M

550

Eco-Environmental
Knowledge Web

18

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV
HUANJING KEXUE

Cl

-

2 ~
oo

!
W > _;ﬁ“‘ %
L il
= 2022558
B43E% HFS5H

Vol.43 No.5




w % # 3 $43 % S W

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2022465 A 15 H

H &
JEBURIX PM,, (&4 A5 YA E AT +oveeeereememsmsr s TR, B, TE, SHW, THRE, BE, WEH (2251)
HF it E%aﬁzmﬂﬂmgéﬁmzSﬂeﬁ?ﬂwm;u s AT, HRIE, REK, THE, BAE, I, FXE, 264Y (2262)
2000 ~ 2018 4F 5T HEELRTITRE PM, I %5 &ﬁ'ﬁbﬁi?ﬁ?} [SiIPRIS R, fla AEE, kR (2274)
@%ﬁqlmwm?ﬁhkﬁkgpM YA SSEYEMRAT  oeeovreerorersrrneen ettt
.......................................... FF}E ﬁ]&ﬁ g&ﬁ;@ %Qj:} E/Eﬂ% Eﬂﬁ%%, ﬁi‘fﬁ, ﬂﬁ’ ;&ij&%’ f?‘ﬂﬂ%, g)ﬁifg_’ F L (2284)
B Eh A B MM R Bk 4y v e M%W]L@ﬁﬂﬁ %ﬁMWMme&U .....................................................................
...................................................... W, KK, BB, R, TTTF, TAW, BA, VEK, KEE, B4 (229)
S PN O RO N W 2 IS Y 98 3T VN BRE, EH, BiR, BE, B, KEF (2M)
KIFTA BRI T PM, B EAL WOEAFIE S e (4R, RER, T4, Rk, PEA, BAR (2317)
I Z K5 P, @m%%ﬁ&@%nhﬂﬁ --------------------------------------- Wk, TEE, B, LR, K E, HHF (2329)
“@mkéPmsﬁﬁéﬁﬁfﬁ AE A S KU AT LRI AP eeerevrrreeemmree et
.............................................................................. MEF, hY, DWW, BEE, TR, ST, X, HEHE (2336)
%%mij*%%%@%é%ﬁﬁ%@;%%%ﬁ&@%ﬂmﬁm .................................................................................
.................................................................. J(T]_X %%% ?{X;ﬁ; ?ﬁé}% ﬁ)[ﬂ/ﬁ Egﬁ J%]E% E)rl] T%H&;f (2343)
TR RE P TS YK G IREERS  wvvrverrerrerr e
.......................................... ﬂ—;\%y’ l%]‘ﬂ-?, %f#z}?, %*@#@’ ?Eﬂi”y‘ H%ﬂ ﬁir&ﬁ;, ﬁ% g)ﬁjy\ﬂ;z i%n, g&%ﬁj (2355)
A SR 3 A X PR S T R B ST o vvveeeeneee e EE %9% A ﬂ m% B, % (2363)
ﬁﬂ%iﬁﬁﬁ%ﬂﬁ*%«iﬂﬁtf%i{ﬁfﬁ”%&ﬁiléﬁf ------------------------ WEH, KTH, BEF, i, BXE, #E, FRE (2373)
%?ﬁFﬁkg%ﬂjﬁ’*&uﬁﬁﬂ’JVOCe {15 /ﬁ/\g&;‘lﬁ’*fﬁu .................................................................. ifﬂﬁ% ;&ﬂ ;ﬁsﬂk ?%%(2383)
TG Z P LRI AMERAIE v vveeeeme e EW, e, 2L, E@,%\H(B%)
ST R ZAG S HERUE 2 0 17 2030 4B ZE R H -oooeeereeee WRE, B4, BRI, BB, Sk, AW, BE, T8 DEE (2403)
TR whﬂ%ﬁ%%iamﬁiﬁﬁﬁﬁ%ﬁﬂﬁ-m~ﬂ%ﬁ B, MEE, f, AR, BEF, Rir, G (2415)
T2 A R R BT AL T Y BB T —eeeee e E@% HEE, ﬁ%% &ﬁﬁ mﬁg &WW B (2427)
NG NalR N v G ﬁﬁ,pc/r&#‘* T&Hﬁﬁﬁ(;@&)&%ﬁﬂ“m ............................................................... ﬁ%@ T (2436)
ﬁfj/flib’kﬂ(/’i }"U}/—\ﬁ}]_ .................................................................................... F]E’E‘ ‘g./\”ﬁ/\ﬁ 7%;&‘4: %}éﬁ- (2448)
G RON RS e S R Qe ol 127 T3, %, FH, AR, KA, HEH, 53 (249)
T T RIS AT GIBYLTRA o ovveererereromreeee e FiLk, @ﬁﬁ L Eﬁﬁ EEE HE (2467)
APCS-MLR 454 PMF AR AT JE2 17045 PRI 302 X0 D L AR ) 52 e U CREE, HE, THE, AEE ERE GE, EE (2476)
{T{)ILR{EDOM :—'?;a;ihlﬁi E;‘Izlﬁ]ﬁ.j@r %?E&ﬂrﬂﬁj?é,% ............................................................ %#@,ﬁ {/\;H:/ %ﬂ(/z\ (2489)
P R e ey By T A, BOE, TR AR, TA® (2500)
MRS G NS T RATLESEHE o Wik, ElE, %ﬁﬁ BRA, ARW (2510)
RO IL I R IS AR AL oo B, RE BXH, AT, T, KEK (2518)
FT DGT H A B A F 3 S5 K B R U BT S TE L BRATT - vveeremeeeoee et
............................................................... %53,? %;ﬁ,%}%—ﬂi gLH}J ﬁ%i% 737/32_‘ l%]‘m &7)@&& ﬁ}ﬁ ﬁ%{ (2527)
A TR S V0T R LT K S5 70 S A BTG SRR AT oo KE, G5, REK, A, 2T, FRA, FER (2537)
ﬁm@mﬁmﬁpuwmmmmmmwﬁmwﬁﬂﬂmeﬁ%ﬁm ------------ EXR, RFE, HEE, BT, A8k, TEE (2548)
F IR TSI A 25 20 A5 FAE ZS R -+ vveeeveermeermeemee e X &4, THH, E&ﬁ,%?ﬁ EF ﬂﬁ(%ﬂ)
%%@%me%ﬂﬁﬂ%ﬁﬁ P34 [ IR WHH, 8F, WiRE, EAK, BE, £, LAk (2566)
j({,!ﬁxl_] ﬁ%l:f:lﬁfﬂ'](g Jukl F&;ﬁ\:{éfﬂﬁﬂ\‘ ........................................................................ ﬂ}f@ Fi,:l:ﬁa EIJE %L (2575)
LIPS B BTGB B 2 P ST v EWE, FEE, THE, HEF, %%% 54 (2586)
TS S AP L LB PR S IR RS oovveoeeeeeeeeoeeess BEE, B, A, TRA, A2H, ASE, ki (2595)
AR TR A0 T B TK 2 RN ZRE TR AU oo eeeeree e =& E:l:ig ﬁ%x}ﬁ %1}‘};{ ?JI”T’ (2606)
TR A Z B I SR AL B T (A A A B IE T TR oot
............................................................... ﬁfﬂlﬁ;jﬁ Isif % %%M HEH ﬁ&i’ﬁ ff’fﬁ g)ﬁ ﬁﬂl% Egﬁ. (2614)
TIPS K BT A A AR A RURHRE R ool b, FEM, EH, %ﬁz AR, i (2624)
T P 5 LT X S A BB PR P BRI v THE, HER, @@¢ ﬁi ﬂﬂm(%g)
SRZBEBRIARAT ) Z AL Ti/Sn0,-Sh-Ni HUR UL AR A woovveeeereecereeneneeenees P, A%, F R, B, iR (2640)
BEFEMn, (Zny ,Fe, 0, @ IO, MEALH, 0, B TIETE AR TALH  -vovvvveeveeeercrscsssssssssnee Bk Al R, B, A (2650)
TR 290 K TR X 7 T B BT T L O BGME] +vveevveeemme e e BHLR, EH@ XV Rk, E%ﬁ’ﬁ % (2662)
AMD V5 BT EHR B As (V) BB B HSOMR 2 v veereeeesenenees KEME, RS, 7%, BT, %, ZW, Hah, KFE (2673)
:’iﬁi&,ﬁiﬁkﬁ?*ltﬂfc%ﬁ{ﬁﬁ/ﬁ/ﬁ*fﬁi%ﬁﬁ” AR A SR A 3 e IR 13 ) B, BAH. BEE, Tl (2685)
i Y37 XS 5 ] R 0P b A 2R A s B OG SR M (R R 43 AR HiRw, BIT (2699)
LT A S IR AR+ TR VP AR T IUE AT oeeeeeeevmnemesess s KT, Ak, A (2709)
%ﬁmm‘[ﬂﬂ;{gﬁﬂi%i E;’Q{ﬁ%*ﬁ-&(g ];Hj’\ .............................................................................. ?ﬂﬂ‘ Efrﬁ EJL (2719)
MR G2 NG H SRR S SR TE TR - ovveeeeeneee e A=, ERE, A, RER, ?%i Fe (2732)
PR SR AT P e RS B RS AR v FIREK, %ISIEE& ?Hﬁ Mg X, SR, XA (2741)
FETF ST EE 8 /N R A B RR KU TR -+ vevsveesesensieses e IX¥, 24H, B, #H,E%ﬁ Wﬂ?(mﬂ)
ARSI aTE TR T U IO 4 HE, WU, A%, AET, % EFF (278)
NIRRT LR B SOE IR RERAR O o AW, R5, BOBA, KZH, B, £8, ﬂf@ F4(2770)
N RS e ST B il e T RT3 3] 7[R B, kS, TEE, Tk (2779)
GRpi S F A PSITEVN R ST B <0 (] T, Brs, TR, BEL, B (2788)
W2 L R [V 200K 1 e M B TR SR AE R P 22 o vve oo
......................................................... o E, FEG, k%, REE, A5k, LE, R, 2%, X478, FE (2802)
R4 a3 *ﬂl"zfﬁiﬁﬁﬂﬂXﬁ%ﬁﬁiﬂiﬁéﬂﬁﬁl‘ﬂﬁﬁﬁlﬁﬁ’;%ﬁﬂ’]?ﬂl'] .................................................................................
................................................... L BM R, KEME, BEA, RS, BakE, &, TR, HHE (2812)
Wlﬂﬂi%bﬁiﬂﬂﬁ@iﬁiﬂﬂkﬁ%ﬂﬁiﬁﬁﬂﬁﬁﬁf\ ........................................................................ ?ﬂ" JE 12 }i‘% ﬂ%%’ %Ec@t\ (2822)

(FRERAVEIT IR (2293)  (PRBERL) ARG B ) (2426 ) % (2585, 2672, 2708)



)
er_j;ﬂrﬁ In BB R = 55434 H5SH 2022485 1

Eco-Environmental

Knowledge Web Environmental Science Vol43,No.5 May,2022

FEHLLI4 R 0 P T 350 0 B FE 2 340 SR SN M R
Eﬁ'fEH’]E‘/ r"]

, B R, SRR Akt AR, R AR, ER

ilﬁ’ , ﬁ%%ﬁ" b2
(1. PHALRMBHR KR 0%, ¥k 7121005 2. BRPGE TR TR ARG ST HL, % 712100)
TEE. SIS R A ML S 04 56 S SR A5 B | 17 L X A0 B 358 A 28 A A HCAURR SR T AR A5 i 98 R AR F
S I A R AR A A 0 R R B IR M X DL B B DX S M g WIS X G S AR DL A A 1 A R K
B 38 5 5 A I | AR R R AR AN L SR P | PR TT A SR P B U AR A A ) R R AE B R Bl R 3 4
R, HR BE LA B A AR Y B R AR T 4 B-1 4B R AT ( BG) AT 4 WK ff il ( CBH) 1644, SR, 14
B-1,4- AW (BX) W MEAE S AR A N 2 B I 35, Heorp 39 IR A B A G IR e K, 35 8 T 63, 15% . S IR N 1 58
HREWREINT B-1,4-N-C I EHE R F B (NAG) Tl Z R e Ik ( LAP) LU S B R i ( ALP) 31, 43 35N 1 34.32% |
12.97% i1 44. 86% . Wik 5o W0 7k SUAL PG (PER) (6 1, 7384 R 800 35 WRAIR 1 PER G 2, 539 T LA B 38 0 00 T S PR AR T
L EALET(PPO) TP, 13 32 L 0A PR a0 v Rk AL 1 A0 75 . 345 TR R 444 k344 T A LS A 9K 90 1« ﬂﬁ%ﬁm’@ﬁr@(ws
NEs ) 150 Bk i Al 15 41 5 Ak T 8 (NEs: PEs ) S0 5, 0 8 G 075 41 0 2 JES 78 ( CEs: PEs ) 7R3 T imfﬂﬁliziﬁ
PEF R 35 2 35 W AIG, 30 T LA SR i*ﬂﬁMETiﬁ%ﬁMt%frgmmgkr“ii]ﬁﬁﬂﬁu& Hﬁiﬁlrtﬁjﬂﬁﬁ JJE *
A - SR e e 0 P TR 2% (1T 5 R A 0 R L R A PO . 2 153 4 T 1 TR G B Rk Eﬂl;ﬁ%ﬁmﬁ%
B bR R T T R ?F%E’JE%@MJI% L5 LIRR, ﬂxﬁfh?éﬁiiﬁ&bzﬁﬁﬁﬂﬂﬁﬁﬁMMEJ&EE’J 6
Eﬁiﬁ‘iﬁiiﬁuﬁﬂﬁﬁ[ﬁﬁﬁaﬁE‘uﬂffﬁ%iﬁimiﬂ%ﬂu&ﬂ%ﬁM@Eagémiﬁﬂﬂu ﬂﬁ%iﬁ%«&i%mmﬂﬁﬁfﬁl Eﬁ.

-

9*%Tfjliﬁ¢'ﬁf‘§§$ftiﬂtf ﬂ%%’ﬂk%‘f??,ﬂ;ﬁﬁi%m%éﬂﬁﬁ% T*{Rfmf ' - -
ES: 2R ﬂﬁ@ﬂt,j@ i Bl ; ii%éﬂ’@%ﬁ’ﬁ}ﬁé Eﬁ@frg-;l:l’f Fr 53 T SRR -3 . .
qﬁlﬁa\ CXIT1 CEAFRIRFE. A M EHREL 0250 3301}2022)05 2812-10 DOI: 105 ézzm hjkx. 202109219 =
y P -

Eff'écts of Slmulated Warmlng and - In(;reased Precipitation on Soil Extracellular

Enzyme Act1v1ty and Enzymatic Stmchlometry of Abandoned Grassland

WANG Xing'2, ZHONG Ze-kun'*?, JIAN Jun-nan'*, ZHANG Shuo-hong'*, YANG Gai-he'*, REN Cheng-jie' >, FENG Yong-zhong'*>, REN
Guang-xin'~* | WANG Xiao-jiao' ', HAN Xin-hui'-**

(1. College of Agronomy, Northwest A&F University, Yangling 712100, China; 2. Shaanxi Engineering Research Center of Circular Agriculture, Yangling 712100, China)

Abstract; Soil extracellular enzyme activities (EEA) catalyze the key rate-limiting step in the decomposition of soil organic matter and are extremely sensitive to changes in
environmental factors. However, few studies have focused on the response of soil EEA to climate change, especially in the Loess Plateau. To explore the response
characteristics and driving factors of soil EEA and enzymatic stoichiometry of abandoned grassland in the Loess hilly area under the conditions of climate warming and increasing
precipitation, the physical and chemical properties of the soil, vegetation community, and EEA were determined. The results showed that warming (W), increased
precipitation (P), and their interaction (WP) significantly reduced soil B-1,4-glucosidase (BG) enzyme and cellobiosidase (CBH) activities. However, the activity of
B-1,4-xylosidase (BX) showed an increasing trend under the climate change treatment. Among them, the W treatment reached 63. 15%. The WP treatment significantly
increased the activities of B-1 ,4-N-acetylglucosaminidase (NAG), leucine aminopeptidase (LAP), and alkaline phosphatase (ALP) by 34.32% , 12.97% , and 44.86% ,
respectively. The analysis of soil oxidase activity found that W significantly increased peroxidase (PER) activity, whereas increased P significantly reduced PER enzyme
activity, and P and WP significantly reduced phenol oxidase (PPO) activity, mainly due to changes in the composition of the plant community. CEs: NEs and NEs: PEs were
significantly reduced under the P and WP treatments, and CEs: PEs was significantly reduced under W, P, and WP. The vector lengths of the soil enzymatic stoichiometry
under the W, P, and WP treatments were both lower than those of the control treatment, and the vector angle was larger than that of the control treatment, indicating that the
carbon limitation and nitrogen limitation of soil microbial communities under W and increased P conditions were weakened. The results of principal component analysis and
redundancy analysis indicated that the soil moisture content and soil organic carbon content were the main driving factors causing changes in EEA and enzymatic stoichiometry.
In summary, the conditions of climate change led to changes in the family composition of the vegetation community of the abandoned grassland in the Loess hilly region,
especially the increase in the number of legumes with low lignin content and the ability to fix nitrogen. Additionally, the increase in soil organic carbon content weakened the
carbon and nitrogen limitations of soil microbial communities. These results provide a basis for understanding the carbon, nitrogen, and phosphorus requirements and
limitations of soil microbial communities in fragile ecosystems under the background of climate change.

Key words: climate change; abandoned grassland; soil extracellular enzyme activity; enzymatic stoichiometry; nutrient requirements and limitations
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Table 2 Vegetation characteristics of abandoned grassland under different treatments
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Table 3 Soil physicochemical properties of abandoned grassland under different treatments
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Fig. 1 Changes in soil extracellular enzymatic activity of abandoned grassland under different treatments
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Fig. 2 Changes in soil extracellular enzymatic stoichiometry of abandoned grassland under different treatments
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Fig.4  Principal component analysis( PCA ) of vegetation -soil-enzymatic activity factors under different treatments
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