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R DR AR B 5 R R B A M A0 A S L B R A R HIRBEETEREMREMEINEZERAG T HEENENL.
BB T 5| R EWER (Panicum virgatum) R T EBR¥ TERAFR L HEFHTH EAVEHIKRKDPAFETRUERRHR
K4 F FIRFAE . 2001~2002 4211 3P LR B st 3 b A= Y 3K 13 000~16 000 kg/hm?, 1Ly 34 B A3 Oy 2300~2650 kg/hm?,
AR EAFHEREEEHEYRRBFASBE KRB =ZKLIN. WEBHEMERKRERACGRABIMEKFERAE N
LA NN REMNBERMEE AGR B K{H 550 158. 93 F1 169. 83 kg/(hm? « d), B H 4 5 b 27. 31 1 38. 25
kg/(hm® » d), 3 #1 % 37. 0 Fi 36. 69kg/(hm? « &), FWHHHEREY BB RKEM AGR BB LM &K F . AR LR A
YWEBHNERKRERRCGRIEENERFANETUEM LML, LR F T 89 20d W& K, ¥ 3 AGR VL5 K, 35030 F0 45 B AR
E.EEMFHEES TEH AR BB ER TR K ETEMNAR KA 0~2m, B FHEKEIFF 0 H >33 > )1 )
W ARN FHEREYEKSAASEYRE SHEFREYRKSFARBRT M B2 Ko R BBERME. N
o 0L 3 R T Sem 4 FHIEHHIBIHN 17.60C,.H 4~5 AR B R EH LM 1. 2~2.8C, I #h 4~10 A B FHKER
LB 1. 5'C 3% 32 5 B 0 [F) 3L 0 AR R DB B K o R R A KGR |
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XEWMRS :1000-0933(2005)09-2206-08 WET A S .Q948,5812.2, S813.9 NMERIRM A

Aboveground biomass and water use efficiency of an introduced grass, Panicum

virgatum , in the semiarid loess hilly-gully region

XU Bing-Cheng ySHAN Lun,LI Feng—Min Y (State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau ,
Institute of Soil and Water Conservation, CAS and MWR, Northwest A &. F University, Yangling, Shaanxi 712100, China). Acta Ecologica
Sinica,2005,25(9):2206~2213.

Abstract: The eco-adaptability of an introduced grass species is important for its grassland construction in the semiarid
conditions on the Loess Plateau. Maximum biomass yield, absolute growth rate (AGR) and relative growth rafe (RGR), soil
water seasonal dynamics, and water use efficiency (WUE) in switchgrass (Panicum virgatum), an introduced grass species
were compared among lowland, terrace land and slope land during 2001~ 2002 at semiarid loess hilly-—gully region in Ansai,
Shaanxi province. The al;oveground dry biomass was 13 000~16 000 kg/hm? for lowland and 2300~ 2650 kg/hm? for hilly area
in 2001 and 2002. By using the functional method of growth analysis, the quadratic formula of Y =a7?+ T + ¢ and cubic
formula of Y=aT?*+56T?*+cT +d were fitted to aboveground biomass accumulation (Y) and growth days after turning green

(T). The seasonal AGR changes of switchgrass at each habitat were double-apex curves. Maximum AGR of standing and total
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biomass were 158. 93 and 169. 83 kg/(hm?® - d) for lowland 27. 31 and 38. 25 kg/(hm? ¢« d) for terrace, and 37.0 and 36. 69 kg/

(hm? » d) for slope land. The appearance of highest biomass and AGR was earliest in slope land among the three habitats. The

highest RGR stage was within 20 days after turning green at each habitat, and seasonal averaged RGR of lowland was the

highest. The soil layer deep up to 2m was the main water use layer of swichgrass, and average soil water content was in the

order of terrace >slope land>lowland. Daily leaf and -_-Biomass WUE of lowland were significantly higher than slope land and

terrace, and biomass WUE of slope land was higher than terrace, but their daily leaf WUE was close. Soil temperature 5 cm

underground during growth season of hilly area was about 1. 2~ 2. 8'C higher than lowland area, although the averaged soil

temperature was all 17. 60°C. The air temperature during the growth season at the hilly area was about 1.5'C lower than the

lowland. These differences affected growth course and water use of switchgrass at various habitats.

Key words : Panicum virgatum; biomass; growth rate; water use; habitat; loess hilly-gully region

HTEB¥TRXEZEMATIEMBRS, RAEPBOER S &R IL D8 —, 8 U 7% 2 083X B K 23055 B % 7 o
Y NEBAMHEEBESIMHERREAMMUATUEEMEREZBX OB EMHARE . WRERXEXRET B NNERRE. BN
HilE L ERR ZEMNRESIFRE, KERRIBESHRD, BHRPEEMRREN, KREAESIHFHREPRHEEADZ
BAPE BERY MELERKMERERFETREEMPTREREHAER B, 03X 5] PR B A& 7 ) A 2558 b YT
R MBI ERETREXEFERMZBEEAMBEHRLRAEERX.

W BB (Panicum virgatum) AXRARBRBEZFERZHMNETR , EHE PEMFHRT Zo0HAD . B TE>IEH . RE
KK HBEE, BN AR, W ER K L ERRXEEY , 5ot i 218 5 64 YRR A AE = BB R AR . B R

BOI A TR ERMORILEE, RAERE MEANFERRESRY KRNI MRAPELE, BT
EREAMEFRRSHETL AR ERAR LA TEREFHERSER REMERE> HREHE

W EF L

REKET

f‘r-

B Y F T

A EANRARANR . FASCGES WBEAFR & E TR EMA > A RERE. LR KD FANEEFESFIE,

] B A B AR % 2 T R B o B X A 4 AR 1 S A A DA R X — L RR B 0 5 BB A A R 4R BB KR
| BRERBMRSTHRYE "
1.1 ¥ 5 RHENR

AAREFPEHBFREZEKTIREFESRBEWHIT. ZWEM THRAEASEZXTXEERER A E K 109°19'23"E, 36°51'
30N, R FE 1068~1309m., SERBRBHF¥ TRERE . FVHRE L 8C, BN 1 ABFHREN—6.9C,. &AM 7 Al
TSR 22.6CL2FE>10 CHUR 3113.9C, BB 150d. MBER LBHEMEFRKX EAZEESH, RKRAHEBC 25
IR, T L B B A BT A R RO IR . EE RN RA L BERK 77 1%,

ZHEZEF AR 537. 7 mm(1951~2000 ), P 4~10 ARBEXEBEASL2FEEBRKEBN 8% ~95% 7~9 A i
KEA L 60%~80%", AKX HE 2001 45 2002 EREK &2 H R 515. 2mm H 541. Imm , KA 2001 4 4~10 HHHF 7~9
H KB4 3 5 2 4E 89 93. 0% 1 68. 15% ,2002 4E41 513 94. 18% A1 40. 89% . 2001 4E [ 7k B 54 4} B 45 I 2 4F , 2002 4E [
KESEFEE,H7~9 Efﬁl‘%ﬂdﬁ}‘

1.2 AEHEH#RE

AP RHIE R T 1995 4 7 A#ER, 2E, TEB MM ERK., 4 3 ML ab 54 )1 He B B Ch 1990 SR B fidfi s, )]
HIEFPEA 4 X 10 m?, P Abs HIEFPE D 5X 20 m?, N HLFNAE H b & 3& 178 70em , REGE [ . WL E 34°, Ra K, F &
R, 470 70 em, 1M 4 ARG IR B BEAY U0 1 070 m,1 220 m 1 1 200 m,

RELERT  MEBEZMX —BT 4 AVEREF.5 ADE.6 AR Y. 28, 7~8 AnshB. A HEMEK,9 A La#F
B, WA TR 2~5d, 5 3EH AL g, 2002 F)IMHER 4 A S HEF B MBEHN 4 A 10 H,
1.3 WEWMBE Rk

2001 12002 F/FE4~10 ABA 1 KB THEMELEIKE,0~200cm 8 10 em 2 ERHFE 1K,200 cm LITF & 20 cm
BAE 1 R AERKBBRARNERE 300 cm, AR FHAM R E N 200 cm, FHWE SEFEERYIHFE.

AR E(ImX 1m)WEH FAEPE,3~5 KREE N FI 6T B # 3cm,ﬁﬂﬁe_%§*ﬂ*ﬁ%% SOCHtTEBE, &3P

YyE1aH b4
EYREM AN BRERSPHNERBRTRHE EXNERKER AGR= W\, —W/Tipy — T) MR ERER RGR =

LVl

YR SHEYZA.

AnWip)) —In(W ) /(T —TH¥ L, HP W, AW, IR AT o MT. NZMM EEYRW M AR TE,T Xxd
BEEFRERKXE. |




2001~2002 4F)I| g A R FL st b | 5 4
3000 kg/hm?, fHEA 4 fF(FE 1), 4
23.0% 1 15.0% ~16.0% . )| HuBp B $E Ah &
REAEHMFE .

o

EF G RETHRS & S 2L

R MR B R -

- b

YR (AEEREMEEY AL 13 000 kg/hm?, i L
RN 9.0%~11. 0% , B
0135 3, 357 3 49 A R A K 1R

1 2001 2002 FARubWERAB FTEMRSERKRA
Table 1 The aboveground biomass and growth characteristics of switchgrass at each habitat at the end of 2001 and 2002

.

| 3 A B A 2a KT

2208 B & F M 25 %%
FRAEFTE(InXImWENERELSFEMNHFFIEE.EE 5 K.
WEHHLT X, W EH F XA ER (CID-301PS E# X641 ,CID, USA, F ), 8:00~18: 00 2h WE 1 K. HE
3W, A ME 1K, BIES 3d. ' _
| 2002 EFEHYEFHU B 5 B)RENERLERBE (0~20em)+BFH542 . HWIERBEER I INMEBERATFIZ0.25
mm fFEHELRENESEE SRR NMAEAE . ENCEHBIRRRER .2 PHE-EAREE-HENRKLAE) . 2
K(AFR-BEREE-EFRERE  ERN@ERY 8 . R K(ERZRR-FEFREBMER PURRIAHRR-HBE N
b £, 3k ) 780 | |
R )AL ES SRS ET S5cm 8 H 8:00,14.00 F1 20.00 FHE, BAEHE L, E 1. 5m 48 5 , 1 3
W8 35 % %% H , #4K 1240m,
+HEEABRAKBELHE TS, T HEKEW =10 X H (LEEE) (cm) X p (FE)(@/m) X b (%) (L WEREEK
B), T E 0~20cm B 1. 1g/m?,20cm BL FH 1. 3 g/m3,
BT 8 B 3 F| 5 Excel 2000 #1 SPSS11. 0 &k #4758 T B M7,
2 HZREHGWH
2.1 M EAYRER

A3 143 5 A 20. 094 ~

B H,H_&E

37 #2444 Habitat Jit#b Lowland ¥ H Terrace 3% # Slope land
43 Year 2001 2002 2001 2002 2001 2002
I B B Mean height (cm) 130 168 78 95 83 106
# 77 & T & Standing crop biomass (kg/hm?) 12490. 71 14750.49  1880. 29 1955. 60 2246. 5 2155. 60
7% Y T E Litter biomass(kg/hm?) 1491. 43 1513. 00 476. 86 582. 70 399.5 395. 75
S F A4S E Total aboveground biomass (kg/hm?) 13982. 14 16263. 49 2357.15 2538. 30 2646 2564. 30
# 8% % B Community coverage( % ) 90 95 30 35 35 35

BB e A

A1k s Bh H

=
(% 2),

ZMERH, A

A& Biomass (kg/hm?DW)

B ERSEEFHE /R ZE
AERFES 121 KB A 11 H),T
A AT PR R B e AR A

4

Al

v A5 4L . I D B R 4
MRS 166 X(9 B 22 HATE ) (

Y RAMOEYREEIRFT G4

®Ji[}h Lowland O#EH Terrace A Slopeland
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| l
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Fig.1 The seasonal dynamic curve of swichgrass biomass at each habitat in 2002
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3 B AR TR M b BUAE A B R R B AGR L BIZU (B 2) | M8 B 5 898 121 K AGR 5Bl 44

Bt A{E (158. 93 kg/(hm? « ), B A Y B AGR 7 169.83 kg/(hm? « d) S HAFE R X AGR B EBREFEHE 93 X (7 A 13

;s

H),HF 37. 00 kg/(hm? « ), EEVWRB B KX AGR HIESE 65 X (6 A 16 B, X 36.69 kg/(hm®* « d), BHBEGFERAX
AGRERAEBRBEENE 121 KRB A 11 B), % 27.31 kg/thm? « ), R EWEFTE K AGR BRI SMEBMRF ,F 38.25 kg/
(hm? « d), B4R, )14 AGR 5 5 B b6 B 038 075 K W8 FEE RO 4R 0 , 3 L 0 10 00 400 o ] 0 208 , ok K B TRT AR K
22 FAELEHEREEB LEDRVEEREERIB(TIBPREG X RN (2002 )
Table 2 The relation equation of aboveground biomass and growing days of switchgrass at each habitat (2002)
-__EZ:HE Ha—l::-i-;t E%E%fﬂ] ];i_-omass D X FE B Relationship equation F R B Sig. )
Ji| # Lowland 2WTFH(TDW) * Y =— 0.008573 + 2. 847672 — 166. 00T + 3424.53 162. 72 0. 994 0. 001
BFTHESDW) = —0. 006273+2. 1832T2—123. 40T+ 2223. 77 243. 50 0. 968 0. 000
# M Terrace 2 TE'(TDW) = —0. 000873+40. 221372—4. 09797T+193. 273 54. 36 0. 983 0. 004
W4T HE(SDW) Y=—0.001273+0. 3464T2—10. 8227+ 320. 316 24. 31 0.978  0.005
P Slope land 2T E(TDW) Y=—0.1224T%+38. 97837 — 428. 08 52. 83 0. 964 0. 001
_ﬂ#ﬂ:ﬁ (SDW) Y=—0.0003T%—0. 012272+ 27. 7476 —516. 99 19. 44 0. 951 0.018

* TDW #1 SDW 43R ~2HARF4EYER T B TDW and SDW represeﬁt total and standing biomass dry weight respectively
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AR EE AGR (kg/(hm?-d))
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Fig. 2 The absolute growth rate (AGR) of swichgrass at each habitat in 2002

a MFFH Standing crop biomass;b FH B Total aboveground biomass

=Y RGR LR HF R R 20d

N BRI ML 8RB

Yy W PR AE B 89 RGR 43 %)% 0. 35677,

0.26315 #1 0. 26728 kg/(hm? » d), BB RGR 433k 0.40625,0. 27180 H1 0. 31912 kg/(hm? « d) CHEMREH BEREEHTZ

) RGR EZ 7, ZH ZBHAE 3 5

M4 KEE RGR (kg/(hm?-d))
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Fig. 3 The relative growth rate (RGR) of swichgrass at each habitat in 2002

a JIRfF® Standing crop biomass,b S & Total aboveground biomass
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I BAE R RGR N EBREM, 58 RGR 7S 95 X (7 A 13 BORIMIE R 0. 02463 kg/(hm® » DS, W2 B HTFEIE . B BAF

BMEBEAESE 65 XKG6 H 16 HYBIE 2 MEABBEHFEMK ., B
d), B84 K 0.02375 1 0.03651 kg/(hm? « ) (B 3), JIHb. 5

A RE 2 MEE X 0.02131 M 0. 04679 kg/(hm? «
MR EREFTFHASH M ERFEY R

AGR 43814 0. 06932.0. 05296 F1 0. 05299 kg/(hm? « d), ¥ RGR 43 %] 0. 07206,0. 05471 Fi1 0. 05559 kg/(hm? » d), BJ LA F

H, )1 RGRE 1 BHEMLSEETHEHMEE K Wi RGR HRENE THH A - X2 FHLHEEAHEFR.
2.2 HRAKBRSB WAL - '

KRS HAATRRES RS KBREAREASEAE 7 AFTAES A LHH, RS ZEHIKE (B 1), 2001~2002 4F
BRI ERN 2m L E S KEFHE, B H R 45k 12.59%.8.10% M 7. 01 % . ZEFE & KB 6 T B J5 89 2001 4F
7A LA EE L ESKBOC2XPAZEF UG- 0UT .2m +BEREHEKES BN 3. 44%F0 3. 80% , Mk
&k 11.34%.

| ARATHEHT RS KBEENGHNEFEAMARALES) . FRABKR LSS, BEGEKE—EXKE TN, 6
THEKBEILAc HM 10 ALK THE, RF 8 A HLEEL AT TNk,

o

B4 2001~2002 4

H #] Date

£520  ejisLowland OBH Terrace A% Slopeland

m‘g 15 y—"¢ -

g g 10 | P -2 . '_._____v.

§E 3T Y .

'I‘IE 0 | i ' | I ! | l | i | | |
2001-04-08 2001-06-05 2001-08-25 2001-10-28 2002-05-19 2002-07-17 2002-09-26

VPR R R 2m R AR AK T FRFTEMA

Fig. 4 Seasonal soil water content change of switchgrass at the each habitat during 2001~2002

®/ilHh Lowland O#EH Terrace Adfiih Slopeland

47K Soil moiture (%)
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Fig.5 Seasonal soil water content change of switchgrass at the each habitat in 2002

MAEKZRIH 4 A BIEKBIK K 10 A, 113 358 o F0 b
2~3mt WS KBTHET 12% , i 4 o FI b
GrTRET 26. 0%, MU b F0 4% 43 38 0 T 19. 34 %670 34.52% .
2.3 MEUFALIEAM A LA EES H AR

Ly

£ 3R 2002 FRFEE0OKRGH 12~14 B)kFEHENENBMHERE RS

v

O TERF HZEBERS %N 520. 69mmol/m? Fl 171. 86 mol/m?, 33 B FE {3
5, B & B E R
BEER.

H 8 ES M. B Pn/Tr WE)H R 3. 03mmol/mol, & & 7

2~3m +HEEKEBUNAH¥MT 18.13% M 13.93%;0~3 m +

R

T3, 6

~ 35 3 B

0~2m +HEKBEAHTHET 26%.15. 31%F 12. 94%, )1 4

B )| 1 oK

BB ZBE. DR E

M H A REEL B EE
BB ETE R, H ZF X




0 7 BARR %8+ B T B R SR SRR 0 A B 5 7K 4 R 9911

3 itig ' - £3 002 ETETHRNERRHAERAXARALSREAR
HMEREEIREBRXR) | MWEFL A EE 13000 (6 A 12~14 H)

kg/hm? UL E LS L Mk ANk e 2 600 ke /hm?, B Table 3  Comparative leaf daily assimilation, transpiration of

ETEN 1997 EERKRRA 264 mm), BRI MAEYE switchgrass at each habitat during 12"“14,_Jun. in_%imz_

7 i 8 000 kg/hm? LA B0, WESRBR MM 3a L by DR PaXRAR - T-ARBR - Pa/Tr

- ‘ Habitat {L & (mmol/m?) (mol/m?)Daily  (mmol /mol)
MIBREEEYEENBSWITHEARS, L 5 JE R o AR type Daily assimilation transpiration Daily leaf WUE
WAFMHE, RANBEBRMN A AEEBNESEMN  Jjmg Low land  520.69 b 171. 86 ¢ 3.03 a
HO) MEBBRERS , OABRE AASERB IR, XFHER B H Terrace 544.82 a 224. 94 a 2.42 b
AKBHEREHREZLBR. | FENMREK Ty g B Sopeland 540440 208.22 b 2.60b
~12 BRI B E A MBI T A 26~37 A4 BE, LK * AARFREHAARFERFERBE (p<0.05)  Datain

b FIRE B A WA B A 24~28 N4rEE . X BB E each column with different small letter means significantly different
MRS (IEAERSHA TR PR N BEREEiHm P09 |
SR AR AN EBNBRRN AN E4AE LR A FAMBERLEEEYEARRI I 1.7.2.9 70 3. 3
B, XFMBRBORRER ARSI RRRERFESANER, ELAARBRFKLEINEEREZ -,

AR HASE TSR EmARS H BRBRAEK AL KB =ZREAX . BFENERBEXER  RREYRFEN EE
1k 80 22 5 55 R [ 37 0 £ 4 T 2 38 7 B ) RIS 4R 4 F0 RGR %6 %190, 480 R B Y 4 K AR IE B 3, RGR 5L WA 47 76 Bl bR
R ERERAEEIR AR ETEED BN R, SIBMNAEAFURETNE REARE. ERGENLESY
g, WARRE ST H T AR E i F A B A AGR Ml RGR HE ] LAE W 3 #1586 HE- 3 AGR ! RGR #:38 ., ¥R T ik
YA BB EN AGRSE 1 BESHEM)IDEEAR S, EE 2 MEERE 1 A 3R HE NS A KI5
) 45 & . Meziane and Shipley!' > (Bf R EH , FE A G A KR EBARS S BN RN EHY REET RGR B HEM T
MR NS LA EBEYN RCGR B TFHIE, SHAKBHESSREY MM ALZREL/DFHE, LR EHE RS
LLE W (3% 4),3 Fh T bR B 2 3 + SEBE R 0~20cm AR, KB EA L AR . 28 R AST R TR
6, BA RS BB H ST, 3K T )1 e, B O, 35 30 0 86 A SE 09 F 39 RGR 55 EARE 89 £ 0B SR ML A 057, )il 4
BIARIEE S A A KB T RCR EWMAHE A X B HEATR BEEFESE 120 RERERTRMR, THLE
MBEBRAES . BEYR THAKAEEHEEXAEYREN MEZAAN SRR,

%4 TEZGHBEMEN T RABHEO~20cm) 353 X RITIE
Table 4 Soil cultivation layer*(-_O'wZOcm) nutrition content. of switchgrass at each habitat

H R R ﬁfﬂ.jﬁ Soil 2% Total 2% Total 248 Total E % Available EE Available ¥ BE Available
Habitat type Organic(%) Nitrogen(%) Phosphorus(%) Potassium(}) Nitrogen(mg/kg) Potassium(mg/kg) Phosphorus(mg/kg)
JI| #g Lowland 0. 56 0. 048 0. 146 2. 24 | 64. 2 126. 4 1.72
¥ H Terrace 0. 43 0. 035 0.139 | 2. 28 40. 8 123. 1 1. 68
4 B Slope land 0. 47 0. 038 0. 135 2.03 47.7 118. 3 1. 61

2001~ 2002 4E JI| He A BB B9 7K 22 F) AR B8 T L S e A8 B (38 5), BAR TS T2 (81 b4 4 2 30 AR X 18 1
QIR A MBS, KA FERG AR RN R — BT, 4 K70 F 57T 0088 5 A4 7= 0 40 2 B AT BB T 2 LA
BAKZGRELHEBEEOERD?, BEEDESEL B KBS, FEKS. B TSR+ H KA,
Ef T+ EET AN BARHMES, 8+ EERRER . BREE, RAREEYET M EEHEERMERZ 1Y,
AR PHEANERE R T EASREBEE O, FEEFEHRSHEBEREGE D BAIHARERK X5HHERSH
g - 13 2 MY BB R K R B A S B 1 R B TR 36 (38 4) ., 2002 45 1) M 4 FE 0380 b 490 6 8 28 1 9 4k A A B K 43 R R 3 3R
53 B8 2001 £ T B8 16. 64% .18. 85% 0 33.59% (% 5), K EE T S T S S0 AR B 85, M 10 8 0 T W0 B A8 2 7= 3 SR 1
¥ | %S5 2001~2002 ERFE T HMEBE AN BRE

;;J(f}iﬁ]ﬁ?% FARAE %mﬁﬁéﬂﬁf&@i&%%t;fh bai Table 5 Water use efficiency of switchgrass at each habitat in 2001
BEBEITEMNFHAAETOC, EHRARE, AR gs  and 2002(kg/ (hm® » mm)) ]
BHRERRHE ESENR AR, EEA—ERKY Ff Year )|y Lowland #HH Terrace 3 Slope land
RIEER T e 24 A Fl P B E 8. Byrd &0 jggi zf 2; 2: 22 g: 2;

CMAE SRR AR RN LR R RV, LKA
() 72l o490 5 78 2 1 R A B W /0 1B B R R R A
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Fig. 6 Seasonal chanéé of soil and air temperature at hilly and lowland area in 2002
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