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Abstract: In order to compare the adaptive strategies of Stipa species ,divergences of root traits and their relationships with
the environmental factors were addressed along a large-scale gradient (>1600 km) in temperate grasslands from northeast
Inner Mongolia to central Ningxia ( 106.88°—120.12° E,38.02°—49.35° N). Root traits (e.g. root biomass, root shoot
ratio (R/S) , anatomical structures and physiological adjustments) of seven Stipa species were measured twice over the
growing season (dry season and rainy season) in eight sites along the gradient. Root drought resistance traits for Stipa
species were enhanced or complicated with the decrease of precipitation along the gradient from northeast to southwest,

resulting in divergence of adaptive strategies to moisture changes (or dry season and rainy season) for these Siipa species.
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In general , root biomass of Stipa species exhibited fluctuating growth trend among the eight sites, reflecting both interspecific
differences and convergent adaptability to drought. R/S of Stipa species were greater in dry season than in rainy season , but
its changing trend was not inconformity in the two seasons. The variations of root epidermal thickness (E ) and cortical

thickness (C

pt

) for Stipa species were consistent with root diameter (R,) in the eight sites,but differed between dry and

ort

rainy seasons. £ and C, become thinner with the decrease of precipitation in dry season, this was in favour of water

ot
absorption and horizontal transportation. Thickening E  and C,, in rainy season prevented water flowing back from stele to
C,, and enhanced water retention. Root proline (Pro) and soluble sugar (SS) contents of Stipa species in deep soil layer
were significantly higher than those in the surface soil, mainly because the deep roots were newborn absorbing roots with
strong physiological activity and the main participants in osmotic regulation. The comprehensive analysis showed that the
growths of Stipa baicalensis,S. grandis and S. krylovii (in Duolun site) were restricted by the seasonal drought,and these
species were highly sensitive to moisture with rapid biomass accumulation in rainy season. Drought resistances for some
species (e.g. S. glareosa ,S. breviflora ,S. gobica,S. bungeana) was raised by increasing R/S,water retention and absorption
capacities and accumulation of osmotic adjustments. Partial regressions exhibited that the root traits were related significantly

with precipitation and altitude in the grassland region. The distribution ranges of Stipa species with complex adaptability,

such as S. glareosa and S. krylovii ,may expand,if the drought in the region intensified in the future as IPCC predicted.

Key Words: Stipa species; root biomass; root shoot ratio; anatomical structures; physiological adjustments; large-

scale gradient

TERIHAE S R G AR R A DU AR BRI 7730 I R 0 B A 2 B R, A 00 B PR B A2 AR Y
R, K2 BNz R T AR AR AR SR BN T RO SURR AR RAMBIE SR T R
T AR AR AR RS R O R A T AR R R I — e AR AT AT B X PR A AR A 1
LREIENHLH] . HRIERIBTIE 28 P AR 25 s R AR AR A R g R IR L B2 2R 2 R IR
MRGEMEDTFE " | IRIAEAR R AR Wi figp 350 205 K AR A B 15 25 22 2K b R eI A % P58 2 AL 19 25545 35 1
LTI X RS S MG AS A T A A 35 1o SR % 437 DX AL A6 2 T B (Y B AN S R S

FHPIRAEY) Iz o0 Al TR FE P AR T R T R A R AR B R B R X R BRI, TR
PR FERIEAR L 2| 2 e DX — b T S A A R AR B By 5O B 2P A
AR IR AT, D6 TR AR EE R 2R P AR R MR UL 5 IXIR R IR F  C R R ok S
A AR T 38 17 SRS A A DXL A S5 1 AN, AT LA R 8 5P B Y 7 M S AR AR & O
TG, RGEWTE TH P R R Yt MO (R/S) Al #2540 AR BRI 55 40 AR R S MR A A8 fL LA
oA TRAVEIR GBI R | B A RIERAR TR B2 R B 5 s S AN [R) B A 0 A1 1X
W AR PR AT

1 #RFFE

1.1 WF5EIX A AL

HIF5E DX I . 1 R R 32 24T 25 5 (106°88'—120°12"E,38°02'—49°35'N ), M ZR AL 5 47 /R 51 7
FA PR B ER ML = VD BT (24 1600 km) , ZRPU SRR BE 24 14° b ES B AR BE 2 10°( 32 1) . B4R S M i AR L
EPER AR E A T ARG A HLR (HL) SEXE 4R 679 m, B RS0 (A 358 84037 (BY ) MZ 48 (DL)
TR R TE B T R 22 1000 m DAL 36 AT (ZH) A PRI 1 (UR ) MR T W44 5 T 1600 m, 29614
BALRY X (WH) SRR 205 (OR) Fe T B R VD 55 B GS ) HEHRAE 1300—1400 m 2 [H]

2 XU TR R i M Z KU, A & Uik, S T4, B IREE R L I 50 4 (1970—2018 4F) K,
GRS B X IRAE - 2 AR AE -0.8—8.5C Z ], e AR 2 tHBAE 1 A S iR BAe 7 7 3R
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SRR B P 2R 1 P % I 2 g A U R R B (3 1) o R KR /D T AN 24952 R 12 DX 3 A ) P Y
DT AFRE KA R 2204 /0 J i R, 8 R0 S P i O 5 Y AR B K 8/ T 150 mm , ARJUHERIFHLR (2
& A E B O AR K B R T 350 mm S PY R SR REK R 10 2 152, HENVIE (4—6 H) 22 IIH
R ZETE T R (1—6 H BRI 20 i 241 30%) , R K i WA 30 AE 7—8 H (BE/K 2y 5 241
50% ) o FaEK AL PR A0 JEE 728 Ak S AR i oA St B TS Ml AR =), i AR I 81 9 R A D i e i LT
JEF e P e JE e, M B A BRI b S e KU e OBES e AT R A A P A
LRSI IS E PN IE NN S S N AN S TR A1 SN o 4 1 I e SR

R1 AREBETIEMEOHEGE SR MEEERMEESFEmsE.

Table 1 Sample site location, climate ,zonal vegatition and Stipa speceies along large—scale gradient

FRKR TR

FE SR 4 TR ) e gL
- . . . Mean annual Mean annual ) o ;
Site Longitude/E Latitude/N Altitude/m L Vegetation type Stipa species
precipitation/mm  temperature/C

HL 120°12’ 49°35' 679 363 -0.8 ) L J TUMRE
DL 116°28’ 42°03’ 1334 358 2.7 MY J b (R
BY 116°55’ 42°53' 1173 351 2.9 IR B JET KEF

OR 110°03’ 39043’ 1317 340 6.9 IR R T NS
ZH 111°23’ 41°25' 1701 296 4.6 ML J T RE
GS 107°05’ 38°02’ 1439 288 8.5 Tie I Ji JHALE
WH 106°88’ 39053 1297 160 8.3 i B KBEE
UR 106°97" 41°42' 1669 138 7.8 Fie 1 i Vb

BY : ¥ 8 %)) Baiyinxile; DL Z4& Duolun; GS: S }% Gaoshawo; HL¥#F47/K Hailar; OR:%F/RZ T Ordos; UR: ZHi45/51# Urad Houqi; WH:
19,3 Wuhai; ZH; 4371 Zhaohe
1.2 SEm ik

TEWFIE DN IERE 8 AL EFP R 525 @A) B T 1 AR R o [l s R A (K 1) ,2018 424 A
26 H—6 A 11 H(RZ) I 7 A 28 H—9 A 5 H (FZR) RJ5 M43 BIHEATEFANRAE . sl /0 AN [l R s
MY AR T E2ZE SR, PR 210 (P AR T R T ARICER) |, w2 iy b 28 pg R 7 A BORE (LA AL 2
IR TR o ZEARE AR 3 DN RARE S FMAE R RAE X (AR T 1 hm®, H S5 A —30) , AR
FEXBEHLIE 54 1 mx 1 m AEJ7 , FEREDT NI 1T AN 8 SRR/ PR 20 emx20 emx20 em 4%, 4 +
FE4M 0—10 cm F1 10—20 em’® JZ (55 TESAEY) 90% LU EAR R AW | 405128 A VRS [0l 5002, H
L EB o U SE N HABAG ) , 53 ke ARAE  HETFRE

FH 1T mm FLAE G 0 H 42 AR R i R IR 90 H R e 4L I K shie T, BRI
HAAEPAR R 15 BE AR A K AU A AR R K 3T, BY R AP AR BE  FRAR R AR i s, 4K
PR, S BRI S TG AN FE AR 16 AR S O (R AR A 13 IR UAAR) iz il
(FFRART 3 PRGN ) 2 HIE S8 A, 105°CRTF 1 h,65CHE 48 h, Fr T8, Wi
(R/S) M TR R AY & Shb L AEYRZ I,

FERRA A 2—3 BEEF PR TR ( MARRTF IR 5 em K, FEE 404 OISR ) A FAA (KSR
SR T70% W= 1:1:18) [F 2 W 2 . SRA MY A0, St ik B Zs K GBI R0 DL A I £
MY A #HL( Leica, RM2235, Germany ) Y1 i 8—10 wm Y1 &, & Ja G« il A, #) H NIS-Elements ( Nikon,
Japan) UG ARAFIE AR YD 9 A48 (V) FIREE(S,.,) BAR, REJRIE (B, ) JZIRIE(C,,) W EJZEE
(E,) WEZZmBERRE (R, ) MAREAE(R,) %,

PRI 5 A 252 T AR S 28R BB SO Bk 100 B 0 , A AR ity FH 17100 52 0 52 A BRAE B i 202 ( Pro) 1
AT TERE(SS) &, HL0.1—0.5 g BRSO AR I A FEKAZ IR (10 mL,3% ) HEATHEEL, 208 40 U8 i B i
2 mL, Bfi ZEZME Pro &t B 50 mg £ G RAK B T 80% L BEAE U, 85°C #E 1 h, SRJA & i B0
(3000 %) 10 min, W 52 80% L B2 L =K, & 3 B IE W, INATE PR AR 00 €8, 7F 028 TR iU T8 s
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FHZEARIK A 25, T L a0 52 SS ),

TEASFE T 2R 0—20 em iﬁ,m%ﬁ)’éﬁﬁﬁé%ﬁiﬁ 0.15 mm §fi , B O0.1—1.0 g 4, FHEBRAN IR & 12 I
e S . BL0.1—1.0 g B, BILEC E AU (FOSS2200 , Denmark ) ] 5E + 384 & & &,
1.3 Hdlrib

K] Excel 2016 F1 R 3.4.1 B A5 X5 45K 5 5 é%ﬂfﬁéﬁ%ﬁ%i&ii&?ﬁz%ﬁ\R/S\Vea S E G
E, R, Pro F1'SS & S H AT 4307, J7 25 0T FU A A5 f o5 1B B[] — a5 S M ZR (B S P AR R B T
Y R/S V., S, .E .C...E. R, ProflSS&HESR, *UFH*?D?)%‘@E[B%*ET%%TE%%%%\R/

S\E,/R,.C,./R, E /R, V./S,, Pro Fll S8 & it 55 B ZFIF Z= R /K R ) 19 06 & (52 M Z=R K B
AR AT 34E 1—6 H A 1—8 H F/K L RE- U, 55 T BT A i BERE K R AR AP MR 52w ) o SR
7R A v ) R R R 2 -S4 IR R K R VAR D PR B AR B X S AR A R R 2R A T O 4 5 40 BT (5

HAP WA F SRR 55 3 MHEFRCR) o AR EURE R IE T E L2800 M (http:// www.

worldclim.org) 1970—2018 4F i1 H L I FEHRE
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21 MEREEYENRE L
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Fig.1 Comparations of root biomass of Stipa species in 0—10 cm and 10—20 cm soil layers and root shoot ratio between dry (DS) and

rainy (RS) seasons along large—scale gradient ( mean + SE)
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MAFE S 0—10 em LER R AW 2 F A B E K (P<0.05), 72 DL M ZH ¥ 509 5 R85 0—
10 em L EZWMAAY BEEF MR T B EKFE, BEMWZE HL F DL £ 5 0—10 em 2R A EYEAH
UR HI BY 589 7% H1 17%, 8 AFEAL 10—20 em + 24 FAHYAR RAY &R IEA S R Z 5, BY FEA
HRZR A W K, 35 i AR 5 (P<0.01) |, 2R S ARRE 55 (HL) 19 6.1 £% T 22249 0 S fIRE 55 ( DL)
531%, B2 OR 5 UR.ZH 5 GS [0 /i ZE GS 5 WH ] 10—20 ecm +EW AR EZF AL E (P>0.05),
BEEMWELFER 0—10 em L2 PR AAEY R B ERKT 10—20 em )2 (P<0.05) , HRZ PR AR E
Y SRR EY RN 85%  FEMFSR XN, £ P R/S 25 55 W35 HL R DL A 55 R/S &K, £ 22 BY
% WH B AR, S ARME (DL) (Y} BY Hl UR FE &0 20% F1 13% , UR #ESEFSE R/S ok, M2 R Jb 39
R R/S A SIS UR B A0 R/S 2928 HL FE Y 8 £,
2.2 KRR

BB, LY 0—10 em 2R A Pishil b ik, FY 8 64.4%F1 65.4% , H i RJE 2= 74
RS IR RS (I 2) | WSR2 5 He 43 9 h 20.7% F1 17.4% , HoAs Ak a3 S iz i A i, 78 10—20
em TEZRA T BHAREY G TR (E 2) , RIS 58 31.0%H1 38.3%, #2257 3% (P<0.05) , 1%
WA EL i 53 038 K 2] 49.0% 1 36.2% , H R 220 K T2 (P<0.01) , W2 T2 L gErhauaR L il Br s,
iEF 25.4% =R EN 345, SFEMNZ BY . ZH OR Ml WH R S EMF MY 0—10 em (IR Sz ke b
(R/R,) 303 (P<0.05) ,BY FEA KA FRE R /R AZTEN 244, GS Fl HL FEA 10—20 em 2
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Fig.2 Biomass percentage stacking diagram of transport root (R, ) ,absorbing root (R,) and dead root (R,) for Stipa species in 0—10 cm

and 10—20 cm soil layers in dry (DS) and rainy (RS) seasons
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R,/R FFRITTRE S0 E,CS FEAUIE 3 RERW I 3 .
2.3 MRS

TESLHIX BRI, R R SE R ELAR (R, B (B, ) R R IR (C,,,) B AR IR 2L
H(F2), BEHFR, E, M C, IARRIN /R PIR 2 FH (75579 R0 UR 445 b5 L)
TR TR R AR AR BN P R Y TR, 5A 2 HL KA R LW 2R 45% (P<0.01) T H Al RE 2034
HWEETRE, BRAIH 3 AR E, R C, 08 585 8 TR % (P<0.05) , T 1§ HEH 5 A~ HESAE T

®2 EFUMEHFRER REEEREEEE (FRHELMER)

Table 2 Root diameter,epidermal.and cortical thickness ( mean+SE) of Stipa species in dry and rainy seasons

B HLE 4% Root diameter/pm F 2 )2 Epidermal thickness/pm J7 JRJE Cortical thickness/pum
Site B (RS FF (RS R (RS

HL 501.7+84.1°" 347.1£59.9 a 21.73.7a*" 15.8=1.9a 202.9+37.7** 140.1£28.8 a
DL 365.8442.7 a* 444.5:47.9 b 17.6x5.5" 15.5£2.3a 154.0+42.1° 136.1£20.3 b
BY 340.7£63.1" 367.7£54.2 a 21.2+3.4a"" 14.42.2b 141.8+24.6" 132.3£23.7 b
OR 259.2455.5 b " 401.9£61.5 15.0+2.8 15.8+1.5a 102.1220.2a " 124.7£18.5
ZH 363.5+58.8 a” 440.6+55.4 b 13.9+3.1b" 14.6£1.9 b 126.8+24.4 139.3£29.9a
GS 252.5445.3 b"" 552.0+64.5 14.422.7h " 16.7£2.5 096.0+8.9 a** 148.6:46.4
WH 197.6+33.8 ** 701.8+82.3 13.8+2.2 b** 17.7£1.8 ¢ 77.2£10.7*" 197.4+29.7
UR 351.7£59.6 " 625.1x77.1 16.0+2.9" 17.6£2.5 ¢ 145.2+45.5" 228.5+30.9

HFNG F RN R B ZR A BZ (P> 0+ 05) 5+ (P<0.05) , * * (P<0.01) R [l —Hf ril S 2N 2222 57 1 35 A0 1 3%

FAT P AEYIR RN B JZ A A R AR BE Y S B E S, 5 PR R N R (K, ) FAR ) BEJRERE (R,,,)
HMARILE TR A R e UR BB ERIN(P<0.01) MR B EH (£ 3) . BERILE 3
M E, AR, B E THZE(P<0.05) , A 5 MRS E IR Zm T2, 8 M, Hr iy it
(YA BAR(S,,,) MM 22 53 0 28 (HOEWL R ML, S BAR (V) R4S B, AR, {H T 2R A iy 2R b
EPYRZER LT (R 3) o BRARILES 3 MRS, HAR 5 RS S ATV EEAR NI T 55,

x3 EFNAMEHFRAKRE RAZEE PHEMSEERTWUCFAMARMER)

Table 3 Root endodermis and radial wall thickness, stele and vessel diameters of Stipa species ( mean+SE) in dry and rainy seasons

B M B2 JZ Endodermis/ wm 21 BE Radial wall/pm P EEEAE Stele diameter/pum P EAE Vessel diameter/ pm
Site B [GES B [GES B [GES B [GES

HL 30.6£5.0*" 18.6+3.9 a 5.0£0.7* 3.840.5 144.92+35.8 141.7+23.0  33.327.1** 24.0+4.5 a
DL 20.8+4.3 a" 16.6+1.7 b 4.6+0.9"" 3.2£0.7 b 138.0£31.9**  177.0£27.0  21.6%3.7 a 20.7+2.4
BY 27.5%5.1" 21.94.1 5.6£1.1%" 4.2+0.9 a 96.2420.3 a  102.6219.6  27.3x5.2" 24.7+4.0 ab
OR 15.0£2.5" 17.1£2.7 3.420.9 " 4410 a 102.2+21.4 a** 156.3+26.3  21.6+3.7 a* 24.9+4.7 a
ZH 17.7+1.9 17.8+2.7 5.2+1.0** 33209 b 150.3£23.5 147.5£22.4  21.0£3.9 a 23.5+3.0 b
GS 13.4+23" 16.6+3.8 b 2.4+0.5 2.540.6 131.1£34.3**  304.9+38.9  21.3:4.2a" 28.4+5.0
WH 09.0+1.1** 18.9+2.8 a 2.1£0.3 2.2£0.5 56.949.2%*  312.6+26.7 13.9£3.5"" 35.8+4.4
UR 19.8+3.8 a*  23.8+2.3 7.7£2.0%" 5.7+2.7 127.7£22.6**  167.1£26.3 18.5+2.8"" 26.9+4.6

MR J JRE R R S AR A% LU (E /R, (C /Ry ) P RATE W8 Hb Sz Wk P AR X 3 B2 (4 ) S8 A HG 81 B
HOERNIRE . S FERET Y E /R C /R EEAN B BR TR (ZH MR C /R BRAM) , WH A S BEET
FRMNFEZFRNR, T E /RANHFER 3 45(P<0.01) , WHNRE S (HL) RS (DL, ZH) FIA [R5
(OR) EWEFAREE(P>0.05) (£ 4), REEHY E /RAETUHNRE, FhHIZEFBE, WEE /R K
I AR 1 VY R N R R S, SRR HL AE s DUIM/R SRS, R fe/ M WH FESBEER P 1.6 % (P<
0.05),
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W25 EBERE I (E, /R, ) fE—E R I M TR KBE T SRS, £FE S5 PR E, /R, FEA
RMERKTRE(EKS), HEREBE(P<0.01) (GS HABRI) . TIBREFILZEWNZE GS Ml WH 51 E, /R,
¥l 2w TR SRS TP A AL (V,, /S, ) TRBR TR Z A K R T2 K U IH AR S K AE
Mg, RN RN EFE Y V. /S, R BN, BRI 3 NS AT P A A 22 YR8 3 (P>0.05) ,
VU UR #EA5 V., /S, 03 @ T HAEE &5 (P<0.01) .

x4 BEENMEHFREREEE REEESREZIL RAEESREEEELMSESPHEEMLL
Table 4 Ratio of epidermal thickness and cortical thickness to root diameter,endodermis thickness to radial wall thickness and vessel area to

stele area for Stipa species in dry and rainy seasons

H U/ A e R/ AR L VB2 R B SAFHTRY R T
e Epidermal thickness/ Cortical thickness/ Endodermis/ Vessel area/
Site root diameter root diameter radial wall stele area
CE= e [CE= % CE2 % CE W%
HL 0.047a 0.038ab 0.362a 0.334ab 3.15a"" 4.65a 0.091ab 0.092a
DL 0.032b 0.032¢ 0.346a 0.326ac 2.81h*" 5.20ab 0.090ab 0.091a
BY 0.053 " 0.041a 0.367a* 0.351b 3.11ab ™" 5.39b 0.099a 0.091a
OR 0.039cd 0.035bc 0.319b 0.304¢ 3.25%" 3.80c 0.113 0.109b
ZH 0.036bd 0.034¢ 0.318b 0.330a 3.13a"" 4.97ab 0.097a 0.098b
GS 0.045a"" 0.026d 0.306b " 0.259d 5.99¢ 6.16 0.088h 0.074
WH 0.074 "¢ 0.024d 0.359a"* 0.281d 5.57¢*" 8.82 0.076 ** 0.130
UR 0.042ac ** 0.028d 0.364a 0.370 2.88h"" 3.97c 0.144 0.149

2.4 WAL

K FE AT PR R IR ER O 2 (Pro) W shAR A, AR LRI PH G A W S AR FE LA (36 5) , S P BB 1% UR
8 Pro s, REMWEICE RS —LRESE A TERAR Pro 225 B, R, TiL EFRFILIEWE, FH S
10—20 em TJEMR AR Pro FEIE T 0—10 em +)2 (BREFVUHAY UR FERSP) o 3/4 FERL 10—20 em LJERFR
Pro 2 E T Z, 5 Pro Z4LAHRL, AL RN VE ma £ SRR 2 nTVPEIE & 5 (SS) AT 2 BLBH B i 34 0
P(FRS5), B OR SN, S FESMR R SS I 121125 57 (P<0.05) , PHRI#HE 3 A F 2 0—10 em
TERRSS G REFESTHZE, B HL LSS, 1020 cm HER R SS SR NEES THZE,

x5 EZFMWZ 0—10 cm 1 10—20 em T EHF R FZ BB TR ENES B (T HELARUER)

Table 5 Root proline and soluble sugar contents of Stipa species (mean + SE) in 0—10 cm and 10—20 cm soil layers in dry and rainy seasons

b I ER Prog_jgem” JHZR Proyo_soem” LIS SSo_10em” AIEPERE SS10_s0em”
:t” (pg/mg) (pg/mg) (pg/mg) (pg/mg)
e % e TE e % e s

HL 0.021+0.005 0.022+0.007 0.048+0.011 0.043+0.018 3.92+0.62a " 4.62+1.32a 7.85+1.22a" 9.41+2.44a
DL 0.057+0.016a  0.062+0.011a  0.086+0.008a 0.082+0.012a 6.83+2.42h " 4.52+1.30ab  16.02+1.07b ** 5.65+1.69b
BY 0.083+0.014 ** 0.027+0.004b  0.115+0.019* 0.089+0.014a 6.66+1.18b** 3.04+0.57 7.75+1.34a™" 3.64+1.00c
OR 0.008+0.002 ** 0.051+0.005 0.061+0.008 0.051+0.008 3.87+£0.77a 4.55+0.89ab  6.16+1.56d

ZH 0.058+0.013a  0.058+0.020a  0.082+0.012a  0.061+0.008 5.66+1.95¢*" 8.48+2.06 17.09+£2.90b **  10.91+1.40a
GS 0.028+0.004 0.027+0.007b  0.078+0.018a " 0.029+0.012 5.68+0.94¢ " 3.34+0.94 12.13+2.80 ** 7.62+2.11bce
WH 0.025+0.009 ** 0.045+0.013 0.604+£0.178 ** 0.070+0.016 3.05+1.15% 2.33+£0.52 10.13+1.54¢** 4.02+1.15¢
UR 0.241+0.012** 0.057+0.015a  0.136+0.060 0.149+0.015 7.45+0.25*" 4.28+1.10 9.63+4.12¢* 6.27+1.47d

Prog_10 om :0—10 cm AR R JHZER % & root proline content in 0—10 em; Proyy s . : 10—20 em AR R IHEBR & & oot proline content in 10—20
em; SSy_ 10 em: 0—10 cm AR R AT MM & soluble sugar content in 0—10 cm; SS; 50 o : 10—20 cm R R ATEPERE & soluble sugar content in
10—20 c¢m
2.5 MWAMAR SIS HF AT

P AHOC A3 BT Sl s KEERR BE A P AR AR SRR 5 R EE R (FoK &t P24 SRR =1 B2 (ALe) ) [R1AF
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R EMAHCHE (R 6) . 0—10 em HZEHFMRAEY R LG P P T T Hl Alt ¥JEH 25 6 OGO
£ (P<0.01); 10—20 em HEZW A EYES P, A Alt B B FRAREER(P<0.01) HE T, 58 FEMHRE
KR (P<0.05), FHEEHFHEY R/SINE P REAMI(P<0.01) ,HZE R/S 5 P Hl Al 4383 1) i
F AR (P<0.01) , H 5 T (SBIEMAHKKR(P<0.01) . FKa V0RO 25 55
WA R R AN, 5522 0—10 em L2 YE 2R E R CK R (P<0.01) , R YN
AR A )i 22 3] [ 7K R v FEE B W S 3 SOV ( P<0.01) | T, AN KT 38 )2 W IOR A= 94 7= A A B 28 ) 1
RN (P<0.01) , W 2= P58 DRl - X0 e Al 40 R AU, A A %) s e 26 2 2 ) I 0k 55
6 AREHELRRZEYE.RELL BRKRMEZHREDESSEMERSE (A EEFHRBEST

Table 6 Partical correlatons of root biomass, R/S, absorbing root biomass, transport root biomass with climate variables and altitude ( Alt)

along the large-scale gradient

WA WA BEREYE sEREYE RIoRAYRE RoRAYE

e A A S R
fuctor Pl ) ) s (g/m?) (g/m) (g/m) (g/m)
0—10 cm 10—20 cm 0—10 cm 10—20 cm

B£FEDS P -0.562** -0.118 -0.504 % -0.454** -0.249 -0.528 " -0.323"

T -0.282** 0.285* 0.058 -0.403** -0.008 0.301 ** 0.247

Alt -0.389** -0.453 " -0.191 -0.270** -0.265 -0.518** -0.455""
WZERS P -0.340 -0.478 -0.489 " -0.430 " -0.448 -0.023 -0.199

Tig -0.169 0.056 0.623 ** -0.197 -0.176 -0.298 * 0.302*

Alt -0.185 -0.583 " -0.551"" -0.220 -0.352" 0.050 -0.571**

DS: 2% dry season; RS: Wi 2% rainy season; P,_g:1—6 H [ /K 1t January—June precipitation (mm); P_,, 1—8 H /Kt January—August

precipitation (mm); T,_¢,1—6 H¥E January—June mean temperature (°C) ; Tlfs, 1—8 A January—August mean temperature (°C )

PREE X 2P AR R A R B3 (R 7) , P, M E /R, .C,./R, B PR C /R, E /R,
V../S,. YA B E AR (P<0.01) IR (T, T, o) X FIREFEAR AR AR ], Bk i B 5 m 52 4%
T2 HIZE 10—20 cm £ )2 Pro F i (P<0.05) ,JREEX4 2R R SS A 2 T80 (P<0.01) o M4 =
XFRIZHR Pro Ml SS A7 3 IEALY (P<0.01)

x7 BFENWEHFRABIMERR TSR GRENBRAOEERXSH
Table 7 Partial correlations analysis of Stipa root anatomical and physiological traits with precipitation, temperature and elevation in dry and

rainy seasons

RERE, KRR/

o PRI e sw WL A I
IR F Eoid e | Cort 11] 1% [ B TR Proline/ ( pg/mg) soluble sugar/ ( pg/mg)
Ipiderm i
Environment factor p erma ,0 c Endodermis Vessel area
thickness thickness Jvadial wall Jstele are:
/root diameter  /root diameter racit wa siele ared 0—10 em 10—20 cm 0—10 em 10—20 cm
BZDS P -0.624 " -0.344 "% -0.067 -0.037 -0.451** -0.480 ** 0.081 0.177
T 0.216 " -0.266 " 0.577 " -0.017 -0.267 " 0.133 -0.370 ** -0.417 "
Alt -0.634 " -0.179 * -0.448 ** 0.181°" 0.339** -0.290 * 0.539 ** 0.654 "
MZE RS P4 0.165 " -0.352"" -0.303 " -0.414*" 0.114 -0.451 " 0.156 -0.087
T4 -0.323 " -0.540 ** 0.191* 0.047 -0.129 -0.160 -0.491 ** -0.414 "
Alt 0.075 0.330 " -0.337"" -0.032 0.543 " 0.036 0.653 " 0.237

3 e

3.1 BRI R EARIE S B SR AR
RELI X+ A B0 3 N SR R AR A2 Je 24 B R B LT PR AR , — R dd o i AR R R (g
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R/S J8/IN 2 J2 R4S ) e R AR BE RS I KRR K RE T, &MU AR Yy PRk Cands <AL BE 35 te
AR ) WA KR AT SRR T SRR A ORI L R P BR AR A X 4 R B SR A O SR
MU EAT S EE A B A SR S, FEARIFSE Y 8 ANFE s rh, R ARIL 2 VU B AT AR R AR W o 52 LUk B35 K 34
(B 1) BB T4 SR AR B 22 5 o sl T e T TR a falmlad vk, X — 34 ol o AR — 3K
Gao SEX A7 T AN [R] U0 Fe 57 R AP v s AR R 1 HU A R BAE KAE VD R TR ( T2 5095 ) 09 AL V8 (Artemisia
sphaerocephala)) WA ASTFEVD B JRGHR (7K A3 TSR FIXT BT ) (4B VD8 (A. intramongolica ) HA R IRMR FR , A
IV AR (140 em LA L) 1 HARS W . Wang 22 AORTFS s 7 15 R0 J0R1 576 T R JBE X it 1 5238 o =
TR R AR RPN A A TRIXASRG L IR R0 TR K AR K AR T, SR iR T
PSRN TR 2R PP R BB RN R R (0—10 em) IR A YR X EERH T
T2 IR R (29 65%, - 2) AR S EmEAEREY  HFHPEZE(10—20 cm) R A& P
MR RARE IR IRZ M F i 5 20w i BOR (Bt Ail ) o B R (I 2)  AHAERE (1 1 5835
B ( FZRESE K ) FEORMBOR B A ST sh /N Y L TR Z X K i i Ry 4 5 2 R 56 5
SE TR P, HORZAR R AR R e 4E 4 TR AR m AR e

Ma Z5 (53 R PO 56 iy R RIS R/S 50K SR I A B A e (R AE AR g X I, 4551 5
WY R/S il R ERTH S, HREFMWE R/S 5K R 20 W E 7R 5%, X5 Schenk %' Mokany
AU Wang 2512 (85 RIEAR —50, BB R R/S B3R TR K oK S ok 4k & mcie 1, A BT
MY S TR 5 PEGE R R AR ARDL B IR AR b 3 P R/S I A BEAE Y%
KRG (B 1) 2 BY FEAA R WH A S 2B R X RE S5z i 20 ¢, BY
FERZE WH AR SR 0, THR 5 B0 R PP 0 3 5 ) B A= 4 AR R [ B T A B A 4 A K
ARSI A5 R R BOX SR A R/S TR, FHES TR MHa XY R 58 B m LR E %, 5 TR &
e hn A i SE 9 A REHERA TR
3.2 S MR R D RE AR ) 254 S PR A

TR Y R/S, Wk 2R R IHRELS M, ASBF AR H SOk >0 AR G B A i) 45 K s T PR R
53 R WSO I S AR P 43, R0 0 R AR T BR BB A A b IX 43 [R) S R R AE S N T S B i DI e AR H
RIZMAR Iz AR G K RZWISOR s, H R R T2 (K 2) , RW] 35 70 R 500 55 i L 2
FIRIIRe R A T 505, FZEMOOR A Py it 5 [ K i 5 B 38 00 A DG OC R R B 1 A 0 A 28 ) 3 A o8 RT3 7 5
WA 2253 (£ 6) . Wang %5 56T St 3 IR 2 w08 AR AR ( RUWRSCAR ) A= 9 ARG S 15 1 adagig™)
{H Gao %5 H A8 77 A S DX 35 P4 P b v 865 M 0 AR A B 43 5 - 306K 4 A S 3 AR DG DR Vb AR
FARWE, FEF G )Z M T K, 32 HIET SR /N, BET, S TAHY A AR A 5 3= 248 th 7E ik Jil %
PP M SETFAR R MR 5K 6 R a2 4 h FAES BT BRI 56 T 5 ORI 46 T 2 R
A SRR 2R DI RE 53 7 () R G 54T 75 IR

il ) 235 460 P 728 AR AT A S0 A 0 AR R PR TS TR 1 ) B PR 348 1 SR, TEAS 9 X Il N B S8 A AR
RS (E, ) B JZRERE(C,,) BRI ER—E0 (R 2) (HE, REMMELEHAR, REHARILE
VO rE BERE K 5 A0 E R G 289, Chimungu S8BT R B FIC, 728 HE 20 3 0K 56 A R I+ 36K 43, OF
BEm % B FE D TR 500 UR FESET IR R E R C, AR K E I C, 385 R R AR K 404
4 e AR 1k 7 AR N K 2 ph PR BB I R 22, S T KRR T . ISR ARIL B TE R B M C U R B ks
PR, FC, B0, B AR K SRR BN L DA ST S B R I (S IBURE ) R AR 4
ST S 1 1 22 RAGEEL AT AR R IR W AR R XIS SRR R E 1 C R
AN AR AR ARAEER 3 AR E R C R T IR (3R 2) , PR A 7R3k S04 i DX I 7 2R A0 ) B A B
TRERABE K E A C, SRR LR B PR KAVE T, 2R ix Se XK B se i B AT C JRERE I8/ R LSS
WK REST . PEILHR 5 DMHERUE F C, TR T 5228 3k 26 DI i AR A 71 S BRACIRZS , B T Z=R K &
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ERIN KRB Z RN E R C, JREEE T USSR AR R AKX TR, REEFARE /R
C,./ Ry 5K i 52 3 SO DGR 13— a5,

W22 (E, ) FIR I EE (R, ) VAT B2 2 AR AL [R] K 20 RS 50 138 i, 45 1l K o R s o oE A B 1k rp
R RN B 27 FE R ARAL BV R fOREAT L AT PRI IR R N2 (E,,) AR BE (R, ) B EAR LS
E R C, FEAAMEBL(FE 3) , HI R E RIS, X BN FFZEE . WH S BEET PR GS ME US55 1Y
E, /R, W35 0 THAA P (2 4) KRB T 3058 A it 52 AR K B8 1, 7K 403 s 48 1) 328 i 3158 o A 45
T BT,V /S, B K/NE—EREBE L TR R K A2 i he 10 ARG, & A A B AR
A /A S N E B MR A b g, S i AR PSR 2 80 T B 1T R i n (2 3) , B2 50k
BORFEPH(S,,) MR (V) BAE/NFHZE, TRAMG TR T8 HAR/NG B AR MK CAE, i -
WA KAR LR . Richards 2% AOBIFE SR04 W, T 5% 28 W 45 /N 22 1 MR 308 B 1) 7K 43328 % BHL 77 P
T2 EARRNIIE R, WL T /N K R K I AE, A R T H 25 AR IESC I, Ao Bt
(£ 7)EZHHBHFR V_ /S, GHKEAMHELER(P<0.05) , X WIFB7E T 52 KBk /3 50 ok 34 5 4l
W) e K A HAR Iy SOOI i A o R A AR T AR, B SR AR R KA E R, AR R AR K
/NS S G SR AEAE L, AR A R SR RIS ) A KU A S BE AR AR TR0 R4 S X AR TRl A 4
B B AFAE KB S, IV B HLE BRI S b B
3.3 EFSPMIY AR BRE AT L 2

2R (Pro) FEBRARAGIS 15 W55 W0 I, A4 T T I P (SS) BN & 3%, mT LAAE Wit % A s ik SRS
WS A E AP Pro FiT SS AL TR ISR, e TR0 UR S B X = 1 Pro Fil SS
(R S) , RAKE FYFR R BBV Y D REAEE B B R 22 5% . Guo SF MBI R KRE K
AYBEIE EAEY Pro 1 SS i 5T RAEE(SPED) B EMIC, HAFRAEY et 22 F B, A5 & BT
FHYIRIZR R Pro Ml SS H W EF®H TRIZ(KS) , X EZRRER R ILA N H AW, A B M, 2
BBEWHTNEES5HE, 5 Munns WHGEM R, AR5 2800 S PR R Pro BRI ZEZ SRR E 1M SS 22
S (R S) UL SS FEEF AP T 5 i 2 R A D BEAE FH AT BE LE Pro BENNE BR Bl — 2 XN [R) PR B Al
FRINIE I A AE 25 57 o DA S0 Hr 4t S R BT B RIIIR R Pro &5 Mok B0 52 0 5 UM 6 T SS S 4 51
EREFENAMLKER(ERT) , RIE RPN A5 K F B R HLH AR A E . Guo FEHIFFY £ BIFE T R 55
XTFAK Pro Fll SS f74E % AU I Z , BIAE R X T 50 =35 BT BE AR —2LAY ' Pro T SS A Ay s i 17 5 15
oy 36 ) EE PR T R AR R (TR THR S ) AR A s G st O T HORRR e M R, A B AR Ak A
AT T REAE FH K AH B 2R T LA™ A% 45 L5

4 #ip

EFAALZE PR 1600 ko BOBRIECS01A , 35 TSSO 00 085500 s A0 ) AR,
U B K LT T W 250D (05 3R 4 8 S R T2 2 OR P50 L 2000 ) N
AR SRR AT AR RIE BTN . 613 2 PR S FREE T 0 AR BT R LI B3 K
BT T A S SR ACE S BK P U, TR K B RIS . W
REAEES SCHEERSE AR TR A AR L AR R B R Ty A 48 T 15 9 R 3
BT B T S 0 AR 62 S 40 A5 D B 2 B LT 20 R 5 £ 2%
(S
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