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Abstract: [Objective] Frequent droughts caused by global temperature rise and precipitation pattern change
have significant impacts on forest ecosystems, so information of plant water utilization and adaptation during

and after droughts is crucial. [Method] The seedlings of Cunninghamia lanceolata were used as test material.
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A two-factor controlled experiment with 4 precipitation amount and 2 precipitation intervals gradients was set to
investigate the response of non-structural carbohydrates (NSC) and related fractions content in different organs
that suffer different precipitation amount and intervals. [Result] With the decrease of precipitation, NSC
content of the seedlings showed an overall trend of firstly increasing and then decreasing in absorbing roots,
transport roots, branches and leaves, and continuous decreasing in branches and trunks. C. lanceolata seedlings
increased NSC content in transport roots, absorbing roots, leaves and branches, while hydrolyzed and converted
the starch from the absorbing roots to soluble sugars to regulate intracellular water potentials; soluble sugars
content showed an overall trend of continuous decreasing in transport roots and trunks, and an overall trend of
firstly increasing and then decreasing in absorbing roots, leaves and branches; starch content of all organs
showed an overall trend of firstly increasing and then decreasing. When precipitation was too low, C. lanceolata
seedlings would consume NSC to preferentially meet the survival needs of absorbing roots, which led to a
significant decrease of NSC content in transport roots, branches and twigs (P<< 0.05). When precipitation
intervals increased, NSC content in leaves and transport roots of the seedlings increased significantly (P<<0.05);
soluble sugar content of leaves decreased significantly (P<<0.05), and soluble sugar content of transported roots
increased significantly (P<<0.05). [Conclusion] To improve the survival of C. lanceolata plantation forests
under changes in precipitation patterns, soil water content should be maintained at more than 50% of the
average monthly precipitation in the local multi-year dry season, and watering intervals can be extended in areas
with higher precipitation. [Ch. 3 fig. 1 tab. 51 ref.]

Key words: precipitation pattern; Cunninghamia lanceolata; different organs; non-structural carbohydrates
(NSC)
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1.1 HREXER

WL AL TULPE A BT (28°10'~29°11'N, 115°27'~116°35'E), J& W HHHT I8 2= XU, M ek
40.9 °C, WARIRA-152 °C, FEFHSEN 17.0 °C, FEFHFFEKE N 1600.0~1 700.0 mm, 4FF-HEHIHE
JER 78.5% . ARMBEREHR N 21.3%, FERIPISHNF SRR, E2 AR 27 1R
1.2 iRt

IR TILR L KR 2hE . 2021 45 4 A, B 2 A ARG E T 40 cmx40 ecmx50 cm I
WAL IF IR, 8 AT IR MR, 7:00—8:00 X 4l B #hAT M7k, HAAE S T —5,
2022 4F 1 H&HIAEE . ARG IE R 1.5 em, WEHR 1.0~1.3 m. LiggE 1955—2018 R F09 H ¥
[ 7K HE (69.12 mm) N XFFEZH (ck), J3 BB/ 30% ., 50% . 80% [k AL TR (W-30% ., W-50% .
W-80%). TEULFEEA -, %/ 8 1955—2018 4FSCM K ] fa gk, % B KoK I S5 F1 10 d (TS F1 T10)
2NAbER, RBE, FEOKAR R 8 AMAbERAL, FEALEE S IREE, JL40 4.

1.3 EFEERFAS %

FESSAE S R, Se AL B SE B MU AZ ARG, PR OREF I AR R, o ORAR R S B M i [ B Bl
1B, I GHCRE R A M SE G 2 B ASARGN G oy A Rk BT s EAR L RSO 5 AN
KRN, BT i A o0 1, BN R 25 TR a9 b2y P70 A 105 °C i HtAR
HHERE 30 min, SRJE7E 60 C THETZRfEG, WK EE 0.25 mm i, W& NSC S HAH I /7 it 2 47
B AT MR T I 3 HICR FH R LE (i g, E R T i AR FHRR R /K i 2, NSC Bt i 43 80h vl
PEREFTIE A T 1L 43 000 S RS20 e AR R e R R el 450 A AR 8 il Rl 43 T 4k
14 HELEBESSH

P BUE DR 22 3R o BRI IR FH R 4.3.0 #6470 SRR PEIR G B 23 A Rk A%
JX 2 ARG AR g5 B NSC S HARSCH 520 5 B3R )5 22 (one-way ANOVA) 43 A [m] 7K & /] —
WK TR B AS [F] 28 B NSC F HAH G ZH /MY 22 5

2 HREH
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RaE K S RTAZ ARG B AN R B RT3 B A A 8 35 52 ) (P<<0.01), oK [1] o DU & 44T ik 252
M) (2 1)o FHIE T AT RaEK T B o) 3 i A R P %) P M Jo ot 23 00A 2 52 ) (P<<0.05), XTI
KRR T W, TS AR, REE KD, nlE M o B ORI A 2
Ser s/ Ry s, o, R AT T B W-80% bR e/, AR T ok (P<<0.05),

F1 BAKEEMEARYEAEREAAMEREGEH NSC RESUX NP LT RESEE ST
Table 1 Effect of precipitation patterns on soluble sugar, starch and NSC content of different organs of C. lanceolata seedlings based on analysis of linear

mixed-effects models

— AR TEH NSC
F P F P F P

w 29.06 <0.001 87.72 <0.001 129.55 <0.001
T 0.98 0.320 0.20 0.660 2.73 0.100
G 66.30 <0.001 119.74 <0.001 98.46 <0.001
WXT 2.56 <0.100 2.18 <0.100 9.28 <0.001
WxG 542 <0.001 11.79 <0.001 20.13 <0.001
TxG 3.83 <0.010 0.38 0.820 3.98 <0.010
WXTXG 0.96 0.490 457 <0.001 4.03 <0.001

VLA : W, R[FEIFEK AR T. NRIFEK ARG ; G EAMHRFSE; xFREHEH. P<0.01FRERWDHE,
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ck BEAR T 71.9%; 1T R 08 2 70 BUTE 38 AR AR R R 0 W R8>, ¥I7E W-80% Ab B T i/,
FART ck (P<<0.05), ZFBIFEMKT 72.8% F1 63.1%., T10 ZbFEN, &KW/, Rl% 8 R o 50
WA | I R 2% v S S 0 S5 s/ ik A, v, WSO 1 T 3 P A I A 0 BT W-30% Ab BT fi
K, BERT ck (P<0.05), K ck 1Y 9.6 1% ; FEizHy AR AL T b il V3 HE0E T it 73 BRI SE /D Ja B4
FRD, B W-80% AbHE T fe/hh, WELT ok (P<<0.05), 43 AIBEK T 87.9% 1 65.8%.
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Figure 1 Effects of different precipitation amount and intervals on soluble sugar content in different organs of C. lanceolata seedlings
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Rt 7K 2 6 A2 AR &l T S [ 28 0 O 0 LA A Bl 35 5 T (P<<0.01), & /K [ e D 4 A TG & 25 5 i)
(F Do HE20H.: TS BT, BEE KR, JEM TR B TOIOR | 32 3R AT S 5E 1
JE D R, Hod, s R TR R A B W-30% A B R ek, BB EE T ck (P<0.05), 43
K ok 119 2.6 1 1.9 £, T10 4bBET, BlEA FEAKE AW, JEM TR RIS . S5, . BT
RS AR R W/ ke, Ho, 2 AR H3E 8 i 0 B W-80% b3 iR/, BE(RTF ok
(P<<0.05), Lt ck FEAR T 78.0%; WAYVER BT it /0 807 W-30% B T ek, W3 T ck (P<0.05), K
ck [ 2.5 %5 BT RYTER R E0E W-50% AbFE R Rk, BE R T ck (P<0.05), A ck AY 1.8 %,
23 AREBEKERTHEAHEERE NSC RESHETW

FEK BT AZ AL AR 28 H NSC JFi s UL A W B 355 (P<<0.01), Rk 2 AR /K ) B 10 3R] 4
FHXF NSC J5t f 40 B0 (A W 13 3552 0 (P<<0.01), [ 7K a1 U B A TG 53 38 52 mi) (6 1), TS AbFETR, Bl
oK I /0, NSC BTt /- BE MR | s il . ERUBCAS T S SE R R sl e e (1 3), o, 1
WCHR AN NSC 5 5 43 B07E W-50% AbBE T ik, $H8E & T ok (P<<0.05), 751K ck (1 3.6 F1 2.2 fiF;
IZ HT AR RIRL 25 1 NSC i 43 B07E W-80% AbFE R /N, #4950 34K T ck (P<<0.05), ZFRIFEAK T 79.5% Fi
63.3%; NSC Ji it/ B b T i R BN FR 20 20, 78 W-80% 4bBE T fe/ly, B EH KT ck (P<0.05), [k
ck FEAK T 53.9%. T10 ABET, BEERFK A/, NSC i/ FE iR i Fk: 2% v 52 538 in s s
A, HROR . i FIRL 25 NSC BT 43 B3 W-50% b3 ek, 3 & T ok (P<<0.05), 4%
AR ek /9 5.3, 3.0 A 1.7 %5 NSC i 43 B 12 Fr AR v 2RI A Sl D Ja 3 prs b, Fek T R +F
ZLp/b, BIPE W-80% AbEE T fe/lh, BEMLT ok (P<<0.05), 433IREA% T 88.7% 1 61.5%.



5 41 B X ) RANGRAE KM SR AR PR A2 ARSI A [l g B R S R e K AL & P 9 2 i) 5

A TR B. iz#ifi c.n

60 60 r 60 ~
TE:D 7?0 T?D
g0t — a0t 20t —
= s <
iz 1 g
= 20 W 20 = 20 +
B bp B B ¢ h
® abr e 1 ® abf12 a

0 - o .

5 5
KK/ FeK I/ Bk IR/
D. #F E. %%

60 60
T?D T?D — ck
on ns 20 ns = W-30%
g 40r — E 40 r 1 = W-50%
= = mm W-80%
;\I\E uﬁ * P<0.05; ns. ZRAEE. RFE/N
w20 i 20 5 RN AH R B /K BB AN R B /K &
B ab o bb = Ak B A 2 5 5 % (P<<0.05).
ficd A a fa_l%% fice aaa, aad a
0 5 10

FEsK I RR/d Wik I i/d
B2 RRE MK Z Fo KA B A4S R 40 ¥ & 25 B I 2 4 B %R

Figure 2 Effects of different precipitation amount and intervals on starch content in different organs of C. lanceolata seedlings
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Figure 3  Effects of different precipitation amount and intervals on NSC content in different organs of C. lanceolata seedlings
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) I AR T 22 B TE R R X SRR EREE , DAORSEHGT A A AR e M (R K it A i (W-80%), 4
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Wel, W SRAE AR N B TS FA , Bi (R e AL Rt AR Z I OC RSB 2 28, BSR40 25 TR B i AR AIL
RN NSC, i & AR, SHEAR T 2EHET NSC B 246, AREFFE L. (oK IH] b
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b, T10 Ab3EF B AT P Tt 0 B0 35 T R, s AR A Al i R B i o A e 2 LT s AR A
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WAL RARFER ™, B TREANEZ LSRR, TR TFYW AR, B NSC K
AL A LA AR R AERBUK A A B, (BT R5 AR Y A R R B DK EI B, iRk 451 T aE Y
FEA B8 7K [v0] B A R AR R b 28 R 2 3K B0, (B i s ar b A . IR R B K R MR
Y AR R AP KE R 50%, VAGRIEAZ AR A B4 S BB AATE , Se L RAR IR . TELUT 4%
PREC I DX, o] DLSEAT 0 A mEE 0 A B, (R A R EOK B 7E Y b Z4E 2 A PR E B 70% L
e, TR AR R Y A SR P DATE AR DK IR, 48 S A2 ARG TG 3

4 i
Sl RS R R R AR R T A AL NSC R H AR S 242 o S ] 5 AL R 24



55 41 5 X ) FEAVIREE - BEKKS R B AR A AR 25 B AR S5 H PR K AL & YT =2 7

KR, ARG BRI T S AR NSC Al M A R AL LB, AEECEAR &R,
IBHR RS BRSO, (eI SERFEK B RE e (EAZ AR QT P ) NSC H BRI AR, R FR
FOKITARELRE ST, B IEF N BOKTIET o SRS A2 AR N TMRTERE A SR AT A 2, RIS K
IR FEAE 2 22 4F 5 2 P BEK B 1Y 50% LA L, KA o 1l DXCRT DA 3 Y A 58 K ] g

5
[1]

(2]

(3]

(4]

(5]

(6]
(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

5% Xk

KR, WRBLEN, B, A N RADLRR KRS Jay A8 f s T B R Ao i 6 AN 4 v A s e (0] A= 2524 2Ra, 2020, 39(3):
838 — 846.

YUE Yonghuan, JIN Guili, GONG Ke, et al. Effects of simulated precipitation pattern changes on seed germination and
seedling growth of Achnatherum inebrians [J]. Chinese Journal of Ecology, 2020, 39(3): 838 — 846.

DU Ying, LU Ruiling, XIA Jianyang. Impacts of global environmental change drivers on non-structural carbohydrates in
terrestrial plants [J]. Functional Ecology, 2020, 34(8): 1525 — 1536.

OHTO M, ONAI K, FURUKAWA'Y, et al. Effects of sugar on vegetative development and floral transition in Arabidopsis
(1. Plant Physiology, 2001, 127(1): 252 — 261.

HH, T24E, 50, 55 Bl AR PR R T ARG M PR K A5 W B 1] Sy o 22 5 0] R A= 252741, 2022,
46(6): 722 — 734,

DONG Hanjun, WANG Xingchang, YUAN Danyang, et al. Radial distribution differences of non-structural carbohydrates
in stems of tree species of different wood in a temperate forest [J]. Chinese Journal of Plant Ecology, 2022, 46(6): 722 —
734.

MYERS J A, KITAJIMA K. Carbohydrate storage enhances seedling shade and stress tolerance in a neotropical forest [J].
Journal of Ecology, 2007, 95(2): 383 — 395.

KORNER C. Carbon limitation in trees [J]. Journal of Ecology, 2003, 91(1): 4 —17.

WILEY E, HELLIKER B. A re-evaluation of carbon storage in trees lends greater support for carbon limitation to growth
[J]. New Phytologist, 2012, 195(2): 285 — 289.

UL, EHL, [, S8 /RS LA AR A R PR K A5 P BR R R A B X+ S g iz ). A= 2520, 2017,
36(11):3168 —3175.

LEI Hong, WANG Kai, TIAN Hao, et al. Responses of non-structural carbohydrates accumulation and distribution of
Caragana microphylla seedlings to drought stress [J]. Chinese Journal of Ecology, 2017,36(11): 3168 —3175.

XA, THRF, fAEt. o E U R — 7R B 2 XSS X R K e 23 % JRy 28 Ak B R B 7= i s il (T, b 3244, 2021,
76(9): 2297 - 2311.

LIU Zhilin, DING Yinping, JIAO Yuanmei. Spatiotemporal patterns of precipitation changes and their impacts on food
supply in southwest China from 1988 to 2018: a case study in Yunnan Province [J]. Acta Geographica Sinica, 2021, 76(9):
2297 —2311.

AULT T R. On the essentials of drought in a changing climate [J]. Science, 2020, 368(6488): 256 — 260.

HU Tian, van DIJK A 1J M, RENZULLO L J, ef al. On agricultural drought monitoring in Australia using Himawari-8
geostationary thermal infrared observations [J/OL]. [International Journal of Applied Earth Observation and
Geoinformation, 2020, 91: 102153[2024-03-19]. doi: 10.1016/j.jag.2020.102153.

CHEN S A, MICHAELIDES K, GRIEVE S W D, et al. Aridity is expressed in river topography globally [J]. Nature, 2019,
573(7775): 573 = 577.

KONAPALA G, MISHRA A K, WADA'Y, et al. Climate change will affect global water availability through compounding
changes in seasonal precipitation and evaporation [J/OL]. Nature Communications, 2020, 11(1): 3044 [2024-03-19]. doi:
10.1038/s41467-020-16757-w.

VALMASSOI A, DUDHIA J, DI SABATINO S, et al. Irrigation impact on precipitation during a heatwave event using
WRF-ARW: the summer 2015 Po Valley case [J/OL]. Atmospheric Research, 2020, 241: 104951[2024-03-19].
doi:10.1016/j.atmosres.2020.104951.

BLOSCHL G, HALL J, VIGLIONE A, et al. Changing climate both increases and decreases European river floods [J].
Nature, 2019, 573(7772): 108 — 111.


https://doi.org/${refdoi}
https://doi.org/10.1111/1365-2435.13577
https://doi.org/10.17521/cjpe.2021.0467
https://doi.org/10.17521/cjpe.2021.0467
https://doi.org/10.17521/cjpe.2021.0467
https://doi.org/10.1111/j.1365-2745.2006.01207.x
https://doi.org/10.1046/j.1365-2745.2003.00742.x
https://doi.org/10.11821/dlxb202109018
https://doi.org/10.11821/dlxb202109018
https://doi.org/10.11821/dlxb202109018
https://doi.org/10.1126/science.aaz5492
https://doi.org/10.1038/s41586-019-1558-8

8 RN/ NI NI e 14 20244 X A 20 H

[16] NYSTROM M, JOUFFRAY J B, NORSTROM A V, et al. Anatomy and resilience of the global production ecosystem [J].
Nature, 2019, 575(7781): 98 — 108.

[17] LIU Zigiang, YU Xinxiao, JIA Guodong, et al. Water uptake by coniferous and broad-leaved forest in a rocky mountainous
area of northern China [J]. Agricultural and Forest Meteorology, 2019, 265: 381 — 389.

[18] Murray R B, Thrall H P, Gill M A, et al. How plant life-history and ecological traits relate to species rarity and commonness
at varying spatial scales [J]. Austral Ecology, 2002, 27(3): 291 — 310.

(19] 5K, #2458, Jo /NG, %5, Sl wi RV HE 55 (Stipa glareosa) B T4 W) RN Z2REVE L - A= 9 it ok A WA g i 1 L) o [
7hEE, 2019, 39(2): 45 - 52.
ZHANG Rui, ZHAO Xueyong, ZUO Xiao’ an, et al. Responses of the Stipa glareosa community species diversity and

above-ground biomass to precipitation in the desert-steppe region in northern China [J]. Journal of Desert Research, 2019,

39(2): 45— 52.
[20] EZEdE, aril, s, 5 T 2-2KXT a4 425 B R ok AL & sz (1], 252, 2024, 43(2):
383 —394.

WANG Yunxia, SHAN Lishan, XIE Tingting, et al. The effects of drought-rehydration on n on-structural carbohydrates in
Reaumuria soongorica seedlings [J]. Chinese Journal of Ecology, 2024, 43(2): 383 — 394,

(217 A, FOVRSY, ASRATE. B B w0 B RRARET iR S5 A MR K AL S Anme . &, Bfszm [, AR 2524, 2022, 42(18):
7641 —7651.
LIN Tian, ZHENG Huaizhou, ZHU Jinmao. Influence of rainfall exclusion on the needle non-structural carbohydrates and C,
N, P concentrations in Pinus massoniana [J]. Acta Ecologica Sinica, 2022, 42(18): 7641 — 7651.

(22] 254, R, TRNE, 25, TR R IEAZ AR AIARAR P R STk (9 LA S0 0. BRbR S BRI 2741, 2019, 39(6): 561 — 567.
LI Bingjun, YAN Yao, ZHANG Hui, et al. Comparison of fine root morphology and carbon and nitrogen content in Chinese
fir from different provenances [J]. Journal of Forest and Environment, 2019, 39(6): 561 — 567.

(23] BRAA, BHHEREE, B9, 5. AR R]AR5R B2 X A2 A N AR ST S (4 R 0 [T, WV LA MROR 2727412, 2023, 40(5):
1054 — 1062.
CHEN Yan’gen, HU Yanjing, HUANG Sha, ef al. Short-term effects of different thinning intensities on soil respiration rate
in the Cunninghamia lanceolata plantation [J]. Journal of Zhejiang A&F University, 2023, 40(5): 1054 — 1062.

(24] MRFE, WA, A0Ha, 55 B A DUREABE BRI AZ AR 1 SENPIRE  52 00 (1] WV ARMOR #2741, 2021, 38(3): 494 —
501.
LIN Yuxuan, Al Jianguo, SONG Xinzhang, et al. Effects of simulated nitrogen deposition and phosphorus addition on soil
respiration in Chinese fir forest [J]. Journal of Zhejiang A&F University, 2021, 38(3): 494 — 501.

[25] BHRE, AR, BRECAR, 5. T R XAZ AL AR R A AL S AR S5 F oK A & W nsg e (1], AR 252741, 2018, 38(18):
6729 — 6740.
YANG Zhenya, ZHOU Benzhi, CHEN Qingbiao, et al. Effects of drought on root architecture and non-structural
carbohydrate of Cunninghamia lanceolata [J]. Acta Ecologica Sinica, 2018, 38(18): 6729 — 6740.

[26] 4, skBb 8, A, 55, B Bk £ ARl 2kt b/ N SE S W VR 2 R B R R TR 3R (). 0 AR 2574l 2023,
34(5): 1404 - 1414.
JIN Taotao, ZHANG Foyi, ZHENG Weibin, et al. Diversity of medium and small-sized soil fauna community in different
urban-rural green spaces and its influencing factors in Nanchang, China [J]. Chinese Journal of Applied Ecology, 2023,
34(5): 1404 — 1414.

(277 5KFi . AN [RIARE B AE B 5 21 A2 B R B S A A TR S AR SS A PEBoK AL S WA IEDIEFE (DL BN - T g Al K27,
2024.
ZHANG Ruixiang. Carbon, Nitrogen, and Phosphorus Stoichiometry and Non-structural Carbohydrate in Different Stand
Ages in Wild Taxus wallichiana var. maire [D]. Zhengzhou: Henan Agricultural University, 2024.

(28] Fis s, W Ak dn, BN, S5 T S0 R 5 B R M A ) 210 4 X A MR AB AR A B 0 [J]. R M2 4, 2016, 24(5):
1001 — 1008.
CHONG Peifang, ZENG Jijuan, SHAN Lishan, et al. The physiological response of desert grassland plant Reamuria
soongorica under drought stress to exogenous ABA [J]. Acta Agrestia Sinica, 2016, 24(5): 1001 — 1008.


https://doi.org/10.1038/s41586-019-1495-6
https://doi.org/10.1038/s41586-019-1712-3
https://doi.org/10.1016/j.agrformet.2018.11.036
https://doi.org/10.11833/j.issn.2095-0756.20220704
https://doi.org/10.11833/j.issn.2095-0756.20200326

55 41 5 X ) FEAVIREE - BEKKS R B AR A AR 25 B AR S5 H PR K AL & YT =2 9

(29] 58, BEWE, 10 KAHH, 5. AW ICEEBIRT AR EE K A A Pk B B A BLARRAE L] Ml B2, 2019, 55(6): 22 - 27.
LIANG Kuan, FAN Yan, FENG Huoju, et al. Concentration and distribution pattern of non-structural carbohydrate of
Phyllostachys glauca in different limestone habitats [J]. Scientia Silvae Sinicae, 2019, 55(6): 22 — 27.

(301 BRFHPE R, 5KkZ2:, po/ ML, 2. ob SRR AS ) B AR AR Ao ) AR T 25 2 MR R 5 AR 128 5 DUVCVE R B 1L A 481 L.
M ZREE, 2021, 29(6): 746 — 758.

OUYANG Yuanli, ZHANG Cancan, LIN Xiaofan, er al. Growth differences and characteristics of root and leaf
morphological traits for different mycorrhizal tree species in the subtropical China: a case study of Xin’ gangshan, Jiangxi
Province [J]. Biodiversity Science, 2021, 29(6): 746 — 758.

[31] JIN Yangiang, LI Jing, LIU Chenggang, et al. Carbohydrate dynamics of three dominant species in a Chinese savanna under
precipitation exclusion [J]. Tree Physiology, 2018, 38(9): 1371 — 1383.

[32] EB, i), B0, 55, Ve AN T R EOE AR AR S M M OK AL G W AE A L] B HIZE 252441, 2018, 29(11):
3513 —3520.

WANG Kai, SHEN Chao, CAO Peng, et al. Changes of non-structural carbohydrates of Pinus sylvestris var. mongolica
seedlings in the process of drought-induced mortality [J]. Chinese Journal of Applied Ecology, 2018, 29(11): 3513 — 3520.

[33] SILVA E N, FERREIRA-SILVA S L, VIEGAS R A, ef al. The role of organic and inorganic solutes in the osmotic
adjustment of drought-stressed Jatropha curcas plants [J]. Environmental and Experimental Botany, 2010, 69(3): 279 —
285.

[34] EHL, KRB, 5k B I, 55 BURIOV HUBT Ak 32 2R AR5 PERR KA S 0 40 A REAE [T]. Mol 272, 2020, 56(12): 39 —
48.

WANG Kai, SONG Qi, ZHANG Risheng, et al. Distribution characteristics of non-structural carbohydrate in main tree
species of shelterbelt forests in Horqin sandy land [J]. Scientia Silvae Sinicae, 2020, 56(12): 39 — 48,

[35] EAM, BUTH, =m0, 55, BRI SE 0 BRI R i BB it S ARG Mok AL B m s m) L], RS2k,
2022, 41(7): 1369 — 1377.

WANG Ruizhao, MAO Yixin, YUN Lili, et al. Effects of nitrogen addition on leaf carbon, nitrogen and phosphorus
stoichiometry and nonstructural carbohydrates in Mongolian oak (Quercus mongolica) [J]. Chinese Journal of Ecology,
2022, 41(7): 1369 — 1377.

[36] J5Hk, BT, S0, 4. RIS T Z G K B SR A B AR S M Mok AL &9, 3700 5 AR i s (1) A A= 252
#, 2023, 47(8): 1094 — 1104.

SU Wei, CHEN Ping, WU Ting, et al. Effects of nitrogen addition and extended dry season on non-structural carbohydrates,
nutrients and biomass of Dalbergia odorifera seedlings [J]. Chinese Journal of Plant Ecology, 2023, 47(8): 1094 — 1104.

[37] ABRAHAM B. Osmotic adjustment is a prime drought stress adaptive engine in support of plant production [J]. Plant, Cell
& Environment, 2017, 40(1): 4 — 10.

[38] CHAPIN III 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: 423 — 447.

[39] PIPER I F. Drought induces opposite changes in the concentration of non-structural carbohydrates of two evergreen
Nothofagus species of differential drought resistance [J]. Annals of Forest Science, 2011, 68(2): 415 — 424,

[40] LU Yanwei, DUAN Baoli, ZHANG Xiaolu, et al. Differences in growth and physiological traits of Populus cathayana
populations as affected by enhanced UV-B radiation and exogenous ABA [J]. Environmental and Experimental Botany,
2009, 66(1): 100 — 109.

[41] EoiE, X%, ATHIR, &, T 500X E A i AR LS e s B A K R R 2 ma [T]. A=382%41, 2024, 44(11): 4698 —
4707.

WANG Yunxia, LIU Ying, FU Yuchen, er al. Effects of drought on non-structural carbon allocation and hydraulic
characteristics of Forsythia suspense seedlings [J]. Acta Ecologica Sinica, 2024, 44(11): 4698 — 4707.

[42] %, K=, BEEE, 55, PO BER BRI S LLAEA s ARG A PERR AR A 53 W) 23 Bl S i B L) Rk R 74l
2024, 41(2): 252 - 261.

YANG Yu, ZHANG Yun, WEI Xuying, et al. Distribution and transport patterns of NSC in Lycoris radiata based on *C
tracing [J]. Journal of Zhejiang A&F University, 2024, 41(2): 252 — 261.


https://doi.org/10.17521/cjpe.2019.0331
https://doi.org/10.17521/cjpe.2019.0331
https://doi.org/10.17520/biods.2020368
https://doi.org/10.17520/biods.2020368
https://doi.org/10.17520/biods.2020368
https://doi.org/10.1093/treephys/tpy017
https://doi.org/10.11707/j.1001-7488.20201205
https://doi.org/10.11707/j.1001-7488.20201205
https://doi.org/10.17521/cjpe.2022.0473
https://doi.org/10.17521/cjpe.2022.0473
https://doi.org/10.17521/cjpe.2022.0473
https://doi.org/10.17521/cjpe.2022.0473
https://doi.org/10.17521/cjpe.2022.0473
https://doi.org/10.1146/annurev.es.21.110190.002231
https://doi.org/10.1007/s13595-011-0030-1
https://doi.org/10.20103/j.stxb.202307081476
https://doi.org/10.20103/j.stxb.202307081476
https://doi.org/10.11833/j.issn.2095-0756.20230196

10 WroIL R R K A R 2024 4E X H 20 H

[43] LIU Hongyan, SHANGGUAN Huailiang, ZHOU Mei, et al. Differentiated responses of nonstructural carbohydrate
allocation to climatic dryness and drought events in the Inner Asian arid timberline [J]. Agricultural and Forest
Meteorology, 2019, 271: 355 — 361.

[44] XNTTAL, EUNHE, RARIC, . = RARAI R ARG PER K LG 0 T S e Y 7 A FCRR 4 (1), PUAbApRRROR 7
FAR(ARBHERR), 2024, 52(1): 60 — 70.

LIU Yuanxi, WANG Li’na, WU Junwen, ef al. Response of non-structural carbohydrates of Pinus yunnanensis seedlings to
drought stress and the hormonal regulation mechanism [J]. Journal of Northwest A&F University (Natural Science Edition),
2024, 52(1): 60 — 70.

(45] B, 30, X0, . 3SR B R TR 2 i AR S R PR K AL & W) B AR R SR (D). AR 25 2R, 2023, 42(3):
617 — 625.

WANG Kai, LU Shan, LIU Chang, et al. Effects of soil water content on non-structural carhohydrates and growth of Pinus
sylvestris var. mongolica seedlings [J]. Chinese Journal of Ecology, 42(3): 617 — 625.

[46] CHENG Xiaoli, AN Shuqing, LI Bo, et al. Summer rain pulse size and rainwater uptake by three dominant desert plants in a
desertified grassland ecosystem in northwestern China [J]. Plant Ecology, 2006, 184(1): 1 —12.

[47] MCDOWELL N G. Mechanisms linking drought, hydraulics, carbon metabolism, and vegetation mortality [J]. Plant
Physiology, 2011,155(3): 1051 — 1059.

(48] RN &, F A0, A3, 55 WU LI R I BT e A 2R B AR 5 KRR T I TR A Jm A8 AR i O 2 (0] AR 224, 2023,
43(1):379 —387.

GUO Xuman, WANG Jiamin, DU Haohan, et al. Phoebe zhennan S. Lee seedlings adjust the biomass allocation and root
distribution to adapt to the karst fissure habitat and rainfall temporal pattern [J]. Acta Ecologica Sinica, 2023, 43(1): 379 —
387.

[49] ANNA S, FRIDA P, GUNTER H. Physiological mechanisms of drought-induced tree mortality are far from being resolved
[J]. New Phytologist, 2010, 186(2): 274 — 281.

[50] 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.

(51] BeEdy, sosril, 255, 2. Bk SR AR A Xt LLb Al AR A 20 (1], A= 2525741, 2016, 36(20): 6457 — 6464.

DUAN Guifang, SHAN Lishan, LI Yi, et al. Effects of changing precipitation patterns on seedling growth of Reaumuria
soongorica [J]. Acta Ecologica Sinica, 2016,36(20): 6457 — 6464.


https://doi.org/10.11833/j.issn.2095-0756.20230196
https://doi.org/10.11833/j.issn.2095-0756.20230196
https://doi.org/10.1016/j.agrformet.2019.03.008
https://doi.org/10.1007/s11258-005-9047-6
https://doi.org/10.1007/s11258-005-9047-6
https://doi.org/10.1104/pp.110.170704
https://doi.org/10.1111/j.1469-8137.2009.03167.x

	1 研究方法
	1.1 研究区概况
	1.2 试验设计
	1.3 测定指标和方法
	1.4 数据处理与分析

	2 结果与分析
	2.1 不同降水格局下杉木幼苗各器官可溶性糖质量分数变化
	2.2 不同降水格局下杉木幼苗各器官淀粉质量分数变化
	2.3 不同降水格局下杉木幼苗各器官NSC质量分数变化

	3 讨论
	3.1 降水量的改变对杉木幼苗不同器官NSC的影响
	3.2 降水间隔的改变对杉木幼苗不同器官非结构性碳的影响

	4 结论
	参考文献

