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Abstract: [Objective] This paper aims to investigate the distribution of non-structural carbohydrates (NSC)
in major soil and water conservation tree species in typical black soil region and their interspecific
differences at organ level. [Method] Five species of soil and water conservation trees (Caragana
microphylla, Amygdalus triloba, Betula platyphylla, Acer negundo and Picea koraiensis) were selected as

the research objects, the concentrations of soluble sugar, starch and total non-structural carbohydrate (NSC)
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in different organs were determined and compared. [Result] Within the same tree species, the concentration
of NSC and its components in different organs had significant differences (P < 0.05). The mean
concentration of soluble sugar in leaves was the highest, and that in trunk was the lowest. The mean
concentration of starch and NSC in roots was the highest. The average concentrations of soluble sugar and
NSC in shrub leaves were lower than those in trees, and the average concentrations of starch and NSC in
deciduous roots were higher than those in evergreen trees. Evergreen trees (Picea koraiensis) allocated more
NSC in the aboveground part, while deciduous tree species (Admygdalus triloba, Betula platyphylla, Acer
negundo) allocated more NSC in the underground part. Deciduous shrub species (Caragana microphylla and
Amygdalus triloba) were chosen to allocate most NSC to fine roots and medium roots, deciduous trees
(Betula platyphylla and Acer negundo) were chosen to allocate most NSC to coarse roots, and evergreen
trees (Picea koraiensis) were chosen to fine roots as the main tissue for storing NSC. [Conclusion] Acer
negundo is not suitable for afforestation in arid area, but Picea koraiensis can be afforested under different
site conditions. This study analyzed and compared the NSC allocation strategies of five species, reflecting
the growth adaptation strategies of soil and water conservation species, in order to provide theoretical basis
for scientific selection and cultivation of soil and water conservation plants.
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BE )i AR o o5 A R AL, R e S AR A T
K LR R By 0k £ b 2 L Al A KA
HA SRR ZR A A R B KA &P 0 i
T KA 5 73 E SRS B I 9 A I T AL 34 858
N EEAT &I A A S R A AR AT R, A
Wi H AE AR N A AR NSC RIRAEZK 73 g, BLIE
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1.1 HAREXER

T 56 7E Hh 4k RO VT AR P bR T 5 X
RS, AT B 5 ki i A2 Sy, B A E
125°07'40" ~ 125°37'30"E. 48°11'15" ~ 48°24'07"N,
SERMEY 315 m, B 2° ~ 60, SRR E A K
i 12 2 XS, AR 3 PR I B R 502.5 mm, H
fEim % WY, PR B A AR R 68.3%:; % X A
PR 1.3 °C, M s R 36.5 °C AR
—37.6 °C, & Z=Rin T, FoAR M 120 d; BF 7C X 3%
KA LIRS O F, MR 3 E A R A AR
Bl L R R R VAR A AL A R A 5 AR,
ForboK L ORFF R AL 45K V& I AA (Larix olgensis)-
1 ¥A (Pinus sylvestris var. mongolica)~ /)N 1
(Populus x xiaohei)~ F W (Salix pierotii)~ 4L J% =
#2% (Picea koraiensis)- i W 1§ (Amygdalus triloba) 1
WML (Acer negundo) =5,
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1.2 EFSMENEE
WITET 2019 4F 8 H, dlGalifdz b 3 F
AETE T I HEAR N3 )L Caragana microphyllas

K1 AR V& TR AR (A HE Betula platyphylla. B
WERTEAR L mAZOFE 5 Pk E R R R R T A
W5, ¥ 2011—2012 F4HE (£ 1.

R1 STKRIARFBPFHERER
Tab. 1 Basic information of five tree species of soil and water conservation
R PRE PG
g FRRG A yiE A Average crown breadth/cm Average  Average T ;e P
Tree species Code Life form ik i tree ground " Note
] 7R height/cm di y age/year
North and south East and west 1€1ght/em diameter/cm
IH-4 3 " . .

AN L , CM ¥R Deciduous shrub 1143 88.3 228.6 3.6 7 HHk Single plant
Caragana microphylla
M4 Amygdalus triloba AT MR Deciduous shrub 97.8 91.0 143.7 15.5 8 M4 Clump
F#E Betula platyphylla BP V%M FFK Deciduous tree 52.0 52.0 329.0 4.7 7 ik Single plant
WEBE Acer negundo AN ¥ FEK Deciduous tree 89.3 118.3 338.3 44 8 #ibk Single plant
4L} =42 Picea koraiensis  PK T %E7¥ K Evergreen tree 66.7 60.0 79.5 3.1 8 bk Single plant

T[] P 8 o it AL b A2 AR T R AR 45 3 Ak
VEJIREAR . 7EBSHITET 5 om FORE b REAAR T,
Hby 1353 3 A A T B2 4 AR S5 H T R R
XA R R, F B SRR, phei
N L 7 1 AR K e o SRS F RO B4R K/
3 NAR (= 10 mm). KR (S ~ 10 mm). F1R (2 ~
5 mm). 4UHR (< 2 mm)4 A5, W A bk A L B
T B RAR A 2% B FH Z8 TR /K e W IR AR bR HE R
WCEEI I KL T AR AR A N — R, A
PRI 3 BRARUEA o B BT A FE SN B B FEON
0~ 4 °C AAT, 2 H A B SEI0 =, 57 R
105 °C FAT 30 s, 285 B i B BE MG LF bR 28, 72
T4 80 °C 24 FHLT R 1H R & . FREM K%
LT, R NSC a8 & HAE &4 B
(o Be bl o 2 S5 B B LR AT B A AL 3R, Kk oK
i 100 H i 5 3N A B 8T R G- A7 F T 43 B fi
M5E
1.3 eSO EWNE

AT FEHG NSC 8 S AT ¥ 14 08 255 CHi 28 B I8
B SRRSO RO 1 A RN, BT A MR A R 1
B B R FH St () R R B R ) e PO

FREL 60 mg FF 5 BN 15 mL & 0 & o, i
10 mL 80% ZBEEHOS i B R EL 24 h, 85 4 000
r/min B0 10 mino 44 550 )5 B9 L3F BB 100 mL
KM, IS I S mL 80% L 1 IX 4 000
r/min &5 5 min, Z8 5 SEE AT B IE W IR 25,
50 8% 100 mL H 75 &, 2K E S, T ok
AT

¥ CREFERUS R AR )T, SR 50 10 mL 7%
TEKIRSD, T b KB MIAL 15 min, ¥ % 60 °C LAF,
B 1 mL 0.5% [ a-VE K BV W, T 60 °C 1H IR K

BAORIE 1 h, I 1 AR BRI N A R, R
W, EE FIAPIR, H 2 BRI S
AN RFEE L, I b G2, 285 2 000 r/min
B0 5 min, IE, KRB 2R BT, € AT
TER B BT

SBEFIERY B BT, B 1 mL & A5 AR
WL R BB EE S, IO 1 mLOGE T 80% LB
28% Ky, SRJG LRI 5 mL IRER IR, $2 R B35
1 min, # 1k 15 min, 285 F 407366 BETH(Genesys
10S UV-Vis)7E 490 nm Ab & W EAE - 4 B %) Bl
(RbRAE It B T 55 H T I B AN R 1) 2 &
1.4 BT RALIE

PRS2 B R NSC M HAH S R & &4 NSC
TEMLAYER RS . KR ERTT Z 0
(two-way ANOVA) 73 Hr i Filt 55 28 B I =2 HAE H
SRV PERE . SER A NSC & BRI, XF 5 AN B Fl
AN ) 2% B BTN VR X NSC & & 1 2 e AT
LR & 5 % 43 M7 Cone-way ANOVA), iz | Duncan
Tkt AT 2 LB A BdE i 4 KR A R
4.1.0(R Core Team, 2021)-

2 HER A

2.1 WFFF[EIE NSC ER

oITEs AR, WAL, #8 E A BAE X NSC.
VERD ARV R I & R AAAE B I (P < 0.05)
(£ 2). NEREFIMERE, m 10 EPERE AT NSC
& B R N 138.6 A1 151.0 g/kg, BT A iE M
BEAN NSC P35 & & A%, 40 =& 23.2 1 37.9 g/kg,
TERP BRI E AT A 12.4 gike, 1 RAR
W UE R T35 B e N 160.5 g/kg e MR I MR
KE, LLE I IR TR & 8 B2 T Hh
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Tab.2 Two-factor ANOVA on concentration of non-structural carbohydrate and its components for five tree species
s AR S 2H o> SR df P P
Non-structural carbohydrate (NSC) component Source of variation

W Fh Tree species 4 20.1 <0.01

A HEBE Soluble sugar #F Organ 4 63.9 <0.01
FFf x 8% F Tree species x organ 16 10.8 <0.01
W Fh Tree species 4 96.4 <0.01

Vi Starch A Organ 4 172.2 <0.01
FFf x 3% F Tree species x organ 16 25.7 <0.01
WF Tree species 4 11.6 <0.01

24 & Total #H Organ 4 139.5 <0.01
Rl x 4% Tree species x organ 16 213 <0.01

WP, I MENURE A VA RS S TS L MR (166.0 g/kg), HAhR AR AR Z 4HHR > RIAR o BE

AR A ITERT KE , BB FIARGE R A NSC &
B T AR R, AU R T LAAN ) % A
HIEMSEMEERTAN . A 20 NSC
2 T HABW R 1D
2.2 NSC EREFHNTH

S PR R AN AR R AR5y, FNSC K43 1)
TEEBA G I 75TV PERE 5 T, A R
21 AR Z I AT T A B A ARAE 1 3 KT
B, BERR SRR R ATIEERE & B — 5. &
VE N 7 T, B AR AR PR e R 2 (173.7 g/kg) i T4

KHE(279.8 g/kg) M HR (294.9 g/kg)NSC ¥4 &
5t s FLATRY Fb 0 2 R AR R AR . R AR &R T IA
PR JEA AT NSC £ B #2240 < AHAR.

AR g M T A R A (137.2 glkg) BE S
T AR B, NG LR IR 58.6 g/kg: Kt i
(107.4 g/kg) A MEC112.1 g/kg) ) H AR AT 375 1 b 1
B2 R m T HAR 3 PR 7E AR AR H, 7T
VoV B PR [R] 22 538 AE /N AR B A HH R B
B MR 4 NHLIITENFI NSC 5 &5 K # 2
T B/ NER AL A2 (K 2)

7_%0200
2 2150 2
g baa a 2 a b
& Dw00p a che ) - - )
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s 0
N T Stem AR Root J% Bark I Leaf A% Branch
250 1
}40200 3
R & 150
ﬁ%gloo- abab | 2 a
E sof c paap be b g
0 = i
Fz Bark I Leaf #% Branch
300 1
=250}
22001 & b a
8 150 | ab 4 b
S b Cc c 2 a1
8 100 | b b
Z S50t
0
T Stem AR Root J% Bark I Leaf A% Branch
[ JAN[] AT [ 8P ] cM [Z]PK

AN. HEB: AT. Ky H-A; BP. 1 CML /NI AS )L PR 2L B4 o AR BHUR M A 48 B AN AR A0 Z 104 %57 (P < 0.05). T [Al. AN, Acer
negundo; AT, Amygdalus triloba; BP, Betula platyphylla; CM, Caragana microphylla; PK, Picea koraiensis. Different letters represent differences in

the organs of tree species (P < 0.05). Same as below.

B s Al a B AR oKL &Y R o & R

Fig. 1 Concentrations of NSC and its components in the organs of five tree species
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Fig. 2 Concentrations of NSC and its components in the roots of five tree species
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Fig. 3 Allocation of NSC and its components in the organs of five tree species
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EL ik 3 45.57%, NSC 7 2 ¥ 43 Fl R AE A o] 75 P4 0
VER R 73 FOARR A B A ORFF — B0 A AR Ak b T
H7r NSC f HLZa T HAWR R, 731 S5 62.69%
H154.08%. TEMR RHLIKE, 5 FifFl NSC & &4
J5C TG B SR, G A AR AR AN R XS )L NSC & &
IR/ P 21 g il > B > R > FH AR . 20
B mAZYIAR NSC & & B R b b Ee ik, i3]
40.55%
3 3t gin
31 AEFEENSC REASHESEER

NSC &4 77 & BN FEMY S E 2 W% 7 2
=, AT I, NSC & S AE M AR Fp s s, B
R TERE & ERAR, TERM S EER TR, AR
Ko XM T YA RS EEEKEE IR AE
MIINREZE 7 o IX 5 2 1 X1 5 {8 SRR 0 (18 2% i
W B ) A PR R RN E A 2 SRR AR AR AT, 1 AR A AR
(B E AR AAAE I AR o b R A
G E R EPIIEPY, RE BA B AR
38 6 DA R 75 B ZIAR H 1R I A B R, BT DA
NSC 4Bt rr A v & & 2 5P MW A TR
AR ZE, (T KA s, KR A VYRR S C T
AL AR, T O B B BRI, BT I R A AR
LIS R U I I v T o 1 NS B o i e el O T
T T AR B LAt 2% AR LU . ARBIE TR B
B e R R, T AR R AR A SE i
F AT 6B, 7R AR R RT T T DLE i B A )
(0 AN AL LA T 20 B 8 PR A, R A I B i A7
FEW: Fr o /b B R I A R E B P AR R
KA NSC & 5 i e, 8 PR AR A A BER AR
BN AEE R, YRR A KR DR
BUHAE R =M A=, 115 S BUR A B NSC EP,
X PR [ 2% B 18] (00 B it 55 B 5] AR Ak, ] 398 58 G R}
AR ity P 858 Cn 22D KL, A R TR A B A b T
N R AE AR IR
3.2 NSC EREFHNT

R R e WA T Z A B, Hh b A K g
WG, EYEE = o B A T AR I A K
FEAEAR GG . MR RAHLURE, 5 bRl NSC &
B0 TG B, M EHE NSC 4B gs f AR A
L, O AR A G A AU SCHE /R R Y, gBi ) 3 22
TR B b K 43 K 3595 o KB AR B E B
B El FA A IS a4 TR R 2 R R RN, 3
FHEPIAR 2 A NSC I FFR I3 (i B, 20 f7
A2 UAIRRAE IR R f# 47 NSC I EEA Y, X 5T
TR RS VIR A B 5 o R A PR RO AR A ) mT

PERE 5 4% 2 400 o DARL XS - 52 38 1) 45 SRAB AT, i
B AR S5 M M KA A YD BRI F 5 68 A7 5 R P 51
FYIF I, AT HE A K AR FRR R R E BT AR B
EENLH] . A HERILL R A AR RS W
WBE R LG, BATTHE X 7T B 5 AN [F) A2 AR R A
7 Dy RE AN BT RV G M AN L0 R A2 i i G
SRR PR TV P A B R A = K BB 7T, X RT g A
WA T R 52 BRI 17 T B — i AL o b
PR 22 HH e R A NSC R B 30 235 i T LA A, [R] B
T BCKS B8 22 B oy B 265 AR &, 3X 7T 5 AR
AR, AR R ER SR ORE e R R SR Pt N
ZE A KAl 25 e M MK BE 22 1Y) NSC i AE AR
Hh, IX AT R A A I v R AR IR IR K P R R T
IR DAGERE A AR KA T K
3.3 AE4AFERFE NSC REAH B E

AT TR I, FEA T B BT MRS FI NSC & &=
RTToAR, 5 2= e 0O 7t 45 BAHAL, FRARTEETE
MRHERTARZ, a1 &, M BIexFE R
JI856 K, NSC FA] i VR AR R 0 ot A A P i 32 32
FE, AR E R . AR E AR ZE T
M4 B B AT — B, H AW I TR A T A
Tk R B AT P R R B AN, XA SRR R T R
B B AR 2, R R AT VA PR A AR R
T T BTV 1 BE A B FRARE . Ve K A2 e 2 K I
PR 2 —, Fk B R 8 AT e 2= fe o & 1 2,
AW FE Y, TeARTE R I 2 35 R IR T B B MR
FEBHO KT SR (A =A%), XA RE A F
AR K ATHATVE R ol 7 2K SR AR R SR I DA GERE A
WA B0 A B % Bl CRE AR R IBOSCAS R A2 ), BT DAE AR
HAFRIEE 2 1) NSC, H i DURT A7 IR A 3, 10
SRR LI AT DR A 2 g TR AR R R A
B ALAE R IR RR, T RE R DR BT IR HE AR R
VR e AR TV T DS A AR S o O A O 5 2
), M2 i K i 70 R S B e 3 7 B BRI

BF LI KB, T A CLL B2 42 ) W 1) AT 5 1
JE 82 35 v T AR, X AT g RN SR AR B (A 4 T A
WIAE K ZE ), Rk i K FLAR IR A AR AR B, @ ik
2 R T T R LSk B 4 e SR A R L PRI UK
AUV KSR T HUAEIG IR e Bl TR (20 42D
B R S A o, LA P T S I o 3 v LA
P Flr, X 55k I G SE PO o R Y 12 AN A R R
NSC ¥ B A B 0F 97 285 SARARL, A AT 30 A% Fol
FRAZJr b A A 1 NSC & B 3% BTt nl s b
B BT v, R AT R A B T DA B A
HAHTER .

21 % ARG 46 NSC 532 i T HoAth b B, iX
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W B BRI NSC A7k RE /T, T ¥ 1 i i mT s
VEWE AT BE /1 PR, FE LTI R R -, Mk
Zrops R OR B R ORI & I AT RE A P D A
AR LE 2B R T S 3 ARG, T AR R 11
Zet LLER L A R 1 OKE NSC IZ#™ . At
FOIE KB, 41 A2 46 5 22 1) Al I PR AT NSC 73 Tie
B EFE oY, XA RGN T R O B
% [T o3 Be 2 b _E 3 o, DAfREHE 5 55 LAt AR R 1 0
M54 R 71, T RN E B 70 R AR R B SR
R 5 T LA AN IRAT B 2 DG YR R
Bvifeh B K

4 & ®

SRR A X5 A B AN NSC 3= 252 DA Al
FRAE A ORI A7 25400, Sk 2 BLAE A7 2 AR, A L
B, T o R R R R, T U A U R A1
KPR T AFEZEEAKKE TR )6
EAFR . AFEThEE B RIR A, H NSC 2% 57 &
F, TR IRV B AT NSC F1 & &m TE
A, VEI TR AR TR & B KT HGET AR Mg
SRR P IE R S, SR TR SR IOBOK 48 s B AR P i
FVER i, HLPUEER, BE BE A M IE B R A
R HEBEs 40 7 A2 3R e R (T v MR =, DAR
TRV TES s 3F H & DAIARAE MR R4 NSC
(1) 3= B 2, W AR M i A R AT Vi PE R, DA
U & B R AU AR B, BRI MR 23 il A7 RS i 1)
FAFEGHT, 2L =A% M Mg R A Bt 9 X 380
RE TR R R K - AR R b

2 £ X W

(1] ERGEGs, S8R0, T B, 5. 5k R X R RS54 TERR
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