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Effects of grazing exclusion years on module structure and growth pattern of
Stipa grandis clones in a typical steppe

PING Weimengl, ZHAO Lingpingl, LIANG Fanghuil, TAN Shitu', WANG Dongz, SUN Pingl, ZHAO Furong]
(1. College of Animal Science and Technology, Henan University of Science and Technology, Luoyang 471000, Henan, China;
2. School of Life Sciences, Henan University, Kaifeng 475001, Henan, China)
Abstract: In this study, we selected different grasslands subjected to varying periods of grazing exclusion (10 and 20 years)
and grazed grassland (control) as sites on the Loess Plateau. We harvested the whole clones to study the effects of number of
grazing exclusion years on module structures and growth patterns of Stipa grandis clones, which provides a theoretical basis

for studying module structures and resource allocation. We found that: 1) compared with grazing, grazing exclusion for 10
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years significantly increased the size, reproductive height, and inflorescence height of S. grandis (P < 0.05), and grazing
exclusion for 20 years markedly improved the size, total tillers, reproductive tillers, vegetative tillers, total buds, reproductive
height, inflorescence height, total aboveground biomass, biomass of vegetative tillers, and biomass of inflorescence (P <
0.05). In addition, grazing exclusion reduced the coefficient of variation (CV) of reproductive tillers, reproductive height,
inflorescence height, total aboveground biomass, biomass of reproductive tillers, and biomass of inflorescence. 2) For the
biomass allocation ratio, vegetative tiller significantly increased, reproductive tiller decreased, and inflorescence showed no
significant change (P > 0.05) with increase in grazing exclusion years (P < 0.05). 3) The biomass of vegetative tillers was
significantly higher in grazing exclusion grasslands than in grazed grasslands (P < 0.05); however, there was no significant
difference in the biomass of reproductive tillers and total tillers (P > 0.05). 4) The S. grandis size showed a significant
positive correlation with the total aboveground biomass, reproductive tiller number, biomass of reproductive tiller, and
biomass of inflorescence (P < 0.001). It also showed a significant positive correlation with biomass of vegetative tillers (P <
0.01) and a positive correlation with total tiller numbers (P < 0.05). Total aboveground biomass had a significant positive
correlation with reproductive tiller numbers, vegetative tiller numbers, total tillers, and biomass of vegetative tillers (P <
0.001); it also had a significant positive correlation with total buds, biomass of reproductive tillers, and biomass of
inflorescence (P < 0.01). Finally, total bud numbers showed a significant positive correlation with vegetative tiller numbers,
total tiller numbers, and biomass of vegetative tillers (P < 0.001) and a significant positive correlation with total aboveground
biomass (P < 0.01). In conclusion, short-term grazing exclusion improves the reproductive allocation of S. grandis and
results in S. grandis rapidly becoming the dominant species, while long-term exclusion results in generation of S. grandis

mainly through asexual reproduction.

Keywords: typical steppe; grazing exclusion; dominant species; asexual reproduction; module structure; quantitative
characteristics; reproductive allocation
Corresponding author: ZHAO Lingping E-mail: zlp19830629@163.com

WEm R MR R A 2R KR E Tk ST O S A A A R K A B R

YN R AR S T T R 4 AR . (R4
RAE TR AR IR+ AN E BRBCBONTE B 3 £ 5 IR 3R 1 32
Wi, HER AN, 2B 2 RE R AR, A IR
A B SR A R S 7 R B BB g K

HEAT AR AR M T R . B B B L

A S REIE R 3 5 0 T i BB 3, A xR AL B
Hb P S B — s R AE A, OB B L e R X
T P ) B i . B F 5l R IR B kAR
1, Db R 4 B0 25 AN i B A0 T U R I Bl 4 R
A R G B R, R 0 SR B 1 9 K b
E LT MBS RGNS,
20 122 70 4E 48 %), Harper 1 White' #2 H # 14
B, Harper! ' 1% $5 49 14 BE A0 5 Fh BEEAT T BETE 2
AN KT BRI 53, AN KT TR BB R b T BCA 4
TE DRI o K1 2 A A 56 R I 25 24 B, BE T LA
A& B IR R R Y B A A bR, BT DL BN
IR B, 2L T R R B R A 5l
BRANE FRR ALY, A T R AL KSR R

RERE, SIS R A 25 K S A B T 3 R AR 38 23 Bl A2 R 30
BRI AR Ak, RN TG T R A AR B A) I VX A
IR e AR . SR A T B R FR A AN A
GE R A PR I S M AR ) BN O A B ) e N
T AP T 0 ZR AL A R AN [R] A 85 1 2 2R RSB A 1
AT T REDN IR A SIENRE ], T
i M AR S 2R G AN (R A A R T SRR AR AL
X L Hb B T O J B A5 R B U7 ) A gL B
Bk, MBS R AR S RGP
KBTI, WAL B IS (Achnatherum sibiricum)”
FACT JFUAR 250K 55 (Agropyron michnoi)""\ 3% 38 i J5
VD1 (Agropyron mongolicum)' " P 5 i L5 2 BE
(Leymus chinensis)[lz]%ﬁ%: BRI, DAAE ) g i
R AR R A SR B T R o TC R R RO AR A
(BF 98 4 o, ELAE Tk AT 9 b i iz

KEFSF (Stipa grandis) NAR AR F J& 2 F A%
MR BRKEY), AT 8 50~ 100 cm. ZHE YA KN
47 -10 H, iR 5 A -8 H o 4 Mt R 4F,

http://cykx.1zu.edu.cn


mailto:zlp19830629@163.com
mailto:zlp19830629@163.com

%11 BRI

S5 B A R g Y RS UK BT SF T0 1 R AR AL B AR R S ) 2137

HEASERS BEFRMEm T 28 KRE, MR
B E A, UHAERI R, (AR R a2
WRE RN B A E . FEAREMPUIE., £,
T8 NVE R B, KBRS R T e R TR AR A R A
FhUY, E 0038 A 25 2R G5 0 R AN 2 5 B Ol R T T
B EEAEM . DMESCT 3 s 5 KE S I AR
S rh TR AR AR E D S R B R A
P 5T . E B bR B R AR R R K
1B A B IR W O KA S BT, X RE KEFSE
PR KRB RIS A ¢, RE DA R iE IR 2
2 2 g R F R (Cynodon dactylon)™ %5 %
FRORBLHTCME R A, (H T2 N BUR BORE 5 57
FREELE R 73 MR A KA 5T 40 Be FORIE FE 5D A 40
1, A7 DA B e Ji 3 2R SR A T, B E 10 4
T AN F 20 F R HON B T R, W K E S T
RS AR A B B R AR VAR W) & o BRI, IR EHE
5 Tt DR B 2 A R BE VR 3 C A s e, DL DR B
Jir AR A e 1 VR R R R S SR AR

1 AR 7

1.1 AR

HIF 78 X B AE 3R 1800 — 2 180 m (1) 5 & [ml i H
1B IX [ R = % B R R J AR R X (360137 —
36°19' N, 106°24' — 106°28' E), J& & 7 K fi 42 T
BAEFE. £HRESC, 1 HRE®MK, N-14C £
FH,2TARE RS, N25 CLEH. LHEM 112~
140 d. ¥ %7K & 400~450 mm, H H 70% &K &
EHETH -9 FHEKELN 1440 mm. +
ey Hb % £, pH 8.0~ 8.6, L UL 2 4R M &
S NY I B B S S v 2 I N e 2 L NI e

(Stipa bungeana), t£E 5 & B4 (Thymus mongolicus)-

AT E (Artemisia sacrorum). JE T8 UK L (Agropyron
cristatum). —. 3 2% % 3% (Potentilla bifurca) F1 [ /R 28
WAL (Heteropappus altaicus) 2 01
1.2 MRAE

2018 4F 8 H, L HL 1 AN UHCE Ay > B B
AR NI b . 35 E FHR = 551 55 A B
73 5 1 1998 AT 2008 4F 5K it A~ 3 7 (9, 5 HURE IS
C 253 F 20 F1 10 4. EHFH 20 Al 10 4F HH i
BLZ9 2 10 F1 5.5 hm’. 78 45 AN B Hb B8 HL 42 BUK &1 5

30 JA (¥k), & M JAJEE 100 m BA b o 42 BUET I 5E 4 58
FEFBAAR, BL 3 ASAS[E T [m il g 51 S AE 8 A AR
KWNe 5 wiG, 2B THELEN, Hrm L=
HEATAC PR . AR FE RIS FRAL X 4 DL B A 16T 5L
JEC S 53 BE ZF bR AE o B B S 43 bR MR S ) BE Ak B
TE, W53 BEZF L AT AL OB TRV W e AR B AR R
W, »EEEE ST, 2. 75°C
M2 E E, W AR B RN AR . K
B R AR R AT T ARAZ 8% (0.4 m < 0.4 m %
0.3 m) W 5E , AR 48 AH I 1)K &S0 B B3 2 o B R
HEMA, BRI LT LAHMEMRRE, st
T4, BT IR E . A8 7 R 2L (coefficient of variation,
CV) 2 briE 2 51358 2 bh, BT S il H 2% B b Hh oK
HFR MR RE. RREVERRRT
HERRAREMR .

1.3 HESH

K F SPSS 25.0 % K&t 5 A [7] 44 1 % & e fiE A
1o BBCEL AR TE B B IRy BE A AL AR
Fow L AEF L B R E R R R
BRBAEME T EME IR REWEHIT R R
)7 Z M1 (One-way ANOVA) F Pearson #H 5< £ 7
7, 35 i Origin 2018 1 & .

2 HR50M

21 ARIFEERTREFUHHEFFET L
HEHFE RN SRR BB B SR
FCH o BEZF S A AR TR R FE L AR T R R M S
AV E FREE YR Y B B R (P <
0.05), {H X} A= 5 A% AE W) & A N AR R ARV & A
3 (P>0.05) (& 1), St tL, 385 10 44
BERE T EENE B S EME T ®E (P <
0.05), 73 7l # N T 38.9%. 66.1% il 68.6%; & &
20 FE M A ) KA AR BB AR TR R B R
BOH Iy BE AR B AR A S L BT L M B SR
Y& EIRECEY R ML A E SR EE N (P <
0.05), 4> I T 76.5%. 294.0%. 176.6% 307.2%.
159.6%. 74.8% 98.0%- 414.9%. 894.4%#1 297.9%. 5
BH 10 FHEHAH L, B F 20 55 B R ) AT
SRR A TE B B TR o BE AR M R
VE.ERNEDE RFEVMEYEEZER N (P<

http://cykx.1zu.edu.cn



2138 ook B

38 %

x1 ARHEFRTREFZMHHERE

Table 1 Quantitative traits of the modules in Stipa grandis clones under different grazing exclusion years

T GG HH10FEEH GEG10 FH20FEHH GEG20 &
FEHFE Quantitative trait i - S
Mean+SD CV/%  Mean+ SD CV/% Mean + SD CV/% if
1% Size/cm 583+26.1c 448  81.0+17.4b 21.5 102.9 + 15.3a 14.8 2 9.54
SR Number of total tillers 46.3 £ 28.1b 60.7 47.6 £30.7b 64.4 182.4 + 120.0a 65.8 2 19.84
AETE R 47+5.1b  108.1 6.8+5.2b 76.6 13.0+6.9a 52.8 2 7.07
Number of reproductive tillers
EEiE 41.6+319b 767  40.9+29.8b 72.9 169.4 +122.0a 72.0 2 12.40
Number of vegetative tillers
TBETF AL 245+162b  66.1 34.6 +23.5b 67.8 63.6 +45.4a 71.5 2 5.54
Number of total tiller buds
AR 60.32+50.24b  83.3 100.18 + 8.83a 8.8 105.46 £ 32.68a 31.0 2 3.20
Reproductive tiller height/cm
WwEEE 2439+2029b 832 41.13+5.33a 13.0 4830 + 15.88a 32.9 2 7.09
Inflorescence height/cm
Bk b e E 13.87+12.18b 87.8 25.05+12.48b  49.8 71.41+2221a 31.1 2 22.41
Total aboveground biomass
per plant/g
RS Y2 7.15+927a  129.6 10.33 +9.00a 87.2 16.09 + 15.02a 93.3 2 3.58
Biomass of reproductive
tillers per plant/g
RS R A= 479+3.0lb  62.8 11.44+8.10b 70.8 47.63 +£32.39 68.0 2 10.78
Biomass of vegetative
tillers per plant/g
HRETFEYE 1.93+2.51b 1303  3.29+2.10b 64.0 7.68 +7.71a 100.4 2 430
Biomass of inflorescence
per plant/g
WREY & 4236 +5.62a 13.3  45.63+5.64a 12.4 49.28 +4.89a 9.9 2 3.62

Root biomass/(g'm )

[FEAT A E)/NG FREROR AR 3 8 A IR 22 7 i35 (P < 0.05); Mean, “F¥I{E; SD: FafiZ; CV: LR RY.

Different lowercase letters within the same row indicate significant differences among different treatments at the 0.05 level; GG: Grazed grassland;

GEG10: 10 years grazing exclusion grasslands; GEG20: 20 years grazing exclusion grasslands; SD: standard deviation; CV: coefficient of variation.

0.05), 43 B 8 I T 27.0%. 283.2%- 91.2%. 314.2%.
83.8%- 185.1%- 316.3% F1 133.4%.
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B 1 K$tF MR EBGRT EEYE S
Figure 1 Aboveground biomass allocation of different
module structures of Stipa grandis clones

(P>0.05) (K 2).
24 KEFEMHRAZSHEHEFEXRR

159 N ECEFFAE A R i (R 2) F, B &
FIEMERAMILA 21 5 (P<0.05), &8 F 1M
KFERMILAH 24 (P<0.05). Hi KEF AR SH
LR E, AR B E. EF A=
W 55 3% IEAH ¢ (P < 0.001), 578 AR EE
IEFH O (P < 0.01), 5 B8 35 IEAH % (P < 0.05).
o ERAEY) RS AR B R SR B

B2 XEFAUARTRBGFHRIKEDE
Figure 2 Average biomass per tiller of different module
structures of Stipa grandis clones

NFVNG F BRI AL BE 7 22 7 8 3% (P <0.05).
Different lowercase letters indicate significant differences between
different treatments at the 0.05 level.

B A=W W 5 2 IEAH 9% (P < 0.001), 54rBEZE %, 2=
FA KR B AR T AR B R 3 R AR OC (P < 0.01).
BEESH ERAEYE. RN SEFRANE
FERC A AR R E EAH K (P<0.001). 7EEFHE
BRI SR E R BN R B G (P <
0.001), 5 Hh b A2 B 3 IEAH ¢ (P < 0.01). &
2, BRBAE R FERKMBEER EZ/EH, 2H

®2 AHFAURAMGHEFEENEXE DT

Table 2 Correlation coefficient of different module forms of Stipa grandis clones

o wie WL ammec mmem weem pepay PIEDEEC SHETR
Bk AR 077
EFE B 069" 061
T 0.26 058" -0.02
B 031" 062" 0.05 1.00”"
GrBELF A 0.21 047" -0.13 090" 089"
RN R 0627 0417 082" -0.35" -0.29 -0.37"
MRRESRHEE 045 0827 0.15 086" 086" 075" -0.16
RIE Y B 0517 044" 072" -0.21 -0.16 -0.26 070" -0.05

w10y R RORAE0.001 0.01H10.05/KF A

**k *% and * indicate significant correlation at the 0.001, 0.01, and 0.05 levels, respectively.

MAZ, size; HLbkH S AW &, total aboveground biomass per plant; 2E5E # %, number of reproductive tillers; & #4744, number of vegetative tillers;
S %L, number of total tillers; 77 BE 4 =2 4%, number of total tiller buds; HA%AEFE A% A= ¥ &, biomass of reproductive tillers per plant; HL0KE 7= F ALY,
biomass of vegetative tillers per plant; H.ik{E /7 45, biomass of inflorescence per plant.
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