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Relationship between physiological protection mechanisms and the compensatory

growth of Lolium perenne L. at different cutting treatment levels

GUO Anqi, ZHOU Ruilian*, SONG Yu,MA Huilei
School of Life Science, Ludong University, Yantai 264025, China

Abstract; Grazing and cutting of forages can promote its compensatory growth, which plays an important role in maintaining
growth, and resistance to mowing, grazing, trampling. However, little is known about the physiological mechanisms
involved in the compensatory growth of grasses. In this study, the growth rate, superoxide dismutase (SOD), peroxide
(POD), and catalase ( CAT) activities; and soluble sugar, proline, and malondialdehyde ( MDA ) contents were
investigated in the leaves of Lolium perenne L. Light, moderate, severe, and whole cutting levels were used to determine the
relationships between antioxidant enzyme activities, osmoregulation and compensatory growth, and the physiological
mechanisms of compensatory growth of grasses after cutting. The results showed that the growth rate was higher in the leaves
after cutting at the light, moderate, and whole cutting levels, but was lower in the leaves at the severe cutting level than
that of control. Compared to that of the control, L. perenne showed significant compensatory growth under light, moderate,

and whole cutting levels, and no compensatory growth occurred under severe cutting levels. Normally, in L. perenne, the top
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of the leaves had higher MDA contents, SOD, and CAT activities, and the base of the leaves had lower MDA, proline
contents, SOD, and CAT activities. Compared to the control, at 6 days after different cutting levels, the regrowth of L.
perenne leaves had lower MDA, soluble sugar, and proline contents, and lower SOD, and CAT activities. Whereas, at 12
days after different cutting levels, the regrowth of L. perenne leaves still had lower MDA contents, but higher SOD, CAT
activities, and proline content. This indicated that cutting decreased the leaf area, reduced the photosynthetic energy
availability, and enhanced the compensatory growth function of residual leaves. Therefore, cutting damage was an internal
factor resulting in compensatory growth. The compensatory growth rate was correlated positively with the residual leaf size. In
addition, although there were differences in the compensatory growth rate in the residual leaves among different cutting
levels, the different cutting levels all activated antioxidant enzymes and enhanced proline accumulation. During the
compensatory growth of residual leaves, SOD and CAT could scavenge active oxygen free radicals produced during
photosynthetic metabolism, inhibit membrane lipid peroxidation, maintain the balance of oxygen free radicals metabolism
and accumulated proline could maintain water balance. Therefore, antioxidant enzymes and osmoregulation play an important
role in physiological protection, including photosynthesis and compensatory growth, during rapid self—healing after cutting

of residual leaves in L. perenne.
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et B X 1 55 0 1T AR, 3 B X0 R B 9% , e 5 BE X3 (F B 4 X)) 23501 5 31.8% (13.6% , XI|&IAk
HIF ARG N6 P RS RR L EAAKOT, IZAE SR S TR X R AL B T T A 8

F1 FEREXEBZENF MDA §E/%ME/ (pmol/g FW)
Table 1 The effect of different cutting intensities on MDA content in the leaves of Lolium perenne L.

i X CK REXE 1C B MC FEDMH SC A W
Section 6d 124 6d 12d 6d 12d 6d 124 6d 12d
DT Top 23:0.1a  23:00a  2.17:0.2b 1.8*x0.0b

@ 13 Upper part  2.3x0.1a 2.1+0.2a  2.220.1ab  2.1£0.1a 2.17£02b  2.0"£0.2a

QT lower part 2.1x0.1a 2.0£0.1a  2.2#0.1a 2.2+0.0a 2.3+0.2a 2.1+0.1a 1.6"£0.0b 1.6 =0.0b

@I Base 2.1£0.2a 2.2+0.1a  1.5%0.2¢ 2.2£0.1a 1.7+0.0b 2.0+0.0b 1.40.1¢ 1.5+0.0c 1.9"+0.1ab 1.5 0.2¢

V45 Average 2.20.1a 2.2+0.1a  2.0£0.3a 2.1+0.2a 2.0£0.3a 2.0£0.1a 1.5+0.1b 1.5£0.1b 1.9+0.1ab 1.5+0.2b
BT R " FIREEMSY, TR [ — R AN RN 95 Ak B )R R T R R 22 5 B3 (P < 0.05) s LC AR JEXIE], Light-cutting; MC: B XIE], Moderate-

cutting; SC; FBENIE], Severe-cutting; WC; 2FF A, Whole-cutting

2.3 ISR EE AT 2 FOAR B R T AR AR )

XF BRI (% SOD i 7 A Fr B3 8 vt T34, LTt SOD B e (% 2) . ST IRAH G, AN
SREEXNEIG 6 d, B THREENE], il A EAE G, A F SOD 36 T R R, Hop S EEXE T
i 2, B0 JRAIK 27.0% o XIEIJS 12 d, 3 FE X5 (32 B2 A B2 X)) i 53135 SOD 1 7 BRA, (H g 58 B2 X1 1)
(BRI i R P44 SOD MG 77 T X0 L, 23 5113 55 30.8% F1 8.5% ., TEXIEI 6 d FAM i (R bR FE
B AFXEIR D @@ @FBAL) SOD 16 Sy AT Xt FEAHRLHAL, WAL BE 12 d, FiA: it SOD 36 1 X IR,
HOR R FERE AFRNE S AR SOD 1 43 B BRI R 13.1% .54.9% 116.7% , 2553, NIE 5 52
KI5 3 5B AE SOD 1% 14 hn 3%

Xof RSB AE Bik e POD 3% J7 I R S350 28] T00 i 140 40 T [, 76 it L35 POD I% 1 i K (3R 3) o SXF AR
Fb, 45 X EI AL B AR A3 POD 36 I ZERIE] 6 d, ¥ RFEFEE R b, &8 h R E A 4dX]E 6 d
J& MR POD I 743 4 % BRI 55 18.3% \24.5% 10.1% 1 30.9% . XJE] 12 d J&, 4 T 5 5 X E)4h v
JE E X EN A A E T R ERAHE-2 POD T B BRI, AEXIED 6 d J5 , e 8 A B X E (i TR i - P 3
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43 POD 3% J3 38, v =5 B A 4 B AL BE TR e PR POD 36 0 FRE, XE] 12 d J5 , A [R] 58 5 A1) ) AL 2 Y
R FA 34 POD 36 J7 4 BRAG, i, v B EERE I R P AR R A R4 E T A2 i POD i 7743 ) 4 % R T R
25.6% 41.7% 40.1% , AS[FDAE LS B S TR i e BEA= 3043 POD i 5 X0 REAR R #0437 25 5% 8.3 (P< 0.05)

R2 AEEEXNZNEBZEMH TSI LE(SOD)EAMNEMmE(UFW! hr!)
Table 2 The effect of different cutting intensities on SOD activity in the leaves of Lolium perenne L.

i X CK BREONE 1LC HBEXIE] MC FEOMH SC AR W
Section 6d 12d 6d 12d 6d 12d 6d 12d 6d 12d
DT Top 31.3¢4.7a  38.9x1.4a 26.6°+59h 23.9%+0.3h

@ L Upper part 23.2+3.4b  29.7+0.7h  29.8+2.9a  20.9+1.6c  20.2*+2.6b 33.6*+0.4a
@ T lower part 24.1£2.4ab  27.5:3.5h  21.6+4.7a  18.2+24c  27.6+35a  24.840.6b 2347392 42.6*+22a

@I Base 19.3+2.2¢  13.842.5¢ 31.6x2.8a  18.0£0.6b  14.3£3.0d  18.8+1.4b  12.4+8.3d  29.6x1.2a 23.5%+3.4b 29.9"+1.5a
45 Average 24.5+5.0ab  27.3£10.0b 27.4+4.4a  20.3£2.8c  20.7+6.7b  25.7+7.4bc 17.9+7.8c  36.1x9.1a  23.5+3.4ab  29.9x1.5b

x3 AREEXZMEBZFENFESAYE(POD)FENMEM/ (peH,0, ¢ 'FW min™")

Table 3 The effect of different cutting intensities on POD activity in the leaves of Lolium perenne L.

h X CK BEXH LC HEEAIE] MC TEEXIH sC A we
Section 6d 124 6d 12d 6d 12d 6d 124 6d 12d
DT Top 4.6£0.6b  65:0.3b  89%:12a 82%:09a

Qw3 Upper part  6.4+1.2b 7.4+£09b  6.7£0.4ab  8.420.4a 73%+04a  5.57£0.2¢
@F RS lower part ~ 7.940.5ab  7.2¢0.5b  8.5+0.6a 9.1+0.3a 7.3+0.3b 6.7+0.4b 6.9"+03¢c 4.27£0.2¢

DFHH Base 9.4+0.1b 7.5£0.8¢  9.1x0.2b  11.3x0.5a  10.4x0.7a 8.3+0.7b 8.7+0.9b 5.5+0.4d 9.3"+0.8b  4.57£0.2¢
¥ Average 7.1£2.0c 7.1£0.5b  8.4xl.1b 9.2+1.4a 8.9+1.8a 6.8+1.4b 7.8£1.3bc  4.9+0.9¢ 9.3+0.8a 4.5+0.2¢

FEAZRE CAT 1% 7 A BE B To vk T, b i TS CAT 36 i (R 4) o 5% B L, X RIAb2E 6
d B F FF CAT ?ﬁﬁﬁ%ﬁ,%ﬁ%ﬁ* S BRI BIFEAR 13.6% 23.9% 23.9% , A EILLHE 12 d, A
RFILE S i P34 CAT 15 /MR EE XS w5 F2 B8 rh B2 ERRE | A N AL B | SF- X5 CAT 15 g 43 i 35 13,
3% 15.7% ,20.2% 1 23.4% /T\IEJXIJ%J&EEEIJHTHWI%B%EH CAT 15 J1 ¥ i o RN RS To 350 P26 i 7 1)
it 1% 1784 5 I S AR AR, ARSI B 6 d AR CAT 3% 1 55 BEAR TR, i 22 R &
(P>0.05), AbHEE 12 d, RREDWE LB FEA M1 CAT 1% Sy sy 5208 b EE 2%t B CAT % J14»
AN 6.8% 40.2% 39.8%H1 18.9% , I 5X MEF B E (P < 0.05),

x4 ARBEENENEBZEMHFITELSEE(CAT)E NI ﬂn/(}xgH O,g FW min™!)

Table 4 The effect of different cutting intensities on CAT activity in the leaves of Lolium perenne L.

o XHIE CK REEXIH LC TEEAIE MC FHERIE SC SHRNIE W
Section 6d 12d 6d 12d 6d 12d 6d 12d 6d 12d
DTEH Top 447.5£9.0a  339.5+19.3b 449.6 * +13.5a 362.6 * +2.3a

@rPEH Upper part 462.0£9.2a 288.2+4.4h 401.8+2.1h  303.5+4.7b  385.7* +2.9¢ 404.0*+3.7a

@ FH lower part  386.5£10.4b 247.3:6.6c 372.8+10.7c 310.1£2.5b 427.5:7.0a  334.8+4.7a 393.3* +43.9h 345.8 * +3.0a

@ Base 341.7+7.0b 306.8+4.7h 427.3:182a 362.6+6.4a 268.1s58c 312.4+4.0c 267.7+43.6c 3643592 330.4*+4.8h 364.7%+6.8a
T4 Average 409.4£15.8a 295.5+38.3bc412.9+33.1a 334.7£32.3h 360.5:82.6h 350.4+47.7a 330.5+88.8b 355.05+13.1a 330.4x4.8b  364.7+6.8a

2.4 ANJRJSERJEERE T JAZ F AR A P N AE R B R T ) AR

PR FOA] VR S AR PR b AR R TR AT AR (2 5) o XIE 6 d 55X AR LL, A B A
S AT PR e SR PR R A TR R L AR R R EE A NI Ak BRI R R O S
8T 22.2% 22.2% 57.1% 46.7% . NIFI 12 d J& , AS[RDA 55 B2 1) 8 g Rp-2 ml o Pl 25 B A X1 6 d
ER IR 6 d K AN[RDUESER BE R TS E AR ik rp Ty P & Bt T R I, b v B HERE AN 50 ik 2t
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6 d MR AT VERE & 03 ) T [ 30.8% ,30.4% \25% s X 12 d 43 SIFEAR T 16.7% \110.3% \43.5% 45.5% . N
[l 560 B2 N FI 7 vl el 5 T e JF SRS R B35 (P < 0.05)

x5 TRBEEXNEXNBEZEMNFAREESENZI/ (Ly/gFW)

Table 5 The effect of different cutting intensities on soluble sugar contents in the leaves of Lolium perenne L.

o Xt CK BEEXIE LC TEEAIE MC FERIE SC SHRNIE W
Section 6d 12d 6d 12d 6d 12d 6d 12d 6d 12d
DTH Top 2.0£0.3a 1.8+0.1a  2.0*20.1a  1.5*£0.2b

@ 1 Upper pat 2.6:0.2a 2.3:0.01a  2.0:0.3b  1.4x0.1b  1.8%x0.1b  1.2%x0.2¢

@ T lower part ~ 23:0.2a  2.3:0.1a  1.8:02h  1.2¢0.1b  2.2:02a  1.0:02b  1.6%:0.4h 1.3%:0.2b

@ Base 20£0.1a  22:05a  1.5:02b  1.6:02b  1.5:02b  1.0:0.le  LIz0.lc  1320.1c  1.570.1b  1.2%0.1d
-4 Average 23+03a  22:02a  18:02h  14x02b  1.8:03b  L1x0.1d  14x04c  1320.1b  1.5:0.1c 1.240.1d

AR R R S AP AEN R BER, TR AR (R 6) . SXTRRA L, ANRIREEAIE 6 d R
O P IR & AR, X R, B E R A ERNE i e il 2R 4 0 BRI 10.1% (21
5% 14.5% ., RE) 12 d, 2833 — B[] i A4 i Fr o il 22008 R I e 34 e rprp B ERRE AN i 7 il
SR oy BN 24.5% 23.5%F1 14.2% , AS[FISRBEREILLIE 6 d , TS P26 i v Bl 2R 2 i 5 %) MR, 74
HEFARE, ALE 12 d )5, FAEMN P IFER S S M, bR EE 2R 5303 & 37.2% .29.
6% 43.8% ,JF 5 X 2R B E (P < 0.05),

K6 AREENZFMBZEMHHHERBSENRM(ny/g FW)

Table 6 The effect of different cutting intensities on proline contents in the leaves of Lolium perenne L.

i X CK BB 1LC HBEXIE] MC XA sC AHXE we
Section 6d 12d 6d 12d 6d 12d 6d 12d 6d 12d
DT Top 20.1x1.2a  27.9+¢3.52 233%#2.0a 25.5%%0.6a

@ Upper part 26.1%3.1a 19.7+0.3b  20.9+3.5h  17.9:0.8b  19.5*+2.3b 31.3 *+0.6a

@ T lower part 17.5¢1.4b  20.7+0.2c  17.2+¢0.7h  19.8+1.0c  19.6x1.0a  24.940.0b  18.2*+0.8ab 29.4* +0.6a

@ Base 18.1¢1.6a  13.1£05b 19.1£2.7a  202+¢02a  15.0¢2.3b  20.1:0.4a  13.2¢0.7b  21.1x1.0a  17.1%:0.7a 23.3%20.0a
T4 Average 20.5¢3.9a  204+6.0b 20.1+2.6a  20.8+¢32b  18.0+2.6a  254+5.6a 157+3.5h  252+58a  17.1+0.7ab  23.3£0.0a

3 it 54£iR

AT XA 2 Ol e i | PRl bRt i Pl BV N (2 (o A0 b B A O O R B A A7 T B T
R TR SR L R A 1 2 3 X1 I PP b B A ) A B AR AP IR LB

& AR AL A AL B RS I U T W) 3 R TR (3R 1—6) o Horb i R TR o S AL R B B , PR BE A B i Y
SOD (CAT 1% I A& R & i ; SHAH LG, i A3 MDA &5, SOD | CAT 1% J1, M i &R & 2 S B A ; i A ik
R I S FE R BRI, 5 HA — B2 A SOD (CAT 6 11 M IR & R & Bk, 7EIE W A Kad e ep, i
F 8B A G 1 S ALK S R SR A TG g 22 () S 8 AE AR G, O 5 & B TR IR A oG . R A RO L
SEATER F HBOHROGREE AOR G, S B R SALZEBERTR K R, — 5 TSR K 5 &4 A H B AR
L5 KNG i AL, B R AR A il 56T A R S TG B 5 — oK 5 R I
SRR DR e T 458 i P S P T 3 R 1 P M G 25 v 8 b A 4 4 1 ey 1R a7
TR 3 A T E A5 it TR AR A7 b b d AR 5 5t TOUARAR LE , i rh A TR o B A v, DG AL 59
SR, i BROK R BE R R TR/ BT AL TG A R I AR R R A R R Rk B
i R EUBRR T AR AR PTG A 5 10 v A TR , X HLBH S W (0 i e
Rk, A AT AR B 55 , S A LB R /D A B o SRR BE /N MDA B AR, LA AL TS 111K,
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AHIFFE K B, AN [R] 558 B A1) ) AR A M A A RN ] 8 5 R v B X ) PR A M A K I e,
JERE RN ., i HI A BN A K B B (B 1), RO — 45 R R vl 682, B E b X
EN A BIBYER T i R A TOER b B R R A, AEXNEN S BORR I A v R B N e B X A R AR
i R RIS S R (R TR N o s e I8 £ 1 DO B UM RN S va o a2 g S VAN P T
J B BR T A H L SRR T G A R DR R R A K S R g A 5 R e R R e A K
7 B KIS0 I R A A AR T I R B0 A 8 | B30 2 e AV R A iy ¥ e 55 S DR i o 8 X 1 O Ok
B A AE AR I BE A 2 LARAMT W FE , AE AR o T 0 A B0 A A sf (] Ay v A MEE R A 1
M4 HI AL SR B 1 M4 o, AR P2 R R 7 e 2R AR SRR R b A I ) BT ( andk KAk G
YIRS BT ) X S ST O T AR S sh A AR K R AR A 0T A A B H, 4RI
WA B A R R AE T T R A A 8] RT3 Bl A 2 A 5 A R BEAR ST, 33X o A AR T R RS 450, 3 4
S EEH TR IE ) Fis i B R 2 A T IR G IR RE , (AR 4R E 5 T TR
AR BRI AR B TS, PR, a5 ] K R A R PGHREAR P 35 oy 1) s B, AR TR A KA
SRR MR G 1E T BE T FNBE 40 AR T, TR PG E K S BOME A KR, (R S ad &%
FORHRE IR R T A B s AT, UL RERE A i AR RS T RE A AR ) T BU R R
PR T K% B8 I i AR AR K A R, T B B i MM 2R K R S HO A A FH K A2 6 2% D) A
SEITOI0T TR 7 A b A A R R R e R XIS A N A A R SR R b, KRR

AN AT 25 e 26 I, AN [A) AR RE X B IR E] PN (6 d) SR R Fy f A 3020 At 524 MDA £ 4, SOD
FCAT 1% J7, AT A A SR & IR T X IR (32 1—6) | AN FIRERE R B B[] Y (12 d) | B B A 7
AR AR A A SF- 2 MDA &5 B0 BRA, {H SOD Al CAT 1% Jd i , I &R & B3 ot = Fxt i, — 7 i A [A)
FREEXENVRER N (6 d) RIS RPN (12 d) B RN 5 B AR R A it R P38 MDA & s 800 IAIG, k&1,
R R A K5 A M A B AR A A S KA 6, R 2 P90 R B, 76 TR 5 FUME 508 S P MR iy
B A B RN R A G R R R Y AR ) MDA i I R, VDB A K A B S 22 UG A Rl A
MDA F AL AR ZEEN IR ER A AR, HAR b MDA &8 (R Wi &0 T, 40
P MDA 5 SAEYIAE TG Ao v 2 R DE ) AIFGT e W, B AR N X R 22 R0 s Bl T LB 3, (EL X
BN I AAT 32 A5 2 L FEE g o S A AR ] 200 B P R P B i e 4 A R B TR o 00 B P 4 1l AR
T 2 DR XI B AR R A 4R 1 PR A T B A7 45 7 e ) A A i P ok
TTAMEME AR P B A PR RS . O — D7 T RFGE 3 BH , NI 5 BA 27 gk B i IR A IR A S Ak AT S P A fb Ik
PR AN WS AR OC, PR RS i T S 0 B o A B R A M AR KA O R
PIAT R  , Ho— KB AR Y6 A i RO el /L | S 80 F B B i S A7 2 A, mT g ekt o 5 ok 83 1
AR P A K DA RIME A1) 0 15 B R R0 2, I S 3l T A A At A ) Belsky ™ I A AR KR
FEY) 5200 Z )5 0 —FPRR AR R N, e, XIR 5] & A 2 B Mt A AR T A W & VR A = e 5
WO BT R, SR B RN B A X E AR B T RO A SR AR B A A v AR
ISR BCE R R T M R SRR AL R A TR RE Ty H m Y DR X 05 5 B8 T R 6 B S5 8 o Rk
W16 A AMEERE T AR SR AN A KR e L H = i PR S RIS RS | 2 A i LA TR X
F G PR B AHER (Po) MRS ATB 1 R AR A IR R BRI A T DA AR
FH R A B H i OSBRI RO R GEAH SOD A CAT {1 J7 48 Sl AR 1 ik . 3X mT RE A
#0112 d M5 MDA A%, 11 SOD A1 CAT 36 J = A S R e S Ab i 2ok DRt il o 420 1) Pl 35, 0] 4 1l AR
KLY A SR R G AR A R AR BN, FIALEE R AR A A8 R T AR AR KR
Bt R ELA B A o A rp i 4R 1 SOD T CAT T 3 (362, 4) M AR & = (% 6) , 4EHr iR
fIKHY MDA &8 (% 1), B S AR i e ) AR REK 2 1 B8 ) T Rl R 22 B AV 2 F 1 JRL A
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T AR AR H R A S BT E IR AP REE X BRI 35, 3% B ot DRt i o5 Bt e AL i
J1 B R OGA QI P AR 4 1 b o 20 R 4 1 R A R B AL TP IR XA R A RN IS B
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ARREIBEK AP , TR FRAE T Jr PR A M A K R B K AR R, IR R, RS TR 3 B X R
R A A A SH R AN ], EAS [ 56 2N 2 mT 3 5k B I pL B AL DRI Bl R AR 1 22 B R 1 I R R
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T, BSR4 Il R REZE I 2 K S0 V-0, 5 A PR A R MR A (b B B2 PRI A

L5 i AN [ 5t B2 XI5 2 i R M A o R 2 5 0 3 B B A rp B R B B I R Ol A
SR R, R MR A R T XIS 5 B R A i D s AR S I, R kMR AR ORI
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