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The impacts of shading, fertilization and cutting on growth of Elymus nutans
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Abstract: A study was conducted with Elymus nutens, a common species in alpine meadow in Gannan, to assess the effects
of shading and fertilization on its growth and compensatory responses to simulated grazing. Results show that light and
fertilization interacted in no-cutting treatments: aboveground biomass was greatest (3.239g per plant) at 43.5% light in a
fertilized environment. For plants at 43. 5% light in a fertilized environment, the compensation index for aboveground
biomass was greater after late cutting than early cutting; cutting intensity had no effect, but compensation was the greatest
after cutting twice. Aboveground biomass was greatest (4.500g per plant) at 43.5% light in a fertilized environment after
a single early mild cutting. Cutting did not affect compensation in natural light environment without fertilizer. For the

compensation principle, increased aboveground biomass was associated with decreased belowground biomass.

Key Words: Elymus nutans; fertilization; light; cutting; aboveground biomass; compensation

MR R RARYIE R B A N — MR . AME A S EAMEAUA R M, 2B SOp a9 B
FE(EEREZINIEEYR) KT STUNTX A o MY KH 8 % Bk TR R &g El
fysgRE A ALY o A A BRI R R S T 8 R A BB JRD SR HREE LA R H I B SRR LA

ESWE : ERERMPIR Z R (973 T H ) IRE“WE, & L EEERERRE SE T HERBTIR” (2007CB108904)
I %8 H §7:2007-08-07 ; f&1T H §7:2007-12-29

EERIT: EBESF (1983 ~), &, BN RBA,BLE, TENFEHERSIR, E-mail: mfe007@ 163. com

* JEIAEH Corresponding author. E-mail ; zhangsht@ lzu. edu. cn

Foundation item:The project was financially supported by National Basic Research Program of China (973) (2007CB108904)
Received date.2007-08-07 ; Accepted date.2007-12-29

Biography : WANG Xiao-Fen, Master candidate, mainly engaged in grassland ecology. E-mail: mfe007@ 163. com

http ://www. ecologica. cn



12 54 EBSF F LR, MR R B BB £ R R 6213
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H AR XS BT T EARE ARSI T, B — Y7l A KA E i FLB; YEUR i 4B R 5 b ] g
4 A AR S RO SE 2R 5 RO X181 W 7 A 7 SR 5 X0 S B ot R ) 45 et ke A B B ), X181
B SR AT A E BB 5 AR A 4 R 5 S B RAE 7 R B AR K BB AR R 5 0 0 e e BT 20 B
ACEIRE s AR VEIRERE T , MBI AE b B2 M s L > 01

BV MRS B0 R B IR AE S X8 B XS5 B X 81 o ) 3o 0 2 2 TR T AL o AR iR IR Y
B S AET LR E S B XS5 B E . TREME T BRSNS A BIMENE
M, SR MR b Ay B ML
1 SRIRHEFNA &

1.1 FseHis

LR TERRERRE MR REE LSRRI SPGB 8 W 34°55'N ,102°53'E,
#F3% 2900m .

1. 2 FORRIS

RPN (Elymus nutans) RZEERMNERE, BEEAHHEEMHZ—, EEENMRKE,

R RARXE,S ME T EEIE 7 O S X 2158 8 A S5, B e R E R T, HAt
FERET, 2006 4E 4 AR, ZEBARETT (0.8m x 1. 3m) BEYLEGE 80 KBRS BT, R ¥R B, X A0
FIVEIE B R AR BEAT RS B L JRT B, (S B AT BE 24 O 12¢m , {REAE AR A K R B2 8 B 4 24, SR B BB RE 7 SO Ak
iEL

SR 25 e B AT AR ) B SR BEVE TP B AR B B RSO PRI , SR AR R B i RS O 4
EIETE RS, DA @R U T B AT E R RDEE &M, 1% 3 ANKF: 2068 (100% ) | H I HE
(43.5% ) FRIEIR (6. 74% ) o LU TR G E N 0.3415 g-kg ™, HALBE &8 0.007 g-kg ™', AR 4R
BATEGRERSER ™ . WERHMESKE SRR, B — 4. MEAEFRIME D S0g-m™ 2, 3 AXIEa
[BIZKF:F 8 A% (FH1,50% Lh -4 BRIk A S BERT) (8 A SR (B, 50% DA bt A bkt ASR 1) 1k
XIEIFIARNE (XFHR) o 2 AR BIBE B K - BB XE O E] 90% ik ) B2 BEXIE] (XIE] 50% Brik) o 3 AN
SR KT X 1 U, XIE0 2 YR, XE0 3 UKo NIEIAF B f i B ] P 20d, 3t 72 ANAb TR, b BREE A 3 IR,
2006 AE TR IR H 50,9 RN BN SRR EAT 48 2 RALTE , M T XIS MR B ERE S, RXT 8 AR
XE B AR A 3 1R,

AR —BPIR, TR R A IS . BUONES, 2B 3 MR Ab 3 R 5 oF BE ML
B S BREFEERE (3L 15 #R) , AAMA B A1 B bR 4%, 03 B M T 3R E, e B 85C T T IIE
F, 10 A 23 BUERFTA LK .
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BRI 224047 , BB B AT N5 B L X0 551 8 AN 2 e PR XA et _ 2 4 2 RAR AR I B ME I B
MR o XHHEARAE Y B A EESHCR AR, TREY IS . 72207 R A SPSS13.0 Ze ikt
1.4 FMEHEBRINEEE

DA AE bR 5 2 FR A bk B AR 0 b A 4 B B0 BL (E FE S X 0 AR B R B 18 AR, R L b B2 38 3K
( Compensation index, CI) , R{EHMEIESL, 254 ANOVA M IREER, FIBTHME R BIER . & ¢TI KTF 1, EXIE]
MRS BEREERELER, VB E CIRAT  ETEMNT 1, BEFABE, NERIMEE CT /)
F1,EZRBE AR,

METEFTINT AR ZE M AYE (g) o EAEWE (g) , BAYE (g) BB (RSR,g-g *') LAY EF
MELE(LSMR, g-g ~') i LAY EHEBELHE(SSMR, g g ~ ) 1 LAY B R (SWR,g-g ™) B4
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YrERMEFEEL(CI aboveground biomass » & * & - )
2 HRESW
2.1 KXBESHEAEX Rk TENE W

AFEDERT , RXNEEARLE 2 BE IR SWOGR B A EAE Y BINR 1 R, o BEd, 206 T, MG
FEEARERRE M b Y BB/ (F =9.911,P <0.01) s LR , AL M Sk B SR 3 b A=W 2
Hm(F =7.205,P <0.01) ;fRCHRT , MEAEKT SR BB B E 3 A B AR W (F =3.962,P >0.05), 1K
T, ROLIRT , ML AR TR R s FAE MBI (F =7. 112, P <0.05) s BESEIRT, M HE (5 3 fin 25
BB YR (F = 4.309, P<0.05) ;OLI T, MEACXT BARER ST E M EAEY BTN (F =
2.073,P>0.05) . WHRHA, 26T, FEREXT Btk IR B i ot AR W) B T B E RN (F =3.605,P >0.05) ;
R T, HEAL (AR RSB - AR M B AN (F =32. 555, P <0.01) R IR T, MEARSE i T S bk 7
PRI FAEYE (F=16.154,P <0.01),

®1 FREREEKTE TR RE KR S ERWREEAE N L E B (FHE + RER)
Table 1 Aboveground biomass of Elymus natuas without cutting at different growth periods under different light and fertilization levels( Mean +

SE )
Hb A 4B Aboveground biomass( g-No ~!) MANOVA
R BRI 43.5% IR 6.74% H. 58 R , N
Natural light 43.5% light 6.74% light

ﬁ'%ﬁﬁ *H@HE. . 0.260 +0.204 0.321 £0. 197 0.064 +£0.22 11.336 <0.000 78
Tillering stage No Fertilization

FEHF'E' . 0.098 +0.241 0.713 £0.204 0.065 +£0.211

Fertilization

-

ﬁ“pgﬁ *H@HE. - 0.440 +0.211 1.265 +£0.197 0.026 +0.197 12.005 <0.000 85
Shooting stage No Fertilization

F@HF'E' . 1.601 £0.211 2.160 £0. 197 0.037 £0.204

Fertilization
Wl . *H@HE. . 1.711 £0.152 1.442 £0. 147 0.022 £0.141 23.98 <0.000 82
Harvest time No Fertilization

HEAE 2.058 +0.149 3.239 +0. 144 0.034 +£0. 149

Fertilization

JEREFIAE ) M AP FE XA F (F =27. 082, P <0.01) , AR . BEOEIR T, AR BRI R = b LAY B &
K, H3.239¢,

2.2 ARAETHERERERL EAEYE

SRR BEAL A B T8 A58 B R F33 BE X A A b A W B ) R B A B AE R (F =47.987,P <
0.001) o RUFIEFE] XUFIAEE X FI58 BE 6] AAFES AR R (F =0. 567, P >0. 05) o Ji X FI4b 3 4 & anf,
HX T BREH P RO RO MY B YR RRBR(E 1),

ARIGHE  2OEHRT , FIREAE TR BV BRR( F=5.063,P <0.01) s F LR OB T, XIFI6E
bR b A YR R BN, B AP ROERR T AR R T (F =13.508,P <0.01; F=6.204, P<
0.05), MAE : 2GR MBI R LAY RR SN BLREER (F=1.848,P>0.05) ; HEOLIT X
FIRRAR T M AR b Ay B RAR (F =2.925,P <0.01) s OE IR T, XU A MR 3t b A ) B RAUE I (F =
3.277,P <0.01) . FAE.FPREYERR BRI L \1 YONFINT , AR ERR S R B A=Y B HOK, 4. 5008,
2.3 RFESEFET AR RH M LAY A H

ARBGAE : £IEHT  FI RS R Sk b A M B AMEIE B T 0. 369 ~0. 695, XIEIAEHRS5 X B
BER(F=1.507,P>0.05), y3 8 4Mz; FEDOLIRT, NS08 ARSI A AR 7= A AN (F =
9.826,P <0.01) , R BB |1 JOUFIEMREBHMEAR R B (C1=2.6714) ;fOLIRT , MBI EEEBIH E
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Ly BHAAEM Natural light X2 90% Cutting 90%
Lyyso, 43.5%36HB 43.5% Light O A& 50% Cutting 50%
Lera, 6.74%Y6H 6.74% Light

A JEAE No fertilization Ji BB Fertilization

FLIE g FLEE WS &
Early cutting Late cutting Early cutting Late cutting

=ik

X
Cutting three times

PUE-TE

HpRHIH LAY E (gNo b
Aboveground biomass per plant
Cutting twice

§§§

R — &
Cutting once

-
.

Ln Lyssw  Lomaw Ln Lyssw  Lomaw Ln Lyssw  Lomaw Ln Lyssw  Lomaw

Bl FFRLCETERERERERTUL LEYE

Fig.1 Aboveground biomass of Elymus natuas per plant at different treaments in the figure

* [ 23 1 B T SR X B A A S B RR RTS8 3 YRNE]; The blanks is for the late cutting plants without the third cutting

FEAEEAME(F =10.690,P <0.01) , BLHA R X 3 IREMHREIMEZRSE RN B (C1=4.613, 10 2)

HERE : 206 BT A B R R AR AR = A M (F = 11,742,P <0.01) , Mol (E B .1 N F AR
*MEERAR(CI=1.257) , FENET, B FBOEMM A2 EAME(F =12.950,P <0.01) , fRLHETF,
NEEAR S R B & ZE5 (F=0.788,P >0.05) , H5EE#M,

WERE  HP BEOLRRT RN B AR LAY B R K, EIE. P ELRT, LB BIER 22, %A
RIEE AR b AE Y B RAMER T RBIAF(F =8. 643 ,P =0. 004) , X F|58 BEXTHE MR B AW B KAMET B &
ZW(F =0.074,P =0.786) , MER B AEMEH LAYy & WAMEFAEZ H (F =3.101,P =0. 048) , HFIRN|
FIMEMR A B A BAMER K, MEAE. S BB VR 1 YON BT, AR RS R F A B R OK,
% 4.500g.

REEAE . B LI N FIXT AR S FE B b AR Y 2 M AMETCE M (F = 1. 507,P >0.05) ,

2.4 FEALETHEREY RS ESER AT

FrE BT ,SWR 5 RWR R RAAHRIKR (Rewr , Rese AAE, W3R 2) , UL B b AWy B i3 b 2 |y T

T AEYERARELD . 27078 BT, AEIEEEE, X F) BB B 52 MR b By, #h A2 R S EAEYE S
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Ly HARYER Natural light X8 90% Cutting 90%
Lysso 43.5%J6H8 43.5% Light O X4 50% Cutting 50%
Loz 6.74%E B8 6.74% Light

AL No fertilization WL Fertilization
LD WS & FLEE e X &)
Early cutting Late cutting Early cutting Late cutting
10} L - -
0.8 - - - Kg
0.6 - - - - mg
04 |- : : : =z
£
g 02f E? - - é - S
g 0 —@EE'@ L -EEZ“ET*] = u
oo | | | | | | | | |
& § 10 | - - -
§£ 0.8 - - -
#E ° e
]ﬁ B 06| = - - e
> = a0
F E:
He 04 - - - x5
4C - m ©
BI 02} E:j - % |;T:| B B é
§§ o Lem? 2l | gl BEE
g | | | | | | | | | | |
*E o
o 10O+ F F F
£
© 08 = = =
0.6 |- L L - {? g
A e
04 - - % - @é
02 L %E} N | Ij =35
0 7@@@ | ] @Ij_lj 7@&'@@ 7@@%[{]@
| | | | | | | |

Ly Lazsw Legaw Ln Lissw Leraw Ly Lazsw Legaw Ly Lazsw Legaw

B2 ARALET St BEYRETME

Fig.2 Compensation of aboveground biomass for Elymus nuians per plant at different treatments

* 235 R B TR IR N B W REBR AT S 3 IRAJE]  The blanks is for the late cutting plants without the third cutting

ZEHERMERERMRLR(P >0.05) ;38 FIEF 4 IR X B L B85 08 7 X1 0 Bt ] 45 0] 1
SR S XIS B L IR 5 AR g 5 0 B R S X BRSNS R R, b E AR B R S E A E P EE
BENAMEER (R NUE) , 1 BB R SH FAEYEHHEIENEARLER (Rax NIEHE) o
3 it

IR T, MRS R AR ORI Y Bk A BB R . SEIRAIAE S B3 B R A X TR
POE, LAABIBAAMENLE TP . DAY SRR AR B B SR T, 3 KRR R A
FARLHL, EHT T A BB AR . BRITRHFEERCESER, ENREETEEAREE
FAS" B RT3 BT T AE G AR R B O AR A M B A, AT IR B B R R, 3
T8 b ER 4B YE A RE ), i R AR Bk st b A B

IR, ME AR 4 BE S T AR D A A AR b AR ) B B /N, Chaip TAH , HEYTRIAR L AR 9 4B HL 4
HhRR AR S ™) . Meekins & Mccarthy &3, A K HIR R, MR B E K AR o 250 B, 4048 TT 3R
WL, B8k S MAE, BRI R A, AR A KA v AGEIRRR K L& 9, 7500 1 F %8
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BT REHAREXRER Y, SEYET, R EEREARRRE S IR AT U R
EAR AR AR, SER EL B , B SRR AR LB , T 2 BE SR MR AR W BREAG

®2 TRALETEXERNBEEYELESHEANEXAY
Table 2  Correlation coefficients for variables among biomass allocation parameters were measured for Elymus nutans per plant at

different treatments

AR RIRIE SrEEZ%0 Allocation parameters

Source of variation RSR(823) RWR(868) LSMR(877) SSMR(869)
HREL SWR -0.988** -0.993** 0.483** -0.493**
EAHF (874) -0.976"" -0.985** - -
XE[3RE CI -0.975"" -0.985*" — —
XIEI$5E CF -0.977* -0.987** 0.088" -0.107*
XUE( Bt CT -0.974"" -0.985*" — —
HESEHLEF -0.988" -0.933*" 0.479** -0.492**
K[ B ) 5 A E138 B S5 X SR CT& CI&CF -0.977** -0.987* 0.101* -0.121*

FERES AE 7 55 X 1 i A 55 X1 3R 5 00 B
L&F &CT &CI& CF

* P<0.05; # %P <0.01; —: BIHABZE Nosignificance; 355 N B B E In the bracket there are degrees of freedom

L:JtMR light; F:fEJj Fertilization; CI: XI|E]3% & Cutting intensity ; CF ; A E|#H B Cutting frequency ; CT': 55— R X B BF /8] Cutting time ; LSMR ; #i
TEYBPHENE, Leaf shoot mass ratio,g- g ™! ; SSMR: #b | A= ¥ B 28 HE ., Stem shoot mass ratio, g-g~'; SWR:#h_F A48 H %, Shoot
weight ratio,g-g ™! ;RWR: #3 2 38 , Root weight ratio,g-g ' ; RSR: MR H., Root: shoot ratio,g-g !

-0.989"* -0.993"" 0.508 ** -0.523*"

BrA 43T SWR 5 RWR NHAAERKR (Rewn, Rese WAME) , M8 LAY B BRI EZ b T T AV &
BB . HBATGIRAL BN, 3 A YR K E AR A T A B, B E Z AR R, N
FE BT MR AEXT T VBN BRARBE M EEYE . 2 HI7E R B R
5 R T3 R it 55 N0 B N AR e R A5 A Ty -5 K -5 0 3 B S NI RSB AL B, KB GEAE AR
X YRR AN, X ZZEY OB WHRR, AV BAME T ZE A B A X
ZEYEHBRANTHEY R, McConnaughay 1 Coleman LA 3 Fi 1 SR MY MBI R M R I Y MFES B
AR AR A EARIER SR, EEEREN R X BB BEER, THHT
X EYERARNER .

8 A%, ARHGAE . LR T, X1 i AR RS R A 3 b A ) B 7 A A Hilbert, Hicks Al Turkington
YO, RIFHEARE S 3 DA AR R R AMEGR R A R . XIFIL G , SR Z B SR A R IR T Bk M=
FRo AERERBRAF R 2 XS], HE KomaR TR/ BT R Bk 4R ™ 1 Xl
BT, T B8 B ToRMEALIR S T R B AR B AR O R, S BN FERE B W R R R ERB R E R, 7=
A MR

AL A BEOEIR T X# S EE R AR A A . XIFIRT, 40 F 88 57 IR A58 T MR
R TRIER KA RKERKEEAER . SR FA0E , FEART R IEHE A K A RAMEGR R H A . X FI AT
TARFRSE PR R, SR B O i R A KR A KB IR B, P AR A 1

FEAE MROLHR T, MR b A Y B AME IS B 8% . Maschinski 1 Whitham tA 0y, BE J7 0% KU
MRAMEE R, MERE(E AL, MR BRI T MY I USSR KAR S T8 R rb 2. MK, 4T
BRI T OERRAE RSB R EAED™ N B RE 1 5 0 AR X A K A e Rk
U T B, (R TR T AR XEIR bR A b AR BN T o B R R B AR IR (R AR K RN T
BB B AROLIR) o MBI NI FIRT, FM I A ARTEMROL IR M AR KRB R B AR, 7] BB BN HI A R 18
FAERKERNERESWL, BIMZAR B BE .
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