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Effects of clipping, fertilizing and watering on compensatory growth of Kobresia humilis
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Abstract

Aims Kobresia humilis meadow is a disturbance-dependent (disclimax) community resulting from long-term
and heavy grazing. Our objectives were to (a) examine how the compensatory growth of K. humilis (including
ramet density, compensatory height and compensatory aboveground biomass per ramet) varies with different lev-
els of clipping, fertilizing and watering and (b) examine changes in specific leaf area (SLA), lamina net photosyn-
thetic rate (P,) and relative growth rate (RGR) in order to reveal the compensatory mechanisms of the species.
Methods Our field experiment was carried out at the Haibei Research Station of the Chinese Academy of Sci-
ences from 2007 to 2009. The experiment used a split-plot design with clipping treatment on the whole plot (stub-
bled 1 cm, 3 cm and unclipped) and both fertilizer (fertilized and unfertilized) and water (watered and unwatered)
treatments in subplots. We analyzed effects of clipping, fertilizing and watering on the response variables by mul-
tivariate ANOVA. We used stepwise regression analysis to determine the contribution of SLA, P, and RGR to
compensatory growth and Pearson’s correlation to determine the correlation among ramet density, compensatory
height and compensatory aboveground biomass.

Important findings Compensatory height and SLA were reduced after clipping; RGR of ramet height and
aboveground biomass, ramet density and compensatory biomass were increased. Fertilizing can increase ramet
density, compensatory height, compensatory biomass, RGR of ramet height and aboveground biomass, SLA and
P,. The effect of watering on compensatory height and RGR of ramet height under stubbled 1 cm clipping was not
obvious, but reduced them under stubbled 3 cm clipping. The interactions of clipping, fertilizing and watering
showed that the relation between clipping and fertilizing is “antagonistic” and the relation between clipping and
watering is “cooperative”. Although K. humilis appeared under compensation in plant height, fertilizing could en-
hance the compensation ability and promote tolerance against defoliation at a certain level of clipping.
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Table 1 ANOVA for the effects of clipping, fertilizing and watering on compensatory height (Gy), compensatory density (Gp),
relative growth rate of height (RGRy) and relative growth rate of density (RGRp) of Kobresia humilis in different years

AR YR H Gu Gp RGRy RGRyp
Source of dr(,j
variance ACR) F-test )4 F-test P F-test )4 F-test P
TX Y 2,16 96.611 0.000™ 1.335 0.291 54590 0.000” 24.607  0.000”
Whole plot  C 2,16 129.002 0.000" 1.613 0.230 152.833  0.000" 0.489  0.622
B 2,16 7.809 0.004" 1.773 0.202 4476  0.029° 1.048 0373
Y xC 4,16 2.974 0.052 2.790 0.062 9.192  0.000™ 11.602  0.000™
HIX F 1,54 112.857  0.000™ 10.594 0.002™ 109.522  0.000™ 0273 0.603
Subplot w 1,54 11280  0.001” 2.056 0.157 3.098  0.084 2305  0.135
Y xF 2,54 70.733 0.000" 0.406 0.668 53.104  0.000” 0.522  0.596
Y x W 2,54 2503 0.091 0.447 0.642 0316  0.730 0490  0.615
CxF 2,54 11.719 0.000" 4.550 0.015" 17.097  0.000" 0.854  0.432
CxW 2,54 3512 0.037 4752 0.013 1.786  0.177 0251  0.779
FxW 1,54 1467  0.231 2.068 0.156 4249  0.044 0.001  0.982
Y xCxF 4,54 6.424 0.000" 0.585 0.675 8301  0.000™ 2521 0.052
Y xFxW 2,54 0.027 0973 0.184 0.833 0.697 0.502 2340  0.106
YxCxW 4,54 1256 0.299 0.601 0.664 1.626  0.181 0.925 0457
CxFxW 2,54 0.601 0.552 1.641 0.203 4779  0.012° 0268  0.766
YXxCxFxW 4,54 0.716  0.585 0.150 0.962 0375 0.825 0.410  0.800
MAFS Total variance 107

*,p<0.05 %% p<0.01. B, X%4H;C, MELF, W i, 4B AN |, wEABE; <, ZZEEA W, BKY, Fi.
B, block; C, clipping; F, fertilizing; i, treatment df; j, error df; x, interactive effect; W, watering; Y, year.

Fz2 ONEL TEAEMIGE KON R &AM AR (G) s EW R AN K E (RGRy)  EEIH TR (SLA) MO B s 22 (P,) 52 W 1)

Jizs

Table 2 ANOVA for the effects of clipping, fertilizing and watering on compensatory aboveground biomass (Gg), relative growth
rate of biomass (RGRg), specific leaf area (SLA) and net photosynthetic rate (P,) of Kobresia humilis

R 3/ H SLA P, Gs RGRg
Source of df(,j)
variance F-test P F-test P F-test P F-test p
X C 2,4 149.715 0.000™ 4232 0.103 2.327 0.214 23.222 0.006"
Whole plot B 2,4 2304 0216 1.874 0.267 2308 0216 0.857 0.490
HIX F 1,18 11.644 0.003™ 20.358 0.000™ 20.546 0.000™ 31.969 0.000™
Subplot W 1,18 0.709 0.411 0.583 0.455 0.827 0.375 0.734 0.403
CxF 2,18 0.834 0.450 0.358 0.704 0.781 0.473 3.101 0.070
CxW 2,18 0.292 0.750 0.436 0.653 1.570 0.235 2.697 0.095
FxW 1,18 0.177 0.679 1.418 0.249 0.009 0.924 1.747 0.203
CxFxW 2,18 0.499 0.616 0.643 0.537 3.450 0.054 7.958 0.003"
AR5 Total variance 35

*,p<0.05 %% p<0.01. B, X4H;C, NEF, W i, 4B A M|, wEAME; <, ZEEA W, BK Y, Fi.
B, block; C, clipping; F, fertilizing; i, treatment df; j, error df; x, interactive effect; W, watering; Y, year.

AMEFREAE R F AR BE R A7) v FF X o

HRREXF e 70 R B A B AMEE AR, T L JEE )
HJE WA ARAMEARESK,  EL A BEXIER R fR) 2 R A2 i
HGp/CLEEFEN BT 1.584% o [, 76 X 1)
Jit A Ak L P (10 5 J3E A i RO B 2 v T LA A B,
32K L5 it A R LA 3 4 i R N S A B R R
A5 Rt — B BT ENEATGE K O AN BE 2 140
HERENE I AR L, DR A F R R T
HEEREI AL B o

G RR I LA A R RN F S A AR AR,
11178 T RER R e D B2, HLAE T X ) Ab 2
N B R AN R AL G/ CLE R EERE R 1.9
X5 AN L A X R AR PR
B TR BRI AR B 5 RO — B . H T
JEER 5 73 BR IR A2 1B A= i 55 AN N Ak 2
S, MAE DR m T ASRE AR B 7 R
A AR R (L), DAl SRR < it A Ak B
TR B RO ARAMERR S, AEER AR AR B
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NH H3  HI
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Mz Ay
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= s

2007 2008 2009 NH H3  HI
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50 ONW EW

NH  H3 H1
ME Clipping

FMEEEE
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X Clipping

B AFESEGNE] L FEERIGE K AL BN 5 8 b e L AR M )
WO EARHER 2). F, MEAE; HI1, FEEAE] H3, spEEX)E]; NF, AN,
NH, AXJEL NW, A5k W, Fak. AR5 s 504 A B ] T 205
B TSR AN TR L g3 ) Ak PR G AR RN ZE R B (p < 0.05)

Fig. 1 Effects of clipping, fertilizing and watering on compensatory height, compensa-
tory density and compensatory aboveground biomass of Kobresia humilis in different
years (mean + SE). F, fertilized; H1, stubbled 1 cm; H3, stubbled 3 cm; NF, unfertilized,
NH, unclipped; NW, unwatered; W, watered. The same letters and “ns” indicate no sig-
nificant difference between treatments or their interaction, respectively; and different let-
ters and “*” indicate significant differences between treatments or their interaction, respec-
tively (p < 0.05).

BRI L B A AR R AR

Table 3 Compensation index of height, density and aboveground biomass of Kobresia humilis ramet under different treatments

WMEFREG/C PUFALGE: ACHAEH

Compensation Clipping treatment Interactive effect
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NW NW W W NW NW W Y
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Gp/C 1 1.309  0.824 1.566 2.203 1.053 1.035 1.281 1.138 0.705 0.557

Gg/C 1 0.624  1.119 0.657 0.633 0.733 0.523 1.414 0.671 1.217 1.532
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I; H3, 1 EEXED; NF, AL, NH, ANE] NW, Ak, W, %K. x, ZZHAEH; G, #MER; Gy, #M

C, growth of control treatment; F, fertilized; H1, stubbled 1 cm; H3, stubbled 3 cm; NF, unfertilized; NH, unclipped; NW, unwatered; W, watered.
x, interactive effects; G, compensatory growth; Gy, compensatory height; Gp, compensatory density; Gg, compensatory aboveground biomass.

oA AMEAR
2.3 HAXEKER
231 #HREEXERKE

) Tt A i 3K 1 e 4 S B Sk (B 2)s A e A
SR K 2 DA B R D o i e 2 B e (2), Tt AE
IS B A R R AR B PR R s AT R (2), R

RIFE L AL AEAr LSO BRI AR <t IE |
FERNEL L AT BEAL . A< 5E 7K LLL X
il JE > 5 7K RO AZ AT FH 0] % i R o A x4
FRISZIE 2 (p < 0.05), FLA A 1~ A4 T A 2%
(R1)o PR B AL IR F R N, Ry

www.plant-ecology.com

P X FIR HEPT RN o AE AR F AL AL
HARHI R, B0 58 I LLRON 5 2 ik, it
JIEHR 2 R e AT 4891 3 BT 1Y In ey 4(E12)
758 7 Ak B 2 FAEALG o JS2 A S0 AN I S A B ) A
P AT B (12), I H 5 X FR < Blp [ 2808



0.12]
0.09]
0.06]

BR AR B

0.15 ONH ®mH3 N HI

a
b
ba b2
5
0.00F =+

TREBEBEAE: XEL LIPS KON TR i REAME AR K52 647

Relative growth rate of height

BRI R
Relative growth rate of height

PR KR
Relative growth rate of height

£ -0.03L—— : .
S ERTTHRTT 2007 2008 2009 NH H3 o HI
quE20Y 20 4 Year M%) Clipping
car
%é 0.09 %é’ 008 ONW HW %é 0.04
© © =
L2 0 3 006 A2 %3 oo f
E; . g‘u‘; B b ns ﬂIE b
2 = ' £ 0.04 &= 002 ¢
2 0.03 x5 £z
IE &b IE & 0.02 £ 0.01
o M o0
w2 0.00 iﬁ'gooo B
i‘j : NH H3 HI § ' NF F ;;3 000007 2008 2009
XI%] Clipping MR Fertilizing & % Year
2 2 g
£ 0.05 ONH B H3 §HI £ :
o .05 a %_,—g 0.3 ONF HF a %._g 0.4 ONwW BW 4,
Y 0.04 a . K% 02 K%E 0.3
— i}
%g 0.3 b . a ne L2 A gg 0.2 B 4
L (ST EFT T B SR
%go0.0I ¢ ge 0.0 gaoo ﬂﬁi
o oh ’
£ 0000007 2008 2000  HE-01—— ' ' W2 oy l :
5 £ NH H3 HI g NH H3 HI
[}
4 Year & X% Clipping & X Clipping

B2 A RE] TEALAIGE AL P & AR A (K S R P AR E R ZE) o F, AL, H, FEEEXIE] H3, HhEEXH;
NF, At NH, AXE] NW, A5k W, 7K A Rk Kens 7y i 27 Ab BRI FAE RO JE B35 72 5, ANIR] - RER 43 531

AR AL B ) CHL AN 22 57 B (p < 0.05)

Fig. 2 Effects of clipping, fertilizing and watering on relative growth rate of Kobresia humilis in different years (mean + SE). F,
fertilized; H1, stubbled 1 cm; H3, stubbled 3 cm; NF, unfertilized; NH, unclipped; NW, unwatered; W, watered. The same letters and
“ns” indicate no significant difference between treatments and their interaction, respectively; and different letters and “*” indicate
significant differences between treatments and their interaction, respectively (p < 0.05).
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Fig. 3 Effects of clipping and fertilizing on specific leaf area
and net photosynthetic rate of Kobresia humilis (mean + SE). F,
fertilized; H1, stubbled 1 ¢cm; H3, stubbled 3 cm; NF, unfertil-
ized; NH, unclipped. The same letters and “ns” indicate no
significant difference between treatments or their interaction
respectively; and different letters and “*” indicate significant

differences between treatments or their interaction, respectively
(p <0.05).
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