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Extreme drought effects on nonstructural carbohydrates of dominant plant species in a
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Abstract

Aims Plant nonstructural carbohydrates (NSCs) produced by photosynthesis can reflect the responses of plants
and/or ecosystem to environmental changes. Climate models recently predicted an increase in the frequency and
duration of extreme drought (ED) events that could profoundly impact ecosystem structure and functions. Yet,
less is understood about the response patterns of different plant species and functional groups to extreme drought.

Methods Herewe studied the effects of extreme drought on the NSCs of dominant species belonging to different
functional groupsin grasslands. To achieve ED, we experimentally reduced precipitation amounts by 66% during
four consecutive growing seasons in a meadow steppe in Hulunbeier, North China. The NSCs of six plants grouped
into two functional groups (i.e., grass and non-grass) were examined.

Important findings We found different species responded differently to drought, due to their differencesin plant
biological characteristics, photosynthetic characteristics and physiological ecology. This result implied that dif-
ferent species used different NSC-use strategies to cope with drought stress, resulting in different responses of
their biomass to extreme drought. Extreme drought significantly increased the starch concentrations, and had no
effect on the soluble sugar concentrations of the grass functional group. Contrarily, ED significantly increased the
soluble sugar concentrations, and had no significant effects on the starch concentrations of the non-grass functiona
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group. These results indicate that grasses moderately use and store photosynthate to cope with drought stress,
hence their biomass was less sensitive. The biomass of the non-grasses was more sensitive perhaps because they
maximally utilize soluble sugar for plant growth, defense and reproduction. Our results showed that different spe-
cies or functiona groups exhibit different NSC-use strategies to cope with drought stress. This study could pro-
vide scientific data for predicting future ecosystem responses to extreme drought.

Key words extreme drought; nonstructural carbohydrates; grassland plants; functional groups; biomass; re-
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T I A A F A COMK & Bt KAk &4,
WA B DA A A R AR B 25 4 1 2 B Ay, T L
SEFRABNT R B BRI, X T 4ERE )
A T W (1 A B VE B B A B I E 14 A (Hartmann
& Trumbore, 2016). HRIEFRKAL ELERD RN ]
AETE A, FH X5 85 0 M Bk 4k 5 1) (SCs) F
L LERITERR KA S I(NSCs) . SCsEEAFEA 4R
MARFREZ &S TG, MNSCsE % i ]
TEPERECRIZIME . R, MRSk AR, AT
BEAIE M 2 [ W] LU E AR AL, CEREIHT AR, R
P I BE a8 2 R ¥ EE A Y (Loewe et al.,
2000). FEHAYINSCsH-4H 75 (14 7T o] 18 ] 2 20t 20 rh
1, LeloirfiiCardini (1953)7F %t /N (Triticum aesti-
vum) IR ZF AT e, B ORI T RERE G R, X —
BRI 2 T IR G AR A M R AR A A A
KRE LG EEIER . 19584, Hewittfg i T
FEYINSCSI & J7i%, Bl L. &
S HEPINSCSIFI 715 LAE B4 . Bl 5 130411,
T F T NSCsII Bt EE LUK AR RGN
W T G, B A DR VEAE A W ] R B NSCsR 52 IR A&
YEYD 72 548 7 (Raguse & Smith, 1966). 20140
QFEAG I, B AP KR, &R0 FiE
WINSCsIt) 2 18] 73 A KA Q] AR A 26 77 0 s R
R A R 4 BRAR AR [y e 18 5 38 N B A B B 1 R
). 19994F, 224 K KOrnerfEHR 7t i Ll ARk 1 7
BOSFR S AL, R T E AR B . %
AN, T 2T HE R N BRIE T4, 20
YR B AR, AR ERE A 5T
Ao fEMIG T RMHE T, SR RFEHSA NS
FLITEREST LA 28 s AE Y, (HX — 2k 7 2 DA 4
COMIMB AR, B ZAED N T VCECHI R (R KN
A B R A S IR AR (05 A & 0 ) 5 1) S5
TEANFFEE AW ARG M TR T 5K, N TH R A
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TEM#IINSCs, 5 2% DRI R AT T LIRS AL . 2008
., McDowell 55 K R EER VPR &, KT 525
T PR AT 8 A, TR IT R T R
NSCs? & 2 A28k B 2w i 544 A B T 1 i o
AR R A K R 2 i S AR WL 2R R
&, HATNSCssh 4 FEw FAT) 32 ZAE b F AR A
W, T T A R I NSCSIF) A S BIE 78 1 Ak T2 25
R B (Dietze et al., 2014; F B4, 2019). [Kit,
XF T B AHE PINSCsIR) B 5T 7]y 500 78 45 2R A AR
RS 5N B R JRUAE 7 R G4 M S T RS X R i T
fryme S R 2%

FFAR R R E RIS RS, &
T [ il B T AR R 41.7%, & 3 [ 22 2 (1 & Aol 2k 7
B SR AR R, EREERAES LS. RE
AT A A BR AR A T b R4 B AR (TR AR,
2014) . HLJ5 0T B K B o BURR I A S RS A,
W T R 2= FECRE R AES RGUK o KA,
ARG K S B R, W3 R B R A ) AR K
1% & (Smith, 2011; Cherwin & Knapp, 2012; HEE
4, 2015). IT4FEK, TEARRSEREME 5, )
Uiy 5 T R 2B IR A0 2 RN i B ) SR | T (Jentsch
et al., 2009), L7 R G E5 A T e r= AR T E Y
Mo RO AR Tl A, (E YRR
M ZS R G052 W F] e 2 Bk 2 E 2 T B
(Jentsch et al., 2004; TKkM 4, 2014). Rtk 2140 PA
oK, A A e 1JE 4 2H 21 P NSCs2H B &5 14 8 X 1% i
T2 e B N AR S 2R AR 2 R
i

AHIEFE LA 52 1k AG DR B ) B SR AR 5 p oy
WEFL G, J8 5 ) AR K R B K T AL S 5
RAA R YA 5 ) D ReFENSCsXT T 5 o 18 1) i
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M RER AR A -
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frigida) . ~f % (Carex duriuscula) . it & H O E
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ANINRERE: RECER., JREF ) FEHER S (B By
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10K TG B S s HLU T (1) 4g RE Ak, BRUREARAE A AN AT
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65 “CHET 28 i A H o X AT R A EL RSN X
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1.4 JEEE#IERRK L SRS NE

FAEYIRE A AT TR e fa, e M A el
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B010 min, K BIE LTS 250 mLA S, 482k
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Ry FIEW, dkSKEETIE2IRGIRA LIS E R
250mL, HTUERm & ENEL et al., 2008). 1H
YR AT PR R A B A S SR FH A G ) R L
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FERE R 5 2 1S
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Fig. 1 Effectsof drought treatment on precipitation probability and soil moisture content in a meadow grassland (mean + SE).

F1 FEACE PP RERE B HAE HAE A e B S AR A AR ) B A AR G R M K AL S D (NSCs) #2143 8 T HL LU A R Ma R VR 5 A AR TR 4 R
Tablel Resultsof mixed-effect model analysis of drought treatment, species/functional group and their interactions on the nonstructural carbohydrates (NSCs),
soluble sugars (SS) and starch (ST) concent and biomass of different species in ameadow grassland

4 Biomass AT PERE SS ek ST AL PERENER SSIST NSCs
F p F p F p F P F P

PyFl Species

T2 Drought (D) 2.195 0.146 33645 <0.001 0.216 0.645 12.937 0.001 27.713 <0.001
YFh Species (S) 28.212 <0.001  36.017 <0.001 8.115 <0.001  47.012 <0.001 20.478 <0.001
TExWF DxS 0.558 0.732 25.508 <0.001 3.321 0.012 13.872 <0.001 19.880 <0.001
Ihfig# Functional group

T2 Drought (D) 0.960 0.332 5.528 0.023 0.130 0.720 2.144 0.149 6.627 0.013
Thig Functional (F) 26.055 <0.001 1.510 0.225 0.459 0.501 0.412 0.524 2.185 0.145
TExIJfgH# DxF 0.154 0.696 0.014 0.905 6.236 0.016 0.326 0571 0.280 0.599

R BB, MR AT BeREAE I e R, IXALVEARENLER 7, % dp < 0.05HBE MM 2R o
Drought treatments and species/functional group were used as fixed factors and block as arandom factor. Statistically significant results are in bold.
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Response ratio of biomass to drought
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R By 5 50 B N X e AR S5 R P B K Ak S ) (NSC) 1Y EL
B, KPREZRRNBWINERSXN, BHRIES M
“metaphor” Wi+ HAFH . BRI, Tr AR IRERE, &
DR INI PR 3 (p < 0.05), Z0RRNMPAEE .

Fig. 2 Response ratio of the biomass of six herbaceous spe-
cies and different plant functiona groups to drought in a
meadow grassland. T.l., Thermopsis lanceolata; A.f., Artemisia

frigida; C.d., Carex duriuscula; Cy.d., Cymbaria dahurica; L.c.,

Leymus chinendis; S.b., Sipa baicalenss;, Grass, grass func-
tional group; Non-grass, non-grass functional group. The re-
sponse ratio is biomass (drought)/biomass (control), the hori-
zontal error bars represent the 95% confidence interval, which
are calculated by “metaphor” in R. Solid circles indicate the
significant responses of herbaceous plant species level non-
structural carbohydrates (NSCs) to drought (p < 0.05), while the
hollow circles represent no significant response. Solid squares
represent significant response of NSCs in different functional
groups to drought, while hollow squares represent no signifi-
cant response.

X YA B AT T A I W e T 2 R (141 3) o
3 Wit

31 FEMERMEYFM FNSCsHIZ M

R T 5 0 38 B 2 H R R A 2 Bh i T 5 S AR
PR AR ARHIE (B BRI FH SRS ) K& R 7K 4 PR B AR A
(FIRE T, ARSI 7K 43 Bl 1 i 922 8 e 2
S B BAFIE 2 () A5 () 23 A b SRy R AR AR A . A
VIR FINSCsJ HLAH 3 R AE K ATR B 55— R 5
A FRVESN M E R IR, HAEREYE N S B
AL B S B A7) 7 PR T P ACR s 71 0 55 2 B )
ARG, R B - B S AR 4 X6k T 52 P 3 118 ) I (37 R
ROAE, 2002, #z=Ha, 2014). [ T2 FH0E,
AL 300 5 TR AR ) A7t — 2 SR UNSCsLARR B £ 1)
Ae B RARAK 70 e, 4ERF B 5 A is 2 (O = 3
5, 2014) . AHFFURIN, T T e X NSCsHF 5%
M) 5L B B R S v, AN R A R A 7D ) e
Rl S e AN 1121 71 5 I 25 s v 2
T 0 Rh BAG AN R 0 A B A b R R A 2 R 1
R RN BRI 5 30 B0 7K 4 i 3 v 12 55
AT 03 72 7 GRRRE{F 55, 2003; Mclnerny &
Etienne, 2012). 540, TEYIHETE N =F HF1A AR
FEAEXT T 5w BN ], =E B RAE R R, v
B PR 2B 7K 2 AR kT A8 4k (Zhou et al., 2019).
FEKIA A R, RN PSS PSR R
Sl RASM b, XSO E G AF A
A BB AL 2 FEVE PRI AE T Bl R X NSCsI
) FH SRS AN [F] (JRIBCR AR K B8, 2006; 32 U2 L E
en, 2016), dndkEh it BF de i . A FURE E Y
NSCs# &6 5 L2 FE AN [F (K14) o Rk, AN
AL BRI R AR 7 3. R BRIR NS T
B 725 (E w4, 2004), AT IRIEE S HERKK
F, AN [E A s 2003 i 1 5 A4 P NSCsff & 25k M
X B e, X T AR B Bl T 2l R NSCs
M JS2 A ] P i S8 BT R R P A S A R T 0 5 Ji
YA AR A A 25 R AR LB S
32 TFEMNEREARREEMINEEREMH FNSCsS T

WFFCF B, JE AP N SCAR 5 ik F i # o
T 5 e S AN B VAR S, fEAN R D Re R
FEWEESR, AU RIREIGEFENSCs & &
AT ERE & 2o T R A BN UR, B2
EEEEINT MR MR, JEERFEMINSCsE &

DOI: 10.17521/cjpe.2019.0331

©U 00000 Chinese Journal of Plant Ecology



674 YR Chinese Journal of Plant Ecology 2020, 44 (6): 669676

BEERABTLL A —e— B %oﬁ
BE AL C i,_._. R i —e—
R Cd. - i —— i ot
KB Cyd. [ —o— i i
FH Le. B ,_O_|_, i :
B4 S, [ i o 8 -
FE Grass |- J ''' 0T e l—_.: ________
kR 2 Non-grass |- | i i
10 05 oI 05 10 15 C10 05 (l 05 10 1s
_ . | ) ) |
Bkt EFRI T.L [ —e— L —e—
R AL —OH . e
RE AN e i | o
K EEE Cyd. [ —— | N Lo
¥H Lec. C —tO— N :
MeE Sb. [ e _ ° i o
ﬂQEGrass:_ __________ :b____.:,_'_'_ __'—‘—-—-—-—:- ___________
4EF 3 Non-grass |- - i | “._._"
_11.5 l—1l.o l—ol.s l 0I ‘ 0.15 ‘ 1.]0 1.15 —11.0 l —ol.s 0I l ofs 110 |

NSCsTE ) tb Response ratio of NSCs to drought

B3 ) A F R D RERERE Dy ATVAPERE & R (A) ER S B (B). AIVATENEER (C) ARG M PERR /KA A I(NSCs)
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Fig. 3 Response ratio of soluble sugar content (A), starch concentrations content (B), soluble sugar/starch ratios (C) and nonstruc-
tural carbohydrates (NSCs) content (D) in leaves of six herbaceous species and two plant functional groups to drought treatments. T.I.,
Thermopsis lanceolata; A.f., Artemisia frigida; C.d., Carex duriuscula; Cy.d., Cymbaria dahurica; L.c., Leymus chinensis; Sh.,
Stipa baicalensis; Grass, grass functional group; Non-grass, non-grass functional group. The horizontal error bars represent the 95%
confidence interval. Solid circles indicate the significant responses of herbaceous plant species level NSCs to drought (p < 0.05),
while the hollow circles represent no significant response. Solid squares represent significant response of NSCsin different functional
groups to drought, while hollow squares represent no significant response.

ATV PERE & B T F0a N B, miekm S
BB ER . XU [F D RERFAE Y LE SO T 5
JHip 2 ) S NSCs % 2H 43 IR WL A7AE 22 57 o 30858
B, REDREHEXS SRS M ROK A & P A7 75
R THERBE IR . M, IEREIIRERFA L
B E = PI(NSCs) 3= 2 LA b 1 T A AE, 7]
HENEK. B, USSRt thoh, 7
TE2PHE T, HT AR ZES, ERFEHEAXT
K 5338 i i I T T R TR AR (F B e 5,
2004). [Al Uk, JEAREFZH LI [FINSCs: L DL A] ¥ 14 ik
T ARTE N BT AFAE . FordfWilson (1981)HF 7T &
AR S EYBER TR I EEELR,
MK Z T REHGENELZER YR, 7]
FR Y8 33/ 7 S5 DL R T R A S E 3, (AR
FEBRIK GO T BRAEFEAT IR 1) A 3 R R0 BT 5
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Jifrif (lannucci et al., 2002). Li%%(2013)#F 7t K BH, 7£
FRIEET, HY B E R SRR ke E
BFERNSCs & & A & & . AN FEME Y IseRE iz
VT AP E BE T 1 22 S s Yo F A A S A PR
IKWEYARTS R

FETHI I AR o A, A 5] T RE A PR R BOAS
IF) B4R R FH S5 s SR B2 38 (Chen, 2008; Chen et al.,
2013). REMIE RGER, LLEAETE 2 1R &K
AT REMEAEK, A S 2 R A
& [F, — BRAETONIR I TR E, AR
VERY AT LR EEAL R BE A IS I IR R AR TR K
1A% 5 o NSCsE B IE T IRV T Re SRt A
FITIESE(E = %, 2004). M, FERER FETE
BT AR VA YRR Y X AF 6, B T
fhia, 4R e A AN . R S '

©U 00000 Chinese Journal of Plant Ecology



SRIEE: W 50 R A R B S AR S E K AL S RO 675

BPERE AP A R T4 Rr g MSE I, REFAH MK 2
e, A E Ky LA #F (Dietze et al., 2014).

4 e

FE I & 1 & RINSCs AU H AR
WP R, A REE O AR S
FRIR ST H)E MRS o ART, H RIS TR R AR
PERR KA B Eh A I 78 B RS, T
X AR MR 00 S 55 o AT ST I8 I E A [
T AL e SR AR A - NSCs Je 45 4103 (1055
B, R TR T 5 AR B E N AL )
HBUAS TR W A0 T RE A8 i R A [R] I NSCs A1 H
S AR 5o ARFEDREREAE T F i T 2245
JGE P ATERD AT s AT A7 Ak APRIE A A7 A T 5
JRHAIER . MARR S D) AR IE L 52 ] kb
(R EoRAERFE A A K SR AR . AR TR R T
LA B SRR DA TR AR T AR eA QO R A K B 55
W, ] P Al R Ty E A 18] X NSCsA I 1 25 2547
AR LA PSR, AR R AL LR R
PRI A EEE X

S 30k

Chen LP, Zhao NX, Zhang LH, Gao YB (2013). Responses of
two dominant plant species to drought stress and defolia-
tion in the Inner Mongolia Steppe of China. Plant Ecology,
214, 221-229.

Chen SP, Bai YF, Zhang LX, Han XG (2005). Comparing
physiological responses of two dominant grass species to
nitrogen addition in Xilin River Basin of China. Environ-
mental and Experimental Botany, 53, 65-75.

Cherwin K, Knapp AK (2012). Unexpected patterns of sensi-
tivity to drought in three semi-arid grasslands. Oecologia,
169, 845-852.

Dietze MC, Sala AN, Carbone MS, Czimczik Cl, Mantooth JA,
Richardson AD, Vargas R (2014). Nonstructural carbon in
woody plants. Annual Review of Plant Biology, 65,
667-687.

Fan Y, Miguez-Macho G, Jobbagy EG, Jackson RB, Otero-
Casad C (2017). Hydrologic regulation of plant rooting
depth. Proceedings of the National Academy of Sciences of
the United Sates of America, 114, 10572-10577.

Ford CW, Wilson JR (1981). Changes in levels of solutes dur-
ing osmotic adjustment to water-stress in leaves of four
tropical pasture species. Functional Plant Biology, 8,
77-91.

Graefe J, Sandmann M (2015). Shortwave radiation transfer
through a plant canopy covered by single and double lay-

ers of plastic. Agricultural and Forest Meteorology, 201,
196-208.

Hartmann H, Trumbore S (2016). Understanding the roles of
nonstructural carbohydrates in forest trees-from what we
can measure to what we want to know. New Phytologist,
211, 386-403.

Hewitt BR (1958). Spectrophotometric determination of total
carbohydrate. Nature, 182, 246-247.

lannucci A, Russo M, Arena L, di Fonzo N, Martiniello P
(2002). Water deficit effects on osmotic adjustment and
solute accumulation in leaves of annual clovers. European
Journal of Agronomy, 16, 111-122.

Jentsch A, Kreyling J, Boettcher-Treschkow J, Beierkuhnlein C
(2009). Beyond gradual warming: extreme weather events
alter flower phenology of European grassiand and heath
species. Global Change Biology, 15, 837-849.

Kang XM, Cui LJ, Hao YB, Li W, Cui XY, Wang YF (2015).
Effects of extreme drought on the water balance of a Ley-
mus chinensis steppe in Inner Mongolia, China. Chinese
Journal of Applied and Environmental Biology, 21,
700-709. [FEMEM], EENNAH, MEE5E, 26, #HE5RE, £
125 (2015). s T 505 N 52l B K 20 ST A 1Y
sZm. NS IR A AR, 21, 700-709.)

Korner C (1999). Alpine Plant Life: Functional Plant Ecology
of High Mountain Ecosystems. Springer Science & Busi-
ness Media, Berlin.

Leloir L, Cardini C (1955). The biosynthesis of sucrose-correction.
Journal of the American Chemical Society, 214, 157-165.

Li MH, Cherubini P, Dobbertin M, Arend M, Xiao WF, Rigling
A (2013). Responses of leaf nitrogen and mobile carbohy-
drates in different Quercus species/provenances to moder-
ate climate changes. Plant Biology, 15, 177-184.

Li MH, Xiao WF, Wang SG, Cheng GW, Cherubini P, Cai XH,
Liu XL, Wang XD, Zhu WZ (2008). Mobile carbohydrates
in Himalayan treeline trees |. Evidence for carbon gain
limitation but not for growth limitation. Tree Physiology,
28, 1287-1296.

Loewe A, Einig W, Shi LB, Dizengremel P, Hampp R (2000).
Mycorrhiza formation and elevated CO, both increase the
capacity for sucrose synthesis in source leaves of spruce
and aspen. New Phytologist, 145, 565-574.

Luo WT, Zuo XA, Griffin-Nolan RJ, Xu C, Ma W, Song L,
Helsen K, Lin YC, Ca JP, Yu Q, Wang ZW, Smith MD,
Han XG, Knapp AK (2019). Long term experimental
drought aters community plant trait variation, not trait
means, across three semiarid grasslands. Plant and Soil,
442, 343-353.

Luo WT, Zuo XA, Ma W, Xu C, Li A, Yu Q, Knapp AK,
Tognetti R, DijkstraFA, Li MH, Han GD, Wang ZW, Han
XG (2018). Differential responses of canopy nutrients to
experimental drought along a natural aridity gradient. Eco-
logy, 99, 2230-2239.

DOI: 10.17521/cjpe.2019.0331

©U 00000 Chinese Journal of Plant Ecology



676 Y24 Chinese Journal of Plant Ecology 2020, 44 (6): 669676

McDowell N, Pockman WT, Allen CD, Breshears DD, Cobb N,
Kolb T, Plaut J, Sperry J, West A, Williams DG, Y epez
EA (2008). Mechanisms of plant survival and mortality
during drought: Why do some plants survive while others
succumb to drought? New Phytologist, 178, 719-739.

Mclnerny GJ, Etienne RS (2012). Pitch the niche-taking re-
sponsibility for the concepts we use in ecology and species
distribution modelling. Journal of Biogeography, 39,
2112-2118.

Pan QM, Han XG, Ba YF, Yang JC (2002). Advances in
physiology and ecology studies on stored non-structure
carbohydrates in plants. Chinese Bulletin of Botany, 19,
30-38. BRI, #X¢E, Bk, Hsk (2002). Y
ARG PE B K S R AR B S E i .
YyEzmik, 19, 30-38)

Peng WJ, Wang XM (2016). Concept and connotation devel-
opment of niche and its ecological orientation. Chinese
Journal of Applied Ecology, 27, 327-334. [52301&, T
WY (2016). A= A0S AN IR IR R e AR A A
ez, NHAERYAR, 27, 327-334]

Slette 1], Post AK, Awad M, Even T, Punzalan A, Williams S,
Smith MD, Knapp AK (2019). How ecologists define
drought, and why we should do better. Global Change Bi-
ology, 25, 3193-3200.

Smith MD (2011). An ecological perspective on extreme cli-
matic events: a synthetic definition and framework to
guide future research. Journal of Ecology, 99, 656—663.

Sparks JP, Black RA (1999). Regulation of water loss in popu-
lations of Populus trichocarpa: the role of stomatal control
in preventing xylem cavitation. Tree Physiology, 19,
453-459.

Sushandoyo D, Magnusson T (2014). Strategic niche manage-
ment from a business perspective: taking cleaner vehicle
technologies from prototype to series production. Journal
of Cleaner Production, 74, 17-26.

Wang CT, Long RJ, Ding LM (2004). The effects of differ-
ences in functional group diversity and composition on
plant community productivity in four types of apine
meadow communities. Chinese Biodiversity, 12, 403-409.
[EKEE, BHZE, THH (2004). w5 AN H 5
BT e B 2 FE M S 20 R FE W B VR AR = 0 I g )
LA, 12, 403-409.]

Wang X, Luo WT, Yu Q, Yan CF, Xu ZW, Li MH, Jang Y
(2014). Effects of nutrient addition on nitrogen, phospho-
rus and non-structural carbohydrates concentrations in
leaves of dominant plant species in a semiarid steppe.
Chinese Journal of Ecology, 33, 1795-1802. [£ 5, #EC
V5, JROR, EPER, A, M, EH (2014). BT
7 TR TR O3 TN IR L S R G R AR S A
WK G BRI, A4, 33, 1795-1802]

Wang XY, Wang SL, Tang Y, Zhou WM, Zhou L, Zhong QL,

www.plant-ecology.com

Dai LM, Yu DP (2019). Characteristics of non-structural
carbohydrate reserves of three dominant tree species in
broadleaved Korean pine forest in Changbai Mountain,
China. Chinese Journal of Applied Ecology, 30,
1608-1614. [TWRF, F5p4, FHtn, R, JEH, ff
AR, AR, TR (2019). K (1L fE 2o ps #h34
BRI ) AR G VERR A AR S AR RS 2R R, 30,
1608-1614.]

Wang YL, Xu ZZ, Zhou GS (2004). Changes in biomass allo-
cation and gas exchange characteristics of Leymus chinen-
sis in response to soil water stress. Acta Phytoecologica
Snica, 28, 803-809. [T = e, VFRME, JT M (2004).
K3 T 3BT 2 BB 7 0 T B H RS SRR FA B
M. FEPIAEAS AR, 28, 803-809.]

Zhang B, Zhu JJ, Liu HM, Pan QM (2014). Effects of extreme
rainfall and drought events on grassland ecosystems. Chi-
nese Journal of Plant Ecology, 38, 1008-1018. [7K#, %
A7, MER, BRI (2014). Wi ARG T 2 5
PERNERESRENEH. MYWESY¥HR, 38
1008-1018.]

Zhao GF, Xu L, Zhang LJ (2003). Environmental adaptation in
plant population in the process of molecular evolution.
Acta Botanica Boreali-Occidentalia  Snica, 23,
1084-1090. [BAHEA, #R#0, kAR (2003). HA)FiiE
gy TREAL O AR B RE R . PR AL A iR, 23,
1084-1090.]

Zheng YP, Wang HX, Lou X, Yang QP, Xu M (2014). Changes
of non-structural carbohydrates and its impact factors in
trees: a review. Chinese Journal of Applied Ecology, 25,
1188-1196. [M =¥, EWH, %8, WKW, R
(2014). ARAKEDAE S5 K PR TR K AL & AR B S5 K]
T TR, B AR, 25, 1188-1196]

Zhou M, Wang J, Bai WM, Zhang Y S, Zhang WH (2019). The
response of root traits to precipitation change of herba-
ceous species in temperate steppes. Functional Ecology,
33, 2030-2041.

Zhou SR, Zhang DY (2006). Neutral theory in community
ecology. Journal of Plant Ecology (Chinese Veision), 30,
868-877. [JHMIZR, 1K KH (2006). #Ei&ERZEM it
g, WA AR, 30, 868-877.]

Zi HB, Ade LJ, Liu M, Hu L, Chen Y, Yang YF, Wang CT
(2016). Difference of community characteristics and niche
of dominant species in different grassland types of apine
meadow. Chinese Journal of Applied and Environmental
Biology, 22, 546-554. [“Futhw, BfeaE, <6, #HE,
Mi#k, A 75, THKEE (2016). %€ 5 ) R [F] R 5
VR RHIE R B M A S Z 7. N SHEAEY
3R, 22, 546-554.]

TR ZRKE TUEME: ¥ 8

©U 00000 Chinese Journal of Plant Ecology





