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Effects of Short-Term Nitrogen Addition on Evapotranspiration

and Biomass in an Alpine Grassland

LIU Chao'?3, SHENG Chaoya*, WANG Juan'?3, LIU Junjie""*3, DING Xiaoyu!?3

(1. School of Ecology and Environment, Xinjiang University, Urumqi Xinjiang 830017, China; 2. Technology Innovation
Center for Ecological Monitoring and Restoration of Desert-Oasis, MNR, Urumqi Xinjiang 830002, China; 3. Key
Laboratory of Oasis Ecology, Ministry of Education, Xinjiang University, Urumgqi Xinjiang 830017, China; 4. Zhengzhou
Broad € Precision Medical Laboratory Co., Ltd., Zhengzhou Henan 450000, China)

Abstract : In order to better understand the response of measured evapotranspiration and biomass to nitrogen
deposition in grassland ecosystems, different levels of nitrogen additions (CK (0 g-m™?), LN (5 gm™2), MN (10
gm™2), HN (15 g-m~?), SN (20 g-m~?)) were carried out in this paper through short-term in situ simulated nitrogen
deposition experiments in Bayinbuluke alpine grassland. We investigated the response of grassland ecosystems to
short-term nitrogen addition through measured evapotranspirationat different time scales, aboveground biomass
and underground biomass. The results showed that the daily peaks of grass evapotranspiration did not change with
different nitrogen additions, and the peaks of grass evapotranspiration at the beginning, middle and end of the
growing season occurred at 15:00 and 19:00, 17:00, 15:00, respectively. The seasonal variation in evapotranspiration
under different nitrogen additions varied across the growing season, with grass evapotranspiration being more
restricted by nitrogen at the beginning of the growing season and less restricted by nitrogen at the middle and
end of the growing season. Nitrogen addition significantly increased aboveground biomass and had less effect on

underground biomass.
Key words : nitrogen addition; measured evapotranspiration; biomass; Bayinbuluke
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0 515

TS RS it L H O ) 2 AR RG R L — , TRV Z R R R S RS E
PR T EE A A0 3 A S AR S R AR S B R B B AR SR T, X b A 2
RGAEYER A TR FRRREE (52 m =7 ZEHORAE Yy R RAE YRR, W E S R G AT Rt | (AR
JE | DRSS DL SRR A DGR R, TR XS B b 2 FROR AR )t 0 52 A 9 2 Ml A 2R 2 Ul 7Y R 2
[F]

Z&H (Evapotranspiration, ET) JEHE W HIAEYI A 7= I F5e 5 10 BRI R ), XFAEA K IR E L &L
I E K E A EES N 001 RN AFE AT RN [ I [R] RUBE A/ N2 A F ZE B s e IR - i 9 rh R I ZE LR
B H | ZRARAGRRE , b N ROEEZE R R SRS ORI R H e #h—80. Fih by
(Grassland Biomass) Jeffif i FHAE S RGEAE ™ ) iy BRI -1 R PP AE S RGEYIReny KR . YY)
REHE AR X PR A R [v) i 1oy R0 S B A A R G R AR E AR A5, S R D RERE A AE X Ut SR B 28 Ak
(R AP AR R 2 1000 AR 3R, FE32 BN A R BRI A Bt 2R S R G B IR R e e 20 BRI, K
YA, TR T AR RGN A Y R AR ZE I 0N 09 . Tian%F MR ARSI N 58 B A S R G0K
WRAGFR ) FEMa AR rh R IR R BN INRE RS W25 P mAa Y2k 7 ), MZERUZ BIA R INBYFEM . Lenka 58I 7E
REUSIIXTAR I A28 R GRS i o8 Hh R R W R R S I Re a8 i & (2 e Va7 it , (R A RS X 28R
A SR B ZE R R AR W) s TR e B SE PRASAB X R R SRR | AR L AR . A
FAFN SIS I T A SN R 22 0RO, BRI g — 251809,

TV REA B AR AE YRR 5 A S RGBSR A A= 2 R GE s S it 1 SR
KLk , W5 HOCR A TV DI REMEROBEST 4Rk, [R) 5851 bl T 8 MRz 3ok 2 1Y &
R, DU TR Sh A A5 H X R AR PR A Ak e 1o 3 s A e . PRHAS SC DA BV A B e i FE R X 42, SR
ZUCRZRZ NN FEAT T R ZE O B s AV A W e 1B A OC R, R LU R =R 1) AR AR E AT
TR FEFLHL SEIZE BN 22 57 5 2) ARIARIHIKE T = ZERT i 3T AR a2 s,

1 fAREXER

WELFTZR , ABIFFE DAL T rb T O 3 A 5 vy TG PRI L 058 P 20 35 A 68 v sl A 25 R G T i il
(42788 N, 83770 E) . ZIXJmildd KEGPET 200, WARTRM™IERNE , FRAAE, WEHKRZ. PR
H-4.6 °C, Wi iR E25.4 °C, PRI AE-40.5 °C. 4EMENH216.8~316.8 mm , FI4EMMN R ZI270 mm,
HH60%~80% 4 HEAE K ZRC0 . ARHFST LAMEAR2 400 mff) = ZE N I GE T4, R HERAON T Enl B £, %
XA | BRI — , EREREF N ESF (Festuca ovina L.) | VKE (Agmpymn cristatum (L.) Gaertn. ) .
HHL R BOR (Poa pratensis L.) . 4/ (Potentilla bifurca Linn.) | B ZERESE (Potentilla fragarioides L.) .
BIZEHE (Astragalus adsurgens Fisch. Bunge.) %5, 5 H#1100%.
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BRSSP RAZBIAKFE (0.5.10, 15, 20 gm~2), FMEHEEANTE . SLRFEIE 2013 mx3 mAEE T
(K2), 7 Z B E0.5 miZEnpiy . AEWRINATE T 20214547 JEFF G, B AR LK, BT R Z 5455
F3R (4 5AIR . 6 AIR) 2T MR AT R IRE T N .

2.1 ZEHMENE
S PR AE AR T M BEHLATEE P i)/ RS x| o | m | @ | a
1. ZEBAH = AR A, ALFESME . AR ARSI
(AMBEEAE31 cm | 5140 cm 5 A EA£30 em | 1525 cm ;
BRI EA12 cm | 5510 cm) , TERRPYIRERIETFZ /D A * ) A [ ]
LLMEZ 2K T8, Fumbefiehiie s, DAEu
PR AR S B i . ST BBk A B i FH LA
HEBIK (5 EHEIEMT2&M T 24 ERA ® A u * A
FEYIA LA = FE R AR AR R G, BRI H AL, 289840
TBIKENO) B RIR A ECE AR IR, SMEEA
A 3gErh . SRS RIS M S HLTE 5~ 10 emZE AT, LAB)]
MR . TEAE KRR RIS, BEALER 2~ 31>
HWAIH (L5 H)m F I NV RS, R 2 WG RERE
B FRBUR TCEIEA T2 HRIN , SO0 A ] 356 B A g
A AR H 21-220) SPE M ZE RO T, I d: ANO gm™2; AR5 gm™?; @ N10 gm~2; EHN15
FHFE OFEEN0.01 kg) HHE4 7T HZEHOUI , XL A gm~2; % H20 gm 2.
[B] A B RO 22210, B a] B R2 b, [R] A 150 2% & ML 77K i 28 A U .

* [ A | A

2.2 HHENE £ 1 UMSTHER
A R FARIPRAETT N B BT A R 5T ), 1229

PRI RAR R MRS, BT R s ki

FEHET (65 °C L 48 h) ZEAEEJSFRE , XA YWRHIE 2% (Festuca ovina L.)

B HPOR (Poa pratensis L.)
VK% (Agropyron cristatum (L.) Gaertn.)
KINFHE ( Leymus tianschanicus Tzvelev)

Yy BN A A AR N R A Y, i BEORAREL FAF
R L G RMEY) (BN RARARL | 358k S

FHEDD , HEOTIR G ASRILARL) A5 XA EE (Koeleria cristata L. Pers.)
ﬂ]ﬁﬁﬁiiﬂii%izﬁﬁfrﬁ E’l‘ﬂ@?%ﬂh*ﬁ% . M ZBEE (Potentilla fragarioides L.)
F/INEETT N, FIAARES (EA2100 mm | 5520 cm) YHE R T BT (Potentilla bifurca Linn.)
FET AN L Z IR Z2AE (0~10 cnf110~20 cm) , aF BIZEHEE (Astragalus adsurgens Fisch. Bunge.)
BA/IMETT MBI HIR G, T E SRR /MEIREL (Ozytropis glabra DC)

R PR TE I IR AN A T RIS, 1A 4 2B P77 e o, B TR LT (65
°C.48 h) F{HE 5 E.
3 HiEaE
3.1 EHEIHEAE
ZEHGE IS K BT 25 (VN R B ZE ORI G AR AR 2 h N 28BN AR5 s B R B 2R 0 A 4R
dNZEBIERZRITE) , HatBa A=k .
AW =W, -W, ,=P—E—w (1)

A AW RNZEBIE R E ; W, BB — RN E 283U & W,y FET—B Bl 5 — K E
IZEBI T & PR E ; FNZERUR ; w 2B T B/KE (Irk i e H 9B isti M3k Eh0) .
VI bt A7 4 mm.
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3.2 #itath
15 1 Excel 2010%) JEREEHEFATREHSMHT , SRIHIBM SPSS Statistics 24083478 m 5 31047 1 Sigma

Plot 12.5F10rigin 20215k {4417 & Fe 2.

4 HREDH
41 EHBTUAE

RSO 20214 B 9 B A A Z IR FL/NI R RO A BOREIEAT T A IR AE MR, W3R | R K
UK T2 O B350 T WM | 4K ) 00K TR 26 SOV L3I RILOR AT, 17 80 8 A D 1 5
FILOMEIAE( 5 7 1< 75 PO K T B AV M3 B £ T S FIE G CHINBRSD ) 5 7 K A Bk T
BTN L7 SRR DR K 2 MR A AR P T RO, ZEORERR . ) — K PUK T2 MR8 4
HE O L P 2 ) 0 22 L 1 306 5 TR B, DR R IFE X S . S 8 ) — K rh P e
UK T2 ) FORCREZE I PR A EIEIE | ISP R R IR0, (KT R 2 B R R
ﬂﬂﬁ%[m_%].
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1.0 1:2 1.0
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I %1

B 3 ARAZEFMAKFETER A BTHEFE

ME AR, KB R RN R (051 H 7880 (P <0.05), HZEHURBE R R B4 = Je ks i
THREAR , ZEMNALBERR R RAE , H 28 B0 B CKAN I 5 126.6% ; AR ZErP (U LNAC 3 Bt H 28 0 3
FTH e, HZRE B CKA RS T715.9% , B A RABN FHL H Z8HUR 2 IS B 257 (P >0.05) ;
AR ZE AR AR AR T H 28 R AR IR G 22 5

FHIRI R R RN T b 2B A R AR B A 25 5, CRACEE R M H 28 it 76 AE K ZR N BB kg
I, LNACEE R b H 20 76 A K ZR ) S e B AR 4, MIN, INRISN A Bl H 25 Ao A A K 2R
LSRR PR e

I O [ N ] v ] N SN

H 758k & / mm-d!
[=)) o |38
T T

ot
w
T

14
o

R HeK ) RN
Bl 4 FARERNMAFTEMEERTEHHE

4.2 HEYETIIHE
WMEsFTR, ANREZRRINKE RS S AR B 25 (P >0.05), BEE A Y 8 7E MNALHL T
KB, AEGI (LNAFRERAN) BEHE TH AR (P <0.05), SNACFRFELHL - 2E Y& CKAR P
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P T751.8%. RIZLIE (0~10 cm) M N AP & B E & TIRZ L (10~20 cm) HNAEYE, 0~10 cmF110~20
e F AW REAEARRIAZTNAE FH LR EZES (P>0.05) . AZWINEHE T RS FH R34 E, U
HizASRAGE—ERENAZRE, ARRINE LT AHE R SRS Y TGEA K.
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5 WERMMIM M TEY SRR
oot B AR 22 R R , RIS RERE X A R A TRy A6 PR, AR
CRHE YL b AR BB R RSN N, SRk b A e B SR S KPS S Sk I A
e MR AN AR, RARMEY) b A=Y 02w TR Rt BACRARHEY 13 A e 2 AR
T BRI 5] 7%
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., Wl © R
40
35

30+

CK IN MN HN SN CK IN MN HN SN

FEALRR
RER IR R EIT BB b R BB

CK IN MN HN SN

& 6

5 U

AFARBIKE T FHZE 0 H AR RRETE Rl — B K i 22 R o), 2RI ZE B (E A /)N
AR —BE: ; MR AR AR T 780 H AR TE A R AE KIHIAA TR BOR 25 7, FEERBIUAZE 1L
G B B TRT A JE AN 22 50 SRR ISIKOE Rkl H 28 B (R KB E 25, K
TR I i 25 5. XORH TR AR B I K R - S KR 22 R U SRR B R A ]
LAy 2200 AR T IR ) AR A2 K A BRIE TR DN, 50T U A o 2 A ) 2B R AR 2%
A AR PR IA B AR R RE, 28R IR B AR R E , B KR, A AR 2K AR
HVE R B, B3 R AR IR 32 M 120 A KRR ARG, H IEBPEO8 , HIEEKER
BAR, A BSOS FEH H ZE IR 052 M 2 0 f 35 22 S 27 K T R R R A R 1 2 S0 i IR T 4K
RO, AR ZETP K ZE R0 W2 = TA KRR AR I K i ZE i, R R AR 25 AU, R
AR PRI B S K IR, IR R s

AW A EAEYE (Aboveground Biomass, AGB) FlHh N 445 (Underground Biomass, UGB),
Hiu 1A O S T AR A BRI b A S R G IR M AR YRS s R AR e
BUBR 1 FZERUR , XTSIk & BRI 1 A ) A BRI e &8 A 2R VR RO AR Ut b Rk R 2E4)
PSR SA SRR, (A E2EY) R 0B o 25, ORGSR A, AEYDCE S,
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SeB P IN G (LR T4 B BN IR B R A Wy B4k s . R L R 24 AL
IETEWTRMSE : 2 E K BRI B 051 N2 TR R R TRAG ML F A W 3 R 2
AR, R P S IR R B R VRN ST T R B | R, M A R R AR
AT FAR— B MRV EZ RO T He AR W R0 o i TH B AR . DRI, AR SC& S s
PR AR AMEEE , BVIEACS A M T 502 )R IR RN B, Mo L35 e 30 4 Sy B, Ko &
(EA T A RS L35 . BRI H Ay B F IS 038, AT R ph TS0 P 5 e A i
RIEF SBY , A5 AT ST I N LABOAE | L sRAS S B v A e . B VR | Hb F 2k
WYRAE20 gm~2-a A FIR AL , W H A2 52 5 2 R .

EERIN AR CRAR . 3R . TARD M LAY B A (R, (B R ARt T
HAEREL R — Bl TARARHY IR IR R | AR R e 7RI i, RS
TRARHEIN I ARCR ; —RARARHEY A B AR , AR TING RARHE Y o K i 7
ot R 5 R 1 IR B A 99 —541
6 % it

SR ZE RN 2 M Gt 1 AR T 6 0 0, XA K 2T B 1 25 B B B2, oA K v g
RIS B HFE R , RIS X SR B E 00K 5y SRR BRI, 28 Z R
BN, SR R VRN o R P bk gy B T RV S . LR VR RE R | M b
KO ELYEAT I RS, WIS KA A K2 A BRI BERGTS L 20 gom2a IR R I E AR B B
ARSIV TR T B AR 1T A4 B i LR | S T SR 0 Rk LTy 5 T res €
B 25 RS AL B T X, TR R M I AT AR R TR T — S B KR

Sk

[1I] DUL T, GONG F, ZENG Y J, et al. Carbon use efficiency of terrestrial ecosystems in desert/grassland biome transition zone: a

case in Ningxia province, northwest China[J]. Ecological Indicators, 2021, 120: 106971.
2] DABA M H, DEJENE S W. The role of biodiversity and ecosystem services in carbon sequestration and its implication for climate
change mitigation[J]. Environmental Sciences and Natural Resources, 2018, 11(2): 1-10.
[3] ZHENG Z R, FENG CY, YE S X, et al. Ecological pressures on grassland ecosystems and their conservation strategies in Northern
China[J]. Chinese Journal of Population Resources and Environment, 2015, 13(1): 87-91.
[4] PLOUGHE L W, SMITH N G, SCHUSTER M J, et al. Increased rainfall variability and nitrogen deposition accelerate succession
along a common sere[J]. Ecosphere, 2021, 12(1): e03313.
[6] ZHANG H X, YUAN F H, WU J B, et al. Responses of functional traits to seven-year nitrogen addition in two tree species:
coordination of hydraulics, gas exchange and carbon reserves[J]. Tree Physiology, 2021, 41(2): 190-205.
6] ZOUY X,LIBY, PENUELAS J, et al. Response of functional traits in Machilus pauhoi to nitrogen addition is influenced by
differences of provenances[J]. Forest Ecology and Management, 2022, 513: 120207.
[7] JIAX T, TAOD X, KE Y G, et al. Dominant species control effects of nitrogen addition on ecosystem stability[J]. Science of the
Total Environment, 2022, 838(3): 156060.
(8] FREHL, T8, =6k, 45, BT RN I R IR BUR SR DA 28 R GEME S MERTFE (3], ARSI, 2021, 41(24): 9729-
9737.
[9] SHAO J J, ZHOU X H, GROENIGEN K J V, et al. Warming effects on grassland productivity depend on plant diversity[J].
Global Ecology and Biogeography, 2022, 31(3): 588-598.
[10] ZHU G F, YONG L L, ZHAO X, et al. Evaporation, infiltration and storage of soil water in different vegetation zones in the
Qilian Mountains: a stable isotope perspective[J]. Hydrology and Earth System Sciences, 2022, 26(14): 3771-3784.
[11] DAI HY, WANG H M. Influence of rainfall events on soil moisture in a typical steppe of Xilingol[J]. Physics and Chemistry of
the Earth: Parts A/B/C, 2021, 121: 102964.
(12] SREAR, FH22E, WIIEAE. N[R E] R A H S BOR A N O84S AT (0] A SR, 2017, 38(4): 201-210.
[13] XU K X, SU Y J, LIU J, et al. Estimation of degraded grassland aboveground biomass using machine learning methods from

terrestrial laser scanning datal[J]. Ecological Indicators, 2020, 108: 105747.
(%504 1)



