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Mowing reduces the effect of heat wave on carbon flux of meadow grassland
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Abstract: Heat wave (HW) is a type of extreme climate that has been occurring frequently in recent years. It affects the
vegetation health of ecosystem in the short term and has the long-term negative influence on ecosystem carbon flux, but the
intensity of its influence tends to vary depending on the type of ecosystem. The meadow grassland of the Inner Mongolia
Plateau is a high-latitude semi-arid ecologically fragile area, which is significantly affected by climate change and is
suffering from frequent heat wave. Therefore, this study conducted a two-year in-situ simulated heat wave control experiment
in Hulunbuir meadow grassland of thelnner Mongolia, focusing on the influence of heat wave on key processes of ecosystem’
s carbon cycle and the regulatory mechanism, and studying the interaction between human activities ( mowing) and extreme
climate (heat wave) on meadow grassland carbon flux. The results showed that heat wave treatment significantly reduced the
soil water content of ecosystem, as well as net carbon exchange (NEE), ecosystem respiration (Re) and gross ecosystem
productivity ( GEP ) of meadow grassland by 31%, 1% and 14%, respectively. However, the mowing treatment can
effectively reduce the negative influence of heat wave, which is reflected in that time required for grassland recovery after

the heat wave is shortened by 1/3. Meanwhile, water supply after heat wave can alleviate the legacy effect of heat wave on
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ecosystem carbon flux and shorten the recovery time of ecosystem.

Key Words: heat wave; mowing; carbon flux; net ecosystem carbon exchange ( NEE) ; ecosystem respiration (Re) ; gross

ecosystem productivity ( GEP)
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Fig.1 Illustration of the field experiment in simulating heat wave ( above) and microclimate change map
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Fig.2 Changes in the daily value of carbon fluxes of grassland ecosystems during the growth season under different treatments from 2018 to
2019
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Table 1 Repeated measurement variance analysis of ecosystem carbon flux
NEE Re GEP

Treat

2018 2019 2018 2019 2018 2019
M 0.027 " 0.004 * 0.979 0.803 0.002 " 0.059
HW 0.001 " 0.000 " 0.632 0.005 * 0.359 0.000 *
HWxM 0.000 * 0.987 0.955 0.901 0.749 0.962
Period 0.000 * 0.000 " 0.000 * 0.000 * 0.000 * 0.000 *
Period XM 0.000 * 0.056 0.977 0.714 0.000 " 0.005
Period xHW 0.061 0.000 " 0.938 0.115 0.312 0.509
Period xHWxM 0.991 0.067 0.978 0.606 0.998 0.675

* FER M E M (P<0.05) ;M TEHIR+XE] no heat wave+no mowing; HW; PR +TCXI#| heat wave+no mowing; Period ; IEURE 3] (IR AT IR
FIIIR)G) sampling period (before, during and after the heat wave)

[, PR A& AR Je 6 CO, il i r= A 1 BB T IS 3N . R FERVR A A 5 CO, i & K i ] Py 4 F 32 AIG
HOE(FE 2),2018 FEHGURZE R G5 1d, IR NEE {8 AR PR A 13% , HEPIRIG A 15 K, FURA
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Fig.3 Average value of ecosystem carbon flux at different stages under different treatments
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THE(FR2), TEW,AFIE A&, PRGN A Yy i AR, B FP b B A7 25 57 (P<0.05) . Bk
Py e, R A 3055 A A ) A 3 2 ) A 2 22 S (P<0.05) , FATRINXI B ZE RDA I 2 A BE X BR s T 309% il
27% . PIRA MM EEAEY R BIRAR TR IR EA B2 (P>0.05) , TR A Yy i 7 A ik Bl 22 5 B2 I X
AL PR BRI T B (P<0.05) 3 MUY . VAR, PORAC B | AR T B, TS B AR YR R L

2R TET

x2 AENETH EEME

Table 2 Aboveground biomass under different treatments

=¥yt Biomass Control M HW HWM
FE Dry weight 225.02+16.75ab 236.83+8.14a 195.57+11.19b 231.75%6.80ab
HiT&#) Litter weight 190.67+7.81a 82.23+9.34h 206.25+13.73a 95.18+6.79b
M Total 415.69+18.65a 319.06+6.55¢ 401.82+15.18ab 326.93+13.27¢

Control : TTHIR+TEXI#] no heat wave+no mowing; M ; TEHIR +XI|#] no heat wave+no mowing; HW ; # IR +JC X% heat wave+no mowing; HWM ; 4
TR+X)E] heat wavet+mowing, A [F]FHEEF7R 440 HH ) A i FPE2 5 (P<0.05, BRI 7 22501, Duncan K3 ) ; & 5l Jy - S4B e b ofi 22

3 e

31 PR RIS R GG =

PORAY & 25 B TR A S RGeS &, NEE Re il GEP 73 BIFEAR T 31% 1% 1 14% (18 2) . WIS F]
TN AR BE EE 3 R LR =AY ST TR A2 T, GRS P BE Y T 52 T SO SR 7K B SR B 40 B 7
bk A S EA MR EET Y B R AU AR MR s R DA KR R R A A M G T 2
XA A 2, AT i AR AR5 RN AT T, BRI b P B A e R R R T AR T R AL SR
TEEMTHINE (R 2), MYECAERERFEAERRS COE gy FEM T Xz — (LA 1EHZ
S A X T S R SURR 1 e A X R A A W ok U, A I B TR AE 20—35°C 22 [, T2k e ) I
W 258 SR A PSTT ) FNEGE BB 5 Y Rubisco 15 AL 16 ¥EZ 00 5, (AL A B S H Pl R T
[ NP 5 e = 5 A= e £/ AN 1311 1 W8/ b= A1 L7 23 111 B S R e (B2 B A O 5 e (B
FHTT R, MRS A28 RGN IR A B AR AR 2 i35 (1 3) |, W 5 38 BB IS A2 1 7 A B LRI . [m] A, 44
TRAEREE SR E | S ARY ZE VR, S BUEAE KIS I, i K o S in sk (& 1f F0 1) IR - 5EK 53
(R AAR ) O KA 70 S AR AR 18 2 T T A 42 S s B T 5 2 L ASCFL OGP ) i T 2 e . T A a8
PE— 2P SRS R A2, T DA B R K AR S R baf fE B S Ak e 0 MR R GRS Rt
RN T AR 4, X RERE R 25 T R s, SO T R A B EE Y WS R AT AR S R G R
M, 510 2019 AEPGR AL G, FEHL T B REOK (T 1), HIEE KRR B KA T, X002 2019 AFRIR KA 5
PR PR S22 s Toa) At Rl /> () v — A R ZE R R (181 4)
3.2 NIEIEHE T A S RGARYT IR T, AR T PR XA Bl B 18 £ 1) 5% 1

A=A R GUACHT TR 1 H1E h SRA: 28 R GRS T IR A R Tt ISk B BIIE #IRAS A9 AE 2 i
R Ry PN 552 oy 5 i L %) i ) A B 20— 1) b st b 300 vl LA B T 2 A AILBR R 03 , ) 4
ST R AR YR DI RE AR AR A AR DL R A W A e A TR AE S R GRS A S R G Re T A R
M 3 ARG X BN AJE B B4R T 2019 4E NEE Re F1 GEP (32 3) , 1M 2018 4E (W6l & & Lk T,
JEHTAE 2018 4 7 H 31 HNINISE RN FIALFE , B 25 T ABE A Ko Bt P2 4605 T A A TE I3 E
HHAEPOCAERRR ) FRE, (HJ&, T AE 2018 40 /2 2019 48 KFIINA S &8 A 2L i T TR X A S R
4t CO, AL IRZM (& 3) , BEAR T FATR X 32 e 1) £ 1T e 107, A Eb AR AR B RE IS #ATR X 2018 4FF1
2019 4 Vb A8 He 1) G IOV 20 B /D T 5% F 4% |, [a] R4 48 T BB JS O 52 s TE) (T 4) L2018 4E A 2019 4F
PRGN T 1/3 0 1/4 PR3 T 8B B8, BIX 0 i 2 B8 A 3800
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R3 FRKEFEHHRFNETESRG S CO, T (NEE) EBREFR (Re) MEBRLE L LT/ (GEP) BT

Table 3 Effects of heat waves and mowing in different experimental years on net CO, exchange ( NEE) , ecosystem respiration ( Re) , and gross

ecosystem productivity ( GEP)

BT Treat 2018 4 2019 4F
PRI Rapid/% PIRJG Post/ % PRI Rapid/ % PURJG Post/ %
NEE M -57.37 -12.02 +15.30 +19.69
HW -30.50 -20.54 -31.16 -12.45
HWM -68.63 -16.18 -11.80 +12.97
Re M -0.67 -0.39 +16.57 +22.95
HW -4.15 -4.28 +1.84 -2.03
HWM -6.70 -2.20 +15.39 +16.27
GEP M -25.41 -5.98 +16.00 +21.22
HW -15.65 -7.49 -12.45 -7.56
HWM -33.71 -9.14 +3.61 +14.52

M : TEHIR+ X1 E] no heat wave+no mowing; HW ; #RB +JC X & heat wave+no mowing; HWM ; #4R + X1 & heat wave+mowing

R HR-HGR+HTE X TR X F- PR X 1
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Fig.4 Change of NEE difference ( ANEE) after heat wave
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