leaf 1.184:0.44b 0.68~2.85 37.08
4 2 Stem  3.36+2.67a 0.47~25.17 139.21
Young-
age A% Branch 1.76+1.03b 0.30~3.97 58.44
Iﬁff& # Root 1.1940.78b 0.18~4.07  65.42
Sflgfrrcﬁo M Leaf 1.3440.58b 0.53~3.01 43.00

hi 2% Stem  2.9740.23a 0.00~17.61 108. 89
Middle-
age % Branch 1.40+0.96b 0.33~4.96 68.55

#l Root  1.28£0.64b 0.39~2.91 49.97

T A /NG FRE R R NSC K41 43 76 A8 7] 258 B I 22 55 W %
(P<C0.05),

Note: Different lowercase letters indicate that NSCs and their
components are significantly different among different organs (P <<

0.05).

R3I HLUMNSCREASSENERRESN
Table 3 Analysis of variation sources of NSC and

its components in P. armandii

=
K
KR b g
Sources I*E' b SS  df MS F
of ndex
variation
T e A 2 ‘
Soluble sugar content 0.438 1 0.438 1.363
VER i .
it Starch content 0.923 1 0.923 5.216
Stand
age NSC 2.632 1  2.632  4.616"
BEVE L
Ratio of sugar 0.957 1 0.957 0.299
to starch
S b e A Lk
o AT A 7 ik 93.129 3 31.034  96.693™
Soluble sugar content
Yoz o\ A~ EL
v ) P it 134.659 3 44.886 253.714"
et Starch content
Season NSC 444.804 3 148.268 260.079 "
BEVE 1L
Ratio of sugar 201.263 3  67.088 20.9727
to starch
NAD W A B
L T A 8.491 3 2.830 8.816"
Soluble sugar content
yoz o\ A~ Bl
Ve 29.192 3 9.731 55.001"
B Starch content
Organ NSC 57.768 3 19.256 33,777
BEVE 1L
Ratio of sugar 182.304 3 60.768 18.996 "
to starch
S5% M dik A~ L
T PERE Ot 0.544 3 0.181  0.565
Soluble sugar content
i X VE M P oy -
e Starch content 0.234 3 0.078 0.441
Stand
age X NSC 1.132 3 0.377 0.662
Season .
WEVE L
Ratio of sugar 1.675 3 0.558 0.174
to starch
TR AR - o
Soluble sugar content 4.184 3 1.395 4.345
R X VE N P = - 35
s Starch content 0.125 3 0.042 0.235
Stand
age X NSC 4.335 3 1. 445 2.535
Organ N
WEVE 1L
Ratio of sugar 4.269 3 1.423 0. 445
to starch
VP A O B .
Soluble sugar content 44.971 9 4997 15.564
Yoz o\ A~ B
FT % VERD P it 69.499 9  7.722 43.648"
sepr Starch content
Season X NSC 185.475 9  20.608 36.149 "
Organ
BEVE L
Ratio of sugar 340.737 9 37.860 11.8357
to starch

1 :SS.d fMS ZrBIRRTF L H R BE 207, KR P<<0. 05,
*x Frn P<0.01,
Note: SS, df, and MS represent sum of squares, degree of free-

dom, and mean squares, * indicates P<Z0. 05, ** indicates P<Z0.01.
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Person F M7 25 5 (8 3) W, 76 A [R5 Ak b 4%
B NSC KHA /2 et AR —5, 4 Hild Ak

AR TERE 5 E R NSC i 3 1EAH I (P<<0. 05), TEH 5

NSC #5835 1E M 56 (P <20, 01) 5 4 MO 3 1L 5 34

A

NSC & 3 A (P<C0. 05) ;s IS MAHVE b 5 Ve By i i
FE U (P <0, 01) , BEARIE (125 16, Dyl R AH C R
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Fig. 3 Correlation coefficients between NSC and their components in different organs of

young forest (A) and middle-aged forest (B) of P. armandii
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