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Effects of Fertilization Regimes on the Organ Allocation and Growth-season

Dynamics of Non-structural Carbon in the Young Catalpa bungei

GUAN Zhuizhui, LU Qifeng, CHEN Dong, QIU Quan, SU Yan., LI Jiyue, HE Qian"

(Guangdong Key Laboratory for Innovative Development and Utilization of Forest Plant Germplasm, College of Forestry and

Landscape Architecture, South China Agricultural University, Guangzhou 510642, China)

Abstract: In this study, the six-year Catalpa bungei clone (“9-17) was fertilized via three fertilization
schemes, i. e. the integration of water and fertilizer (WF), hole fertilization (HF) and no fertilization
(CK) for analyzing the effect of fertilization on the growth of C. bungei. In addition, this paper also stud-
ied the effect of fertilization on the content and temporal dynamics of the non-structural carbon (NSC) in
tree organs, and explored the response mechanism of NSC allocation to fertilization, providing a theoreti-
cal basis for evaluating the carbon pool of C. bungei stand. The results showed that: (1) undergoing four-
year fertilization, the tree height and diameter at breast height (DBH) of HF increased 4. 7% and 7.1%,
and those of WF increased 7. 1% and 20. 5% compared with CK, respectively. (2) Different fertilization
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regimes did not significantly change the soluble sugar content in each organ, but the WF significantly in-
creased the accumulation of starch and total NSC in roots. The soluble sugar and total NSC contents were
more distributed in leaves and coarse roots, and starch content was higher in roots. (3) Different fertiliza-
tion regimes did not significantly change the soluble sugar content during each growth period., but the WF
significantly increased the starch and total NSC content during the initial and final period of growing sea-
son. The sugar and total NSC contents in leaves were consistently consumed throughout the growing sea-
son. One part of the sugar in branches was consumed to support leaf growth, and another part was stored
in the form of starch. The NSCs from leaves and branches captured by roots were converted into starch,
then stored to help the tree fight low temperatures. In conclusion, C. bungei followed the NSC allocation
strategy of “carbon consumption (initial stage)-carbon consumption (middle stage)-carbon accumulation
(final stage)”. In conclusion, the application of water and fertilizer integration technology could signifi-
cantly improve the biomass and productivity of C. bungei , which was worthy of priority in forest fertiliza-
tion in the future.

Key words: Catalpa bungei; carbon distribution; temporal dynamics; integration of water and fertilizer;

productivity
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F1 WBEKSFERKBREE

Table 1 Investigation on stand growth of C. bungei
iy 5t W& Tree height/m Mi#2 Diameter at breast height/cm
e o 11 e " o e
May November Increasing range/ % May November Increasing range/ %
CK 8.240.78a 8.540.63a 3.7 10.241.17b 12.740.99b 24.5
HF 8.2740. 64a 8.940.41a 8.5 11.041.09b 13.640. 66b 23.6
WF 8.340.73a 9.140.58a 9.6 12.5£1.19a 15.3%40. 82a 22.4

T : CK. AHEAL s HE. 73 s WE. K BE— Ak . [ SR Rl /NG 5 R b B ) 22 52 4 2 (P<<0. 05) . Tl

Note: CK. No fertilization; HF. Hole fertilization; WF. Integration of water and fertilizer. Different lowercase letters in the same column

indicate significant differences among treatments (P<C0.05). The same as below

F2 WMREBEE NSCHEBERATXNEL

Table 2 Changes of NSC allocation in the C. bungei organs with fertilization regimes/ %

M RE Soluble sugar
#'E Organ

JEH Starch

CK HF WF CK HF WF
i Leaf 6.19+0. 40aA 5.25+0. 43aB 5.434+0. 44aA 2.2740.08aC 2.124+0.06aB 2.247+0.08aB
#% Branch 3.6340.17aB 3.6840.16aC 3.63+0. 14aB 2.3840.09aBC  2.09+0.12aB 2.1740.09aB
MR Coarse root 6.62+0. 38aA 7.0340.37aA 6.54=+0. 35aA 3.2240.25bA 3.60+0. 30bA 5.48+0. 69aA
AR Fine root 3.53+0. 33aB 3.12+0. 25aC 3.36+0.23aB 3.0140. 22bAB 3.15+0. 16abA 3.57+0. 16aA

B NSC Total NSC HiE I Soluble sugar/starch
' Organ

CK HF WF CK HF WF
I Leaf 8.4610.40aA 7.37+0. 45aB 7.6840.49aB 2.9440. 25aA 2.54+0. 23aA 2.38+0.17aA
A% Branch 6.02+0. 16aB 5.78+0. 16aC 5.80+0. 16aC 1.6540. 11bB 2.22+0. 22aA 1.80=+0. 10abB
MM Coarse root 9.8440.40bA 10. 63£0. 46abA  12.02+0. 71aA 2.7040. 29aA 2.5540. 25aA 2.1940. 26aAB
AR Fine root 6.54+0. 32abB 6.2740. 23bBC 6.93+0. 24aB 1.49+0. 20aB 1.1740. 14aB 1.054+0. 10aC

TE [ — 2% B R [l /NE S Bk 3R 7R it AC Ab 3R] 22 53 35 (P <C0. 05) , [A] — il A b 38 N R 6] K B 2 BE 3R 7R 45 B W) 25 57 8 25 (P <<0. 05)

Note: Different normal letters in the same organ indicate significant differences among fertilization treatments (P<C0. 05), and different

capital letters in the same fertilization treatment indicate significant differences among organs (P<C0. 05)
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Bl CK B F 3 T 24. 6 %01 46. 0% 5 it AR 5 =X
XA KA L R B NSC S E R B3 (P
=>0. 05), KL NSC & & 76 K I8 — 4k it 12 5 e
AN i AR X R G 25 B i 21, 5 %0 . i A it IR G i AR
A5 7 7 O RS AN (] AR K B S UE L 38 T W
A 7K — A Ak it A AR R A < v 380 0 R B0 B E T
35 50 RETC 3 25 5 A B K IR UE 1L 1E
Xof R B AR, RS o DAARRRR 45 2B 4 B ] NSC 4 43

B Ay DR 45t A 5 X R A s 3 A NSC
157 i T L S A — B0, Horp, m s R B AR
NSC & KB VR AL, By & i 5w
e 3 B R R AT R B S BT IR e R
et e o U] A AR b 5 B T b T Y R A, R 5k )
W, A KIMZ MR 2 & 255,
2.4 WMHBENSCRHEASSEEMELE
L1 A] 0 AR R R R L NSC it s
A RELAR 0 A A JE A 5 i S 00 O OG 3R 5 BT v PR
O SRR AR AT PR R IR A OCOC R SRR
AU S S AR TR S R E AR,
HEMRER T REAMHEER, AWEANEK
7, Wil WS 25 4 B b n] R LA B e CRBORT A AR o
SNSC & = IH AR B2 8 T 40 T iE R, DL SCHLAR
FRIE R FILE NSC IR B (% 1),
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R 3 WBTEKSZ NSC Tk i AR 75 =X B9 IR K2

Table 3 Responses of NSC changes in the growing season of C. bungei to the fertilization regimes/ %

K A Soluble sugar VEH Starch
Growing season CK HF WE CK HF WE
#1 Initial period 7.80%0.30aA 7.4240.31aA 7.3540. 33aA 1.9540. 05bC 2.05%0.06bC 2.4340.09aB
F ] Midterm period 3.8240.22aB 3.3240.16aB 3.5440.15aB 2.5940.08aB 2.5840.10aB 2.414+0.10aB
A Final period 3.7840.21aB 4,00%£0. 28aB 3.734+0. 20aB 3.52+0. 20bA 3.49+0. 25bA 5.144+0. 53aA
KK J NSC Total NSC BEVE L Soluble sugar/starch
Growing season CK HE WEF CK HE WE
¥4 Initial period 9.74+0.31aA 9.47+0. 34aA 9.78+0. 35aA 4,15£0. 20aA 3.72+0.17aA 3.174+0. 17bA
i Midterm period 6.4140. 25aC 5.8940. 18aC 5.95+0. 17aB 1.5240.09aB 1.40=+0.09aB 1.6140.09aB
K Final period 7.30%0. 34bB 7.4940.47bB 8.87+0.69aA 1.1840. 06abB 1.494+0.17aB 0.992£0.07bC

2 i) — A K FEOR ) /NG B 3R it JIE 7] 22 5 3 (P <<0. 05) , [l — il I Ak B [) SR 5 7 B 3R R AR K R ) 25 7 B 35 (P <<0. 05)
Note: In the table, different lowercase letters in the same growing season indicate significant differences among fertilization regimes (P <C

0.05), and different capital letters in the same fertilization treatment indicate significant differences among the growing seasons (P<C0. 05)

R4 ERFUMBBE NSCRETH

Table 4 Changes of NSC concentrations in C. bungei organs during growth season/ %

N AL MRS Soluble sugar JEK Starch 15 NSC Total NSC
(ffg':n LR ] A LR ] A LR AR A
1P FP Variation 1P FP Variation 1P FP Variation
I Leaf 9.214 2. 885 —6.328 2.327 2.154 —0.173 11.541 5.039 —6.502
A% Branch 4. 842 3.378 —1.464 1. 841 2.611 0.770 6.683 5.989 —0.694
HLAR Coarse root 9.455 6.183 —3.271 2.184 7. 310 5.126 11. 639 13.493 1. 855
4 Fine root 5.968 2.900 —3.068 2.261 4.129 1. 868 8.229 7.029 —1. 200

WL IP. AR FP. A KR

Note: IP. Initial period of growing season; FP. Final period of growing season

1.0
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Ss. Soluble sugar; S. Starch; T. Total NSC. *. P<C0.05 %ﬁ%uﬁﬁ&ﬁ%{ ’ Ei%Ti%Iﬁ%ﬂ?ré}ﬁ ’ j}%% Ti%}l"
Fig.1 Correlation analysis of NSC in different organs BRBE . R T AT R AR R B 2R K AR s [R5k T

of C. bungei LS R (VRS N: WA B (187 A R ek 7/ iR 28 & P



1360 ode Moy % iR 42 4

B T AR F R A R 43 TC L ) BE T AR TR AR )
BAA

FRATUS NS T AR ) YOG AR HE T AT BE S
M HCAA Y NSC Bkt B sy Bit™ . B &
BK B AN (Fraxinus mandshurica) W 7] ¥ P B
F18 BT St 43 K00 i o i 2R 1 15 0 I n K, A AR VE A A
A NSC J5t i 43 BOCFE it B 7K 1A ) B 15 00 T 5 3R B
Bt it L P 184 0 5 A AR A R # . Kong %7 &
Pt & B BRI AR T R Bk (Eucalyptus uro-
phylla X E. grandis) T 28 H (FZ2HAR) B AT
VES M B TV MR S B 00 T FE R A B AR R K
BT S . Peng 450 % B 15 0 AR L i L B
AB 5 R T B (Moringa oleifera) M .25 AR
P NSC &, XAl fE R T A BEIL S Y &
R G R AR B RN . A ST & B S AR A
A 3 RO I A AT MM R UE A L E R SR
JE X BRI it AR EL o 7K BB — A Ak it AE W e 4 s T U
MTEAR PR R . PR AN R 45 30 J5 AT e 2 T
PR A A 0 S it AE D7 2R AN R 5 1 A 2 6 )
BLlE] Y 25 5% . A28 B B NSC 3Bl R &
I FHLAR th B NSC 43 Be 4 AP s NSC 43 it 45
i, —J7 ik T A0 3 2 AR K EEE AR A NSC
FIEAL NSC FEAK , 75 — 5 Wit id ok S A 1 e 1
—EB A, AR AT R S EBOHAR T NSC
T

AN Ta] it AT Ty XA B e 728 45 2R K I ST ARARS ]
VA T B (E KNS — A A it T B 4R T AR K
SRR € AL NSC 5 4 W PR A NSC % 4
14 3 258 A AT BE S H TR AT A= K 2 ) i A 45 AR Ak
Of R BE AR K A L K it AR 17T e 3 A ik 73 B 5K
W . BEAR s A A BT NSC 4143 3 d 43 e 1 1 ok
A AT RIS NSC W1 & i 8w 0 R
BRI, A B 5 I | o T R — B

FLARFE Iy BB A < 0 30 R R AR A AR e oRT
B S ER . 2AERKRRKBIA ST 0 IE A &
— HL T R AL R AR R4 AR o E A B B — B,
3% 5 Schadel 7Y 1 Hoch 28 By BF 97 45 5 3 A —
B, — 5T S T FE B TT IS R BE Ok 5 B 2 R R ORI
W5 AR K s 5 — T T T T R A R E R T A AT
FERE AR R DL 4k 2R B AR R 8 B 22 B i A
FERS AL B R FAR b, LA AR W S K 43 DA R o
Z S 5B Y) TS b, SR R R AT
PEBEF NSC & 5 R,

AMEFT AR AT T O AS R 2% B NSC &%
S Bl A ) B A AR A B0 (BB AFEAE LR LSRN 2
A e TR BRI A R R W SR NSC
D7 A N2 BT NSC /42 1) AN 1) 28 S5 % B AR
NSC 43 it 7= A 58 K 5 w20, J2 A o 0F 9 1 1 085
Tk 2 BE N R R s A AR & R A — Y
Wi AR — s S S RN AR R
EEE7/R i /O N NN S o /N 1 B o Wl - 15
PA

445 ik

Jitl A % v 1 ABROARS AT R A I A 2R K G LR A K
JE — {4 Ak it A AR 7 AR Ay B R S [ AR
FOHE TS TR A P NSC & L HLK BB — 1A £k i AT
AR A B AR A A AR . WK R NSC
FEAE B S B ) 3h 25 AR 4k, AR KA I 4% 48 B T v
BEFLE NSC 2 1 505 5 Bl A AR AR K B B
CRD & 25 B AL NSC A 5 1103 AR A A A K s
G2l A5 IR I R B FAR 1 50 NSC 7 5 3% 7 7
7o RELAR T R B2 T oy Y 4 4 AR B A 2R R L) R
BERFER, B2 IR R OR ™ 5 6 it 1Y
FRE R B K B — A Ak it B 2 R 187 FH 1 78 Ak 1 (B
BT .

B RS S SRR R G EER TSR T LR R B E TR F A
BB ENE BEERET TR MR E TR PRGOS AR EES R LR EZ IR T REH BN R KR

M AR G RIRA TR AR T B AR

S X

[1] HARTMANN H, TRUMBORE S. Understanding the roles
of nonstructural carbohydrates in forest trees-from what we
can measure to what we want to know[J]. New Phytologist ,

2016, 211(2): 386-403.

[2] MELOCHE C G, DIGGLE P K. The pattern of carbon alloca-
tion supporting growth of preformed shoot primordia in Aco-
mastylis rossii (Rosaceae)[]]. American Journal of Botany .
2003, 90(9): 1 313-1 320.

[3] FURZE M E, HUGGETT B A, AUBRECHT D M, et al.



8 1

SKIBIE A il T 5 OXT S e AR A 5 4 P B g 0 R A K T Bl A 1 R

1361

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Whole-tree nonstructural carbohydrate storage and seasonal
dynamics in five temperate species[ ] ]. New Phytologist,
2019, 221(3): 1 466-1 477.
CHAPIN F S, SCHULZE E D, MOONEY H A. The ecology
and economics of storage in plants [ J]. Annual Review of
Ecology and Systematics 1990, 21(1) ; 423-447.
PALACIO S, MAESTRO M, MONTSERRAT-MARTI G.
Seasonal dynamics of non-structural carbohydrates in two spe-
cies of mediterranean sub-shrubs with different leaf phenology
[J]. Environmental and Experimental Botany. 2007, 59
(1): 34-42.
NEWELL E A, MULKEY S S, WRIGHT J S. Seasonal pat-
terns of carbohydrate storage in four tropical tree species [J].
Oecologia , 2002, 131(3): 333-342.
PIISPANEN R, SARANPAA P. Variation of non-structural
carbohydrates in silver birch ( Betula pendula Roth) wood
[J]. Trees, 2001, 15(7); 444-451.
HOCH G, RICHTER A, KORNER C. Non-structural carbon
compounds in temperate forest trees[J]. Plant , Cell & Envi-
ronment » 2003, 26(7): 1 067-1 081.
KOZLOWSKI T T. Carbohydrate sources and sinks in woody
plants[J]. The Botanical Review, 1992, 58(2): 107-222.
RICHARDSON A D, CARBONE M S, KEENAN T F, et
al. Seasonal dynamics and age of stemwood nonstructural
carbohydrates in temperate forest trees[ J]. New Phytolo-
gist, 2013, 197(3) . 850-861.
RWH, 4, X1 W, & R B M A v A
LRSI AN WAL R, 2020, 40(12):
2 093-2 00.
ZHU Y N, LI J 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.
INVINER, T BR, A, SF. ERES E R S5 R P kK fb
#5C: N Pl RBRELT]. A&k, 2021, 41
(3): 1081-1 091.
SUN X M, HEM Z, YANG R Z, et al. Correlation of non-
structural carbohydrates with C : N ¢ P stoichiometry among
the organs of Nitraria tangutorum|[]J]. Acta Ecologica Sini-
ca, 2021, 41(3): 1 081-1 091.
B, FREA, PN e, S EUBE R X K e et ok A
FEAE KA AR SE M YRR B IR (1], AR, 2021, 37(5)
20-27.
WEI L N, ZHOU G J. SUN H L. et al. Effects of nitrogen
and phosphorus fertilization on photosynthetic characteristics
and non-structural carbohydrate of Fraxinus mandshurica
[J]. Forest Engineering , 2021, 37(5): 20-27.
ERU, EURE, A2, & LM RIS RS
St R B R S SR RHE )], AR, 2019,

[15]

[16]

[17]

(18]

[19]

[20]

(21]

38(8): 2 283-2 290.

WANG SY, WANG M H, NIU Y Z, et al. The temporal
variation of needle’s non-structural carbohydrate and photo-
synthetic feature with phenological periods in seven spruce
species[ J]. Chinese Journal of Ecology, 2019, 38 (8):
2 283-2 290.

SR, X B, BEEE, A5 K ACHRRA SRR iR 2 KRR
IPRELEYZIR L], AERURRl R 2424, 2018, 40(2) : 58-67.
YAN Y P, LIU Y, HE G X, et al. Coupling effects of water
and fertilizer on seedling growth and nutrient status of Catal-
pa bungei [J]. Journal of Beijing Forestry University .
2018, 40(2): 58-67.

Fddn s SRR, ] #5, AE. AR J5 i AT X A R 40 i AR
Yy oy e K g oy R B S (], A rE Al K 2% 24 4z, 2015,
36(6): 91-97.

BAIJJ, WU ] W, HE Q, et al. Effects of different fertiliza-
tion formulas on Catalpa bungei seedling biomass allocation
and nutrient use efficiency[J]. Jowrnal of South China Ag-
ricultural University, 2015, 36(6) . 91-97.

EHM, ZEFHER, EAEME, S 5 B0 N XA TC P R G
Az AR R T R B s e L) e bkl R 2 4R,
2012, 34(6): 55-62.

WANG L P, LIJ Y, WANG J H, et al. Effects of exponen-
tial fertilization on seedling growth and nitrogen uptake and
utilization efficiency of Catalpa bungei clones[J]. Journal
of Beijing Forestry University, 2012, 34(6): 55-62.
SEM. X B, A, F KIE—RrsR BERLT ) B
gAML B, 2019, 56(1); 183-192.

MAF Y, LIUY, CUILJ, et al. Review on the research pro-
gress of water and fertilizer integration[ J]. Xinjiang Agri-
cultural Sciences, 2019, 56(1): 183-192.

WOKER, £, AR, SE. I S it E X B A AR 5% 43
KRS BRI T ], TR Ok =, 2021, 37(6)
1 526-1 533.

XIE CY. WANG D, AN X R. et al. Effects of drip irriga-
tion and reducing fertilization on tree nutrient, fruit yield and
quality of pear[J]. Jiangsu Journal of Agricultural Sci-
ences, 2021, 37(6): 1 526-1 533.

MEA, EEC, EWR, & HERENRREREE R
FeRE L A LT, F O AR 4, 2021, 52(8): 2 243-
2 250.

DENG Z H, WANG ] W, WANG Y W, et al. Effects of
drip irrigation fertilization on growth, yield and quality of
fruit mulberry in facilities cultivation[J]. Journal of South-
ern Agriculture, 2021, 52(8) . 2 243-2 250.

XUFPRK, 5 T, RS, S ROBERME KIS — R AL T K A
R B R OK EFFHUERAF )], MK 4R, 2022, 41
(2): 52-58.

LIUZ Q, WU H, ZHU W S, et al. Improving integration



1362

Wmode oW

S

42 %

[22]

[23]

[24]

[25]

[26]

[27]

[28]

of micro-spraying irrigation and nitrogen fertilization to in-
crease the lodging resistance of summer maize[ J]. Journal
of Irrigation and Drainage, 2022, 41(2) . 52-58.

MORRIS D L. Quantitative determination of carbohydrates
with dreywood’s anthrone reagent[]]. Science, 1948, 107
(2 775): 254-255.

ULE, WO, a0, 5 TEERE &M T A K &
MRS PERTFE (D], HEBEHE K224, 2021, 40(SD): 77-82,

BI H L, LAN Z P, PENG J J, et al. Growth and fine root
characteristics of poplar under drip fertilization[J]. Journal
of Irrigation and Drainage, 2021, 40(S1). 77-82.

BUEIBR. Bt S86 A T ARAR DX ik J#E it MIE B Kk 2 4 AL il B
FE[D]. dLat:dbmishalk k24, 2021,

PhNE A 2272, Mounkaila Hamani Abdoul Kader, 4%. i
it A B 08 A T JB 4t = K 4 A 2w [0 ], M HE K %
iz, 2022, 41(3): 47-53.

SUN W H., SHEN X J, KADER M, et al. Effects of drip ir-
rigation and fertilization timing on water and nitrogen distri-
bution in different texture soils[J]. Journal of Irrigation
and Drainage, 2022, 41(3): 47-53.

AR, AL AR, ARAR AR R [R] I AT Ak 2 X A T A%
T LR S RIS MR R )], AR Al R R,
2022, 43(3): 34-41.

CHENSJ, DU AL, LIF S. Effects of different drip fertiga-
tion treatments on organic carbon fraction and enzyme activi-
ty in potato-planting soil[J]. Jowrnal of South China Agri-
cultural University, 2022, 43(3): 34-41.

ARG, RINE, SRSCE, SEL SRR I T R I X /N AL A o
ME - e 5T & RK A3 R R e ()], A Rl R A= A R,
2022, 43(2): 57-67.

LIHY, LIUX G, ZHANG W H, et al. Effects of drip fer-
tigation under shade on soil quality and water use of Cof fea
arabicalJ]. Journal of South China Agricultural Universi-
ty, 2022, 43(2): 57-67.

PREAE, W B, A, & Bl S HEP IS ARS
PR K AL ) KR B S s AR R i e L], RS
WEL A M2 4. 2021, 27(2) ; 389-397.

CHEN Y Q, KE M, PENG Z T, et al. Effects of nitrogen
and phosphorus additions on concentrations of leaf non-struc-

tural carbohydrates, nitrogen, and phosphorus in Cleroden-

[29]

[30]

[31]

[32]

[33]

[34]

drum cyrtophyllum in a tropical forest[J]. Chinese Journal
of Applied and Environmental Biology, 2021, 27(2): 389~
397.

KONG J J, LIUW Q, HUANG F, er al. Spatial patterns of
non-structural carbohydrates inEucalyptus urophylla X E.
grandis under dry-season irrigation with fertilization [ ] ].
Forests, 2021,12: 1 049.

PENG Z T, CHEN M X, HUANG Z J,et al. Non-structural
carbohydrates regulated by nitrogen and phosphorus fertiliza-
tion varied with organs and fertilizer levels in Moringa oleif-
era seedlings [ J]. Journal of Plant Growth Regulation ,
2021, 40(4). 1 777-1 786.

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.
IKHEME, TAESE, L8, % MM BRIk 55 4 o i
KACE W Zs [ A2 S [T ], B AR &S 244, 2013, 24 (11D
3 050-3 056.

ZHANG H Y, WANG C K, WANG X C, et al. Spatial var-
iation of non-structural carbohydrates in Betula platyphylla
and Tilia amurensis stems[J]. Chinese Journal of Applied
Ecology . 2013, 24(11); 3 050-3 056.

KRG, EAES, £ AL 5 AR R R R E A R 25k
BOK AL &Y IE Ry 2 A 5 [T, 2B 224, 2015, 35(19),
6 496-6 506.

ZHANG H Y, WANG C K, WANG X C. Within-crown
variation in concentrations of non-structural carbohydrates of
five temperate tree species[ ] ]. Acta Ecologica Sinica , 2015,
35(19): 6 496-6 506.

WEITWE, EAZGE. BT A ) S 0 B S A 4 A T e A
B LBIBRRKR A S BT ], R AR S SE 4, 2015, 26(8)
2 253-2 264.

CHENG F Y, WANG C K. Estimating nonstructural carbon
content of tree crown considering its spatial variability: A
case study on Juglans mandshurica and Ulmus japonica[]].
Chinese Journal of Applied Ecology, 2015, 26(8): 2 253-
2 264.

(3. KT 1)



