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Abstract

Aims Grazing is one of the main grassland using modes, which has caused certain biotic stress on pasture. In
order to survive, pasture initiates defense mechanisms by regulating the primary and secondary metabolic proc-
esses. This article aims to 1) figure out the distribution of defensive substances in different organs produced by the
dominant plants Sipa grandis and Leymus chinensis; 2) explore the similarities and differences of the defense
mechanisms and carbon-nitrogen trade-off strategies in S grandis and L. chinensis.

Methods We conducted a different grazing intensity experiment in the typical temperate steppe of Nei Mongol.
The lignin and secondary metabolites, such as tannins, flavonoids, phenols and alkaloids, as well as the ratio of
carbon and nitrogen in different organs of the dominant plants S. grandis and L. chinensis were investigated.
Important findings Our results showed that S. grandis and L. chinensis produced a large number of secondary
metabolites such as tannins, flavonoids, phenols and alkaloids in the face of grazing stress. The leaves were the
main synthesis and storage organs. In addition, the chemical defense mechanism of L. chinensis was well induced
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and expressed under moderate grazing. There was no significant increase in the lignin content in the aboveground
parts of S grandis and L. chinensis. Therefore, both of them were more inclined to chemical defense than me-
chanical defense in the mechanism of avoiding grazing. Because of the higher nitrogen use efficiency of L.
chinensis, it could be protected by both carbon and nitrogen metabolic pathways. However, Sipa grandis did not
efficiently distribute nitrogen into chemical defense in the early stages of growth. More resources still used for
primary metabolism in the early stage of S. grandis and L. chinensis growth, under light grazing stress, which in-
creased their grazing resistance. Therefore, light grazing is conducive to improving the carbon and nitrogen use
efficiency of pasture, and improving ecosystem productivity and stability.

Key words secondary metabolism; defense mechanism; carbon-nitrogen trade-off; dominant species; grazing
intensity; Sipa grandis; Leymus chinensis
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Fig. 1 Monthly precipitation and mean air temperature at the
study sites in the typical temperate steppe of Nei Mongol in 2016.
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Fig. 2 Lignin content of Sipa grandis and Leymus chinensis in the typical temperate steppe of Nei Mongol in June (A, B) and Au-
gust (C, D) under different grazing levels (mean + SE). CK, grazing exclusion; LG, light grazing; MG, moderate grazing; HG, heavy
grazing; EHG, extremely heavy grazing. Different lowercase letters indicate significant differences among treatments (p < 0.05).
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Fig. 3 Tannins content of Sipa grandis and Leymus chinensis in the typical temperate steppe of Nei Mongol in June (A, B) and
August (C, D) under different grazing levels (mean = SE). CK, grazing exclusion; LG, light grazing; MG, moderate grazing; HG,

heavy grazing; EHG, extremely heavy grazing. Different lowercase letters indicate significant differences among treatments (p <
0.05).
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Fig. 4 Total flavonoids contents of Sipa grandis and Leymus chinensisin the typical temperate steppe of Nei Mongol in June (A, B)
and August (C, D) under different grazing levels (mean + SE). CK, grazing exclusion; LG, light grazing; MG, moderate grazing; HG,
heavy grazing; EHG, extremely heavy grazing. Different lowercase letters indicate significant differences among treatments (p <
0.05).
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Fig. 5 Total phenols contents of Sipa grandis and Leymus chinensis in the typical temperate steppe of Nei Mongol in June (A, B)
and August (C, D) under different grazing levels (mean + SE). CK, grazing exclusion; LG, light grazing; MG, moderate grazing; HG,
heavy grazing; EHG, extremely heavy grazing. Different lowercase letters indicate significant differences among treatments (p <
0.05).
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Fig. 6 Alkaloid contents of Sipa grandis and Leymus chinensis in the typical temperate steppe of Nei Mongol in June and August
under different grazing levels (mean + SE). CK, grazing exclusion; LG, light grazing; MG, moderate grazing; HG, heavy grazing;
EHG, extremely heavy grazing. Different lowercase letters indicate significant differences among treatments (p < 0.05).
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Fig. 7 The C:N in leafs of Sipa grandis and Leymus chinensis in the typical temperate steppe of Nei Mongol in June (A, B) and
August (C, D) under different grazing levels (mean + SE). CK, grazing exclusion; LG, light grazing; MG, moderate grazing; HG,
heavy grazing; EHG, extremely heavy grazing. Different lowercase letters indicate significant differences among treatments (p <
0.05)

C:N (%)

o8

R 63 K8 WS A AR FORE 5 5 3 By h B AR ) 5 CNIRAH DG 43 #7
Table 1 Correlation analysis of defense metabolites and C:N in leaves of Sipa grandis and Leymus chinensis in the typical temperate steppe of Nei Mongol in June
and August

KEFSF S grandis 2EE L. chinensis

e MEERH B OKBRE MEWR BREL mT B B OKBRE B AL
Tannins Flavonoids Phenols Lignin  Alkaloid C:N Tannins Flavonoids Phenols  Lignin  Alkaloid C:N

KEHF B 0.800 0.900" —0.400 0.051 —-0.300 0.400 0.400  —0.800 0.600 0.000
S grandis Tannins

S HE 0.900°  0.100  0.154  0.200 1.000" 0200 0400  0.800

Flavonoids

Sy —-0.300 0.051 -0.100 -0.200  —0.400 0.800

Phenols

K E —-0.154 0.500 —-0.800 0.400

Lignin

SRR 0.718 —-0.800

Alkaloid

TR

C:N
ESN B 0.900" 0.300 -0.200 0.600 0.500 0.000 0.600  —1.000" 0400  —0.600
L. chinensis Tannins

SATETR 0.600 —0.100 0.700 0.700 0.800 0.000 -0.8300  —0.800

Flavonoids

S 0300 0500  0.900" -0.600 0400  -1.000"

Phenols

KRIFHE 0.600  -0.100 —-0.400 0.600

Lignin

SR 0.300 0.400

Alkaloid

TR

C:N

*,p<0.05; *¥p<0.01.
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TEP R IR 5 A 0B A J o AR S TR &R
WO P AR LB, B AR A AR A BT 2 R B
(Brock et al., 2018; FF=% %, 2018). A#FFH, K
BESE AR R AR A JUPAS S AP0, 25 AR ik & 1Y)
AW T RE S AL TR R R, R A IR AR
WP B AT, B, YRR
R R R R B O s iR
VB nT B8 T AR N — S E 0 IR AR R
YImT ORI A, I B EEh B S 25l
AP — RHIA R, Bk, w R 26 7
Oy RAEIHRE MBS 77 88 B (Lu & McKnight, 1999;
Isah, 2019). AWK 2 FE S 0 B S5 EIRILAE A
H BRI O, T R 58 N 2 B R AR L A A
T 35 0 9 A e 2 1 TR 1R Ok R AT itk — 25
W9
3.2 KEFSFERHESG R REE RIS RE

WK RS, REEERKYH, FES
SR FRA ISR T G PR TRV, IR AR I 7R T
AR X B A R IR T RERE R, Rk, O T
B )P I B B I T AT B, 7R AR S AR
[F) i 1% 4% (Srinivasa, 2018; Liu et al., 2019a). 7£6
AR, KA SR E R0 SRR AR =&
BRI R R, XA R TEK TSR
JIRTFms e, ALk 2=Bn fpL S A 3 2 7
SIS ERIE, BE A RIETREH T HMEEK,
P T M4 (Appel et al., 2012; Zhou et al., 2015;
Guo et al., 2018). 7ESHAEKARI, =F 57 5 & UL
fihria N B AT BARMICN, 5 £ (iR %5 T Ik %
PP e Ui E I TR ZE K . e 5
R 1[G RS S A S P N 071 B =1 R R = i)
HENLEIA BZ 55 SRS . X —45 R S5Herms#2
H A K- b P 7B (growth-differentiation balance
hypothesis)fH—%{(Herms & Mattson, 1992).

MUORLAE 52 3 & S s B e S e e A
B2 BB R B HAEM R s E S AU 1E e
71, VABRAR A S8 M aE ik, I EL 0 b X i,
M A 4 SR B R AT 6, Jik 52 3 ik — 2B 4R 55
(Zhao & Dixon, 2011; FE#XEE, 2015). AT E
R, 1E6 H KWW, a5 AR 3N, Kt
SRR B AR R S AR R, X A
A RN 2 BT 6 G 6 e A ) T4 s LR
Bifife 7. (R REF LR SIEMR R P EAEREN
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A, X AT AL B A i ) 3 R R o,
FLA) AR Ak 27 7 AR B0 A2 0% 22 1 m] R Y B 5
(Swemmer & Knapp, 2008; Zhou et al., 2015). K4%F
B2 IE S AR Y LR //IiOF NDie Sapi & di SEL LG
R AN o RER 1R 370 A 25 7 5= B T3
FERIIG NG Th i, T = R U R 8 P T 2% A Rl
CRETm, XA RRNFEERRMARRR S &
AT RER S, B AT S 6 e, =E B AR BT 3= AR
I R B ABUE¢(Zhao & Dixon, 20115 FREFISE,
2014). 2 T8 HAKRM, X MG &b, KEFA
FEIAR TR A ISR, F B 5P W,
Y BB e T DR AR R B 2 iR SR A T 5
FRALABAI TR, DA B g bbb 27 575 AL 1 6 1
B TR B SR (Louault et al., 2005; 257
R, 2015). B, &S5 A= B R RE A M B AL
i) FEAEA U7 481 1T 3 AR G IR AR = AT A
B8 .

M T K& 5 2 B AR B R AR 2 5, TR
A HBRE GRS A AN R £E6 H AR KA,
RS THIG 4 AR 6 P s o ae, i A i A4
WA R E R, HSONEBEIEMEX R,
VLI AR K AT 5 BAR TN I B i 42 s 1
R NEE &, HIFRA KRR T-6 BCE I 5
Ee 77, MH T 4FAEK K E (Zhou e al., 2015;
Guo et al., 2018). TE8 H LKA, B K = 5 il
AT DL R 5 i B e i AR e R B R,
B DR 5 B AL ) A R A% W] REAE K I 8]
BT A 2 ERIL, 0] RE S X 2= AR A 1 i B
(#3145, 2012; Fuchs et al., 2017a; Isah, 2019). 7E6
HAEKYIH, 5 B E, H &
B W) & B 2, U A B AL
(s BARUIR AR HAT B 17 5 i ARk, i
R SOR G (HARAE, 2017). FESHAEK
AR, ERN AR YRS AR 6 H
FIrBEAI%, 3X W] eSS BT AR R 4 AR e A 3 T
RH AT, DR S huik; tn) e BT Ak
R R T B R R R A FAh A 5T LB 45 (Zhou
etal., 2015; Liu et al., 2019a).

gr bRk, KRESE 5 5 A A KT
BRI a R, B TAMEE KT AR . H
AR AL AR O S A AR, AL
PRI A, = AR R FE RO E T A S B AL A5 )
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TERSMESERE. KRESFEERVIAMR R
FBCT IR EAT DA, 78 AR KR IR B ot R
FH TG RO G B A 74, 17 = B AE AR KA AN
AR A DL B AN TR e e T, 3y e 8w A AR
A TEIE .. Dk, T RLACN SR B R S5
PREE o U 5 SRR HLA B & (0 R H 8 (R i
&, 2016; # %%, 2017).

4 ZEig

KA S5 3 F PR L SR E BSO8R
B A SRS BEA I L, tAE 2. B Ay
VENIRGACH ) LG R L, AAT
BRI e . AR ZE IR GACE
AR, ABAEEEAN B A R R T AR 4 i R
FIf . BARKE S5 RN A B R 1R 2 57,
AELPESBEHAORTL ) 408 5 A0 v 3 (e 2 o A i AR AT LR S 7,
A S B A LR R R BOPE RS R TR TR
IS AR . T IR B SRS A P AN [,
REFSPAE A KA T FOR i BRI 1 Bl A,
TR A5 A R R A, =
HATRG I RA R, AT BLOE I AR PR AR
TRREAT B . BRAb, KBS A0 B AT B (R A
P, A8 A AR AT S0 X A P T 1 B A 17 b 2
Ko BRI, 72 St i iy SR B, R R TR RT LA
REFF AR B/ B 2 (AR R IR T AT RS,
MTTT$ i BRI AR, DLRAES RGN 1
FasE .
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