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Effects of increased precipitation on growth of two ephemeral plants in the Gurbantunggut
Desert, China. ZHANG Lan', ZHANG Ling-wei' ", LIU Hui-liang”>*, CHEN Yan-feng® (' Col-
lege of Grassland and Environment Sciences, Xinjiang Agricultural University , Urumqi 830052, Chi-
na; *Key Laboratory of Biogeography and Bioresource in Arid Land, Xinjiang Institute of Ecology
and Geography, Chinese Academy of Sciences, Urumgi 830011, China; *Turpan Eremophytes Botani-
cal Garden, Chinese Academy of Sciences, Turpan 838008, Xinjiang, China; *Yili Botanical Gar-
den, Xinjiang Institute of Ecology and Geography, Xinyuan 835800, Xinjiang, China).

Abstract; Ephemeral plants are a major component of biodiversity in the deserts of Northwest Chi-
na, with important ecological functions. Information on plant morphological characteristics and bio-
mass accumulation and allocation during different growth stages could enhance our understanding of
the functional features and survival strategy of ephemeral plants. We examined the effects of
increased precipitation on ephemeral species Eremopyrum distans and Nepeta micrantha in the Gur-
bantunggut Desert. Changes in morphological characteristics and biomass accumulation and alloca-
tion were analyzed under increasing precipitation 30% and 50% treatments. The results showed that
increased precipitation 30% and 50% treatments promoted the growth of E. distans, with leaf area
and reproductive organ biomass being increased by 14.2%-188.5% and 55.9%, respectively. The
effects of increased precipitation on the growth of N. micrantha varied across different growth stages.
At leaf expansion stage, increased precipitation promoted growth of N. micrantha, while at fruit
ripening stage, increased precipitation 50% treatment reduced leaf area, plant height, and repro-

duction biomass by 54.9%, 20.5% , 43.2%, respectively. Thus, the responses of the two species
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to increased precipitation was species-specific. Increased precipitation would change the survival

strategies of the two species, with consequence on the species composition and structure of desert

community.

Key words: ephemeral plant; increased precipitation; biomass allocation; Gurbantunggut Desert.
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Fig.1 Plant morphological characteristics of Eremopyrum distans under different treatments.
CK: Xf /8 Control; W, : 347K 30% Increasing water 30%; W, : 47K 50% Increasing water 50%. I . JEIHH] Leaf expansion stage; 1T : 4H4EM] Early
flowering stage; Il ; JEAEH Full-bloom stage; IV ; SREHH Fruit ripening stage; V ; A2 Wilt stage. KH%&%@%%EM%EE%(ROOS) Dif-

ferent letters indicated significant difference among treatments at 0.05 level. T [f] The same below.
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Fig.2 Plant morphological characteristics of Nepeta micrantha under different treatments.
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Fig.4 Biomass accumulation of Nepeta micrantha under different treatments.
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Rb: Z 4 B4 Reproductive organ biomass; Lb: M=% Leaf biomass; Sb: Z2/E¥ it Stem biomass; Rob: HRZE# Root biomass.



14 VA

ORI S

M

31 %

WA ARy D B ) 35 T B S s e (ELRRAIS T
GAEI B Z R R i 4 e e, 250 43T
LB BA S 3 hn 2R BRI, 3K 509 Ab AR
TR AR A Y 0 A3 T L AT AR TR R
e e, 7ERGZEWT, B4 K 30% Fil 509% 4b B 4% 4 B
() W A e LB 24 T (3 25 5%

HE7K 30% F1 50% &b BT /N AL H 5 FE i 31 4% 4
B RSB W WA 2R e I L
B BT, RN EHAR o R (8 2 e EL IR ARG . B AR
YA AR B FIAL 221, 3K A ZE 1 2 e
LU S AN S 2 A 25 1 A B A ) A R K
50% AL FE T BRI

3 i

3.1 HRHEIE SRR YR I

HYIE SR A T SRR AR D) 47 O v 1) i By
P a2 b PR R R R LS 5 B 7 BT
TR IR T 23S AT RE I i & B 7532 B B
USRS AT SR Al T a0h A4 A BRI BE , B IR — 2 19
HEAFIE A R B IR L 3ah S XA I 5
E7= A —RE S . AHFTERW, AR fE R AE
1 R R, B A RORNMETRIT BRI
P A /N T B R WK )= A i
7K o3 BN 62 TR RO, DR AR AR R 45
R R EIRA HZ AR, XS S A R i
Je B IR - S0 T P A K A7 A 3 IR AR
KRFR, M ORI, SRR AR B IR, R AR
{51k ) R £ R AR SR AL BRI AR AR A JEE
BEHK ) WA RRES MY
FLW) AR BT A I BE 1A 3 VIR & AR 54
AIEX BRIy w2 7T B S AR BB L A
e kB, B E W AASURRS  JF HAF e 3
HEMRIREHL, XY K TREAES SIERE
Fl TR, o R AR RN TR A3 MWt 3 AR T NAE
FRITFAR 28 i —> AR B 25T 20 1, AH LG T A0TAR
AGL, XA E AR R G IR o FK o 19 BiE ) 3K
555, T L ORIEIOKRE 2, KEREK 5 H%
TR RER LR, B ISR A GE
AEFE PR A IR | R e/ INEFRIT AR R 2 2 BRI
171 B R 2 R s, e 7K 73 IR A I 25
T RARREMS PO AR R R e A KT IR 2 /Y
Feor

FEPIAEA [F) A= R B AR A E 2 70 i e 3R 728
PRI W AFAE 22 57 AL I v o B 22 32 30 o

T AETE R E SR SR | e IR A A
FEZ PSRBT R0 K, A A A
AN AR B B2 R BUAS R 9 A A7 SR . AR BF5E
28 K 1 o A 25 AR e S SR R R A R IR T
P TR BOR R AR TR S A% AR K B R A
FA A HIE S A RE AR, Fit
Tl B DX AR 1 5 7 A K B BER A BRAY K
112 B A K B BEAS 2R A7 K o mT L SE 2R T
S AR TSR Y ORI R 2
K 2 RER o Be 4 s B30y, MAE/K 73 B = I AE
YBT3t bR AR B R, 3T R R
KHEIXT 2 M A AN ) A B B R AR
Wi A7 0255 22 S IR R 22— ARWIETE R B, ok 4
N 509% FEAR 1T /INCETRIIT EAE S SR BUH A2 0 Ay
TEIRR, BETH A B A W R R R ZE I 3 IR
X A BB/ NETFIT TR 7K I3 A R A7 A — S BIMEL, 247K
EEES TR —BEN Y AR S 2B E
W 2 R SRR AE R K N i 75 50N R A
T EAAL XA R S A R v P A S A
REJT , TS RV S5 A 7 A R R AT TR A ST
3.2 HOKX AR RS0 B

HLAE R B A B TP I T X BB AR A
AR RE AL, EARA IS S AR IE ST
R A R R ERFES YRR rEeE By
R R AR R EZARB Y Cheng 17K
B, SR AR A e S A T A A A
IEMSRRAR . AT REME T S A RBBE
PR AR 25 AR YR Ry T IR HOE AR
(ERTE NS DOFIPNTTE S (S LI TR SNV b e
K 50% AL PR 24 B A Y BRI X IR B
SEARA Dy AT X IR RORE K SE mie ot 17&
PR Z AN E EYREUR MK 509% A W40
Hil/MERITT A B AR R R BB A
A IR, A OF S A B, IR R AR i S A
WA SR IR B BE A VISR R AR N H
AT ERBIRR A=Yy, 55 S8 A fh T AR A AR N A
I, HORF 35 43 B W OR] T RCR T 3R AR5
AR B BEE AR A AR AR W R 2 R e TR
R /NAEFRITTAR 2R A R AR K 50% 2% 1F T 2%
REEATG, DRI, 2 b i AR 6T 8 7K f Tl 7 22 5 P g 5
HMR AR YR A WA

FeBAAPITEAS [F) A2 1 B BT o 4 4545 B e
(147 WS LASE A W22 A6 8 R 5, 2 T 50 Sie A ) A
TSRS I T 2N 2R AR 1 43 TC S AR A X 3R



13 KA KR IO vl 2K B A U o R i R A A K RS 15

BERRN, AT, 2 AR A S A A T AR
YL i WA SN ) S R e a o N 1=
Jt o LI S AR R RS, Xl REE TR AR
KATHPR 2 M RE R P BC A IR &, LAEE oK 73 ANs
FEM IR BN, 7 S SU1H B 22 8 R 0 e 2 BT A%
B AR RO RBOR SRS X 2 R A
HPIBE TSR MR IESE . AT k3,
2 FAEP A UG AL B 25 AR R AR )
i AR A A HLANTE X — I 01 1 A= 4 2 40 BO X g
IR B S 7, Al P S0 3 K 39 o X A ) 3
BCAJC 0 E R, X — P B I A K 1) SR AR
R P AT L 2 AL AT AR AR K A BURY

S 30k

[1] TIPCC. Climate Change 2013; The Physical Science Ba-
sis. Cambridge: Cambridge University Press, 2013

[2] Husen A, Igbal M, Aref I. Plant growth and foliar chara-
cteristics of faba bean ( Vicia faba 1..) as affected by
indole-acetic acid under water-sufficient and water-defi-
cient conditions. Journal of Environmental Biology,
2017, 38. 179-186

[3] TEREE, TIRKk, Wik, 55 BT = 2% &
B LA RE TR S R AR AR AT Y. Bl AR iR, 2003, 12
(2):25-29 [ Wang C-T, Wang Q-J, Shen Z-X, et al.
A preliminary study of the effect of simulated precipitati-
on on an alpine Kobresia humilis meadow. Acta Pratacul-
turae Sinica, 2003, 12(2) ;. 25-29]

(4] R, 5k, HHREE, 2. BRI Sie B fi t 1
AR AR SRR S B R . RS AR, 2009,
29(4) . 1859-1868 [ Sun Y, Zhang T, Tian C-Y, et
al. Response of grass growth and productivity to en-
hanced water input in ephemeral desert grassland in
Gurbantunggut desert. Acta Ecologica Sinica, 2009, 29
(4) . 1859-1868]

(5] M, TR, KL, 5. AR vy R i Rk
AR T2 ZAE Y M MR B2 . R A 2SR
2016, 40(7): 686-701 [ Xiao D, Wang X-J, Zhang
K, et al. Effects of nitrogen addition on leaf traits of
common species in natural Pinus tabuliformis forests in
Taiyue Mountain, Shanxi Province, China. Chinese
Journal of Plant Ecology, 2016, 40(7) . 686-701]

[6] LulJJ, Tan DY, Baskin JM, et al. Germination season
and watering regime, but not seed morph, affect life his-
tory traits in a cold desert diaspore-heteromorphic annu-
al. PLoS One, 2014, 9(7) : 102018

[7] Flannigan MD, Wotton BM, Marshall GA, et al. Fuel
moisture sensitivity to temperature and precipitation
Climate change implications. Climate Change, 2016,
134 59-71

(8] WAMGHE, Thim, B[S, A KRR AR
BN, AR YRR 2R, 2002, 17(1); 22-27 [Hu
R-J, Ma H, Fan Z-L, et al. Response of water resources

to climate change in Xinjiang. Journal of Natural Re-

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

sources, 2002, 17(1) . 22-27]

BERE, T 0, i, & AEZN 20 e b E
Pobh XA S ma A I A 21 el B, SRS
FREEAFSY, 2003, 8(1): 26-34 [ Zhao Z-C, Ding Y-
H, Xu Y, et al. Detection and prediction of climate
change for the 20th and 21st century due to human acti-
vity in northwest China. Climatic and Environmental
Research, 2003, 8(1): 26-34]

Zheng YR, Xie ZX, Yu Y, et al. Effects of burial in
sand and water supply regime on seedling emergence of
six species. Annals of Botany, 2005, 95. 1237-1245
i, FRT, R, A T R OR A AR 3
FEL) AR AR e e AR A I B A= 2527 Ak, 2015,
34(7): 1847-1853 [ Zhang H, Wang X-P, Zhang Y-
F, et al. Responses of plant growth of different life forms
to rainfall amount changes in an arid desert area. Chinese
Journal of Ecology, 2015, 34(7) ; 1847-1853]
Shemtov S, Gutterman Y. Influence of water regime and
photoperiod treatments on resource allocation and repro-
ductive successes of two annuals occurring in the Negev
Desert of Israel. Journal of Arid Environmenis, 2003,
55. 123-142

Zavaleta ES, Shaw MR, Chiariello NR, et al. Grassland
responses to three years of elevated temperature, CO,,
precipitation and N deposition. Ecological Monographs,
2003, 73: 585-604

NG, AR, 7. B P mI S B Y v ) Fh
SEREPERIZE M RS . AR AR, 2018, 38(7) .
2425-2433 [Sun Y, He M-Z, Wang L. Effects of pre-
cipitation control on plant diversity and biomass in a
desert region. Acta Ecologica Sinica, 2018, 38 (7).
2425-2433]

TASE, sRAR R, i -L iR R A A A X R 49
TREXWF5T, 1994, 11(3): 1-26 [ Mao Z-M, Zhang
D-M. The conspectus of ephemeral flora in northern Xin-
jiang. Arid Zone Research, 1994, 11(3): 1-26]
skEiE, BRI, BB, S5 R R A
e o3 X 1 P R 0R . AW RS SAA, 2000, 33
(5): 936949 [ Zhang L-H, Chen Y-N, Zhao R-F, et
al. Tmpact of temperature and soil water content on soil
respiration temperate deserts. Chinese Journal of Plant
Ecology, 2009, 33(5): 936-949]

S, W 10 FhARHE A i e 5
SERTMLR. TRIXHFIL, 2007, 24(4): 470-
475 [ Zhang X-T, Tan D-Y. Phenology of 10 ephemeral
species of Asteraceae in relation to the main meteorologi-
cal factors. Arid Zone Research, 2007, 24(4) . 470-
475]

Feier, SKITH. WEM RS 6 R R A i) A= W) i oy
Fo 55 AR RROCR. Rk Az, 2014, 23(2) : 38-48
[Tao Y, Zhang Y-M. Biomass allocation patterns and al-
lometric relationships of six ephemeroid species in Jung-
gar Basin, China. Acta Prataculturae Sinica, 2014, 23
(2): 38-48]

Chen YF, Zhang LW, Shi X, et al. Life history respon-
ses of two ephemeral plant species to increased precipi-

tation and nitrogen in the Gurbantunggut Desert. Peer/,



16 IVANDAE B SR N 31 &
2019, 7(14) . e6158 size on protein and lipid contents, germination and imbi-
[20] B3, WHER. BEER 4 P aniiy i as ot & bition in true potato seeds. Potato Research, 1989, 32.
AEFE . BrERAR O KA EA A, 2005, 28(3) ¢ 21-25 477-481
[Lyu L, Tan D-Y. The characteristics of fruit set and re- [29] Franks SJ, Weis AE. A change in climate causes rapid
productive package in four species of ephemeral plants in evolution of multiple life-history traits and their interac-
Eremopyrum ( Poaceae). Journal of Xinjiang Agricultu- tions in an annual plant. Journal of Evolutionary Biolo-
ral University, 2005, 28(3) ; 21-25] gy, 2008, 21. 1324-1334
[21] Liu Y, Li X, Zhang Q, et al. Simulation of regional [30] W=, XUBME, B0, 55 AAIFIK 5> Haa X5
temperature and precipitation in the past 50 years and ZLAS Kl A 40 v A A A BE R S e I A 2 A
the next 30 years over China. Quaternary International R, 2019, 30(5): 1454-1462 [ Cui W-Y, Liu S-J,
2010, 212. 57-63 Wei Y-W, et al. Effects of nitrogen addition on biomass
[22] ZHEW, TUisn. Flid 8P 42k 2 55 48 1k 19 38 N . allocation of Pinus koraiensis and Fraxinus mandshurica
rpE A O 22, 2010, 18( 1) 215-222 [ Jiang seedlings under water stress. Chinese Journal of Applied
C-M, Yu G-R. A review on terrestrial plant acclimation Ecology, 2019, 30(5) : 1454-1462]
to global environment change. Chinese Journal of Eco- [31] 4RME, T, EEME. YK BES SRR
Agriculture, 2010, 18(1) ; 215-222] k. K AR, 2003, 17(3) ¢ 155-158 [ Xu Z-Z,
[23] Cheng XL, An SQ, Li B, et al. Summer rain pulse size Zhou G-S, Wang Y-H. Water threshold of plant and
and rainwater uptake by three dominant in a desertified global change. Journal of Soil and Water Conservation,
grassland ecosystem in northwestern China. Plant Ecolo- 2003, 17(3): 155-158]
gy, 2006, 184. 1-12 [32] Sherry RA, Weng E, Tii JAA, et al. Lagged effects of
[24] EZF, BB, 25, % WAL M kg F b5 experimental warming and doubled precipitation on an-
Ly AERE W P RS R R U AROE KR, nual and seasonal aboveground biomass production in a
2017, 39(6): 60-69 [ Wang Y-L, Zhou M, Li P, et tallgrass prairie. Global Change Biology, 2010, 14.
al. Root morphological plasticity determing the adaptive 2923-2936
strategies of Cotinus coggygria seedlings in barren soil [33] Liao M, Fillery IRP, Palta JA. Early vigorous growth is
environment. Journal of Beijing Forestry University, a major factor influencing nitrogen uptake in wheat.
2017, 39(6) : 60-69 ] Functional Plant Biology, 2004, 31. 121
[25] FEH, FZ HEHYRRWENSSIEE K HIE G [34] Daisuke S, Mikiko K, Hitoshi S. Phytohormonal regula-
RZE W o8 b . B 5 5 HE, 2000 (2): 88-92 tion of biomass allocation and morphological and physio-
[ Wang J, Wang K. A review: The ecological function logical traits of leaves in response to environmental chan-
and forming mechanism of rhizosheath. Grassland & ges in Polygonum cuspidatum. Frontiers in Plant Sci-
Turf, 2009(2) : 88-92] ence, 2016, 7. 1189
[26] Dunbabin V, Diggle ZRJ. Simulating form and function [35] k¥E, MK, PhPF. AN arAE o ol Bkl AR A2
of root systems: Efficiency of nitrate uptake is dependent AW FRAE . YRS, 2007, 31(6):
on root system architecture and the spatial and temporal 1174- 1180 [ Zhang T, Tian C-Y, Sun Y. Ecological
variability of nitrate supply. Functional Ecology, 2004, and biological differences between spring and autumn
18. 204-211 plants of two desert ephemerals. Chinese Journal of Plant
[27] Bigr, R¥Rdm, ™/, % KBRS e F Ry Ecology, 2007, 31(6) : 1174-1180]
WS R AR R L . SEADL 55 . Bk ad 4, 2001,
46(8) : 641-646 [ Liao H, Ge Z-Y, Yan X-L, et al. EEEA K AL U 1995 4 BB, LT
Ideal root configurations of pbosphorus upt.ake H? plants SRR H:Ujﬁ_?'w’ﬁﬁlﬁo ’E_maﬂ: 17 6’777\01 19@ qq.gom
under water-phosphorus coupling stress; Simulation and
application. Chinese Science Bulletin, 2001, 46 (8): RiEHE I A
641-646 | TFHR (LIRSS ) FRiRis (OSID) «
[28] Bhatt AK, Bhalla TC, Agrawal HO, et al. Effect of seed

i, RES L, XIS R, A5 BRIy R PRI R AR R AR A KA. A S, 2020, 31(1) : 9-16
Zhang L, Zhang L-W, Liu H-L, et al. Effects of increased precipitation on growth of two ephemeral plants in the Gurbantunggut
Desert, China. Chinese Journal of Applied Ecology, 2020, 31(1): 9-16



