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Abstract; Nitrogen and water as a co-limitation of primary productivity in steppe has attracted much attention in the rapid
restoration of the degraded grassland. In this study, we take desert steppe of Stipa breviflora under different grazing

intensities as study object, and simulation grazing, nitrogen addition, and water addition were carried out at the fenced site.

E2TH . HERARBERLS MK 4 (31960246 ,31860138) ; NS i R BOW AL 430 H (2020CXJIM11) 5 2T RHE R H (2019GG015)
W5 B #A:2020-11-11; [ 4& H ki B #5 :2022-03-20
# WIRAE# Corresponding author. E-mail ; 47327543@ qq.com

http ://www.ecologica.cn



13 4 SRBERE  AF  FUKBS IR HCROH 5T S5 w0 S A ™ 1 52 5459

By analyzing the effects of historical grazing intensity, year, nitrogen addition, and water addition on total aboveground
biomass and plant biomass of different functional groups, we discovered the regulation mechanism of sustainable utilization
of Stipa breviflora in a desert steppe under different grazing intensities. The results showed that rainfall and grazing intensity
determined the structure of plant community in the desert steppe of Stipa breviflora. Nitrogen addition and water addition
enhanced total aboveground biomass by 11%—29% and 12%—32%, respectively, with significantly interaction. The
response of plant growth to nitrogen and water addition was different in different functional groups, and perennial bunch
grasses were most sensitive to nitrogen and water addition. Nitrogen addition and water addition significantly increased
aboveground biomass affecting the perennial bunch grasses, but associated with rainfall. The effect of nitrogen addition on
aboveground biomass was significant in normal rainfall and lightly dry years, while water addition was significant in dry
years. In normal rainfall years, water addition to increase productivity is most appropriate in the light grazing grassland
which is with semi-shrubs as dominant species, while combined nitrogen and water addition to enhance productivity is most
appropriate in the moderate grazing grassland which is with semi-shrubs and perennial bunch grasses as co-dominant
species, and in the heavy grazing grassland which is with perennial bunch grasses as dominant species. In dry years,
combined nitrogen and water addition to increase productivity is most appropriate in grassland under different grazing
intensities. Our results show that the improvement of nutrients and resources is beneficial to the rapid recovery and

sustainable production of the degraded Stipa breviflora steppe.
Key Words: desert steppe; grazing intensity; nitrogen; water; primary productivity
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Fig.1 The schematic diagram of grazing, nitrogen and water controlled experiment

NG : o4 no grazing; LG ; 2 BE WK lightly grazed ; MG : H1 BE T4 moderately grazed ; HG ; 55 & U4 heavily grazed

1.3 FeaCRES T

S 2013 412014 4Rf9 7 A AR 8 A ) 2015 4F 8 H HvA] 4 HE U R R TR FR R T
AP TT TP I B AE 5 em AR (B0 , 20 RIS ER 5 em DL B AORE I B30 50 5 TR] i, ZE RO BR IX i 4
AP BE 50 emx50 em BYSRAEREDT , Z0Fh 55 HISCRE D F o0, MR A e e SR Aol 104 A 35 B AR ) Aol
PEATINRERE > 25 2B K (semi-shrubs, SS) ; 22 4F A A A= R EL ( perennial bunch grasses, PB) ; 2 4 A4 A2 2R 7
(perennial forbs, PF) ;— , " 4FA: B 7K (annual or biennial herbs, AB) , T4 MEHY TIRERE A0 A=Y, DL @ o
AR T B RN AR R I A B L S A2 9 £ (aboveground biomass, AGB) . T A AHIIFE iR
BT TR
1.4 St

o AR EAT U 2R (4R D7 S CBOGR B VBRI KIS AN J7 2253 Bt (Four-way ANOVA) |, [a]— [A]
RN E AR T R R U7 225347, F Duncan 28 HRTE AT 25 5 0 BRI (2=0.05) . B4 0 AT AE
SAS 9.0( SAS Institute Inc., Cary, NC, USA)ZK{FH5ERL,

2 FERE5S

2.1 M EAEY R AR BRI AR fURAE

VU T 40 4 5—9 A 4y F-XIBE M 0 258 mm , BUHCSE 56T 65 A4 ol Wa i EicdiE &, 2013 4 5—9 H
Rl 256 mm 2014 4E[F]°4 100 mm, 2015 454 155 mm, Hid1, 2013 4F R 1E 3 FBERI4EAY , 2014 4EH1 2015
R RAEG BB RS BIN 121 ¢/m’ 4 g¢/m®,8 g/m’, X EEAE YR (AGB) FIZ 4 WA
RE(PB) ZAFAEZEHR(PF) SEHEAR(SS) AW A B E R (3R 1), biE R a0 B T (E 2)
REIR 509% LA b, — (AR RUAR (AB) HAE 2013 4EREVE T L,
2.2 JHCHBCGERE XS H AR R

OO S MBI T L SR (AGRB) R AR A A R BE (PB) AWk (36 1), 5 IE 3 W T 45
£3 2013 4, X FEEEHLAY AGB R 91 g/m?  FUHARTH T AGB, #27F 129%—43% , B2 FEHURAL FEIY AGB B %
THEE PR B, A 160 g/m*, 7ET F4E0 2014 5 2015 4F, XF FEEEHLY AGB 43518 99 ¢/m’ Fil
70 g/m’ , OB B T BEVE I AGB, A% 809 LA L, HLBfi 35 UG E Y38 hn 2 i 25 R Rt 3 (181 3) .

http ; //www.ecologica.cn



5462 A E = 2%

R1 FEHHBBRE REMKEFHEE FEMENNERATEZS

Table 1 Four-way ANOVA for community aboveground biomass using year, grazing intensity, nitrogen addition, water addition

¥ i Mo AR B NEREE SRS RSN . — AR RR

Effect AGB PB PF SS AB

B Y 2 124.8*** 76.51*** 47.99*** 26.44*** —

PR BE G 2 5.02%* 247 0.71 2.9 2 6.2**

HERIN 1 1.63 5.28" 0.03 0.04 1 0.29

KBS W 1 0.65 1.36 2.62 0.33 1 0.01

YxGI 4 292" 2.63" 0.27 0.62 — —

YxN 2 1.23 3.9* 0.06 0.01 — —

GIxN 2 0.35 1.01 1.04 0.63 2 1.29

YXW 2 0.35 0.53 1.81 0.27 — —

GIxXW 2 0.42 0.17 0.4 0.39 2 0.29

NxW 1 0.65 0.01 0.81 1.68 1 523"

YxGIxNI 4 0.30 0.83 1.13 0.63 — —

YXGIXW 4 0.42 0.13 0.51 0.44 — —

YXNXW 2 0.59 0.1 0.49 1.41 — —

GIXNXW 2 0.61 0.31 3.00 0.19 2 2.4

YXGIXNXW 4 0.66 0.46 2.45 0.17 — —

R2% Error 107 24

1. % % % P<0.001;  * ,P<0.01; * ,P<0.05; AGB: #5_=## Aboveground biomass; PB; Z4F/: M2 REL Perennial bunch grasses; PF; Z24F

HEZR BT Perennial forbs ;SS ;KA Semi—shrubs ; AB:—  “4E/EH A Annual or biennial herbs; Y 4E4) Year; GI.JUHGREE Grazing intensity ; N ; &

F U nitrogen addition, W ; 7K/ ER I water addition ;
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