45 29 B4 6 11 H = 2 Eire Vol. 29, No. 6
2009 4£ 6 A ACTA ECOLOGICA SINICA Jun. ,2009

REESNEEEZERAERSRER
TF it F1 & R RS IR

1.2 1 2 2, %
mEA B ke, 249, FE B KRR
(1. Wi ﬂﬁ%&ﬁﬂ##ﬁ,%ﬂ}ﬂ 4SO o BT S BT, I 10009

RE AT EZREERFDHAAYRE P G RBNSFEERERE, I T mEBE SR EX T £ 2757 Ttk th o 35
FEMAEREEN, SREW, GEES BERRT T AEEE T WRER LR P ISR, - w0 RALEEZE /R
PER A AREAEYR R RZETRRRZEL R BEZE T REES, -5 ZAER IR TR PR EA - B
HHiFE. BT, SEREHE S AR R E R X R IR UM E BB M R, B R R R Y RN E S A A KR
SrPESA NTEIN T B E R FE R RFENAER B T HEETRXNE S,

KRR FERIATOUH; T R EER 305 ; FERE B 5 18 L% 3R

X E4i5:1000-0933(2009)06-2827-08 FRESHHS:Q142.9, Q145, Q948  LHRIRIRA: A

Effects of clonal integration on growth and survival of Bromus inermis ( Poaceae)

in heterogeneous saline environments of the Otindag Sandland
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Abstract: Bromus inermis Leyss. is a dominant rhizomatous grass in the Otindag Sandland of North China, where the
environment is heterogeneous, and non-saline, low-saline, and high-saline patches form a mosaic of habitats. Ramets of B.
inermis simultaneously inhabit many patches at different salinity levels. We hypothesized that clonal fragments in high-
saline patches benefit from clonal integration. A factorial greenhouse pot experiment with salinity and rhizome- severing as
main effects was conducted in which each clonal fragment consisted of two interconnected ramets. In one treatment, the
proximal part of the clonal fragment received a salt treatment (300 mmol/L NaCl solution) , and in another treatment the
distal part received a salt treatment. Rhizome connections between neighboring ramets were severed or left intact. Rhizome
severing dramatically decreased survival of salt-treated ramets. A cost-benefit analysis based on biomass production, number
of shoots, number of rhizome nodes, and total rhizome length showed that untreated ramets supported connected ramets
treated with salt by clonal integration but did not incur any cost from resource export. We speculate that clonal integration
may be an important adaptation of B. inermis to heterogeneous saline environments that increases its growth and survival,

and thus fitness, in semiarid sandy lands.

Key Words: adaptive strategy ; Bromus inermis; clonal integration; heterogeneous saline environments; Otindag Sandland
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MR — R, B TR TR R, g A2 R RE . T PEETRERESES
ST Hb TR BN H L RZE S D AR K R AL BEBER M T K A Bt R JL R RE S E T, 1 R
i b =R L BESR BRI R RO B AT IR R . X R b A K BV E T AR K S A (A Te ke
AR B TO I 5 > ME AR YY) ) Tn4 B3 ( Halerpestes ruthenica) 7K #i 7 T ( Halerpestes cymbalaria) (RS 98 Z% 5 5%
( Potentilla anserina) .~ 5. & ( Carex duriuscula) \JGT-4E3 ( Bromus inermis) , 7% % ( Phragmites australis) 4§ , Fll
— s 3h A= R TE AR M) AN A B85% ( Suaeda corniculata) HREE (S. glauca) (A8 )R ( Kalidium cuspidatum ) | /)y
LTM( Salix microstachya) \JEHE (Atriplex sibirica) 2%,

BAEREMEYAER BB EHEURSHEEEAESHIERAEE YN, FEMRERARTRELLS
YR T R & RGN AR R TR AR R, T AT Eh 4 0 RUsoR 2 Tt A B e A AR TS B
S [F— AR R % B 2 O 2 T AR B AR ) S A o 5 A RS AR R ZE AT KO B
SERE TR (TOHE R /DR 7T BE & 8 A TRl S5 K 7 1 AR 5 25 (8], B T HOAR S8 40 AR AE — <8 o 18] Pl ot ) ) 2R R
REM B, NS AH SR E AT LSBT K5 TR S IR L8, X — R R i e &
(BT ) ' RS BR , TR A T BE SR ST A I 7E S IR P A B (RSN B R A
23 6] A/ B A 1] _E R9AE I 5] 406 ) H RS SRR

H IR T X b T3 M A BAE 822 SR AT 58 K 2 )5 BR TR S AR Y (non-clonal plant) , 3272
— AR vE R Eh A 7 D R AR TERETH A P Y BOBESE . X T SRR T R AL 3R R OB ST, 7E A
AN H e 13151625 -27)

Tot: 4872 (Bromus inermis Leyss. ) iR S P MIAE S HE VR 1 LS ZE AR Z LR AMEY, ©
AT 5 #h 7y TRV S B A BOR HE R, T HB 2 — P A L R R . A SCUATE S 2 5T ikl ik
FTREER L, ESS: (1) EESRTRE LA Z W RE SRR P WG RE T ; (2) Tk
BRI IO A AT ve b MR AR, o B e R S P ML RE T R R 0 T AP AR K
PR PR T 5 1R LR T R VDA X 0385 B, D TIT LR A 00 %o P58 38 I X 5 o
1 #R5HEE
1.1 W58t S

WAL E B2 G YT 5T I A S VD b A A AT 0k ( OSES ;42°53" ~42°58'N, 116°01" ~ 116°08’
E, ¥4k 1317m) #47. BFRA T RS IEREE A PR, 2R TR TR X, P HRE 1.8 C,
Wi AR — 40 °C , =10°CAEFRIR K 2000 C , 4ERERT & 367. 1 mm , F i Al AR A PSR HRAET H
1A FEE AR A PR BB M IE 7 A1 AR,

1.2 ZREH SRS

2005 4£ 6 HJiK,7E OSES it B R34 i 4 MHEERIE oo Z R, 73518 6 D 3akE R W (A5
R B H 2 AR 3T A 58 B R AL INBERR 20 B T ORAE I SEBbtbl e i T RAFHAE M P To e %
FPREAHEE 220 1000 m, [F]M , BATTZ 1A X RS Z RS (P. anserina) Al (5R) FH K E 3 ( Saussurea Amara) 53
TF, B X SRR A B T 4 MR (A P 185 e/ Bk w5 B2 B 3Bk B AR
VT3 3Bk (proximal ramets ) , T 75—~ NI BEFR A i o 434k ( distal ramets) o BE#E—XF AR FIE BN 25 em x
20 cm [BAA YRR A REEA D FHBEKESLZE 12 om &, RGIEEG N EFREMDEMN T —&4
B I TEANAE T I —A /Lo [Rl—Fa b W7 0 3 o Z R R ity 23R 20 9 R AELZE. OSES —SDBL KA 9 X A
—XPE IR o BRI, Z2ic 5% /N U 3 0T S R B 20 BR 22 ) A RRR 2538 5 8 SRk /ML, AR R TSR RHIE
RPN E TR R A sE B DL it I v K FVE IR, B 5 P 22 6 em Y THURZER W . LT MY +
g L shib B, Y F7E LB ET R B /K s LA b4 .

O WS IEWRIRYOR Rk B TIEERIR)H
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Zext 2 MR E E557,2005 48 7 H 3 H FFGEX SOk Wde AT AL 3 ORFr SOk R T — bR T B R AR
KARE, W4T 55— 43k 300 mmol - L™ &k (NaCl) b3, [RIE, 2 B 56 v [ A W7 300 s 0 3 404k [ FRO AR
REZEZEEGIIN . F, 2L 502 AR o AR ZRE BRSO AL B P R F S5 3, (045 6 ML (3R 1), &
AREE 4 ANEE s /A0 HE SRk AR i — X 1000 ml 300 mmol - L™ NaCl ¥ , AHtafin£h 43y 484
SR AR A TR B RK SR 24K AT LB Bk . b T B IEESRER G, R A E SR N 10 ml
N-P-K & 3£#i (4.373 g-L™' NH,NO,,2.063 g-L ' NaH,PO, ,2.876 g-L~" KCl)

*1 ZWigT
Table 1 Experimental design

AbBEARHY ISR A HURZEEHR B TR
Treatment code Proximal ramets Rhizome connection Distal ramets
UT-UT AAEPH Untreated %4 Intact AAEPE Untreated
UTIIUT AALPE Untreated YW Severed AAEPE Untreated

N 300 mmol/L NaCl &b B
UT-300 LB Untreated % Intact 300mmol/L NaCl treated

300 mmol/L NaCl &b 3§
UTI 1300 AALPH Untreated YW Severed 300mmol/L NaCl treated
300 mmol/L NaCl 4b 3 N

300-UT 300 mmol/L NaCl treated JE £ Intact AAEF Untreated
3001 1UT 300 mmol/L NaCl 4t 3 YW Severed AAEPE Untreated

300 mmol/L NaCl treated

ASLHtesk 8 A, J1E], SRR AR BE 10 ~35°C  MXHRE 12% ~36% , Ot fGR B 20 0 R = S IR
83% o SEHREEIS , XA TERE R W PN E TR R N R L 0 301 T LAWCER o WOk, T Bl B SRR A
BB R EDH — M FREIDZ) B ARZET R I ERZER R $ORE , B e ERENNE
PRor Oyt b (ARG 55 TR R At T & BT HERE N, 7E 70 °C T 48 h, BT 7 2 —RF PR E . Lkl
P ERBA I,

L3 ot

K JH One- Al two-way ANOVA Zp#frEb s AREE (S) FIARR 2558 HORZS (R) X 7 [ A W7 228 i 73 1R A0 30 o
PREGAEY) R (DA B B A 3R ) o RE I A B IRZE T BAIRZ B R M. RERBE, WA
LSD #4725 L

X SERE R & I FE-15 73BT ( cost-benefit analysis) U1 « AR PRI 23K 6] B 122 4 BB 40T g 20 228 B R A2
P8 AR AR ZETTRORARZE SN, WG 7R TE R B & p i s AL, QSR ORI 2B 8] B 12 1 S BOR B A1
U AR PR IR R ZE T BORARZE BRI IR FE R R A IO RERR 51T 20
2 %R
2.1 FElEF TR RURHE

oM (S) GEHSL(R) AR ENTRSCEAER (S x R) BE M i B S A& R A B0 R
ZEWHARZER (K 2) o HkIE AR ZELE TR, RE 0k 32 Eh A B A A Se 8
B AR AR RZE T BORRZE B (H S B 1y By M 850 8.3 80 (UT-UT vs. UT-300 vs. 300-UT;
BT~ & 3) 5 50k AR ZEZE BT, R 0kl 32 s Sh A B 2 6 e e I K A i L RSB M 3
BEPTHEARZELRKY B EREL(UTIIUT vs. UTI1300;UTIIUT vs. 3001 IUT; 1 ~ & 3), M4&HESHE
SR ERAL BRI , OB T A BT X 2 A AR AR R ZE R RS A B3 (UTI TUT vs. UT-UT; & 1 ~
B3).

2.2 s AR R BVRFAE
FHhor(S) EB (R) UK ENTHISCEAER (S x R) B E MRk R B I REG M 85
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[7] #F#B43 Underground part
JER 43 A% Proximal ramets

[] i _E#B4> Aboveground part
343 bk Distal ramets

UT-UT a Ebl‘l{ a a b a (A)
UTWUT a b a a HEEhb i fa A)
g
§ UT-300 N HCRARRRARE) b a | BERERRRE K )
8
= —_— ——
2 UT\300 a Ebi:i:i:i:i:’h a ®)
=]
300-UT N BURRRRRE a b_ Hhutntainiiija *)
3000UT . . . _ lisfsfls (B)
4 3 2 1 0 1 2 4
H: & Biomass (g)

BT 30 S MR AR08 3 S R AR R

Fig. 1

A TERE Py W B AR 0 RS0 i R ARG S 0 B A 2 0 5 R TR BN - B R S S B (B i 434k ) BRIAL BRI ZEP < 0. 05 K 8
BEES EEANRHFIRE FEZR B S BE A BTAL B ZE P <0.05 K 184 B2 25 A BRI 1

SE ; Biomass for clonal fragment is the sum of proximal ramets’ and distal ramets’ ; For proximal and distal ramets, separately, horizontal bars sharing

Biomass in proximal and distal ramets
Data are the mean with

the same lowercase letter are not different at P <0.05; Characters of clonal fragment marked by the same uppercase letter within parentheses are not

different at P <0.05; Treatments are coded as in Table 1

M E RZETHARZELR (R 2) o HRFFOIRIERZEZE LR, 8 % 5 £ AL BE 5 75 I A 3 R el o 0 Bk
R YR RE ARZETT AR ZE S K (UT-UT vs. UT-300 vs. 300-UT; & 1 ~ [&] 3) ; 4R, 18 52 5 $h Ab B 4))
B R BT R E A S R B B3 22 5% (300-UT vs. UT-UT; & 2) M1 BE R T 58X R~ B K
T ¥ 3 AR B S S0 PR B9 e BEORISF- 2 7 2 (300-UT vs. UT-300;1812) o 3 ARBEAN B i3t 3T
L B MR R BLG , T R 300 A W B AN IE SR 2, (B2 1 T 5 18 32 vy A 28 ) o S o MR R 32 DS i
PREYHL T HAE Y& (300-UT vs. UT-300; 81 1) o ZEIWr R IE] (AR ZE T, 38 % e £h 40 2 (300 | 1 UT) F3E
Wi MR BEAEIE o AR R h A BRI S R B A M B R B AR ZE T BORIAR 22 B R XHRR ZE A R
B EZE (UT-UT vs. UTIIUT;UT-300 vs. UTI 1300, 1 ~ & 3) ,{HH 5% SEHnt F 5 B A T 3
He Wy B AN TR N 0 R85 R SR AL BRI 2 ARCIRZE A3 4 5 T B B2 (UT -300 vs. UTI1300) o

F2 HHRE(S) RRFTEEWRR(R) V5T ME R BT GEWR S HRFLT RS HRERSFER IR F &
Table 2 F-values of two-way ANOVA for the effects of soil salinity (S) and rhizome connection (R) on the growth characters of whole clonal
fragment, and its proximal and distal ramets, respectively

Kk 0.l Fr it Clonal fragment JE %43 Bk Proximal ramets JLHRAHk Distal ramets
Characters s R SxR S R SxR S R SxR
H: Y& Biomass 274.7 849.9 208.8 835.3 752.4 738.0 922.1 809.6 841.5
M M * * M M * * M
43 #%%% Number of shoots 128.0 392.0 98.0 256.0 196.0 196.0 256.0 196.0 196.0
* * * * * * * * *
- F-%¢ Number of leaves 514.1 1178.8 312.1 688.2 520.2 760.2 1137.3 901.3 1249.3
M M * * M M * * M
SEHgnt i E Average leaf weight - - - 431.2 297.2 438.0 376.3 248.0 404.3
- - - * * * * * *
HRZ£35 %k Number of rhizome nodes 80.0 320.0 80.0 77.2 73.5 45.5 51.4 40.1 34.8
M M * * M M * * M
HRZX 5 K Total rhizome length 240.6 1245.0 308.2 236.3 256.7 222.1 179.0 211.4 167.9
M M * * M M * * M

* — P<0.05
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2.3 SRR AVRHE

3 (S) GERERBL(R) LR EMBAZEAEM (S x
R) W ZE5Mmbi o bR AR P B AR M RT3
MR E REPERRELAK (R 2) . HRFFARE
HRZE SR, T vk AR B R AR 2R BORIAR
25 BRI MR 1 18 7 = Fh A 3 R VA 3 (UT-
UT vs. UT-300 vs. 300-UT; & 1 ~ & 3) ; 8k T0, & h 4tk
R R A BORE Y R S X RER BE AR
(300-UT vs. UT-UT) , 4 B2& & T 58 Z b F 1T
Ui S MR I RIS 3 SR B P ORI R, Hoth |
A B A ARG, W Y B A E LA
R, BEART 585 = SR AL TR AT 3 7 R AH % A2 o 40
PREAE H) & (300-UT vs. UT-300), 40 Wil 25 % 4%
i}, 32 AL B (UTI 1300 ) BT i 73 MRS BEFATG o 24
B Z R AT, T R A Y B R R ZE Y
BORAR ZE BRI R ZE I E RS R VA 8.2 (UT-UT
vs. UTIIUT; 300-UT vs. 30011 UT; {1 ~ & 3),{HIf
BT B b b R R A Y B TR I O 43 iR
Z A BT H Z AR ZEE 5 E R B 3E %0 (300-
UT vs. 30011 UT),
2.4 TEREEEGMFE-2R T

PRAFHVIR ZEE T, 18 2 & R BT Bk
BT AR AR R IR ZE T BORIAR R K,
BT B R R IR ZE BRI ZE B K
WA BEZA, T D) B AR 25 0% e, 18 52 5 Hh b 3
FA)3E S BT U A R SRS BB AFE , AT L, TeRE R A 2
FER AL T T R R B AR AR TR N 52
EhALBR AR A B IFEDE
3 itig

W R, SRR A BB E Fragaria chiloensis TEAR
T RMIH(1% HAR) FAEES R EHR R
FE VAR E Y #i ( Psammochloa villosa) 7E 7K 4358 Bkt . ZE R
FIZN SR 58 VER R M E H EZ TR E
MBS SRR AR A LUE P. australis R
g AR R AR B G E R M R VR AR R

W4 Ak Proximal ramets 33 43kk Distal ramets

UT-UT *)
£ unwr (&)
£ ur-300 )
 UT\\300 ®)
S 300-UT A

3000UT L ®

|
8 6 4 2 0 2 4 6 8
A /3 #k% Number of shoots

W4 Ak Proximal ramets 33 43kk Distal ramets

UT-UT (A)
£ UTWUT GY)
% UT-300 (B)
£ U300 ©
g 300-UT B)

3000UT ©

30 20 10 0 10 20 30

B I} $ Number of leaves

43 Ak Proximal ramets ¥4 bk Distal ramets

T

UT-UT
UT\WUT
UT-300

UT\300
300-UT
300WUT

0.06

AbFE Treatments

0.04 0.02 0 0.02 0.04
C FHgnt J 8 Average leaf weight (g)

B2 oA R SR B (A) S RER, (B) MR, (C) ¥
RE
Fig. 2 (A) Number of shoots, (B) number of leaves and (C)
average leaf weight of the proximal and distal ramets

A T T TR R R A 2 3 3 0 R RS 3 4 R A LA R 2
05 AH IR B/ S R 7 0 S 4k ( SO S 4 Bk ) BRIAL BRI FE P <
0.05 /K EBA BFEZ R AERA MM MR RE FRRREAN T
M Be AR BRI ZE P <0.05 K LA B3 25 0 AR &
1 The date is mean with SE; The anterior two characters for clonal
fragment are the sum of proximal ramets’ and distal ramets’; For
proximal and distal ramets, separately, horizontal bars sharing the
same lowercase letter are not different at P <0.05; Characters of clonal
fragment marked by the same uppercase letter within parentheses are

not different at P <0.05; Treatments are coded as in Table 1

¥4 Hydrocotyle bonariensis ¥ JR 5| R A th AW A BEAEIE M ER B 1), f# Spartina patens F1 Distichlis spicata
VREEER T ™R LS R AT, e A T AR Y AT LRI IE B SRR BRI ) (R
SRR ) I HEA RIS, X1 R T mEE G RA B TR EZ AR RS
WV IR SV IR P AR TR A K

2 U)W 7 AR B) AR ZE T, T8 52 e Eh A B 0 o ( B ) MR R BB AT, B TR RE A BRI AR B L Ak
BORZETBEARZEK BERD (B 1~ B 3) . HORFFHRREEEN, B2 RO R EYE b b
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H 29 %

e T ERAEY R I ARE g P R E R 2R
AR ZEE R S REZ 040 B )X IR R A B35
ZF(E 1~ B 3) 58T, 5 HAHE AR 32 m S A 3
IR E AR R R B P R B A B AR
T B bk, T T A M B A 3 s TR BR vk (B
1,/ 2) ; [RIi, BAva ke R A W & o R AR 2R
BARZERBEAZIZm(E 1 ~E3), A, {7
FAARUIR ZE e, T8 2 AR TE 2 5 Sh AL B A MR A
YA Z B B HREZ 5 R R s T
HAYE SIS, WA T X K B#, LR A4
Y& B BC, TGN T H N E A Bl BT
BRI T8 32 R SRR I AR RIS IR, o R
2 R AL TR 0 AR B IR IR S 1 A, AT 4 1%
BB Z IR ANK 3 R 3R 43 45 18 32 1 Eh AL 3 B J pR AR HE
AKX AT BB R SRR T % B BRI T BE
HZ—o XMW Z RN Y % &5
i G E

oo Ok TR o M 2 TR b hE I, R
TR 253 B A U AT AR T L AR RS (A
AR S RRER R ZE T BRI 22 B K S A K AR AR )
5%t B4R T 835 X 31, IR B 5 2 AR i A A R 43 ik ad 4
PRI XA KRR R KA &R, AT L, Se R
B 5 e Tt 2 bk B 2 AR, AR TR
AR AR 8 53R B R . X RMUTLE
SEREREY) H. bonariensis [KHF 437 BRE 52 3h 70 il I &
PP Slade FiI Hutching[17‘34] 1E Glechoma heder-

W4 Ak Proximal ramets 33 43kk Distal ramets

UT-UT
2z UTWT
5
£ UT-300
3
£ UTW300
B 300-UT
&

300\UT

8 6 4 2 0 2 4 6 8
MR ZE45 %L Number of rhizome nodes
43 Ak Proximal ramets ¥4 bk Distal ramets

UT-UT a HE a(A)
g UTWUT a a (A)
E uraw | 2 a (A)
S !
= UT\300 = (B)
3 300-UT a a(A)

3000UT ®)

60 40 20 0 20 40 60
HRZEE K Total rhizome length (cm)
K3 RS RRAT S A AR AR T B R ZE B

Fig. 3 Number of rhizome nodes and total rhizome length of the

proximal and distal ramets

B TR A BRI R 4 R 2 30T 3 2 R D52 3 4 B P9 ARL L 15 A
Z 5 FHIR /NG B 3R 3 S A Bk (S0 S 43 ) #R b B [B) 7E
P <0.05 /KF R84 o 25 HEMCA MR AR RS P 2R
ANTElE B BRIEIE P <0. 05 /K b8 8.3 25 5t 5 b BRARHY
[l 1

proximal ramets’ and distal ramets’ ; For proximal and distal ramets,

These two characters for clonal fragment are the sum of

separately, horizontal bars sharing the same lowercase letter are not
different at P < 0. 05; Characters of clonal fragment marked by the
same uppercase letter within parentheses are not different at P <0.05;

Treatments are coded as in Table 1

acea FRITIIRRIE R F7 53 i 38 A B AR I T X — 3
Ho WA, PRI PGB LEHAMY) N Carex arenaria 325 IFAR Y Fl P. anserina 1% T 5 i ™ it
K. SR, Salzman I Parker' ™! & B wape 8 A Ambrosia psilostachya 18 5% £h 43 038 434k 552 5% 25, (H ik
AEZES AR A T B RS, X R T kR G MM R 2 48 5 7T B B A R AR R, 5T
WA Xt T AR K TR A PR AR B AT AT R

2 TERE AN E 2 AR A R, S MR A ST RE R T B AR B A RR BRI I SO AR R ZE I RS RO
BEEL,2), AT, SEREE G RT3 LBl v BE AR 4 X B 25 S5 Jo 4 3 5% 1) B B0 oy X SR 2
— L3 R o AR AR YRR A A B P ) ST BB W T 5, M 0 R T R ) T A R T R R X
LB — N EEEMAFAE ™ o b TR SRR B AR LB Bk LA K 5 £ AL BE B LA IR
I, i SR G, T e E B Y R BN E N AR ER A A A K NI 3R 2 Bk ep , ATT8S i T To ¢
EREFER TP FEIER RE T ERESE.

B T roRE R & WAELE , sabEAEY) AR SEREAE ) B A BRI A 4R, (R T X 42 i v e BEER A A e B, AR
FEVD SRR SR RO AR BE N A R, 7E TR T RXIB AN B35, B A
P TEREARY) , W2 R 20 I R 2 3 P A R A AR
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