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Abstract: In this study, we treated four-year-old Toona sinensis with stubble height 20 cm (T,), 50 cm
(T,), 80 cm (T3) and no stubble (CK) to investigate the growth of sprouting branches and leaves, as well
as the changes of leaf gas exchange parameters, photosynthetic pigment content and non-structural carbo-

hydrate (NSC) content. We analyzed the differences in growth physiological response to different stubble
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heights and preliminarily explored the physiological mechanism of renewing and rejuvenating regeneration
of T. sinensis plants under different stubble treatments. The results showed that: (1) different stubble
heights could significantly improve the sprouting ability and promote the growth of lateral branches and
leaves of T. sinensis. The sprouting number and lateral branch length of T. sinensis were the highest un-
der T, treatment, while the sprouting number,leaf length, leaf width, leaf area and side branch diameter
reached the maximum under T, treatment. (2) With the increase of stubble height, the net photosynthetic
rate (P,), transpiration rate (T,), stomatal conductance (G,) and water use efficiency (WUE) of leaves
increased first and then decreased, and reached the maximum in T, treatment., which significantly in-
creased by 17. 33%, 10. 00%, 13.51% and 6. 98% compared with CK, respectively. Different stubble
heights also increased the photosynthetic pigment content of leaves, chlorophyll a, chlorophyll b, total
chlorophyll contents and carotenoid content in T, treatment significantly increased by 18.34%, 27.07%,
21.11% and 23. 05%, respectively, compared with CK. (3) The contents of soluble sugar, starch and
NSC in leaves, branches and roots of T. sinensis under different stubble heights were higher than those of
CK, and the increases in T, and T treatments reached a significant level. The distribution rules of soluble
sugar, starch and NSC contents in different organs of leaves, branches and roots of T. sinensis were con-
sistent between stubble treatment and no stubble treatment, and NSC contents showed the order of leaves
> roots > branches. The results indicate that different stubble heights could improve the photosynthetic
capacity of T. sinensis by increasing photosynthetic pigment content and photosynthetic gas exchange pa-
rameters of leaves, and promote the accumulation and distribution of non-structural carbohydrates in dif-
ferent organs through priority storage strategy to adapt to the effects of stubble treatment and regulate the
occurrence and growth of sprouts. The comprehensive results of this experiment showed that the regenera-
tion of T. sinensis with stubble height 50 cm was the best for growth recovery and photosynthetic capacity.

Key words: Toona sinensis; stubble height; growth characteristics; photosynthetic characteristics; non-

structural carbohydrate
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Table 1 The branch sprout ability and leaf growth of Toona sinensis at different stubble heights
o 2
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Note: CK, T,, T, and T, denote the uneven stubble control and stubble height at 20 cm, 50 cm and 80 cm, respectively. Different lower-

case letters after the numbers in same column indicate significant differences among treatments at 0. 05 level (P <C 0. 05). The same as below
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Different capital letters indicate significant differences among different days under the same stubble height (P < 0.05),

and different lowercase letters indicate significant differences among different stubble height under

the same day (P < 0.05). The same as below

Fig. 1

Changes in the length and diameter of lateral branches of T. sinensis with

treatment time under different stubble heights



652 ode Moy % iR 43 4

SR E R E K (P<<0.05), 54 3 Tl V28 & 5 ik
PE) R X AT RE R T T, ABCEHEE 20 cm)
X i s R A3 T R A A O B A B TR B ff
S-S X A AL A K B PR R RS B 3
2.2 FHEEXMEEMAEXAEEERNEZME
2.2.1 RESGKZH®RSHE THEBREZWE
G AR S IR UL T, b BRCR Fefk
(£ 2), Hrp, & F-7E 5 B3, & # it 5ok
BHR(P,) GEBECR(T O ML FE (GO
SRR G, BB E TR LT, b8
e 5 o 7 LB S AR VR B (C O EN e R I T, HL 3
FAR T XA IR LA T, A BRSR AR T, BT FH A0 A
P, T, MG, 5 CK tHHA 5 8 EH- & T 17.33%.
10.00% M1 13. 51 %, i Kok F C, W) & F R T
17.84%(P<0.05), 74, T,. T, AbH T HF#HIF
KR BCR (WUE) 2 5l ke CK B & & T
6.98% 1 6.51% .1 T, AbBELL CK F§ & .
2.2.2 XEBEREE K2 W FHEAHEMNE
Wt Rk 4k a(Chl @) (4% b(Chl b) LG f 4 &R
FH(ChD M2 3 b R & &t (Car) #y5 T4 R4,
AR S ERMN K T, >T,>T, >CK, H T,
T, A B EL G JE 8 357 3K 3 @ 25 KO Lm0 T, Ab PR
NRFEHT T, b, T, B CK 9B EEET
18.34%.27.07% .21. 11 % F1 23. 05% (P <C0. 05)
Mg % a/M 4K b(Chl a/Chl b) il # ok R AFAH Y
X GRE R A G O, 4 F AL B s it 4 a/
42 b(Chl a/Chl b) i F KT CK(P<0. 05), I LA
T, Kb 3 % I 0 B f% K (6. 95%) . {H Chl a/Chl b £
T, T, Ty Ab PR [A] 2% 5 oK 35 5 K F
2.3 FHESEMBBRIEEUMERALEYEEN
=AU

Kl 3 SR, A FE AT MR L TE R R NSC & & 4
SV B A E PR G RS, BE A R NSC i
W2 BV 74 B LA B 28 BRI A S R e (P
< 0. 01) o fH AT PR B 75 it 32 28 HAE B9 52 AN

. FEEANGE>FPHERE>ZOEM. UwH
AR JE R R NSC & it BB AZ 8 E AR,
YRR R B L T2 v RS TR 0 28 HOAE R )
B, BHEASE ARG WEBOKIES Y& AR
ST TR B A HRT A AR Ak B A AR L B P e A B
R A M I A AR PR MR L E R R NSC Ry
BETHERER G I LU T, M. T, &b
PR Z LT, A BB AG. 5 X B8 A L L 4% O 7 40 L
I R R PR MR L TE R A NSC AN [ AR
JE M, LM WEBR T, AbBRAS AR JE M AN Ik
F R EKF-(P << 0.05) ; Horp T, AbFERE A AR P
AR S R CK 5l B EWn T 7.52%.
39. 04 Y 1 36. 86 %0, TE My & m 8 CK 43 il b 2 48
T 50.75%.17. 09 % #128.13% ,NSC & % CK 43
R EREIN T 19.77%.29. 55 % M1 31.98% . F Ak,
S A B A SF- 2 6 B b T I A L JE B L NSC
FEASTR] &5 B v A3 Be AL A — B0, b, Wl PR A it
FHR>E >R, ok b & i B T RCRAR (P
<<0.05) , KL MR BR T, . T, Ab BN 2 5 & #3 A
NSC & 776 A [ 25 5 35 2 0 b > >4, Honk
FUAR & i W 3 R TR,

3.0 EECK
27b T,
=
241 et T
2.1} Lo 2
ap B
ce|l & K

/(mg* g™

HEBREE

Photosynthetic pigments content

=T =TS SN
o L N o

e
W

<

HGEa MHEED BHEE LAWY N HEGRa

8 '8 HE AEE MEEL
Chl a Chl b Chl Car  Chl a/Chlb

K2 ARECEFESETEET G OR S ]EN
Fig. 2 Photosynthetic pigments content changes in leaves

of T. sinensis under different stubble heights
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Table 2 The photosynthetic parameters in leaves of T. sinensis under different stubble heights

Ak B FOLBHE P, AR T, SILFE G, Ml CO, W C, KGRI &R WUE
Treatment /(pmol e m ™ * + s~ 1) /(mmol*m 2 +s /(mmol *+ m %+ s 1) /Cpmol + mol ") /(pmol » mmol ")
CK 14.43+0.09d 6.70+0. 06¢c 0.37+2.40c 386.6740. 88a 2.15+0.03b
T, 15.37+0. 03¢ 7.03+0.09b 0.4046. 36b 356.5840. 33b 2.19+0.02b
T, 16.93+0.07a 7.37+0.09a 0.42+3.48a 317.6741.45d 2.30+0.03a
T, 16.27+0.09b 7.10+£0. 00ab 0.41=+1.53ab 345.7141. 76¢ 2.29+0.01a




4 4] R 52, 55« S 2 v R 7 e A 1 B HO O 45 R M A A 5 4 P Bl K A 0 S 653

EECK 3T, [OT, EAT,

b= I SEHE R Stubble height  F=36.584"
1 < 5% Organ  F=10715.504"
g/ FEREXBE . _
g ; ‘OD Stubble hei’;htXOrgan F=0.504
£ry.
32 2
Ko & a Bb
R BcBbB Ba Be Cach
S ] Z
2 = . Elé
1% Branch R Root
o Aa I F#&E Stubbleheight F=85922"
55F b %%E Organ F=1883.938"
g~ 3¢ FHEREX BE .
18 2 T 38 r = Stubble height X Organ £ ~24-338
Bua Bl o Bb12Ba
R @ o5l = Cbc Bb
B E 2l = Cc CaCab =
a - 15t
10 F -
3 = -
1% Branch R Root
i AR Stubble height F=93.239"
B%E Organ F=9208.982"
g~ THEEXEE .o
EE}H 40-':) ! o Stubble hei’;htXOrgan F=8.365
M35 .
O 9
|28 @] g Ba,

¥ Branch R Root

I Leaves

AR KRE 8RR [ — -2 5 BT 8% 5 i) 25 57 @ 2% (P << 0.05),
ANRVNE T8RN R — 8% B TP 2E 5 B ) 25 5% % (P << 0.05)
B3 ORIEF-2E 05 B T & M AR bR 25 A B AR S5 A 1k
oKk b &9 & w24
Different capital letters indicate significant differences among
various organs under the same stubble height (P < 0.05),
and different lowercase letters indicate significant differences
among different stubble heights for the same organ (P < 0. 05)
Fig. 3 NSC content changes in various organs of

T. sinensis under different stubble heights

317w

Y A A R i B3R B A P ECR B
PEZ Yy S, R 3E Ak I b H R R4 SR 4 AR R
SR i 2 B A IS MBI 30 Ok 3 N PR B8 AR A AT R
AR T AR P A2 1 A A0 E ) 2 RO TR B R
XENR SR EES T A58 45 R R L R A TR e B
S E A B A R A RS R S AR T B R
R RE ALl M AT AN M AE KL A B TR S
Mo 2B 0 4 T LB, 5 Skovsgaard A & B
BB (Fagus sylvatica) FEEFE G AN K Z2T
Hh S 2E i E S B A RSB TE T AR G 19 8
—H, XATRER TR A B S 2 0
YU AT BRI ZE AT L B T 2 R
I, A5 v e A AR A IS v T AR A A

FHLEE ) e G BE R 3, Hoh 23 50 cm Ab3ER
RFFEXT 2R 8. B PHA%S IR .5.10.15
em 3 PR EHOERE 5 em Fe A TR AE Y
B2 5 ARDF RS R 5 Z g R A, 3 25 5 ] e
LR 7/ NS = gEcE 7/ K ok N S il 15107 [ TR = G
U, o S 2E 0T DUAR 25 A s R 0 & AE A A2 i ) B oA
KNG L5 -7 = L VAR G .

He A AE A A K R R A e A
1 FHAE W) 3R O RE T 5% Ak A= kg i T 38
B A K A Y R 55 3 O BR A W 1y AR K
S OHAT M L W5 36 W1 22 5 AR BR 096 & A 38 ROK
Oy AR AR 2 KR AR . T 1 SCAE N LB R
B E B R ZFr 5 (Caragana korshinskii) 75
M 15 A e A B K R B B R, AEAS B
FEH B A R RS R AL T X
ARG R FARCRAE -3 5 Y B 8, X T g th
SRS AR R L R TR AR R G R R AR AR AR A et
Jr T S 2R B e AN I 43 3R R RN S A I R 0
BEMREE RN B — 07 W bR 2 B
Sy AL AR T X AR ) R Y 4 3O R AR AR A
B AR AL T A R A 3R RS O A ) AR e L 2K
v B 7 v BRI A L O B R FH AR S
TSRO A YR R 5 i T R R R 22
Sk ARBFSE R EFE 50 em A FRFHE MBS R
AR 58 e 5 B30 1 1 R A R T A, 7 80 e Ab B
Mt AR IRZ 4 20 em AL BESE A BE ) i
8. b MRESEHSNAEMHE I RIEMAC, 5
FE2 5 W 25 A 0 1) 4 6 G TR RO B 7 W B TR G
A R A R A RE S R AR
ST T Bt it B 450 G 60 28 B S 7 2 R B 1
o FE R TR, PSP 7 50 om AL P AE & 4R R B A
MR SRR a MPERE b SRR S a2 8
N ER S, SR IE B T 2E S B e % (5 A Bk i
I PA) 200 i AR A5 AH X A i 8 1 O A BB L B s K fk
SYRR R R Em A =,

fe K AL G W SR AR YOG G VE B 7 W AR 8 L AE
FE YA P9 D) BE AT A3 Sk 45+ M i K AR A 0 (SCO il
A 48 R PE R IK AL A B (NSC) ), NSC 1264 # 7l 4k
W HEAE P VR P [8) 2 i 1 3 R 5, X A AR A R
iR R R R B AR
T L 1V 45 B It oK A B 7 5T R K RS 3R B A
- F 32 e SR T AR L B SE HL MA  NSC I
] 4y & AR R 5 B 0 A8 4k, AT DL 2 i A
R I N RV WER BT VA 1 S | 1 s I



654 ode Moy % iR 13 4

AT 5 H 5 (Populus tomentosa ) 7] F543 W 3l 4%
3 A B oK A W A DA 2k A RS SR A 2
AR AR op o 7 AL BEORN R O AL B R
AR RCAS [R) 5 B Al A R L TR AT NSC i gy
PC R — B, NSC & & 76 A [6] 4% B W o i >R
=K, BB ) 0 I AR A NSC & i R
AR R AR O A VR i F O S AR
W B E Y S AR B NSC F T E
X 5 B A o VD B 9 R NSC i A AR
F b L WA AN (R AT R AN AE o VD T 2
J5E A 3 AR IUREAT G R BR AR TN 75 3R ) o B 2E 4E IR
MG I Z 8 BB AE A B . ATR A, 5
ARFFEAL BRI, 5 F AR OB S B b

S %3k

(1] sk, 8 i, Bhwle, . B2 & XL RD A X v ik 51
FRIER )], AR IHEL2A R, 2020, 29(6): 1 116-1 122,
GUO Y F, QIW, YAO Y F, et al. Effect of stubble height
on the physiological characteristics of Hippophae rhamnoides
in the sandstone region[ J]. Ecology and Environmental Sci-
ences, 2020, 29(6): 1 116-1 122.

[2] TAIT D, CHIHIRO K, YASUAKI A, et al. Stump sprout
dynamics of Quercus serrata Thunb. and Q. acutissima Car-
ruth. four years after cutting in an abandoned coppice forest in
western Japan[ J]. Forest Ecology and Management, 2019,
435. 45-56.

[3] THOMSON V P, CUNNINGHAM S A, BALL M C, et al.
Compensation for herbivory by Cucumis sativus through in-
creased photosynthetic capacity and efficiency[ J]. Oecologia ,
2003, 134(2): 167-175.

[4] MARDEN M, LAMBIE S, ROWAN D. Root system attributes
of 12 juvenile indigenous early colonising shrub and tree species
with potential for mitigating erosion in New Zealand[]J]. New
Zealand Journal of Forestry Science, 2018, 48(1): 11.

[5] E B, WA, B B, % VX E A4 K
Frde g m[)]. A4, 2013, 33(22): 7 078-7 087.
WANG Z, ZHANG L W, YUY, et al. Effect of different stub-
ble height treatments on the annual growth index and physiological
characteristics of Tetraena mongolica in two growing seasons[ J ].
Acta Ecologica Sinica,» 2013, 33(22) . 7 078-7 087.

L6] ALPHPE, THIA, FAEa0, . P I E K BOLA
PRI )], 2 PFMWESE . 2020, 38(2): 138-146.

DUDD, YULL, JIQR, et al. Effects of stumping on growth
and photosynthetic characteristics in Eucommia ulmoides [ ] ].
Non-Wood Forest Research , 2020, 38(2): 138-146.

[7] ERWE. WP C, B0, WS BN /NHEELES A

A RERAEA L], K AR, 2021, 41(6) . 57-62.

NSC J H A7 & B4 B i g, PP 28 50 cm AR
i T PAE 20 om FIP-FE 80 em AR, ULBHPRE IS
A H T LASE o AF 454 P Bk K Ak G P i B Sk AR
PE WA e A2 T BT D7 SR WS 5 B - A5 A R T
RSP B S AL SO S AR

LE TR P 31 AT LAY R A i kAT A B R
A i I FOG BEA TR R i 0 1R R AR A A TR
B KA W B L2 i R A 3 B AT S A
I BAE 3 AP B P 50 om AL ST A R T A AR
SR A A A R T A IR X A i A S AR
A A R AR 45 0 1R B K AL & W AT
TN E PRI A A BR T g A A R A2k 14 5
BLH 4 Jm ik — 22 AT 5807 18]

WANG D Q, WEN X F, LI H X. Effects of different stubble
height treatments on characters of growth and photosynthetic
physiology of Caragana microphylla bushwood[]J]. Bulletin
of Soil and Water Conservation» 2021, 41(6): 57-62.

[8] MFHA, W30, Bk, 5. PAER M RFHAE K DG 4 B
FEE IR, R BRI AR, 2019, 28(1): 43-51.
YANG DY, JIW L, YANG J X, et al. Effect of stumping
treatment on growth, photosynthetic physiology, and fruiting
of Paeonia ostiilJ]. Journal of Plant Resources and Environ-
ment , 2019, 28(1): 43-51.

[o] HBIE, FUWAL, Rtz . V2 BE X b B Vb g kL de g

RARG MR AR SRR S BREm[T]. ALk Y
2. 2021, 41(4): 627-634.
TIAN D J, BAI S C, NIE K H, et al. Effects of stubble
height on sprouting ability and non-structural carbohydrates
accumulation and distribution of Hippophae rhamnoides ssp.
sinensis [ J ]. Acta Botanica Boreali-Occidentalia Sinica .
2021, 41(4): 627-634.

[10] =, BHRE. B EED SR TF 2RI AR ], A
AR &, 2005, 19(3) ¢ 3-6.

PENG F R, LIANG Y W. Biological characteristics and de-
velopment prospect of Toona sinensis[J]. China Forestry
Science and Technology » 2005, 19(3): 3-6.

[11] AWlky, 2= e, ZH, % ASEET & X &4

R ORI [T]. WiVLAR MR =, 2013, 30(2) .
194-198.
HAO MZ, LIQ, PENG F R, et al. Different stump heights
with Toona sinensis bud vegetable yield and commodity char-
acteristics with field coppice management[]J]. Journal of
Zhejiang A & F University» 2013, 30(2); 194-198.

[12] # M5 “PAEALERXT H G IR % & fr A 4 BOF i 20 7 i 19 i)
(7], B4R, 2007, 23(7) ; 438-440.

HUANG P. The influence of heading height treatments on



4 1

R 52, 55« S 2 v R 7 e A 1 B HO O 45 R M A A 5 4 P Bl K A 0 S

655

[13]

[14]

[15]

[16]

[17]

[18]

(191

[20]

[21]

[22]

[23]

the growth characteristics and the sprout yield of Toona
sinensis roem in greenhouse[ J]. Chinese Agricultural Sci-
ence Bulletin, 2007, 23(7) . 438-440.

i B, RIS, TSR, A KOO )R A W 2 A
KRR e ma ], i 2, 2015.(22) . 172-176.
ZHANG W, LI L F, WANG W J, et al. Effect of fertiliza-
tion with watering control and cutting-stem on sprout growth
and its vegetable yields of Toona sinensis[J]. Northern Hor-
ticulture , 2015,(22) . 172-176.

TRIGEEN . SKRIELL, BT T, 5F. FFEX HOGR =R FHEE R
A SRR )], R B BETE . 2018, 39(1) : 48-52.
ZHANG X L, ZHANG Y H, ZHAI X N, et al. Effects of
stumping on quality and yield of Toona sinensis in solar
greenhouse[ J1. Journal of Agricultural Sciences, 2018, 39
(1): 48-52.

w R R R A B AE g e M. JE st A EEE R
k., 2006.

TR, B, 2007 MRS RESIM] 4 0.
LR W AL, 2009,

BOND W J, MIDGLEY J J. Ecology of sprouting in woody
plants; the persistence niche[J]. Trends in Ecology & Ewvo-
lution , 2001, 16(1): 45-51.

MASCHINSKI J, WHITHAM T G. The continuum of plant
responses to herbivory: The influence of plant association,
nutrient availability, and timing[J]. The American Natural-
ist» 1989, 134(1): 1-19.

SKOVSGAARD J P, NORDFJELL T, Ib HOLMGARD
SORENSEN. Precommercial thinning of beech (Fagus syl-
vatica 1..): Early effects of stump height on growth and nat-
ural pruning of potential crop trees[ J]. Scandinavian Jour-
nal of Forest Research s 2006, 21(5): 380-387.
XUE Y Q, ZHANG W H, ZHOU J Y, et al. Effects of
stump diameter, stump height, and cutting season on Quer-
cus variabilis stump sprouting[J]. Scandinavian Journal of
Forest Research s 2013, 28(3): 223-231.

EVANS J R. Improving photosynthesis[J]. Plant Physiolo-
gy, 2013, 162(4) . 1 780-1 793.

Jrm 3, ETTME, fI/NEE, SE 4 Sh BR8N R A ) I 2
Fr A JR A KAME R[] ], AP 25240, 2006, 30(5) .
810-816.

FANG X W, WANG W P, HE X Q, et al. A study on vegeta-
tive compensatory growth of shrub, Caragana korshinskii » under
different clipping treatments in disturbance environment [ J].
Jowrnal of Plant Ecology» 2006, 30(5) ; 810-816.

MRZ, BH, W, & ONE—8 &0 /N B LM
AR R, RO R AE, 2004, 31(1) : 72-75.
TIAN L Z, DONG Z R, SHEN J, et al. Effects of mowing
and topdressing of nitrogenon photosynthetic characteristics
in Triticale[J]. Jowrnal of Anhui Agricultural University .
2004, 31(1): 72-75.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Wk e, NS0, v I, ST R R AT % A BURRAE S 1 0
ARAFIEALT ], AR, 2012, 32(4): 323-332.

YANG Y S, BU C F, GAO G X. Effect of pruning measure
on physiology character and soil waters of Caragana korshin-
skii[J]. Acta Ecologica Sinica, 2012, 32(4): 323-332.
WAET, Fdfe, d/hm, % HEn T AT E Lt
WA EARRELT ], VYRR 24, 2021, 41(7): 1 199-1 209.
GONG Z Y, XIN ] H, SHANG X Y, er al. Photosynthetic
characteristics and stress tolerance physiology of Toona sinen-
sis seedlings under saline-alkali stress[J]. Acta Botanica Bo-
reali-Occidentalia Sinica , 2021, 41(7): 1 199-1 209.
R, X E, Ak €, % AR S5 PR R K 1S
W RS B s i R [T ], M2 4l 2002, 37(1):
30-38.

PAN Q M, HAN X G, BAI Y F, et al. Advances in physiol-
ogy and ecology studies on stored non-structure carbohy-
drates in plants[J]. Chinese Bulletin of Botany. 2002, 37
(1): 30-38.

SUN T, MAO Z J, DONG L L, et al. Further evidence for
slow decomposition of very fine roots using two methods:
Litterbags and intact cores[ J]. Plant and Soil, 2013, 366
(1): 633-646.

LIU Q Q. HUANG Z J, WANG Z N, et al. Responses of
leaf morphology. NSCs contents and C ¢ N : P stoichiometry
of Cunninghamia lanceolata and Schima superba to shading
[J]. BMC Plant Biology, 2020, 20(1): 354.

EO®. L . EWE, &I FENER AT AR
PRI G & B ALT] MY ES ¥, 2015, 39(7) .
746-752.

WANG B, JIANG Y, WANG M C, et al. Variations of non-
structural carbohydrate concentration of Picea meyeri at dif-
ferent elevations of Luya Mountain, China[ J]. Chinese Jour-
nal of Plant Ecology» 2015, 39(7): 746-752.

RS, 4, X1 W, &, F R B A A
LSS m )], WAL Y % ). 2020, 40(12);
2 093-2 100.

ZHU Y N, L1J X, LIU N, et al. Effect of nitrogen and
phosphorus fertilizer on non-structural carbon dynamics in
leaves of Lycium ruthenicum[]]. Acta Botanica Boreali-Oc-
cidentalia Sinica, 2020, 40(12): 2 093-2 100.

ZHANG ], LIU L Q. Effects of pruning intensity on non-
structural carbohydrates of Populus alba X P. talassica in
the arid desert region of Northwest China[J]. Journal of
Forestry Research , 2021, 32(2) . 823-830.

SCHADEL C, BLOCHL A, RICHTER A, et al. Short-
term dynamics of nonstructural carbohydrates and hemicellu-
loses in young branches of temperate forest trees during bud

break[J]. Tree Physiology. 2009, 29(7): 901-911.

(3 LTI



