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Abstract: Spring ephemerals form significant plant synusiae in the Gurbantunggut desert during April and May and are a
crucial forage resource for livestock in early spring. In recent years global climate change has caused warming, increasing
rainfall and flooding from snowmelt in Gurbantunggut desert. However, little is known about how the enhanced water input
may influence the growth of individual plant species and the productivity of plant communities in desert grassland. A
randomized block designed field trial, which contained three watering treatments (0, 40 and 80 mm) , was conducted in the
Gurbantunggut desert, Xinjiang, northwestern China. The sum of the biomass of six dominant ephemeral species contributed
more than 60 percent of the total above-ground biomass of the synusia. Five of the six dominant species ( Erodium
oxyrrhynchum , Trigonella arcuata, Alyssum linifolium, Ceratocarpus arenarius and Hyalea pulchella) showed a significant
positive growth response with increasing water input. Compared to the control, the above-ground biomass productivity of the

five plant species watered with 40 or 80 mm was increased by 86% —230% . The composition (% ) of total above-ground
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biomass of individual species was significantly changed by enhanced water input; values for C. arenarius and E.
oxyrrhynchum increased more than for the other species. This result indicated that these two species would potentially
become even more dominant in the spring ephemeral synusia following the trend of enhanced precipitation. At the same
time, plant density and coverage of the ephemerals were also significantly increased by enhanced water input. Such results
implied that the role of ephemerals in stabilizing sand dunes may be strengthened by enhanced water input. It is concluded
that enhanced precipitation could both increase the potential livestock carrying capacity of the desert grassland and promote

restoration of the desert ecosystem.
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SE AR IR AR = 1 SRR BRI o MK B R ISRy B b 7 HE A A 1 I B ) 4 i ML i 2
AT LA B RRBEIE R EH 35% , B (AT E) T 5B HARREE A EY S A2 58% ',
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1.1 RI X AEA

/R P T RV AL T VB /R IS b, 22 25 BEYS L 43 1) h 44°117 ~46°207 N F184°317 ~90°00" E; H
BN 48800 km® , R FRE 45 — RUWBEME —KEE KLEEVE, FEYRHSRR R R ECR 2,
KEHEKE 10 & km, A REILER , &E 10 ~50 m R, V2R E S T HY ERE AN, YPZ2TEE
A 10 ~40 m FEEARL TS, BEE W a KA T, £ H B H IR L7 rm gt %y E g 44 FUR
3000 ~3500 C,4EfE/KE 70 ~ 150 mm,4EZE & & 2000 mm DA b, &ZFEH 20 cm EREEFRT, LA N kG
TR BAMFUBESETHEAS KPEL I EGEYERETRERFROAE. ARREER
i Kt /RO i AR, (SR B B, MR A B R R — SRR ERN E RE Y
MM . ARG LR T E RV SR, BB R S AN, HE M E e | sEAEEY .
7E4.5.6 A4y ari7e /R EE AR U P I S5 B B 13.9% ,40.2% 1 14. 1% ™, H 38R Kb
+ AR, B HUR VA R SRR (K 1),

F1 TBEFER
Table 1 General soil characteristics
A AL BB AL 3
Y pH Organic matter Available P Available K Electrical conductivity
. (%) (mg-kg™") (mg-kg™") (ms-em™)
2006 7.93 0.14 2.25 158 0.89
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1.2 ARG

TR Hh S AR T R EE AR B R 2%, iR X AL TF R AP db, VR B 510 m, GPS AkARh N44°32. 407’

~E88°16.779', ZMI5E X 2004 EFF 51 B A IR . ARIEHRIE R RIS, FEAR K 50 ~ 100a [H %

Hi X AR K FT Bk 4238 K SOmm'™ | (R IR I8 B3t rh, 78 35 B AR MK (X BR) YRR E B T 40mm A0
80mm P NPEVEALIE , LI E R 8 K, IRESRIENL X A %11, {5 2006 4F 3 A N AMEYEE K ZATE
B, BN A8 1 WOK L E 5 ARG RZEHEYFFIRIET-BIR, — 3% K 4 Ko 3 MEEBIREKE S
H12 0.10mm 1 20mm, &A/NX AR 1.5 m® (/N X FEES R e bR 35 0 AR M IE AR KT 10 m LA
1) NXZEEIFRATF 2 m,

RV K A FRE 0 BEANRE DT AR AR S R BE AR BT o IR, KN R TR RO A
HRRFRWGR , 7 [1 = N 5 5L BN FEAR ) Fh 2 23 BB ZE4R4R P, 72 80 CItAE It T, e A E . H
% HCIO, ,H,S0, 1 HF Xf A #kih FARIE LG , OLIRE RENE N & &, st E L ERINE P &8, Kt
FEENE K &8,

1.3 WEH S mEdEg it

SR FH SAS 6. 12 X5 4T B R R BENLIX 41 5 224041, F LSD T 2 & LUk e 22 5 1 B3
2 GZR55H
2.1 AL XAEYBEE AN

iR Y BRSNSk R AR K E AT A | AR AT 2R i . RTE Y
RS TE S, AR P PR AR 1M TS B 2 AR AR AN T, T AR A TARBRARZS , YR AR M3t
TS E T B AR A

PFR X STHE EAEY 15 #, Y8 TEAMEY, 578 T 10 AR 2) . He 14 #oh 1 F4E a1
FhoRaE Y . xR R A A 11 Ff,40mm A1 80mm sKALHEA 14 Fh, MREE RBEMEILE B
R SR ETT iR (RS A R E L BOREE U NEFI IR RIAITLE 3 KA R A
A s BB R SE B SRR AU INE A T W 23 A 7E 40mm I 80mm sK b B o AR T B B H A 7E X IR
sl N

F2 FEMHKLEFHEFE
Table 2 The plant species among different treatments in field plots

FE RIS Plant species Bl Family Omm 40mm 80mm
F1 53 Ceratocarpus arenarius # P} Chenopodiaceae + + +
4 LT Erodium oxyrrhynchum P4 )L} Geraniaceae + + +
2 W 5 B Trigonella arcuata B} Legume + + +
25 FEFT Alyssum lLinifolim +# 4R} Cruciferous + + +
Hit5% Hyalea pulchella %%} Compositae + + +
* PRI EH Carex physodes P H B} Cyperaceae + + +
£ BB R Lappula spinocarpa 4%l Boraginaceae + + +
B 4255 Nonea caspica 485 B] Boraginaceae + + +
JINAEFFT Nepeta micrantha JERIBL Labiatae + + +
HIIFIIF Nepeta pungens JEAIB] Labiatae + + +
B4t B 52 Corispermum lemannianum #B} Chenopodiaceae + +
T Astragalus sp. Bl Legume + +
VG FEEL Schismus arabicus KAB} Gramineae + +
INE SR F Hypecoum parriflorum PAZERl Papaveraceae + +
K7 5L % 5 Eremopyrum orientale KAF} Gramineae +

il « AR LLELFATFEY)  indicates perennial ephemerals

2.2 BOKIEhnR R S A YRR WBCE A YR R
AN s R, ME T AR AR AR, S TR 3 AR B BEBK B g i, X BR AL BRAE J5
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o EFR R (52,2 gom ?) BERT 80mm KALER Y HE (222. 1 gom *) , TN FRARFE 5 40mm 7K AL FEZ
B ZEFNALE . RN, RERA L BRI 5B AREE A AR ETT R BERE 5 6 Fiil
AR S G SRR 60% LA L RS EERA YRR T TTERE UM B E R 6 B LA R A
Yro fRBEYR GBI EYIR 40% LI L A PR IHAEY .

F3 FEHBALGEHFHEEMEREREYNN EBENE
Table 3 Total aboveground dry matter production of plots and the common plant species in different treatments

FE RIS Plant species Omm 40mm 80mm
I RH C. arenarius(g-m™?) 21.10 B 62.90 AB 133.87 A
P4 L E. oxyrrhynchum(gom~2) 5.38B 13.19 AB 24.61 A
PR B C. physodes(g-m™2) 1.09 a 0.97 a 1.07 a
25 S T, arcuata(gom~?) 1.01 b 1.08 b 3.34 a
Bitigg H. pulchella(g-m~?) 2.41b 3.12b 13.64 a
LM RESE A. linifolim (g-m~2) 0.81 B 1.21 B 5.99 A
Hi 3T 5 Total shoot dry matter (g-m~2) 52.2 B 115.4 B 222.1A
FNHFFEYI BT & HL ] Ratio of Sum of six species to total shoot dry matter( % ) 60 76 81

FHBIREAFR W /NEFRFRRTE0.05 KFEHNEFBE, KEFRFERFEO0.01 KFELKEFEZE Different small letters indicate

significant difference (p <0.05) between treatments and capital letters indicate significant difference (p <0.01) between treatments

RIS, Xt 6 Bl WA B L W) BHAT 00T . BORBH] RIER S R LB R AV B 2R A BEZ I, H
it S FhAE YD ) H_EFR A Yy B IR BN K J0 A B T I H . SXFRRAR L, X 5 FRAEYI1E 40mm 4b
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TXFHE A 40mm JKARFE, S HIBE I T 639% H1396% (3 3) s R/ N RIER & &, s itk AN RRE
A B EAAL . PEHEY) A R FEAE 80mm JK ALFH I f) 3t b A= 4y B AR XS X BRI 40mm 7K 40 25 0] 7 51 58 fin T
534% FM113% (£ 3) o
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HEANBEK B B TN RV TERE DT B A Y B B4R L, A R A AR B R BN R AR (8T 1) o
5% A B, —SEA R e A M R SRR BN R K B s, 40 A SR BRI e LR s 75—k
HE 2B g B 7K B2 038 A T 0k 20> , 91 00 2 I R 5 0 SR B 7 (R K 8 o o AV 9 BT RR R 1 ek > T
66% ~77% 1 66% ~78% ;5 3 FhIETYSEAEIE AN 40mm B 1§ 4L T AL A BA S, 7K 34 fin %) 80mm B, 5t
R LR A i RIS BB SR TX MR, B 17E 40mm 7K 4b BR S HoXT R A el , T 7E it
KIS AN E] 80mm B , XS v A My B A TR LU IR i 57% A1 6% (B 1) o
2.4 Pk hns JE d i) ORI

SV TR AT REY) SRR, SR E 2 (a) B o M) o BE BB A AR W A A 4 T 5 ¥
i, 7E 5 AR LUGIE AR, Bk S T YR B 25, UK AL B e i 2= R AE 5 A AP A UG T IR 2215
g,

6 FiEY) SAEY) B 2 R T SRR (AL, B - B HE ) AR T AR, A B R, 7E 5 A
FRLUEHEINEEER(E 3) o AEIMAUKSRIL T, S EPMAREE S A PAEMT KT 35% M,
O R EAAEY) B E W R EEEY . HE S ME LMY EESA R, MRA 2% ~7% , A
o 22% ,

AN R F) 2 BE X 3 BBtk B B BT AR (B 3) o AR AR VR B BER B R 3 AR A Rk 7
AP 2 B A 2 22 s ARk e LB 9 35 BETE 40mm 1 80 mm /K AMBRI R R AT IR 15% , - HER R E =
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B AR M Jewxiesd- L T O BR&sE
Ceratocarpus arenariu Erodium oxyrrhynchum Alyssum linifolim Trigonella arcuata
W ERER B W% HAth
Carex physode Hyalea pulchella Else

| \W\\‘-_

40mm 80mm

BL SR RE S i S AR R 1Ak Wy AR B AR W R P R L B R
Fig. 1 Contribution of the six common plant species to the total above-ground biomass of plots which were added with 0, 40 and 80mm water.

I Ceratocarpus arenariu; I Erodium oxyrrhynchum; Il Alyssum linifolim; IV Trigonella arcuata; V Carex physode; VI Hyalea pulchella; VI else
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Fig. 2 Total coverage (a) and plant density (b) in plots which were added 0, 40 and 80mm water
[F)— B3 BIRPRCA R NE FRARE R 2 755 5% BE K, EfERERER2(8 HAE) Bars indicated standard error (8

replicates) ; mean values at a given data labeled with different letters represented significant difference between treatments (p =0.05)
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Fig. 3 Coverage of the common plant species in plots which were added 0, 40 and 80mm water

il — FB M BARARCA /NG TR AL BRI 22 57385 5% 8K, B P IE LR mpiiR 2 (8 H)  Bars indicated standard error (8

replicates) ; mean values at a given data labeled with different letters represented significant difference between treatments (p =0.05)
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Fig4 Density of the common plant species in plots which were added 0, 40 and 80mm water

Fl— H R BARARIE AR R /NG TR RAE BRI 22 55K 8 5% BEKT, B IR R R R 2% (8 AR

replicates) ; mean values at a given data labeled with different letters represented significant difference between treatments (p =0.05)

Hahn, FEYH NP K SR EBEZ N, Ho, R4 LB VSR 5 R A SR EE 3 M SRR
ISR BB 3k B B KO

5t BRAH LG, R A L VS SR 5 A SR ZELE 80mm b g N IRWCE I fin T 317% ~516% ,P W
RGN T 307% ~477% ,K BEIE I T 250% ~612% ;40mm AL 53¢ B2 H&A £ R, AKMHEIT FER
BREMBEL 3 FEY T A2 R RA RN BEER
3 itig

KA RDEEBRGEHREEDERMOREEASEE  ETRX, Kok B e 556 fe 2 ke
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Bars indicated standard error (8
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jadh o FEIR E R A AR K BT 30a SRt BRI B AN AR o WK X AR A 4
W REPERHE A AR 7= 1) S i R AR P S, R T M AR S R G T RE . (B2, B RITEX J7 T R BIF 5T
BARD

F4 FTELAEHELEWH N,P K RE
Table4 Total N, P and K uptake in shoot of plants in different treatments

T Ttem BE RWBELE  BRESE KK s HRE A
Treatments E. oxyrrhynchum T. arcuata A. Linifolim C. arenarius C. physodes H. pulchella
P uptake Omm 13.8B 2.9B 2.3 a 39.8 B 0.9a 9.4 a
(mg-m~2) 40mm 34.7AB 2.6 B 3.7a 104.3AB 0.8a 9.2 a
80mm 64.9A 11.8 A 15.2 a 229.6 A 1.2 a 14.0a
N uptake Omm 0.12B 0.03 B 0.02 a 0.51B 0.02a 0.10a
(mg-m~2) 40mm 0.27AB 0.03 B 0.03 a 1.42AB 0.02 a 0.10 a
80mm 0.50A 0.14 A 0.12. a 3.14A 0.02 a 0.14a
K uptake Omm 0.11b 0.02 b 0.02 a 0.42 B 0.01a 0.05a
(g'm~2) 40mm 0.26ab 0.02 b 0.03a 1.34AB 0.02 a 0.12a
80mm 0.39a 0.07 a 0.09a 2.99A 0.0la 0.14a

FHBIREAFR W /NEFRFRRTE0.05 KFEHNEFBE, KEFRFERFEO0.01 KFELKEFEZE Different small letters indicate

significant difference (p <0.05) between treatments and capital letters indicate significant difference (p <0.01) between treatments

R I, BRBER EEAMNY S T UL A Y X B R 58 B8 10mm 1 20mm B3 Mtk RIME T BE K
AR (£3), XERATFXEEGHEYAERFBEAHARZLENAKRE, ENHBRRFEESHE 10 ~
30em™™ 3 AMFEEXF—IK 10 ~20 mm FIFET-RA 5 BIIKH . KSR EE X FE i i R Rl B A ML A K B S i 22
FRK, FEEFNAFEEDRRIEE M HIREFAEZER . Chen FHWFREN, ERAETPRESHE IR
AL R 3 Fh B2 MR AR ( <30em) KTEHL(S. bungeana) M4 .UARF-(C. komarovii) 2 F| 4
YR 10 ~ 20mm KK, T RIR R (50em) SRR 2 Hi 8 (A ordosia) A+ 32 BEAK 5% BE K F 65mm [¥)
5 S

A R S i A 0 AL 7K B 3 g A K e R A
EEF . NEVEXRE, BRERETZHEY SN, HALR

70 - 00mm #40mm = 80mm

S FiE LA 42 DK WK LRI A R, 4 5 2 0T 2 g o
Rk B AT 40mm 5 FRBCHE K IRRERY KT 85% 2 25 1) b b

W7 B B A A AR E ST SE R R T 200% o SRR &
3 Hn 80mm 5 FHCEHE KR KT 230% (BERER

HARIZ AR
Percent root length colonized (%)

HIRE A R IR AR o MK — G T R s o e
RIS T 3 4 W R 1 A B TR o 703K R
6 F LAY I T BRI At RS20 Fof 5 pomrnu s

PRI ™ . ARARA, R

L B8P A B BRI, TR 1 s . st oot e o st i
AL 2 [E A BER (B S) XL B KGN in different treatments

ST XILMAEY) 5 MK F AR (arbuscular mycorrhiza,

fETFR AM) B Z TP T 5B RAFAIAE SRR . TR B E —MrclEtay , BAARRE L AM HF RS, HE
KA T AR R AR ZE G ARIE T H A KT ZERIFR KoK 43, B HX PR A AR 3 A, XoF 7K 43 ) S gt
MIXTE 2, BAKBIIEN, AM EEA ARSI RE S, TR E SRR . Fa
DAHEN , (R IG R 2S5, ARG 4E L R 5 2 A R BE IR 36 S AR A X NUK, JUHZE P 574019
W WRE SR 5 , AT BCEAE Y B FRIROL , o A= 4 & 3 I 43t 7 1R BE
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(BB 15 HE R 2 , Mok B I Fe B ia A RS G507 A TR KN . BARRZER B HAMY 5 kY
H W B TE K A BB o 2478 Tk BRAD T, (ELR )y o e /e 5 A 0 R ) SRR B 49 el Tk A B R A T AR KR
TER I K B 45 PF T , A SRR 2 LB X PR R S 68 L e R N T M M FE T A P 1
FLAI K, T 45T BEST R 5 25 BE 32 DA R A o X VL RA A SR AR 4 )L 7E K 34 i R 8 4
ST B E AR, MR RS S RE R

TR TR AR | AR R TAEB BN K R B AR RE R B R AR K, (SR TR VEURZS 1A, TE AR
FEB AP IEERAE KB 1 AR MR A7) Vidiella 1 Armesto ™ B4 2 B MU 1 | 18] Bk P A A B K A
FF e B AE A AP T8 R AR K, B /N I MU A [ BME R K I FIRAR R 0 1 4R A i 2
TERRIEE U S ABLUUE, RETEESKEIET 3% , 30 TR EBUEW A KBEAFIN . BI5RL
RFUIEERR 2 Rk b T B N A R ) R SRR B B B, T R R SR TR R TR R R IR A K
R,

TERATHNRT BB, 6 0 WA AV WINTE S A RTY BB K I35 B , T e 7K 484 o e A0 2 BeE 8 (R
3)o X—L5H 5 Meserve' " IRIGLE AT o ALk 13a( 1989 ~ 2001 4F ) X4 71| Jb 35 v 188 48 i M 49y F) 7 25 3R
SRR R I5E RBEATHTI , & DU A i) i 78 25 2R BB /K BB (38 n T 38 A, ek B2 95t 70 B0 4 1t R S
Y78 % R AR (1997 4F) 25 R AT 3k 89% o B ABTST LSR5 A 24 30% M B 25 BE sk 7T i 38 Uek 55
WU, 24355 35% ~40% B, JLF8A R, eI RE ) sh O 4 M R 381 5 A BB T KT 35%
35 8 , B v AR BEE T AP AR Y I S A Y ) EE TR
4 Zip

TEREK B INB R 5T, /R UDE S U B R G TR B B R 7 ) B S R L B R R
Bl I BB B SR A L 25 SR 5 B SR RE ST BB 5 0 A SRR AR W R i 3k 86% ~230% , [l
I PR B B RS SRR, XA T B S R A B AR T I3RS LRI, Bt A i 5 B B 3R
B, BT B RUE U, R VD A B R S MK B st T e A A M BT A, A SRR AN A
JLEE 2 PR IAE MK 3 I B 4 F T S B B 30 O B P R R MR I B2 4 RE T
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