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Leymus chinensis genotypic diversity increases the response of populations

to disturbance

SHEN Junfang, REN Huiqin, XIN Xiaojing, XU Bing, GAO Yubao, ZHAO Nianxi "
College of Life Science, NanKai University, Tianjin 300071, China

Abstract; The current rapid loss of biodiversity from the ecosystem to the species level at global regional and local scales is
considered to be one of the major threats to the continued good functioning of ecosystems and the biosphere at large. Recent
research has demonstrated that genotypic diversity within species also has important ecological impacts. Especially for
dominant and constructive species, genotypic diversity within species may enhance plant population productivity and
resistance to disturbance, reduce susceptibility to alien plant invasions, and affect associated arthropod community
composition and diversity through several of mechanisms. The underlying mechanisms by which genotypic diversity within
species may alter ecosystem processes are analogous to those proposed for species diversity. For both species diversity and
genotypic diversity within species, the effects of diversity may be partitioned into “selection” and “complementarity”
effects, where selection effect occurs if the community includes a genotype with a specific trait that becomes dominant over
time. Complementarity effects occur when function increases or decreases as a result of interactions among conspecifics.
Selection effects result in higher or lower functioning than expected, based on the average performance of the genotypes in

monoculture, which is called non-transgressive over-yielding. Complementarity effects result in a diverse assemblage that
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performs better than its best performing member, which is called transgressive over-yielding. In Northern China, typical
steppe is one of the main steppe types. Leymus chinensis is the dominant and constructive species of the typical steppe,
playing an important role in the community. Due to climate change and frequent human activities, the typical steppe has
seriously degraded over half a century, but we found that L. chinensis in degraded steppe still plays an important role in
maintaining the structure and functioning of typical steppe. Therefore, it is necessary to investigate how the genotypic
diversity of L. chinensis affects the structure and functioning of an ecosystem. In this study, we examined the effects of L.
chinensis genotypic diversity on the performance of the above- and below-ground biomass, number of tillers, number of
rhizome buds, and root to shoot ratio in response to disturbance over four months. (1) The genotypic diversity and the
intensity of disturbance had significant effects (P < 0.05) on the above- and below-ground biomass, number of tillers, and
number of rhizome buds, but their interactions had no significant effects on these variables (P > 0.05). The values of these
4 response variables in polyculture (3, 6 genotypes) were significantly higher than those in monoculture (P < 0.05), and
these response values decreased with increasing of disturbance. The intensity of disturbance had a significant effect (P <
0.05) on the performance of the root to shoot ratio, which was higher for the most serious disturbance condition ( HS)
compared to the other conditions. (2) The net diversity effects were positive for 25 out of 29 variables, and were
significantly higher than O for 12 variables. After partitioning the net diversity effect by the Loreau & Hector method, the
results showed that genotypic diversity effects are driven by both the complementarity and selection effects for 12 variables,
by the complementarity effect for 3 variables, and by the selection effect for 5 variables; however, the complementarity
effect contributed more to the positive diversity effect. These results indicate that genotypic diversity may improve the
performance of L. chinensis by the complementarity effect, even under disturbance conditions, with this information being

expected to contribute to the conservation and utilization of germplasm resources of this species.

Key Words: Leymus chinensis, net diversity effect, complementarity effect, selection effect
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FRIC(AG),T FI(CA) (A BiE RFRFERRAY LR B I 7405 . RIS, 78 FRE A 410 15 5% DI 25 bR B (A sk
N 38 AR ZE IOV B A B[R] — BRI U K43 BE, 2013 4 6 H 1 H  FI X L3 B BEHE TS24
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ARSI R FHIE R 2R (1.3 .6 = FIEERIA A ) x TR B (TeX#] A 10 em (FAHES em) IR =
IR B S5 T, JEAEE O FhAb BRAYSCIGFIRE , 7R ELAE 30 om BIEBRI R A 5 kg BV H3E( 34 ¢ &
N FI4 P S50 C: 1.1 g/kg N: 0.11 g/kg \P: 0.37 g/kg) , BAEH 7l B4k 6 PRFRLRR M BE, AR
LA 21 S FREAE RS AR T HCAC PR, SRR R (G 1) RS Rk 21 &, =R BIA & (G3) JLRE 4K 18 4, 7\ 4k
AL A (G6) Rk 21 7, 6455 60 75,3 A THuAb #LEILA5 2] 180 4, R T AR IE A4 55 &R AR AR5 7 B 15
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B H BRAE Excel TRENLA SR, 158 1, FBEHRAT K F 53 BESE — K BRAR 2 0F USRI B 4 5 E T i, OF
BB H S AR RN 15 om M AR R KEE R 10 em, H1 EFFMF 50 4 o bR 4% 1 ANSE LA/ 88, &
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Table 1 Genotype combinations in the present study

R 76 25 R

%Hig#lﬂ: . R AL A 73 Genotype combinations
Genotypic diversity
BAL A T

YS5; 3/9; 3/25; Y18; Y115 3/8; Y1; Y23; 3-32; Y4; Y8; 3/0; Y26; 4/13; 4-8; 4/6; M2; 3/17; Y24; Y7; Y25
Mono-genotype
RN A Y1, Y26, 3/9; Y4, Y25, M2; Y7, 3/8, 3/0; Y11, Y18, Y25; Y1, 3/9, 3/17; Y4, Y7, Y8; Y8, Y26, 3-32; Y11,
Combination of 3/25, 4/13; Y1, 3/17, 4/6; Y5, Y7, 3/0; 4/6, 4/13, 4-8; Y11, Y18, M2; Y24, Y25, 3/25;Y23, Y4, M2; Y24,
3 genotypes Y23, Y18; Y23, 3/8, 4/13; Y25, 3/0, 3/9; Y24, 3/25, 3/17

Y1, Y5, Y25, 3/8, 3/9, 3/17; Y1, Y11, 3/25, 4/6, 4-8, 4/13; Y4, Y5, Y7, Y8, Y26, 4-8;Y18, Y23, M2, 3/9,
N 4/6, 4/13; Y1, Y5, M2, 3/0, 4-8, 4/13; Y1, Y26, 3/9, 3/25, 4/6, 4/13; Y4, Y5, Y7, Y8, Y11, Y23; Y18,
ANEEFEIH G

Y23, Y25, Y26, 3/9, 4-8; Y1, Y7, 4/6, 3/17, 4/13, 3/25; Y4, Y5, Y8, Y24, Y25, 3-32; Y4, Y8, Y24, M2, 3/
0, 3/8; Y18, Y26, 3/0, 3/8, 3/9, 3/17; Y1, Y7, Y23, M2, 3/0, 3-32; Y4, Y5, Y11, Y18, 3/25, 3-32; Y4, Y8,
Y26, 3/8, 3/9, 3/25; Y25, M2, 3/0, 3/8, 3/17, 4-8; Y7, Y11, Y23, M2, 3/0, 4/6; Y7, Y11, Y24, 3/17, 4/6, 3-
32; Y11, Y24, Y25, 3/8, 3/17, 3/25; Y8, Y18, Y23, Y24, Y25, 3-32; Y8, Y24, Y26, 4-8, 4/13, 3-32

AN B A S T

Combination of

6 genotypes

it — BRI AR A K5 ,2013 4F 7 15 B X SEEFPEDES T AN [R] 568 B 04 X B AL 28 . TE X H) (NM) | B4
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W CTRATBER (A ) MZEZFE (A4 o Bl S K AR A BEAE T, 105 C A7 2 h Ji5,80 CHE T 2 1HE
i T2 — R DAY R TEGU/E) WAV R TR/ T ERE L, s iy AF &
FIRAS T AR s e, DEA TR 44, WHE DA Mo oy ) 0 3 JEAIRIAL G5 BAZE 5 em A FRZL 1Y 4b [ A=)
W, SCIGHIN], R B EILE 10 £ 2% 2240, OB RN, BARR 22 4% 5 JC = i G BH A Wi 5 B A 7k
WU E B R R I 1 Uk LARE o 57 B0
1.3 HdlEoatr
1.3.1  H AN FIBE BRSO 19 53 25

I8 Loreau F1 Hector A 71218 W5 22 55 R B 20 45 P e e BLAGIE IH: AY R 40 S T AN e 8 23000
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PN, Mi BRI RY § BB RS | Lk B AT B A R AR i (M e T AR S BE ARZE 2R
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FEDR UL & BRI AR IO 5 2 AY < 0, SE R A0 22 SE R B 2 A P R 0 7= A KO0, B RN
FIGE RN AR P S He s S IEARTR], TE B AE 5 em ACERLT 6 FEPI YL A FiRE ih A SR AR K AR 25 2F
PRI TG TS5 R I 1) AR M RN | NSO, RIS BRI
1.3.2  Fdlkbss

TR B AT X A, LA R IE SO  BR S AT T, R TR A B A OR AR R R TR
AR ( Mixed model ) K656 3 PR Y Z2 R AN Do B2 X 3t b AR W 3R AR A0 R MR R 2R BORIAR T L
BRI , H R 2 R R T I 8 A 1 R PR, A B BARE AR oA B R A 06 2 AR PR (AY) (HL
SN, FIBEPEAON 5 0 125 5 B 1, Hod , 2R 5O A 3 0N P RSO B8 R R RION, A 5 1Y
EVERPLE KR 2E R 3 (P < 0.05) WIZRBZAN R £ 3800, Fe)m, RATRA B (Mixed model ) K 46 5
PRI Z R RO T B Xt b b A= Wi T AR 8 43 BEBSURIRR SR LU 98 B AN SO FH eS80 B 52 ), PRIAR 25 2
BBAREIC IR LAR AT SER S, L EBIRSE T 0 e B R ] SPSS20.0 SE AT,

2 HR55%H

2.1 DAY SRR A PG A X 2 ey AR e Y 5 )

SRR BRI TP BT E G AR T AR A BERCRIAR ZE 2RO W I (P <
0.05) ,[HPIE I EAERIFAEZE (P > 0.05) ; THE5R X AR 7 b A B 0952 m (P < 0.05) (£2), b4
Y TR Sy BER AR A AN [ S PR B A 1] 11 25 5 5 LR TR PR DR R A 22 B R AL A 45 ol
BEZ 18] T 7E 22 5L R BRI A R b 3 SRR AR 6 SER B A 2 M 22 AN B3 (F 1a) , FEAH EAY)
i MR AR B ARZE ZEEOY B T Y0 BE A3 i R MR (P < 0.05) 5 MARIE FL7E B 2E 5 em Ab

10 10
% SRR A ol R T B b = NM
£ 8 a3 8 a H10
z 6 Bo6 6 5 H5
B2 i 2
0 i = \
Ba RTS Ba Bb T RB RTS

i 3725 B Response variables
Ba: #ii MR/ (g/4k) Bb: MR A4/ (2/45) T: 43 BE/ (AN #) R WZEF/ (AN 4%) RTS: filsi ke

E1 ARERBAS(1a) IARTHEE (1b) TEMEZENTHE(HRFERTLEREZRIAEE (P > 0.05))
Fig. 1 The average of 5 response variables in different genotypic diversity (1a) and under different intensity of disturbance (1b).

Same letters denote non-significant difference between treatments at P = 0.05 level
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Table 2 The effect of genotypic diversity and intensity of disturbance on the response variables of Leymus chinensis by Miexed mode

- FER R A (RE7E S LR A 2R T
W 97 2 B Genotypic diversity (G) Intensity of disturbance(D) (G xD)
Response variables

F4,176) p F4,176) P F4176) p

M A9 & Above-ground biomass 7.904 0.001 48.119 <0.001 0.679 0.608
T A4 i Below-ground biomass 9.997 <0.001 24.489 <0.001 0.494 0.740
ZrBEEL Number of tillers 3.420 0.035 18.637 <0.001 1.989 0.098
HRZE 2E 40 Number of rhizome buds 5.011 0.008 12.075 <0.001 0.129 0.972
HE L Root to shoot ratio 2.644 0.074 5.505 0.005 0.243 0.914

2.2 JERARIZFEPER RO | AN FHE RSN

AT RN 29 > Z R ERONE U 4 B, HoAth 25 Ao IEE, B 1255 0 257
B AR EAEYR e M BRI s U AR o MU AEMIE G o) us) > 2T BERN o wu)
IYBEEL 3. us) s RZEZF B (3 6. 1110y » TRIEE LU (3, 6. s » 30K 0 M 7 /A% S 1) 5 DR AR 22 A0 A 04 2580 102 Dy Y 35 TE 5800
(P <0.05)(#3),

HAE Loreau & Hector P, W AR PRGN 70 it A5 2 Y BE BN 4 KT 0 1 B AR /N T 0, BV E
FOREON SR BE PR Z R IE RN S EZETTHR (3R 3) , iR 22 R W3 (P < 0.05) , 3 W] Z2 R P 500 6] 56 PR A 2
PR = AR R et SR s - 3 ) o AR g %) 56 DR 22 PR MR RO PR BRSO R RGN e [R] 32 3 e AR A 12
A AR EA R G MU AR G, o MBI o 0 5 2T BEEL o, awy » TRZEZFEN o ) FIARGE
FC s, 6. nut s o sy » HHELANRIONEES = AR A9 FE 05 A 3 A4, Gdlibh BRI & o ), U AW s, 6wy, M0 1
IR oy » TBEEL 63 1n10) » FHIEFRRON S T SAE IR R A 5 A, 4G EAEWI R oo o) » 7 BER 65 ) »
BRI o oy » TTEERL (3 6. s, » 1 EMEAREL 68.97% (20/29) ;LA 9 A4 FR , B AMIUN FIBEBR AR YA
b EFEH,

R3I FERMEESHN S EMSEN BN FIEFE

Table 3 Genotypic diversity net effect, complementarity effect and selection effect of variable of L. chinensis

i 7725 Rl ZAEHERIL Net effect  FAMIUSY Complementarity BEFERIUNE Selection
Response variables Intensity of disturbance
G3 G6 G3 G6 G3 G6
Mo AR TERE] (NM) 0.611* 0.877 *** 0.834 0.917 *** -0.223* -0.040
Above-ground biomass B 10 em (H10) 0.262 0.087 0.326 0.687 -0.064 -0.600*
FAFE S cm (H5) 0.335™ 0.170 0.935 0.293 -0.600 -0.123
N Y JEAE (NM) 0.377 0.722* 1.004 * 1.130 ™ -0.627 " -0.408 =
Below-ground biomass B34 10 em (HI10) 0.416 " 0.209 0.604 ** 0.932* -0.188 -0.723 =
PAFE 5 em (H5) 0.537 " 0.274 0.695 0.326 -0.158 -0.052
Sy BEEL TEAIE (NM) -0.057 3.049 0.543 3.576 -0.600 ** -0.527 *
Number of tillers FAFE 10 em (HI0) 0.055 0.023 0.227 2.676 -0.172 ~2.653
B35 em (H5) 0.722* -0.045 1.921 0.450 ~1.199 ~0.495 **
HRZEZEHL FoXIE] (NM) 1.167 2.166 8.430 5.653 " -7.263 ~3.487 =
Number of rhizome buds Fi7E 10 em (H10) 2778 1.762* 5.881 2.415 -3.103 -0.653
Fi7E 5 cm (HS) 1.056 — 1.516 — -0.460 —
e JEXE] (NM) -0.004 -0.030 2.147 5.011* -2.151* -5.041 "
Root to shoot ratio B4t 10 em (H10) 0.063 0.056 2.302 " 4412 -2.239 " -4.356 "
B 5 em (HS) 0.057* 0.114* 2.198 " 3.397 " -2.141 " -3.283 "

x|  FRAE 0.05 F10.01 KF 150 257 B3
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2.3 DR T 20 R AR R X R RN A AR A 52 )

Gt B, BN A 05 B LB AT B S ELAE R AR TEE L 3 — F1 s A EL A D A0 e 6 300 2
HAT BZERFEN (P < 0.05) 5 FEDI BRI ZREMEFI TP 0m B2 19 52 B A F X 70 BER Y 8 P00 BAT 1238 A0SR (P <
0.05) (% 4).,

R4 EFRB SR TR B X & 0 R 25 8 ) B0z 0 1 350 3 0 4 45 SR

Table 4 The effect of genotypic diversity and intensity of disturbance on the complementarity effect and selection effect of variables of L. chinensis

LA 2R T TR R ZREE TP 5
M 7 25 ZREVERU Genotypic diversity (G ) Intensity of disturbance(D) (GxD)
Response variables Diversity effect

P F P F P
My A H AN 0.061 0.805 0.878 0.419 0.924 0.401
Above-ground biomass EBERINT 0.189 0.665 1.015 0.366 2.606 0.079
A HANR 0.094 0.759 1.515 0.225 0.793 0.456
Below-ground biomass BRI 0.000 0.988 1.397 0.253 2.391 0.097
Iy BERL H AN 1.427 0.235 0.838 0.436 2.924 0.059
Number of tillers BRI 0.877 0.352 1.164 0.317 3.791 0.026
R L AN 65.734 <0.001 3.808 0.026 3.736 0.028
Root to shoot ratio TERBERIN 83.006 <0.001 4.451 0.014 4.524 0.013
3 itig

W iy o DR Y Z2 A P00 R IR TE RSN IR ARy 1) 5 B R B4 AN S RE 5 38 iz b i A= R 30, i L
REASEE = i W R 6 ki ol 4 B9 BE 77, Ehlers AL Hughes & Stachowicz' "V BIF5E & B[] & K R 2H 4 1Y
TR RS2 2 = W a0 SCE TS, 22 2 IR A 65 IR 119 0 BE S b S 5 DR U R 1Y) 40 BE R B AR Y 20, HL
22 3k R R 21 A5 TR A i A2 30 D PR DRI R e | AR SO SR R I T R T AR 25 SR S S 25 R AR — 3 (3% 2,3,
1), X SE R BE PR AU 22 R 1 TE A0 S T2 T R %) 2 EL AR ARONE , T 380 Ay B A B o 5 PR 7R 22 e LE A8
AIRIL(# 3) ., Cook-Patton %" SETFR[FHE N A LR (1.8 BRIIER BILL A ) H W2 ( Oenothera biennis ) K
FREAE = 7 BORFFT, DAL MeArt 5121 SETFAN[RI3E PR 70 =2 5 B2 (0 ) UL RE (0 A6 RN 28 (4 22 BE I 5T, 103 I T kb sk
O o 35 PR TR 22 R T A5 A 2 B Tk, T Tomimatsu 25> XS [F] 3 PRI  7%5 25 ( Phragmites australis ) FHEE
WA 7 WA FE I S IR E 40007 R A3y 2500k 5 PR B 22 A M 1) TE A5 A BT ik, DG T B AR, Xof 556 P 78
ZREMEIERON , Bh2 R — 0N R AN [ A 35 DR R AR I A A R A AR 1A 25 5205 S 3OA [m] 366 R AR ok 114
BRI 7 AR 22 35 PR AR A A5 Pl rp 434 32 DR AR [ A 2507 T, 2 v e U R T S50l e A 1, 3R
ISR O T A G BT 7 A% = 2 A% 5 PR BUAR AR HEA TR 5, AR S 1 A [ 35 PR Y 2 B AR I A P A R A BRRRAE I
FAE22 5 BB W AR ], 6 F2s ph 7R BAE DR Rk rb s e B (A2 77 0 Ar BERCAR T8 b (0 FR B0 ) i IR U A
BRTETR & BE R B R AN RE DR LU St A R D 1, WER X R LA IR A S R B A & R 2k e 4
R4 Ay SR DA T AN BB X i PR 28 AP R AN I E TR o A SR OS5 R | 3 R4 Wi [0 742 £ ) e PR 240
B UE, H AR PR e RN 28K 00 5 0 25 55 8 28, TR ) 17 5 PR Z2 A0 1k TE 2800 A 2R3 5 G Tt B ) bt
FErp A 2 HGE

AR R Y 22 R P 118) BRI Ry = e R R 7R o AP T 35O 1) R B Dk, H B ANSONE ANALE 3 i oy A
rop R ERAER (763 3 R g 25 R i 25 W i = AEHT) 1 29 MR R AT 12 N85 i AR
N7 2 FH E AP ASONE RIS BRSO A L [R] 32 50, AR ZEAE R A [ S DR B A AR A AR ZE AR A D7 Tl 4 i IR A
Fifi 5 I (R A% S22 o oA 5 G i 2 R B AE — 2 A TP, 590 2 4000 ) i A ok 5 PRI B (o ™ sl vk ) e
H A DI A% B2 e a0 3 A1 AR [ (4 E e iz 2 AL 2 S AR AR AR 25 A ) A A 38, Drummond Al
Vellend W55 201 , X i A ( Taraxacum officinale ) F R R ZREE S 2 SAE FH RO, T E T I 4 T ik
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