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Effects of enclosure on carbon exchange and its components in patchily degraded

alpine meadow in the source region of the Yellow River

LI Chengyi, LI Xilai®, YANG Yuanwu, ZHANG Shibin, YANG Pengnian
College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, China

Abstract: To clarify the effects of enclosure on the carbon exchange of patchily degraded alpine meadow ecosystems, this
study selected the degraded alpine meadow in the source area of the Yellow River on the Qinghai-Tibet Plateau for enclosure
experiments. Four enclosure durations (1, 2, 5, and 11 a) and a normal grazing control were set up to investigate the
response of net ecosystem carbon exchange (NEE) and its components to different enclosure durations. The results showed
that after 5 a enclosure, the gross primary productivity (GPP) and ecosystem respiration ( ER) of the degraded alpine
meadow were significantly higher than those of the normally grazed meadow, 1, 2, and 11 a enclosure, while the NEE of
the degraded alpine meadow after 2 and 5 a enclosure was significantly lower than that of normalized grazed meadow, 1, and
11 a enclosure (P<0.01). The response of other NEE components to different enclosure durations was inconsistent. The
proportions of autotrophic respiration ( Ra), root respiration ( Rr), and heterotrophic respiration (Rh) in ER differed
significantly among different enclosure durations ( P<0.01). In addition, soil temperature had a quadratic relationship with
NEE and exponential relationships with ER and other respiration components except Rh. Soil water content had linear

relationships with NEE, GPP, ER, soil respiration (Rs), Ra, and Rr (P<0.05). Total nitrogen, total phosphorus,
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biomass, NEE, and its components showed significant correlations amont them. The results indicate that 5 a enclosure can
significantly improve soil nutrient content and the carbon sequestration function in the degraded meadows, and maintaining

their original productivity, without the need for long-term enclosure.

Key Words: CO, exchange; enclosure; respiratory components; patchily degraded alpine meadow; source region of the

Yellow River

TERRTT 2 A Yy ER AL 2R AT R AR 25 R G038 H ( Net ecosystem carbon exchange , NEE ) f& S (1)
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Fig.1 Study area and experimental treatment effect display
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F1 FBXHEE
Table 1 Characteristics of each block

[l 4E I b B W/m  FEREYFR

Grazing exclosure duration Geographical position Elevation Main plant species

IEH X 34°52'51" N, 1610 1R LI RE ( Kobresia pygmaea) FERESEIR AL ( Elymus nutans Griseb) 1§ H
Normal grazing area,ck 101°32'18" E ( Koeleria macrantha) |75 7 5% 5 ( Ligularia virgaurea)

FlE 1 a 34°52'39" N, 3610 155 1118 BL ( Kobresia pygmaea ) . -3\ R ( Poa annua L.) . 3 8 3% ff 5
Enclose for 1 a,1 a 101°32°0" E ( Elymus nutans Griseb) .7k % ( Koeleria macrantha)

FlE 2 a 34°41'3" N, 3610 15 LI 5 ( Kobresia pygmaea) |, - 34K (Poa annua L.) | 3 Tl B il 5
Enclose for 2 a,2 a 101°46'6" E ( Elymus nutans Griseb) V& % ( Koeleria macrantha.)

¥ 5 a 34°41'7" N, 3610 T FEPE B B ( Elymus nutans Griseb) | t- H K (Poa annua L.) 75 B
Enclose for 5 a,5 a 101°46'9" E ( Koeleria macrantha) J§45Z 5% 3% ( Potentilla anserina)

FElE 11 a 34°52'52" N, 3610 P IR F ( Elymus nutans Griseb) | - 2K ( Poa annua L.) | & #
Enclose for 11 a,11 a 101°32'14" E ( Koeleria macrantha) . & % ( Carex spp.)

1.2.2 FHPEEY% NEE ER \Rs & Rh ll5E

2022 4F 7—8 A A K i 9], s H1 58 [ PP SYSTEM 2\ w)2E 72 (1 2 T fiE TARGAS- 1 fH#E A S /E N
W A48, R CO, MO HL I SR A LL AN GIE R | DUIFRSAR 25 P 0B R G0 B WIAE R i R A L
ISR (USRS A BR S R D) FARAR (FAR R/ 25 emx25 emx 18 em , PN SRR XU I
12V FE sk ah ) |, R Bris g oS AN Al S SRS 5 TARGAS- 1 738, 47 IS 0 AN S5 0 I A | o
ELHI A A A, U B ORASE IS AR AT, DAGRIIERE AR M R A7 IS AE R RS NEE, 4 NEE A {aRT, &
IR AE , RIS NEE A TEAE RS, Fom el , RIARRIR . W5 AR R A B G M0 B 55 T IR , I E ER M
HAHY(Rs Rh) . MERAESH 13—17 H R F 9:00—12:00 HEA7, B FE S 300 s, MlEf/E SRS
“COMUVR” PRGBS SE I K Rl AR SR 10 s, BRERAR N AN IR BE R 21— 80, AT KIET €O,
W sZ A R I A R 3 R I B KA
1.2.3  ERRGWASHAT I MBI & A

AT (GPP) J& ER 5 NEE f25{H . GPP = ER-NEE
Fa#E A FEVER (Ra) & ER 5 Rh B9 221H. Ra = ER-Rh
KW Z M (Rve ) 4 ER 5 Rs 9221 . Rve = ER-Rs
AR (Rr) & Rs 5 Rh W Z1H Rr = Rs—Rh

A S (5 A 2 R G A Rs/ER
B 5 2 P 1 5 A 2 R GE P LA Rve/ER

FE B I FEIF I 5 A2 RGP L] Ra/ER

R ZR I 5 A= 25 R GE T L 31 Rr/ER
IR AR AR RGN LA Rh/ER

1.2.4  FEHAY RN E XA v B by

i TDR 350 7F 0—20 cm PRI i 4 3 & 7K & (Soil water content, SWC ) F1 13275 i ( Soil temperature ,
Ts), 5 NEE W€ R0 47, NEE ER W€ 58 5 , 76 8 J1 iy B4 77 v AR wi A s b b A= 4 3t 4 5 5% T
B, IR B A 4RAS H  BEIN 2 M I A= ¥ 18 ( Above—ground biomass, AGB) , 7F BY 5¢ i I A= 4 i i #
TN B (MR 3 em) SRIERIZ 1 (0—20 em) BRI 9O B, Horb 3 B A RADKIRUE, BBRAW, AT
AEZ MR AR &, LA e A W ( Below—ground biomass, BGB) , T A HH ¥ FE iy £ 60°C B AR N HE T 48 h
FIEBEIHHS R EFRE, BEY & (Total biomass, TB) #& AGB #1 BGB fFN, FI4y 6 44 HIER M TR E,
2 mm i BFEAT T 23, BERAR R A7 KA 0, B U R T A G R, A RS20 5 — B o0 fif
FEAMEAEAE 4°CARTRIKAE T, 53— 50 0 3 SR KT IS B s 2 i, ik H e 2 A . >R A K, Cr, 0,-H,S0, 71
FE T35 MUK ( Soil organic carbon,SOC) , 4% ( Total nitrogen , TN) 2R FH P FG I ff 72 , 2% ( Total phosphorus,
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TP ) RS B A I Bl ——5RBE BT L (3%, 1 SEAL A7) () AA3 ELLF A HH AT E
1.3 s

KRR R J7 22537 (One-way ANOVA ) S AT 2H 8] 22 5, 46 50 AN [1) P81 4 B 398 1 1 14 o0 3l o S I Wi
Ay i 22 5 Sigma plot 14.0 522, FIH Origin 2021 XF 4 3E76 B 145 K 5 NEE &4 50847
LPG, FHORE S NEE GPP H X R R R Ih Al ORI S ER DL HABIFILZH 73 1) 6 2R R 4L
PR | 35K B S5 NEE M4 R YR AR, FIH R(v2.15.3) H1 1 corrplot Fl hmisc ZX {4 0X% A
PUBR 4R 20 AEYE NEE K2 43 $EFT A C 20T

2 HREH

2.1 HHEEA T YA

PR 7 2 B U3 SRR (Ts) A& /K& (SWC, P<0.01; 181 2) . Bl I EFAEBRAYHE I, Ts Seb%)m 3
M SWC Jedbfa ke, BN R Z s REW, BEYBERMIT 75, mT SWC, FlE S a B Ts
(21.44°C) A%, 17 SWC (30.35% ) I, 5 ck AHE, FEE S a 5 Ts MR T 21.93%,SWC B E W T
100.66% , Ak, FElEF2s 2 00m HHEA HLR & i (SOC) 2R &8 (TN) ABES i (TP) M FAEYi (AGB)
FUSA YR (TB,P<0.01; 8 2) . B BIEHMERAGIE N, SOC TN TP I TB et J5 0, 76 Bl & 5 a i1k 35
KAH , AGB K& FIEHAE R Imsgm, H  FlE 2 a5 a F11 a 5 SOC W3 T ck, FlE 2 a fl5 a ) TN
FTP BEET ck FEE 1 af 11 a,BEES5aMfM 11 a i AGBFITB BEE T ck FlE 1 a2 a,

BIE4ER [Jck [J1a Kl2a EHsa [1la

9 = 0071 po40578 s 1207 F=3a426 ? 2] F=13mn
Jﬁg @é 451 P=0 gég 90| P=0014 E)
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&2 =y 300 ®|E 3 60 4 8
HE HE Sl E
= HZ 154 HZ o 30 =
& 2 A S

3 1K
a 172}
e £ 240 F=156709 Z 800 1.00
E‘J Im:.g;:\ P=0 , a M.SQ 0.41 a oo
) §"c::§ 5,33<‘186()()’a a 4 l a mﬂg(f\
5 H 359 ES 1 T 5_%%
# g RS H 213 400 3w
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Fig.2 Soil temperature, soil water content, soil organic carbon, total nitrogen, total phosphorus, above—ground biomass, below—ground

biomass and total biomass

ek, IEH A1 a, BE 1 a;2 a, BlE 2 a;5 a, Bl 5 a; 11 a, BE 11 a; 9B TR SE, FREFR R A W] Bl B4R IR 2 18] 7Y 3% 25 5

2.2 fRscHd oy Kb AR AL

TE 7—8 A K ] B g FIEHAE R A3 N, SR 2477 1 (GPP) 34N, S R AR RAE il 5 a B, L
11 a AkE GPP FRE(E 3), FlE S af GPP(1.33 gm™ h™" ) BEE T ck(0.59 gm™>h™") .1 a(0.91 gm™
h™).2a(0.98 gm™>h™")fI11 a(0.68 g m™>h™',P<0.01), [Alf}, FldEF 1 a fil2 a i) GPP W& & T ck Al &
11 a, P& BIEMERRPIGI, B RGNFW (ER) S KA ITEFE 5 a, ANF FIEHERR ] ER W&V 22 745
1 GPP R —F, WS RGKACH (NEE) BEE [FlEH4E R A5G I, 208 5618 J5 i, fe/IMELH BAE I E 5 a
Fldf 2 a(-0.34 gm> h") 15 a(-0.42 g m™> h™") By NEE i 2K T HAth (P<0.01) ,

YOS JZF (Ryve) \ HIEFFI(Rs) HEBEAFRIFR (Ra) MRV (Rr) IR (RR) X2 ER 20 3%
Pl st A oz 175 R AN [R] , Hev, B B4 R A 3400, Rve AOZRFL LA GPP — 32X, Rs \Ra  Rr AR fL LA
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G = g =
o $ES 127 F=17.03 o 08 F=10.148 g 08 F-260
. X oo a 5 P=0 B~ P=0.037
552 E2i oot Ezo o6f T BEL s,
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e 2s2 HEo o4l b B2 04t lba ab
- kgt BaE =R T
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Fig.3 Total primary productivity, ecosystem respiration, net ecosystem carbon exchange, vegetation canopy respiration, soil respiration,
vegetation autotrophic respiration, root respiration and heterotrophic respiration

ok, WG a, FlE 1 a;2 a, B2 2 a;5 a, B2 5 a;11 a, FE 11 a; FIERR TIYHLSE, FEEFR7RA [7) Bl B 47 FR 2 18] (1) .25 22 5

FER —3%, MeAh, % Rh 4b, FlE 5 a MY Rve \Rs \Ra Rr Kk, [lEF5 a 19 Rve 1 Ra B3 K T HA, Bl a
5 afy Rs WHERT ck FHlE 2 a M 11 a, MHEE 1a2aF5al R BERT ck FEE 112y,

AN [R) A BR AR S RGP IR 2 43 o5 LA I 25 3R I, - 48P Rs (AR RGN ER LI T 60% ,
Rve 1E 40% AT {HAS[R] BB £ 4R BR8] Rs F1 Rve FIr i ER B9 22 A B35 (£ 2) . {HE Ra Rr 1 Rh 5 ER
1) LU A9 E AN [7) BB 3 47 R 1] 25 5 5 38 ( P<0.01) o ot Ra (5 LBt 25 1 3 AR BR p 384, Se 38 5 08, 7E Bl 3 5 a i)
K (67.64%) ,BE 11 a(42.67%) J5 83 TR, HoE/IME. Rh 195 AR RIER , Bl 11 a B9 Rh A L
WERTHAM, AN FEE1a2af5al®) Rr BEKTF ck MFEE 11 a9,

K2 TREHFERESRETFRAS SLL

Table 2 Proportion of components of ecosystem respiration in different enclosure years

ER #H%y WX Research objects

F P
Composition of ER ck la 2a 5a 11a
ST Soil respiration , Rs 68.32+12.70a 77.86+13.23a 69.33+15.87a 70.37+20.99a 75.64£15.78a 1.651 0.166
e SR
*Eﬁ"‘g T L 31.68+12.70a 22.14+13.23a 30.67+15.87a 29.63+20.99a 24.36+15.78a 1.651 0.166
Vegetation canopy respiration, Rve
i1 2y
Ef)}:[;l% i . e 53.24+14.49b 58.14+17.18ab  66.51+19.08a 67.64+22.17a 42.67+13.00c 8.285 0.000
Vegetation autotrophic respiration, Ra
HRZITUE Root respiration , Rr 21.56+11.48b 36.00+23.44a 35.84+17.97a 38.00+28.01a 18.31+8.54b 5.509 0.000
HERFIT
HHFRIRIE 46.76+14.49b 41.86+17.18bc  33.49+19.08¢ 32.36+22.17¢ 57.33+13.00a 8.288 0.000

Soil heterotrophic respiration, Rh

ARVNG FREFIR AR F FIEAE BRI ER 4153 5 L2252

2.3 MM

FHEEE 5 NEE £ R4 E & (P<0.01, 8 4) , 5 ER VA K& Rh LASNAY HAG IR0 26 4> S F5 5006 £
(P<0.01), THEH/KES NEE GPP (ER Rs Ra Rr 22X R (P<0.05) , 1S 7K E A NEE BYAHC R Eax
KLRM 0.4969, 1 H3EF/KES Rh M Rve WA WM XR, il RECR M P E WA, 5685 K & xf
NEE BA153 (R E SR F H58R . Beoh , AR0F58 &30 TN TP .AGB .BGB . TB #l GPP i 3 IEAHC, EA]
5 NEE B A, TN TP #l ER Ra,TN TP AGB Hl Rve LA KX TN Fl Rr B 1EAHKX (P<0.05,/85) .
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